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PREFACE.

N the course of ;i friendship which begun during my sophomore 
year in college, when I spent a portion of mv summer vacation 
in his office, and which lias grown more intimate with the 
passage of years, the papers which I>r. Waddell has written 

have, from time to time, come into mv hands. Many of them are addresses 
which have reached a very limited audience; others have boon published 
by the societies for which they were written and are in possession only of 
those who were members of the societies at the time of publication: and it 
has appeared to me that to publish them in book form and make them 
generally available would be a work of material value to the profession. 
In my college days I searched the library with small success for such 
information relating to the work that comes after graduation, as may be 
found in several of the addresses; and some of the strictly technical papers, 
with their discussions, have since proved exceedingly helpful to me. Since 
the publication of technical books is rarely profitable, the preparation of 
the volume has lxvn purely a lal>or of love, but I shall feel well paid if 
the book proves of material assistance in the cause of engineering education, 
to the young man just entering upon his professional career, and to the 
engineers in the several lines of which the papers treat.

Railroad Drainage and Notes on Railroading contain much valu
able information that is not to be found elsewhere in print ; indeed, it is 
surprising that almost nothing relating to railroad drainage, and very little 
relating to the practical work of a railway survey, has been published.

The Address to tiie Kogakv Kyokai (Japanese Engineering Society) 
is of high historical interest, for it contains a brief but clear view of the 
condition of the sanitary, manufacturing, and transportation facilities of 
Japan only twenty years since. It also outlines a future policy for the 
engineers of that country.
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Dr. Waddell's well known interest in civil engineering education is 
responsible for four papers of unusual value. Civil Engineering Educa
tion, Some Notes ox Civil Engineering ivcatiox, with Special 
Application to Japan, A Letter Relating to Civil Engineering 
Em cation, and Higher Edccatiox for Civil Engineers. The first 
was published in Engineering News, and discussed by a number of prom
inent engineers and educators. The discussions are also very valuable and 
are reprinted here. Dr. Waddell's six years as a professor, together with 
his long and successful career as a practitioner, have given him a very 
broad view of the subject ; consequently, his opinions should have unustiai 
weight.

The Advisability of Instrvcting Engineering Stvdents in tiii 
History of tiii: Engineering Profession raised the question contained 
in its title and proposed that the Society for the Promotion of Engineer
ing Education undertake the preparation and publication of the history. 
The valuable discussions upon the paper are also reprinted here.

General Specifications for Highway Bridges of Iron and Steel 
contains a full exposition of the disreputable methods which still obtain 
very widely in the designing and contracting for ordinary highway bridges, 
also some significant data relating to bridge failures.

Some Disputed Points in Railway Bridge Designing, and the large 
amount of valuable discussion upon it. did much to bring bridge design to 
a uniformly high level, while The Compromise Standard System of Live 
Loads for Railway Bridges and the Equivalents for Same continued 
the treatment of one of the chief points raised in the former paper and 
supplied the data necessary for the convenient adoption of the simpler 
method of calculating stresses. The discussion on a paper presented to 
the American Society of Civil Engineers by E. Hcrlicrt Stone. C.E., also 
deals with one of the disputed points, viz. : the determination of the safe 
working stresses for railway bridges. The paper entitled Elevated Rail
roads and the important discussions upon it form a very complete, modern 
treatise on the subject. These four papers deal, in a very exceptional 
manner, with the methods of calculating stresses and with the design and 
fabrication of railway structures. They have undoubtedly exerted a wide 
and beneficial influence upon the designing of such structures, and they 
merit the attention of the thorough engineer as much as anything yet 
written upon the subject.
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Tue Haut lu Street Lift-Briuue docriUs one of the most unique 
structures in America, and. while it is improbable that another bridge of 
that type will ever ho built, owing to the later development of the bascule 
bridge, many of the devices employed are valuable, and the structure will 
be of especial interest to the student of movable bridges.

FoVXDATIONs Foil IMPORTANT till LIU\(ih IN THE ClTY OF Mi:XI< O 
describes a novel method of distributing the weight of a building when tin- 
supporting earth has very small hearing value.

Specifications is always an important subject for the engineer engaged 
in any capacity on any kind of work ; consequently, no apology is needed 
for the insertion of this broad and thorough lecture.

The paper on The Flow-Line Bridge Repairs reads like a story and 
would be interesting as such, but it is important as a description of a piece 
of difficult engineering done in great haste and under dangerous circum
stances.

The Relations of Civil Engineering to other Branches of Sci
ence was written very recently and contains a broad view of tin field of 
science, with special reference to the relative position of civil engineering.

Special acknowledgment is due the American Society of Civil Kngim • r* 
for permission to republish the three papers which ap]x*ared original' in 
the Society’s Transactions, and to its Secretary. Mr. Charles Warm hint, 
for kindly assistance in obtaining elect retypes of the cuts for then rs.

To Dr. Waddell I am indebted for permission to publish the papers and 
for many valuable suggestions.

John Lyle Harrington.
January 16, 1905.
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BIOGRAPHICAL NOTES.

A knowledge of it* author greatly increase* our interest and assist* in 
forming an estimate of the value of a book or paper. The logic may be good, 
the thought clearly and well expressed, but, unless we know that they are 
supported by experience, we are haunted by a suspicion that the author is 
only a theorist, after all. We want to know not only what lie thinks but why 
he thinks as he does. These reasons alone make it advisable to insert here a 
biographical sketch of the author of the papers which follow. No infor
mation, however, is of such universal interest and is so eagerly sought as 
that pertaining to the lives of successful men.

The older man draws courage and comfort from a knowledge that a more 
successful man had advantages superior to his own and is gratified to find 
himself more suecessful than one who has had similar opportunities. He is 
also strengthened by a glimpse of an honorable conclusion of his own course 
as evidenced in the lives of others.

Rut the young man finds in the lives of noted men his own inspiration. 
He is much encouraged to find that the great man was not always great, but 
had battles similar to his own to fight. What another has done lie believes 
he can do, and the story of the successful man's life shows him the way. The 
line of work may or may not be the same; that makes no difference; for 
courage, intelligence, energy, and integrity will produce the desired results 
in any line of work. Often a glimpse of a course successfully pursued will 
solve a knotty problem and make clear to him the procedure most advisable 
in his own case. Good advice from older men is generally acceptable, but 
the lessons drawn from experience, one’s own or another's, are always more 
thoroughly learned and, consequently, produce better results.

John Alexander Low Waddell was born at Port Hope, Ontario, Canada, 
January 15th, 1854. His father, Robert Needham Waddell, was l>orn at 
Newry, Ireland, in 1815, and came over to Canada in 1831. His mother, 
who is still living, is a daughter of the late Colonel William Jones of the 
Seventh Regiment of New York, once Sheriff of New York City, and again 
a member of the state legislature.

Until his ninth year Dr. Waddell was not sent to school but was taught 
by his mother at home. Then he was sent to the common or public 
schools of Port Hope for two years. In 1805 bis father was appointed high 
sheriff of the United Counties of Northumberland and Durham (a high 
office, which is judicial as well as ministerial under English laws), and 
removed to Cobourg, the county town. He attended various grammar and 
private schools there, then spent a year or more at Trinity College School in 
Port Hope. His sixteenth year found him in rather delicate health and

i
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lacking in physical development, the effect of hard study, hence he was sent 
to China as a passenger on the noted tea-clipper “X. B. Palmer” of New 
York. The ten months’ voyage to Hong Kong and Shanghai and return 
had the desired effect, for he gained greatly in health and strength during 
the trip.

Five months were then spent at a business college in Toronto, and in the 
fall of 1871 he matriculated at the Rensselaer Polytechnic Institute, Trov, 
X. Y., where he graduated with the class of '75.

His preparation for college followed the good, old classic lines in which 
the Greek and the Latin languages were prominent. The work in these lan
guages was very distasteful to him and caused him to dislike them exceed
ingly. He has frequently referred to the time spent upon them as time 
wasted, and fails to recognize what more than one reviewer has pointed out, 
their salutary effect upon his Knglish. lie is, however, an excellent French 
scholar, and retains and makes frequent quotations from the Latin. Owing 
to their lack of training in the Latin and the Greek languages, engineers, as 
a rule, do not use enviable Knglish. A knowledge of the roots, the founda
tion of the language, is essential to nicety and facility in its use.

Armed with the degree of Civil Engineer from the oldest and then almost 
the only school of engineering in this country. Dr. Waddell l>egan his pro
fessional career as a draftsman in the Marine Department of Ottawa, Can
ada. where lie spent a few months designing buoys, lanterns, and similar 
marine appliances.

Then lie received an ap|M>intment as rod man on the Canadian Pacific 
Railway, which was being built by the Dominion Government. Fourteen 
months on preliminary, location, and construction work near Port Sa vanne 
brought him much hard work and experience, hut small advancement and 
smaller pay, the usual compensation of the young engineer. He then re
signed his position with the Government to make an engagement with sev
eral contractors who were building sections of the road, and remained in the 
hush about four months longer, till the contractors' work was finished.

Following this came about eight months of enforced idleness, probably 
the most difficult position a voting and ambitious engineer ever occupies. 
Part of this time was spent in coaching his brother. Robert, who entered 
McGill University very late in the term, but with this assistance was enabled 
to attain full standing before the end of the scholastic year.

The next summer he obtained a subordinate position on the bridge over 
the Missouri River, at Glasgow, Missouri, but the great heat and the malaria 
broke his health and forced him to give up the work after only a month of 
service.

He soon obtained the position of engineer for a coal mining company in 
West Virginia, where he did the surveying both above and below’ ground, and 
designed and built a ventilating shaft and other mine structures.
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In the fall of 18Î8 the mining work was given up for the position of 
Assistant to the Professor of Geodesy ami Descriptive Geometry at the 
Rensselaer Polytechnic Institute. This was the beginning of six years’ work 
as an educator, years which afforded time for further study and for writing 
on technical subjects. Shortly after taking up his work as an instructor, an 
opportunity appeared to obtain a better position, that of Assistant to the 
Professor of Rational and Technical Mechanics, and, after several months’ 
study in preparation, In* obtained that jHisition, which he occupied until the 
fall of 1880. While engaged in this work, one of those lasting friendships, 
which are of incalculable value to both parties, was formed with his immedi
ate superior. Professor William 11. Burr, now of Columbia University and a 
member of the Panama Canal Commission.

In January. 1881. l)r. Waddell was appointed Chief Engineer of Messrs. 
Raymond and Campbell, a firm of bridge builders whose headquarters were 
in Council Bluffs. Iowa, and liegan his work in bridge engineering, the spe
cialty to which he has since devoted himself almost exclusively. This en
gagement was terminated in the summer of 1882, when lie went to Japan 
to take up again the work of an educator.

Very early he began to write technical papers, many of which were pub
lished in the transactions of the “Pi Eta Scientific Society,” now the Rensse
laer Society of Engineers. Among them were “Railroad Drainage” and 
“Notes on Railroading,” which are reprinted in this volume; “Wave Motion 
Applied to Light Houses” and “Compensating Trusses,” which have not 
been preserved; and “Bridge Pins, Their Sizes and Bearings,” “Highway 
Bridges” and others which were later incorporated in his book, “The Design
ing of Ordinary Iron Highway Bridges.” These papers attracted consid
erable attention, and early in 1882, brought from the Japanese Government 
the offer of the Chair of Civil Engineering in the Imperial University of 
Tokyo.

July 13th, 1882, he was married to Miss Ada Everett, the only daughter 
of Horace Everett, Esq., of Council Bluffs, Iowa, and soon after they and his 
sister, Miss Josephine Waddell, sailed for Japan, where he was to take up his 
new duties.

The Imperial University was then in its infancy, hence the number of 
students was small and the work light. The spare time was employed in 
professional work and in the preparation of his first l>ook, “The Designing 
of Ordinary Iron Highway Bridges,” which was published in 1884 by Wiley 
& Sons of New York. The science of bridge building was then hv no means 
so well advanced as it is now and very little had been written on the subject, 
hence the work, which was exceedingly full and thorough, was very widely 
accepted as a standard text-book and still had a steady sale only six years 
sinee, when, at the author’s request, it was declared out of print. The theory 
and much of the practice which it contained are still sound, but iron is no
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longer the material of which bridges are constructed, hence the book is of no 
further service to the profession.

Immediately after the publication of this book, the preparation of “A 
System of Iron Railroad Bridges for Japan'* was begun at the request of the 
University authorities. This Monograph was published early in the summer 
of 1885, and immediately gave rise to a spirited controversy, for its author 
had severely criticised the methods of English engineers, as they were ex
emplified in the Japanese railway bridges, most of which were of English 
design and fabrication. The “Japan Mail" reviewed the Monograph July 
16th, 1885, and immediately, not the Monograph but its author, was bitterly 
attacked in numerous letters addressed to the “Mail.” Throughout the con
troversy, which continued for nearly a year, the English engineers gave evi
dence of their professional weakness by avoiding as far as possible a technical 
discussion of the subject and bv confining their arguments to personalities 
and to generalities, many of which were half-stated or purposely misleading. 
In his letter of October 7th, 1885. Dr. Waddell states : “Into the merits of 
the case not one of the writers of the letters in the ‘Mail/ attacking my 
book, has dared to enter. An open, scientific discussion is, apparently, the 
very last thing mv opponents desire. They know that it would make patent 
to the world the radical deficiencies of the old English system of bridge 
building.” An editorial note adds, “We have published a number of letters— 
so many that our readers must be weary of the subject—and yet, as Mr. 
Waddell says, the point at issue is as far as ever from settlement.” Thus 
for three months the discussion had been almost venomously personal on the 
part of the English engineers. A number of Japanese engineers, an Ameri
can engineer. Professor W. C. Kernot of the University of Melbourne, and 
Dr. Waddell carried on the scientific side of the argument, which continued 
for several more months, but gradually took on a more technical character 
and resulted in completely establishing the soundness of the memoir. It was 
a pretty quarrel in which a young man of but ten years' experience won over 
many old and long-established engineers, but practice has changed so greatly 
in less than twenty years that its technical interest is small now.

In the spring of 1886, at the end of his fourth scholastic year of Japanese 
service. Dr. Waddell determined to return to America. He was handsomely 
treated by the University authorities, and still has in his possession many 
highly prized presents from Japanese friends. Later the Emperor decorated 
him by bestowing upon him the order of the “Rising Sun,” with the rank of 
Knight Commander.

Before Dr. Waddell left Japan. Professor Burr, who was then Engineer 
for the Phœnix Bridge Company, arranged for him to settle in Kansas City, 
Missouri, as the Western representative of the Phoenix Bridge Company and 
the Phœnix Iron Company. Though his efforts Mere, in the main, to be de
voted to the interests of these companies, he retained the privilege of prac-



BIOGRAPHICAL NOTES. 5

living as a consulting engineer as well, in order to acquire a knowledge of 
the companies’ methods, the last five months of 188U were spent in their 
works at Phœnixville, Pennsylvania, preparing competitive designs and esti
mates for several important bridges, at least one of which was built.

Realizing that he was quitting permanently the life of a professor, he 
prepared a very comprehensive paper on “Civil Engineering Education,” 
which was published in Engineering News. It appeared in the issues of 
January 1st and 8th, 1887, and was discussed in later issues bv a number of 
prominent engineers and educators. It is reprinted, with these discussions, 
in the pages which follow. It is noteworthy that, while the extremely 
thorough five years’ course advocated has not been adopted, the advance in 
engineering education has been largely along the general lines laid down in 
this paj>er.

January 1st, 1887, Dr. Waddell opened an office in Kansas City, and, 
from the first, was successful in obtaining contracts for the companies lie 
represented and engagements as a consulting engineer. The street railway 
companies and several other parties gave him contracts for metal work to lie 
built by the Phœnix Bridge Company, while, as a consulting engineer, he re
constructed the bridge over the Missouri River at Fort leaven worth. Kansas. 
The bottom chords of this structure, which is of the Post truss type, had been 
seriously injured a year or two earlier by a fire which destroyed the wooden 
floor system; and, though unscientific detailing in the original design made 
the task difficult, the work of reconstruction was so satisfactorily done that 
the bridge is still in service.

While representing the Phœnix Bridge Company, he obtained in com
petition several noteworthy pieces of work, among which may be mentioned 
the designing of an elevated railroad (valued at alnmt half a million dol
lars), connecting the Merchants’ Bridge and the Union Depot in St. Louis, 
and the Red Rock cantilever bridge over the Colorado River between Cali
fornia and Arizona. After preparing the preliminary plans, making the esti
mate, and taking the contract, in a very limited time on the ground. Dr. 
Waddell was retained by the Railway Company as its Consulting Engineer, 
to supervise the detailing of the Red Rock bridge at Phœnixville. At the 
time of its construction this was the longest cantilever span in America, and, 
until very recently, has only been surpassed by the Memphis Bridge over the 
Mississippi River. The loads which now pass over the structure greatly 
exceed those for which it was designed, but it is still doing good service.

As mentioned above, our author sometimes occupied the dual position of 
representative of the Phœnix Bridge Company, for which he took the con
tracts, and consulting engineer for the railway company which purchased 
the structure. As his consulting practice grew, the excellence of design 
received increasing attention, and it became more and more difficult to bring 
into agreement the construction which, as consulting engineer, he should
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obtain for his client, and that which, as contracting engineer, lie must offer 
for the bridge company if lie obtain contracts in competition. In conse
quence. the contracting business decreased in volume until 1892, when he 
resigned the agency for the Phoenix Bridge Company and the lMuvnix Iron 
Company, and thenceforth devoted himself entirely to consulting work.

On January 1st, 1899, his principal assistant engineer, Mr. Ira G. Hed
rick, was admitted to partnership, and the firm became known as Waddell 
and Hedrick.

A consulting engineer's practice is largely composed of structures of 
ordinary types and proportions, but Dr. Waddell lias been responsible for a 
very large amount that is noteworthy in both size and character. In 1892 
he was appointed Chief Engineer of the Pacific Short Line Bridge Company, 
for which he designed and supervised the construction of a combined railway 
and highway bridge over the Missouri River at Sioux City, Iowa. This struc
ture, which cost about a million dollars, consists of two five hundred foot 
fixed and two four hundred and seventy foot draw spans and the approaches. 
The foundations are very deep and were sunk partly by the pneumatic process 
and partly by open dredging.

As Chief Engineer of the Omaha Bridge and Terminal Railway Com
pany, he designed in 1893 a double track railway bridge across the Missouri 
River at East Omaha, Nebraska. The draw span at the eastern end of the 
bridge and the pivot pier supporting it were of steel and masonry respec
tively, while the fixed spans, the other piers, and the approaches were tem
porary only. The spans were of the combination type, the piers were con
structed of piles, and the approaches of timber ; but these have recently been 
replaced under the direction of his firm by a permanent structure with steel 
spans and masonry piers. The center line of the temporary bridge formed 
an angle of eleven degrees with that of the permanent structure, hence the 
new piers and spans were constructed without interfering with the tem
porary structure or delaying traffic, and when the new portion was com
pleted, the old draw span was revolved eleven degrees and forms a part of the 
new structure. Owing to the shifting of the channel of the river, it has 
been necessary to construct another draw span at the western end of the new 
structure, thus the bridge has two draw spans, each five hundred and twenty 
feet long, the longest yet constructed. On all the spans provision is made 
for brackets which will carry a motor track, a roadway, and a sidewalk out
side of each truss, but these will not Ik* added till demanded by the traffic.

In 1893 a lift bridge, carrying Halsted Street over the South Branch of 
the Chicago River, was designed and constructed for the City of Chicago. 
A paper treating of its construction was presented to the American Society 
of Civil Engineers and is reprinted here, rendering description unnecessary, 
but it may l>e added that the bascule type of bridge has since been so satis
factorily developed that another great lift bridge will probably never be
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constructed. The structure has been very satisfactory in its operation and 
will, no doubt, continue in service for many years. Notwithstanding its 
great height, it is a sightly structure and is a highly creditable piece of 
engineering.

A steel highway bridge across the Missouri River at Jefferson City, Mis
souri, is also worthy of mention. It rests on steel cylinder piers which were 
sunk by the pneumatic process, and consists of a lour hundred and fortv 
foot draw span and two three hundred and fifty foot fixed spans and the ap
proaches.

In 1893 I)r. Waddell was retained as Consulting Engineer for the North
western Elevated Railroad and the Union Loop Elevated Railroad of Chi
cago. The former consists of about six miles of four-track structure, built 
on private right of way, and about one mile of two-track structure built in 
the street, while the latter consists of nearly three miles of double track 
structure forming the four sides of a loop around the most congested busi
ness portion of the city. The merits of various designs of superstructures 
and foundations were thoroughly investigated before even the general plans 
were prepared. The results of these investigations were recorded in a paper 
presented to the American Society of Civil Engineers in 189(1 and form an 
exceedingly valuable addition to the literature of the subject. The paper, 
together with the discussions to which it gave rise, appear in this volume.

Dr. Waddell was consulted in the preparations of the plans for the Bos
ton Elevated Railway, and has occupied advisory positions on much other 
important work.

Since the partnership with Mr. Hedrick was formed, the firm has de
signed and superintended the construction of a very large amount of bridge 
work in the United States, Canada, and Mexico, and some lighthouses and 
bridges for Cuba. The most noteworthy of these structures is a Y shaped 
railway and trolley bridge over the Eraser River at New Westminster. Brit
ish Columbia, and the construction of a temporary suspension bridge over 
the Kansas River at Kansas City. An unprecedented flood swept away one 
and greatly damaged the second span of the bridge which brought the city’s 
water supply across the river, hut with unskilled lalxir and whatever material 
was available, Messrs. Waddell and Hedrick repaired the damage and re
placed the destroyed span while the flood was at its height. Heroic work 
under exceedingly dangerous conditions was required, hut the city was 
threatened with disease and was helpless in case of fire, lienee it was essential 
to work continuously night and day for a week until the structure was com
pleted.

Messrs. Waddell and Hedrick have recently been retained to design a 
railway bridge over the Strait of Canso, Nova Scotia. The preliminary 
studies indicate that a cantilever bridge having a clear span of more than 
eighteen hundred feet will lie required.
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By the time this volume comes from the press, the firm will have nearly 
completed an elaborate investigation of the properties and economics of 
nickel steel for railway bridges. This investigation will probably determine 
whether the large bridges of the future will be of the cantilever or the sus
pension type.

Although Dr. Waddell has originated many new features of bridge de
sign which are of commercial value, only a few have been patented, the great 
majority being freely given to the profession. In 1893 he patented an “A” 
truss bridge which has l>eon extensively and satisfactorily used for railway 
bridges. It }>osscsscs great rigidity and is much more economical than the 
plate girder for spans of al>out one hundred feet.

In 1894 he was granted a very broad patent on the principal features of 
the Halsted Street Lift Bridge, and in 1898 he obtained a patent on an 
automatic jetty for improving tidal ways. The jetties are provided on the 
harlior side with a continuous door, hinged at the top, which will o|K?n 
readily and permit the tide to flow into the harbor freely, but which will 
close automatically and force the outgoing tide to flow through a narrow 
channel which it will deepen by erosion.

In 1898 a patent was granted to Messrs, Waddell and Hedrick on a sus
pension bridge stiffened by cables in the form of an inverted catenary placed 
below the floor instead of the usual stiffening truss. A bridge of this type 
has lately been constructed in British Columbia.

In 1903 the firm patented a plan for constructing a long-span single- 
track railway bridge so that it may later be converted into a double track 
structure. The cost of the single-track bridge will be but slightly greater 
than that of the usual structure of that type, yet the total cost, when the 
second track is added, will not be greatly in excess of that of an ordinary 
double track bridge.

Throughout these years of great professional activity. Dr. Waddell has 
continued to contribute his quota to engineering literature. Shortly after 
settling in Kansas City, he wrote a pamphlet entitled “General Specifications 
for Highway Bridges of Iron and Steel,” which was submitted to prominent 
bridge constructors throughout the country. A second edition, containing 
discussions by various engineers and contractors, was distributed about a 
year later. In 1893 a paper on “Some Disputed Points in Railway Bridge 
Designing” was written and presented to The American Society of Civil 
Engineers. This was followed by a paper on the Halsted Street Lift Bridge 
and a very full and thorough paper on Elevated Railroads, both of which 
were presented to the same Society.

“De Pontibus.” a very valuable book treating of the general principles of 
designing and detailing bridges and supplementing the usual text books on 
that subject, was published by Wiley ar.d Sons in 1898. Two years later the
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same firm brought out a volume entitled “Specifications for Steel Bridges.” 
Both have been very favorably received by the engineering profession.

A short paper on “Foundations for Important Buildings in the City of 
Mexico” and another on the “Flow Line Bridge at Kansas City” complete 
the list of technical papers.

Dr. Waddell’s interest in engineering education has never flagged, and 
much of his time has been given to matters pertaining to it.

Karlv in 1882 McGill University conferred upon him the ad eundeni 
gradual degree of Bachelor of Applied Science, and in June of the same year 
gave him the degree of Master of Engineering, after he had passed a very 
severe examination. The same institution recognized the high value of his 
scientific work by conferring upon him the degree of Doctor of Science in 
April, 1904; and in June of the same year Missouri State University hon
ored him with the degree of Doctor of Laws.

in addition to the paper on Civil Engineering Education, previously 
mentioned, papers on Civil Engineering Education in Japan ami on the 
Advisability of Instructing Engineering Students in the History of the 
Engineering Profession have been presented to the Society for the Promo
tion of Engineering Education. Numerous lectures have been prepared and 
delivered to the students of various ed,..» ional institutions throughout 
America. Several of the most valuable of these are preserved in this volume

A report recently made to the head of a prominent educational institu
tion and an address on “Higher Education for Civil Engineers” contain Dr. 
Waddell’s latest ideas on the subject of instruction in engineering.

At the invitation of the Directors he addressed The International Con
gress of Arts and Science at The Ijouisiana Purchase Exposition in Septem
ber, 1904, u]M>n The Relations of Civil Engineering to Other Branches of 
Science. The address is printed in the succeeding pages. His interest in 
the engineering societies has always l>een strong. He joined the Pi Eta 
Scientific Society, now the Rensselaer Society of Engineers, in 1872, and was 
elected a Member of the American Society of Civil Engineers in 1881 : an 
Associate Member in 1888 and a Member of the Institution of Civil Engi
neers in 1899; a Member of La Société des Ingénieurs Civils in 1887; the 
Canadian Society of Civil Engineers in 1903: and an Honorary Member of 
the Kogaku Kvokai, the Japanese Engineering Society, in 188f>. Tn 1893 
he became a Charter Member of the Society for the Promotion of Engineer
ing Education. He was a Charter Meml>er of The American Society for 
Testing Materials and chairman of its committee on structural steel. He 
was a Member of the Engineers’ Club of Kansas City, which is now defunct, 
and resigned his membership in the American Society of Mechanical Engi
neers, the Western Society of Engineers and the Engineers’ Club of Phila
delphia.
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In Juno, 1904, the Missouri State University chapters of Phi Beta Kappa 
and Tau Beta Pi elected him to honorary membership.

livery successful engineer works hard ; there is no royal road to success 
in any branch of the profession; but Dr. Waddell has found time from an 
exceedingly active professional life to enjoy much true sport. Whist has 
occupied much of his attention and lie was thrice President of the Kansas 
City Whist Club, and each year several wicks are devoted to shooting and 
fishing. He is acquainted with every part of this continent where good 
sport is to be had. He has caught the tarpon in the Gulf of Mexico ; the 
bass, pickerel, and inuskellunge in Wisconsin and Minnesota, and the salmon 
in Canada : has shot deer in Arkansas, deer and elk in the Rocky Mountains, 
and small game in many sections of the country. A recent number of “For
est and Stream” contains a reference to him as a sportsman which is well 
worth reproducing here.

ENGINEERING AND FISHING.

Our frequent contributor, Mr. ,1. A. L Waddell, of Kansas City, Mo., is 
known to the readers of our angling columns as a successful tarjxm fisher
man and angler for other big game fish. Mr. Waddell is one of the most 
distinguished bridge engineers of the United States, and has undertaken 
enterprises also in Mexico, Cuba, Canada and Japan ; for his work in Japan 
he has been decorated hv the Mikado. Engaged in important work in bridge 
building in various parts of the country, he enjoys the rare good fortune of 
finding opportunities of indulging in his favorite recreation in connection 
with his professional duties. His engineering enterprises in Mexico have 
borne fruit for tarpon fishermen in the series of articles on tarpon fishing 
written out of his experiences there. On the way to and from British Co
lumbia, Mr. Waddell has found opportunity to test the rainbow trout ; and 
while on professional visits to Nova Scotia he has drawn attention to the 
possibilities of the sport of tuna fishing in Atlantic waters. Mr. Waddell is 
the author of several authoritative works on bridge engineering, and, as 
might lie expected, his fishing papers are intensely practical. They have less 
of the poetry of angling and more of the useful, instructive and definite 
description of tackle and modes of fishing.

It need not he added that Mr. Waddell is a strong advocate of the value 
of field sports from a purely business and professional |»oint of view. He 
believes in play as a necessary complement of work ; and not only docs he 
practice the doctrine, but on occasion he preaches it and urges it upon the 
younger men in the profession. We have before us an address delivered bv 
Mr. Waddell to the graduating class at this year's commeneement of the Rose 
Polvtechnic School. The burden of the address is to celebrate industry.
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application, study, and work as the essentials of professional advancement 
and success ; but with all these the value of recreation from toil is not for
gotten. One of the concluding paragraphs may well be quoted as having 
application toother professions than that of the engineer :

“By this time you all have probably come to the conclusion that you have 
been listening for the last half hour or more to an old fogy, who thinks that 
there is nothing in life worthy of consideration but work, work, work, and 
who can talk on nothing but technical subjects. If this be so, 1 by no means 
blame you. for you would seem to have reason on your side; nevertheless, 
you would be entirely in the wrong, because I am a firm believer in legiti
mate relaxation of every kind, and in a man’s getting all the pleasure he can 
out of life. Perhaps, too, I could talk of things that are far from technical, 
such as hunting the great game of the Rocky Mountains, canoeing on lake 
and stream, the shooting of rapids, travels in foreign countries, gunning for 
wildfowl in the marshes, sports afield with dogs and gun, tly-tishing for trout 
in the streams of the far North, and struggling with the gallant tarpon on 
the waters of the (lull’ of Mexico ; but it was not to discuss such subjects as 
these that your president brought me here, so I shall desist, only remarking 
that the more you mix these things and other sports and amusements in with 
your work, the better will it be for you both physically and mentally, the 
longer will you live, the more will you accomplish, the more satisfactory will 
be the results of your work, the better men and citizens will you become, and 
the more interesting and agreeable will you prove to all with whom you are 
thrown in contact.',

It is hardly necessary to add that throughout his active career Dr. Wad
dell has always found time to devote to his many close and true friemU. 
Many a young engineer owes much of his inspiration and success to the 
friendship and fwrsonal assistance of this busy engineer, while many more 
have been encouraged and strengthened by the many lectures and addresses 
which he has snatched the time to prepare and deliver to them. lie is a 
devoted husband and father, a public-spirited citizen, and a thorough sports
man, while his energy and his ability have gained for him a high position as 
an engineer.
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INTRODUCTORY NOTES.

Notes on Railroad Drain auk was written in 18<8, shortly after its 
author had completed a term of service on the construction of that portion 
of the Canadian Pacific Railway which lies northwest of Like Superior. 
The line runs through muskegs or swamps, separated by short stretches of 
earth or rock, and, as the rainfall in that section is great, the drainage was a 
very important problem, and received very close attention. The paper was 
presented to the Pi Eta Scientific Society of the Rensselaer Polytechnic In
stitute, by which it was soon afterward published, but the pamphlet is no 
longer available. In a thorough search through technical literature, the edi
tor has been unable to find anything more than a casual and minor treatment 
of the subject of railroad drainage, hence, though the paj»er was written 
more than twenty years since, its matter is as fresh and timely as though it 
were written yesterday.

At first thought it would appear that the railroads of America are already 
built, but a glance at the statistics of the subject will show* that the amount 
of new line under construction at any time is enormous, hence it is a matter 
of regret that the subject is not fully treated in the principal books on rail
roading. Both the student and the practicing engineer who has not had 
great experience in this particular line of work should find the paper of 
unusual value. It was written while the difficulties encountered and over
come were fresh in the author's mind, hence the treatment of a difficult 
phase of the subject of railroad drainage is very full and thorough.
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NOTES ON RAILROAD DRAINAGE

The usual answer to the question, "What are the requisites for a rail
road ?" is, “ Light grades, easy curves, and an equality of cuts and fills." 
There is one, however, which is still more important than any of these, 
hut which is too often overlooked—a good system of drainage. In a 
mountainous country heavy grades and sharp curves are unavoidable, and 
in cold climates cuts, especially light ones, are objectionable, because they 
arc liable to fill with snow. A continuous three-foot bank makes the liest 
kind of a road. If the drainage of any railway be ini|x‘rfect when the 
grading is finished, there will be trouble until the imperfections arc re
moved, to accomplish which will cost far more than to complete the work 
properly at first.

When the grading is begun in dry weather, the drainage provided is 
often inadequate, owing to ignorance in regard to the volume of water 
passing the right of way. The tap drains are made too small, and under 
drains, both longitudinal and transverse, are left out in many places 
where considerable water passes in the wet season. Often, too, the em
bankment is built so close to tile sides of a river or creek that, when 
high water overflows the banks, a great deal of material is washed away. 
To destroy an embankment it is not necessary for tile water to back up 
greatly ; if it stand but a few inches above the berm, the base will be 
gradually undermined, and a settlement will take place. In improperly 
drained day cuts, the road lied often becomes so soft that tile ties and rails 
disappear beneath the mud.

Diversions which run alongside the slopes are sometimes made so 
small in cross-section that the water in rising cuts away the side of the 
embankment for many hundred feet. When this occurs a breakwater 
will have to l>e built as a protection until the water subsides sufficiently 
to permit the diversion to be deepened or widened, as may be required.

In building a road through a swampy country, or one that is at all wet, 
the first thing to lie done after the clearing is finished is to dig good 
lap or off-take drains. This, in addition to being a great advantage 
to the road, is a still greater advantage to the contractor, because swamps 
that are well drained can lie worked several cents jier cubic yard cheaper 
than those that are not, and the work can be done more quickly, as four 
gangs can be started at once after a drain has been carried across the 
roadw ay.

There are many slightly different methods of laying out off-take 
drains. The one usually employed by the writer is as follows : At the
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lowest point of the swamp the depth of the side ditch is made three feet 
and that of the off-take three and a half feet : in the first hundred feet 
a fall of half a foot is given to the bottom of the drain, so as to insure a 
good initial velocity for the water ; afterwards a fall of one-tenth of a foot 
in a hundred feet is sufficient. The drain should be continued until it 
runs out to grade. Sometimes there is difficulty, where the underbrush 
is thick, in finding the lowest ground. After running a few hundred feet 
without finding a satisfactory fall, it is a good plan to turn off a line, as 
nearly as may be, parallel to the centre line of the road, find which way 
the ground falls and the lowest point on this off-set line, then go back to 
the place of starting, turn off so as to strike this point, and proceed as at 
first. The lowest ground can often be found by following running water, 
and by looking to the quality of the timber, the underbrush, the color of 
foliage, and the character of vegetation. It is ordinarily supposed that 
swamps are situated on the lowest ground, but sometimes they are found 
in elevated positions. Often, too, lakes and creeks occupy the summits 
of swamps or muskegs.

After an off-take drain is run out to grade, it is well to go over it and 
straighten out the centre line, so as to avoid angles and sharp curves, even 
if the quantity of material excavated be slightly increased in consequence.

The side ditches should always be laid out so that they fall toward the 
off-take, even where the embankment has a level grade. If. during the 
progress of the work, a ridge of boulders be encountered in the side ditch, 
calculations should be made to determine whether it would be cheaper 
to cut through it or to put in an off-take on each side of the ridge. The 
latter method is to be preferred if its cost does not greatly exceed that 
of the former, for the greater the number of off-takes the more complete 
will be the system of drainage. Tf the ridge of boulders tails off within 
a reasonable distance front the centre line, the side ditch may be carried 
around its base.

In large, level swamps where there is considerable water, drains should 
be put in every fifteen hundred or two thousand feet. The shape and 
size of drains and ditches depend on the quality of the material to be 
excavated and the quantity and velocity of the passing water.

When the embankment is formed wholly of material excavated from 
the side ditches, the cross-section of the latter is generally greater than 
that required for drainage. Care should then be taken to prevent the 
workmen from obtaining the extra material by increasing the depth in
stead of the width of the ditches, which, owing to their objection to long 
hauls, they are liable to do if not closely watrhed.

In muskegs or peaty swamps the material stands better when the sides 
of the ditches are vertical than when they are sloped, owing, probably, to 
the great number of roots it contains. Hard clay stands well with a slope
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of one to one. and sand or gravel with one anil a quarter or one and a 
half to one. while quicksand will till in front almost any slope.

The width of the Itottoni of an off-take should never he less than three 
and seldom more than ten feet. It is sometimes made as small as one and 
a half feet, but this is false economy, for a single boulder falling from 
the side is sufficient to prevent the water's passage. Drains should be 
made large enough in the first place ; for the double casting of a portion 
of the material and the necessity of having the navvies work in water 
increase by at least one-half the cost per cubic yard for enlarging them. 
It is surprising how much more a workman can do if lie have a good, clear 
run for the water behind him ; sometimes he can take out twice the quan
tity of material that he could have taken had the water hacked up on his 
work. Contractors who let swamp grading by the yard in small sections 
of two or three hundred feet make a great mistake ; for the water, having 
no chance to escape, fills up the pits so rapidly that dams have to lie left 
every few feet. These, of course, must he removed before the work is 
completed.

After the centre line for a drain has been laid out, the ground should 
he cleared front fifteen to thirty feet or more on each side of it, accord
ing to the width required for drain, Iterm, and casting room. The brush 
should lie burned or carried off the clearing, for in cold countries trouble 
is experienced in cutting through the frost, which, in densely wooded 
swamps, is often perennial. Brush should never he left over winter on the 
right of way. because bv preventing the snow from reaching the ground, 
it allows the frost to penetrate freely. The width of berm depends upon 
the quality of the material and the quantity to be excavated. In small 
drains where casting is allowable, four feet should he the inferior limit ; 
but if the material lie soft, a ten-foot berm will he required.

The obstacles usually encountered in drainage are the filling in by 
deposit, the caving in of the sides, and the rising of the bottom of the 
ditch. The first may he overcome by clearing away from the mouth of 
the drain, for a distance of fifty or a hundred feet, all the stumps, large 
roots, and other obstructions, which are in the line of the running water; 
the second may be obviated by changing the slope ratio of the sides ; hut 
there is great difficulty experienced in overcoming the third. If lumber 
can be procured, the best method is to build a good box-drain of one 
and a half inch plank, and fasten it firmly to posts driven beside it. The 
ends of the box should pass the place where the difficulty has been en
countered. otherwise it will he quickly filled. If lumber cannot he ob
tained. some substitute must be found. After seeing several methods 
tried unsuccessfully, the writer has proposed the following for beds of 
quicksand or liquid clay across which tap drains often have to pass. 
Drive with a maul posts about six inches in diametei and five or six feet
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long, spaced fifteen inches apart along the bottoms of the slopes ; cut 
bundles of brush, poles three inches in diameter and four feet longer than 
the width of the base, and six lines of heavy poles, and lay them all along 
the sides of the drain : commence a few feet from the end of the quicksand, 
excavate to the depth of a foot heloxv grade between the |x>sts, and fill 
the excavation with the brush ; then place the three-inch poles across it 
and allow their ends to pass between the posts. After finishing about 
thirty feet of the drain, lay the heavy poles, three deep, longitudinally out
side the posts and across the ends of the light poles, retaining them in 
position by stakes. Outside of these, place brush hacked up with earth. 
Brace every fifth or sixth pair of posts internally so as to prevent their 
l)eing forced toward each other by the pressure of the slopes, and after
carrying the work past the end of the quicksand, cast out any material
that may have been deposited on the brush.

It is often practicable and advisable to run two or three off-takes into 
one : care should then be taken to make the cross-section of the main 
portion large enough to empty the branches.

An interesting system of drainage is that of Mud River, between 
Linkoping and Port Savanne Stations, on the Canadian Pacific Railway. 
The location of that part of the line was made by Mr. W. McLeod 
Maingy, C.E., during the summer of 1876. lie encountered this stream 
quite unexpectedly, for the ground had been rising gradually for three- 
quarters of a mile through an o|k*ii muskeg that had no solid bottom at a
depth of ten feet. The stream at the crossing was about thirty-five or
forty feet wide and ten or twelve feet deep, and the hanks for some dis
tance on each side were afloat. While searching to the south for a place 
to cross, Mr. Maingy discovered that he had succeeded without knowing 
it, for the stream had split up into small branches which found their way 
to the Savanne River, some miles distant, by means of underground pas
sages, or by percolating the swamp, lie immediately informed the De
partment of the necessity for drainage to the south before the grading 
could be proceeded with, hut, notwithstanding his advice, the embank
ment was commenced during the next winter under the direction of a 
section engineer bv borrowing from side pits three feet in depth. Then 
came the difficulty ; the hanks sank, and the pits filled from the bottom, 
owing to the upward pressure of the water below. Tt was imperative 
that something he done before the work could proceed, and, knowing that 
the ground fell in the direction of the centre line, the section engineer 
commenced to run two side ditches to the eastward to reach the lowest 
point of the swamp shown by the profile (a distance of three-quarters 
of a mile from the river) and to make there an off-take drain to the south
ward. The south side ditch was made twelve feet wide, the north one 
much smaller. The material excavated was of a peaty nature and very
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light ; hut whatever could be used was put into the embankment. Still 
there was a great deal of waste, for a large portion of the bank was al
ready made from the borrow-pits. The off-take drain, or, more properly 
speaking, the canal, was completed before the side ditches were half 
finished and had slopes of about one and a half to one, instead of having 
the sides vertical, as they should have been. The section engineer having 
left the road, Mr. Maingy, who had the next section, was then placed in 
charge of the work. He completed the side ditches, and found, as he had 
expected, that the water was lowered but little more than a foot. In 
places the ditches filled from the Ixittom as fast as the graders could exca
vate them. He overcame this difficulty by cutting poles four feet longer 
than the width of the base, sharpening them at !>oth ends, and driving 
them horizontally four feet into one side of the ditch, then back two feet 
into the other. These poles were placed alwnit two feet apart. When the 
ditches were completed the canal was found to be insufficient to carry off 
the water from the river and the surrounding country. The work was 
no nearer completion than at first, for it was found impossible to keep 
the embankment up to grade. The swamp had to be drained before the 
advent of winter, which would stop operations, therefore the division 
engineer consented to try the method originally proposed by Mr. Maingy, 
viz., to run a large diagonal drain from the river to the neighborhood of 
the end of the canal. This drain was made ten feet deep and nine feet 
wide, with vertical sides. The total fall obtained was fourteen feet. The 
drain was finished in December and lowered the water four and a half 
feet, drying tip the side ditches and rendering them useless except in 
cases of extremely high water. Had this method been followed at first, 
and had narrow side ditches been dug so as to drain the swamp com
pletely before the grade had been established, the work could have been 
done for not more than half what it finally cost.

To drain a lake, ascertain the maximum quantity of water flowing out 
of it, the fall obtainable, and the best form of cross-section for the off
take : then calculate the maximum depth of water at the head of the 
drain, the liottom of which should be that depth l>elow the required level 
of the lake.

Diversions should be made whenever a stream crosses the right of 
way at an angle less than thirty-five degrees, where there are several 
crossings of the stream at short intervals, and whenever the channel is 
too small for the quantity of water it carries in the wet season. They 
are often made to avoid the construction of a culvert or a bridge or to 
lower the surface of a stream which is higher than that of formation level 
at the crossing.

The cross-section of a diversion should be calculated for the maximum 
quantity of water and a velocity ascertained from the fall shown by the
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levels and from observation. Very often the diversion should extend 
above as well as below the centre line of the road and should cross it as 
nearly as practicable at right angles. It should be made as straight as 
possible and. if curves are unavoidable, they should be placed as far as 
practicable from the centre line of the road, so as to avoid any damming 
of the water in them. If the fall be slight, the stream should be cleared 
of logs and roots for some distance below the end of the diversion. Oc
casionally a diversion may lx* avoided altogether by clearing out the 
stream, as the removal of 1 Rudders will often lower the water level suffi
ciently, especially if the current be rapid. The beginning and end of a 
diversion should follow the direction of the running water at those points, 
otherwise a dam will have to be built at the beginning to deflect the water 
into the new channel, while at the end a few inches of head will be lost 
owing to curvature. At the end of a diversion the grade of the bottom 
should be at alxmt the same level as that of the stream, hut at the l>e- 
ginning it should be several inches lower. In short diversions it is no 
matter if the bottom be level.

The drainage of cuts is a very important feature in railroad construc
tion. Catch-water drains or little gullets are dug on the upper side of 
the hill at a distance varying from five to twenty-five feet front the slope 
stakes, to draw off the water which would otherwise flow down the slope 
into the cutting. Through cuts should have a catch-water drain on 
e ach side.

The ordinary depth of a catch-water drain is one foot, and the width 
on the bottom is about the same. The material should be cast on the side 
next to the cutting. It is allowable to change the course of the drain so 
as to avoid a large stump or rock.

Large dips in cuttings cause a great deal of trouble, necessitating a 
deepening of the catch-water drains, or what is still worse, the leading 
of the water down the slopes. When this is unavoidable, a box drain must 
be used for the purpose. Occasionally an off-take can be employed in a 
cutting, to empty either a catch drain or a water table.

A level grade through a long cut should never be employed. It is 
far preferable to rise to the centre and descend again in order to prevent 
water from standing in the cut. If the material in the cutting be dry, 
water-tables or shallow drains at the bottoms of the slopes will be suffi
cient : but if it be wet, under-drains will be needed. These are made 
about two and a half feet wide and three or four feet deep, without any 
slope. A layer of poles is placed on the bottom, then a few layers of 
stones, then gravel to within a foot of the top, and. finally, a layer of fine 
brush and some more gravel. The brush is used to keep the material 
of the slopes from filling up the drains. A stout box open at the Iwttom 
and underlaid with brush or straw, is a good substitute for the poles and
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stone. The bottoms of drains in level cuttings should fall both ways 
from the middle.

In quicksand cuts it is well to make three longitudinal drains, with a 
box in the bottom of each ; and in no case whatsoever should a level grade 
be run through a quicksand cut that is more than four hundred feet in 
length.

In both cut and fill the road-l>ed should l>e rounded off so as to be 
half a foot lower at the sides than at the centre, in order that it may shed 
the water readily ; and in the embankment this form should be kept from 
the very start. Roots, moss and frozen material ought never to be put 
into an embankment : for, although the first cost is greater, it is cheaper 
in the end to waste them, as a bank containing them will never settle prop
erly, hut will continually wash away. It is owing to this error that the 
quantities on Sec. 4, Contract J5, C. P. Ry„ are double those called for 
by the profile.

Where an embankment does not exceed six feet in depth, stone or pole 
drains well covered with brush may be used to carry a very small stream 
across the right of way. Kor a stream less than eight square feet in 
cross-section, a wooden box drain is most economical, but it should not 
be used in a bank exceeding five feet in depth, owing to the difficulty of 
replacing it. For high banks trestle culverts should lx- employed. Stone 
or concrete arches are, of course, preferable to either of these, but they 
are comparatively expensive, and in many countries there is no stone of 
which to build them. Where the ground is soft, pile bridges or trestle 
culverts on piles are used. The excavation for a water-way across a 
road ought to lx- placed opposite the off-take drain, and should be at 
right angles to the centre line of the road.

By a careful study of the drainage and the adoption of such expedi
ents as the deepening of a borrow-pit to admit the passage of a drain or 
the avoidance of a bridge by running a stream through a low cut, much 
expense can lx- saved. Cases such as those mentioned occur occasionally 
in every railroad engineer's practice, and upon his skill and ingenuity in 
their treatment the cost of the construction and maintenance of the road 
will greatly depend.
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COMMENT.

The location of a new railroad is commonly governed by the business
advantages ol‘ reaching certain points and the economies of operation, the 
advantages of thorough construction taking third place in the consideration 
of the promoters. Funds for a new line are generally difficult to obtain, 
hence every effort is made to construct the road cheaply; its early comple
tion contains the promise of early dividends, therefore speedy construction 
is also of great importance; but both low first cost and rapid construction 
are opposed to thorough work; consequently, the maintenance of a new mad 
commonly involves much reconstruction and is very expensive. Often 
bridges, trestles, and even culverts are constructed of tindn-r. ballasting is 
deferred, and temporary locations are adopted in order to hasten construc
tion and reduce the first cost. I'nder these conditions it is not surprising 
that adequate provision is rarely made for carrying off the surface water and 
for draining the road bed.

Owing to these demands upon the locating and constructing engineers for 
haste and cheapness, the Western and Southern roads in this country and 
the roads in nearly all new countries have suffered greatly on account of 
improper drainage. The cost of repairing or rebuilding culverts and bridges, 
draining soft spots, and replacing washed out embankments is great, but it 
is a bagatelle comparts! to that of a wreck, or even the delays and consequent 
loss of business. The haste with which it is necessary to make repairs after 
a flood again requires temporary construction, and the evil of the original 
defect is continued until an exasperated management is compelled to make 
permanent and adequate repairs.

Too small culverts are exceedingly common; in fact, they are not un
known on the older and latter maintained roads. It is often difficult for the 
constructing engineer to determine from the meagre data at hand how large 
culverts and drains should lx1. His work of construction must proceed in 
haste, and questions of rainfall and the area drained to an opening must 
often be left to the more deliberate consideration of the engineer of main
tenance of way. This more expensive procedure could often be avoided by 
employing a larger engineering force on construction.

One of the most frequent causes of trouble along our Western rivers is 
inadequate riprapping where it is necessary to construct the roadway close 
to the bank. This generally occurs at a sharp curve where the stream is cut
ting into the bluff and where, consequently, anything but first-class protec
tion will lx1 cut away. Tn several instances which have come under the 
editor’s observation, traffic has been diverted to circuitous routes or stopped 
altogether for considerable periods by failure of the protection at some one
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point on the- line. Then there is the excessive expense of making repairs 
while the flood is at its height, though thorough work could have been done 
at very low cost originally or during the dry season.

Where the line crosses the valley of a creek which is subject to sudden 
rise, the embankment is often made just high enough to keep the rails above 
the known high water mark, while the water way is narrowed to save bridg
ing and subsequent Hoods are greatly obstructed. Then the backed up 
waters cut the embankment or soften it so that the rails sink in the mud. In 
either case trallie is delayed, even if wrecks he averted, and expenses far 
greater than those of a higher embankment and a longer bridge are incurred.

The use of wooden box drains, stone or pole drains covered with brush, 
and similar expedients for carrying a small stiearn across the right-of-way, 
is exceedingly expensive ultimately, for sooner or later the wood decays or 
the stone becomes clogged and a soft spot in the embankment results. If 
stone be available a permanent drain may be cheaply and quickly con
structed; otherwise, tin- vitrified clay pipe which is made in a variety of 
suitable sizes and in lengths which make its transportation easy should be 
used. Both the first cost and the expense of laying it are small. Very ordi
nary foresight will enable permanent drains of proper dimensions to be con
structed with it almost as cheaply as the very temporary expedient which is 
usually exjM-nsive to replace.

Tile drains laid about three feet below the bottom of the side ditches will 
be of great assistance in obtaining a satisfactory road bed and their cost is 
comparatively small. They should be surrounded by a layer of gravel or 
broken stone. In alluvial countries where these are not easily obtained a 
coarse brick may be cheaply made by burning the alluvium, using for fuel 
the brush and timber cleared from tin right of way.

A fair quality of ballast may be cheaply prepared in the same way.
The use of pile trestles in soft spots is a very satisfactory expedient, for 

the embankment may he made by filling at convenience during the life of 
the trestle. This ensures a good embankment at slight additional expense, 
for the cost of the trestle will be almost balanced by the cheaper filling, and 
will save much time, when time is of most value, during the construction of 
the road.

The huge expenditures for lndterments incurred in recent years by many 
of the more important railroads are certainly in no inconsiderable measure 
due to the unnecessary adoption of expedients during construction. The 
engineer of construction is frequently forced by the demand for low first 
cost to adopt constructions of which he does not wholly approve. Too often 
this is due to the fact that it is easier and pleasanter to accept the dictum of 
the financial managers of the road than it is to make a forcible presentation 
of the true economy of the ease, which generally involves high first cost and 
begets a reputation for extravagance.
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Faulty estimates of cost are not infrequently the cause of had const ruc
tion. It is a part of good engineering to obtain satisfactory results for the 
least possible sum of money, hut it is not the part of wisdom to count all 
factors on tin* favorable side when making up estimates of cost. Too low 
estimates result in inadequate appropriations and consequent cheapening of 
the work. This error is so frequent that financiers are very apt to accept 
the engineers* estimates with misgiving or to add to them in their own con
sideration of the financial problem.
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INTRODUCTORY NOTES.

Notes ox Railroading was writ ton oarlv in 18Î0, while Dr. Waddell 
was an assistant professorat the Rensselaer Polytechnic Institute, and was 
read to the Pi Kta Scientific Society, now the Rensselaer Society of Engi
neers. It was then published in the transactions of this Society, from which 
it was copied by Van Nostrand’s Magazine. A brief discussion of it by Mr. 
11. P. Bell, then an engineer on the Canadian Pacific Railway, also appeared 
in a later number of Van Nost rand’s Magazine and is reprinted here.

When the paper was written the literature of the subject was exceedingly 
meagre. Even at the present day the text-books present only the theoretical 
phase? of the subject and fragmentary articles in the technical periodicals 
are the only generally available source of information in relation to its prac
tical side. The chief engineers of many of the larger railroads issue brief 
instructions to the engineers under their direction, hut generally the voting 
engineer must gain his knowledge by the personal instruction of his superiors 
or by hard knocks in the good, old way.

Under these circumstances, no apology is needed for reproducing this 
paper, which embodies the results of nearly two years’ experience in varied 
construction on the Canadian Pacific Railway. Railroad engineering was a 
well developed science when the paper was written, hence the subject matter 
is very closely in accord with the best present practice.

This country is so well served with railways that we arc accustomed to 
think the great work in that line all done, hut an examination of the statis
tics of the subject shows that the amount of new work under way is always 
very large, while the work of straightening and improving old lines calls for 
enormous expenditures annually. As the traffic increases the established 
companies are warranted in expending large sums in shortening their lines, 
reducing curves and grades, and constructing more permanent roadway.

More engineers are entering railway work than ever before, hence the 
need of a thorough treatise on the practical phases of the subject was never 
greater. The problems of location are very thoroughly treated in a number 
of works on that subject, and Wellington’s monumental work contains a 
great mass of valuable though ill-arranged information ; but the practical 
phases of construction are nowhere, to the editor’s knowledge, comprehen
sively treated in all the detail that is desirable, for the numerous small points 
which are commonly considered unworthy of full discussion constitute the 
difference between fair and thoroughly satisfactory construction.
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NOTES ON RAILROADING.

The subject with which I I«g leave to occupy your attention this 
evening and. if such be your pleasure, at some future meetings also, is 
Railroading. It is not nty purpose to cover in these notes the whole sub
ject of Railroad Engineering, hut merely to convey to you, who are soon 
to become engineers, an idea of w hat practical railroading really is, in 
order that you may not feel at a loss how to proceed should you, at any 
time, he called upon to take charge of a survey or construction party. 
The facts here stated have been obtained principally from personal ob
servation and experience, and I have avoided as much as possible dealing 
with those parts of the subject which are treated in standard works; 
nevertheless I have had to touch u|x>n some of them lightly in order to 
make what 1 have written clear and continuous. In dealing with such 
a technical subject as this, it is impossible to avoid repetition of certain 
words and expressions, so you w ill please make all due allowance for the 
phraseology of w hat 1 am about to read to you, and do not expect to hear 
the flowing language and easy style which one would employ in dealing 
with a literary subject. Especial reference is made to "bush work,” for 
by far the larger portion of American railroading |>artakcs of that char
acter ; besides, nearly all the difficulties met with in running a line through 
a well-settled country or prairie land are encountered in the hush, in ad
dition to many others of an entirely different nature. The building of a 
line of road may he divided into four distinct steps, which will be treated 
separately : they are Exploration, Preliminary, Location, and Construction.

EXPLORATION.

The data usually given to the engineer who makes the exploratory 
survey are the termini of the line, the various points through which it is 
to pass, and the general character of the road. The last is determined 
by the principal object for w hich the road is to lx’ built, whether for pas
senger or freight traffic. If for the latter, whether it is to be heavy nr 
light influences the grades, and, therefore, the length and cost of the road 
The heavier the traffic, the more expensive will usually he the first cost 
of construction, for hills must be avoided or cut through that would other
wise have been run over, thus augmenting the expense by increasing tlv 
length of line or the quantity of material to be moved. On most roads 
the heavy freight goes in one direction, hence in that direction the up 
grades should, if possible, be the lighter. Another reason for having
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two maximum grades is that, in ease a summit is to be reached, the en
gineer. by having a light maximum down grade in the direction of the 
heavy traffic, will l>e prevented from making the profile too irregular. 
Having given, then, the termini, the intermediate points, and perhaps the 
maximum grades also, an exploratory survey is made by an experienced 
engineer traversing the country, so as to re|xjrt whether, in his opinion, a 
practicable route can he found, and, if so, what would be its approximate 
location. If the character of the country permit, he travels on horseback, 
though usually it is necessary to go on foot, in which case he is accom
panied bv one or two packmen. His equipment need consist only of an 
axe, a pair of field glasses, a noteltook, a hand-level or two barometers, 
and a pair of steel climbers to enable hint to climb a tree with facility. 
Hy climbing a tree he will often he able to obtain a good knowledge of the 
country, and to take such general observations as may he of use in the 
preliminary survey. He must estimate distances and elevations, or obtain 
the latter by means of the barometers or hand-level, make notes as to the 
courses of rivers and streams and their crossings, establish the general 
direction of the chains of hills, locate passes, l<x>k out for water communi
cation or some other way to obtain access to the different parts of the line, 
so as to facilitate the forwarding of supplies, and. in short, acquire the 
greatest amount of knowledge of the country in the least possible time. 
Upon his report depends the

PRELIMINARY SURVEY,

the party for which should consist of a chief, a transitman, two levellers, 
two rodmen, a topographer, one or two picketmen, two chainmen, five 
axemen for the line and one for each levelling party, three to six or even 
eight packmen, and sometimes a commissariat officer and an explorer.

In most preliminary surveys, the duties of the various officers are 
substantially the same. The instructions of the Chief Engineer of the 
Canadian Pacific Railway to the Staff may be taken as a general illustra
tion of their character. The gentleman placed at the head of a party is 
required to take general charge of it, and is held responsible for the 
execution of all instructions, as well as for the maintenance of proper dis
cipline in the party. Every member of the party is under his charge and 
must obey his orders. In conducting the survey, he is expected to be at 
its head every day, exploring in front and to the right and left of the line, 
in order to see what obstacles may be encountered and, if they are serious, 
decide what is the best manner of avoiding them. When he finds it 
necessary to leave the party, or in the event of illness, he should nominate 
the person to act in his place for the time being; should he fail to do so 
the transitman should take charge.
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The duty of the transitman is to run the instrument, to keep the notes, 
and in case there is no topographer, to take the topography.

The duty of the first leveller is to make a profile of the line and 
cross-sections : that of the second leveller is to check the bench-marks and 
to assist in cross-sectioning.

The principal duty of the other members of the party is to obey all 
orders with diligence and to the best of their ability.

Before starting the survey the transit should be set up over the ter
minus and a true north and south line determined by means of an ob
servation of the pole-star. To do this, place the instrument at zero, 
choose some well-marked point, set the cross-hairs upon it a little before 
dark, and see that no one disturbs the transit until time for the observa
tion. the hour for which may he found in the Nautical Almanac. It is 
usual to observe the star when at its greatest eastern or western elonga
tion. lmt it may he observed when at its maximum depression below or 
elevation above the pole if the instrument is provided with a tangent screw 
to produce a slow motion in a vertical plane. When observing the star 
at its greatest elevation or depression, which can be ascertained by keep
ing the intersection of the cross-hairs on the star, being careful never to 
pass it, and noting when it appears to cease rising or falling, no correction 
is required. The reading of the horizontal circle is the angle that the 
line from the terminus to the point chosen makes with the true north. In 
observing the greatest elongation, keep the vertical hair on the star and 
note when it appears to cease changing its azimuth, then take the reading, 
which will be the angle that the above-mentioned line makes with the 
vertical plane through the star at its greatest elongation. The correction 
for this angle can be found by a very simple rule given in the Nautical 
Almanac, and is to be added, if the star lie between the pole and the line, 
and to be subtracted if it does not. Should the line lie between the pole 
and the star, this will give a negative result, which shows that the angle 
so obtained is to he laid off from the pole towards the star: i. c., if the 
elongation be east, the bearing given by the minus angle will be east. It 
is easily seen that the latter method is by far the better, for it is necessary 
to use only the horizontal tangent screw (the one which gives the upper 
motion, of course), while in the former both the horizontal and vertical 
screws have to he turned at the same time. Having found, then, the true 
tearing of a fixed line, the true bearing of the initial line of the survey 
can be easily ascertained by measuring the horizontal angle between tin 
two lines.

Suppose the party all ready to start and the initial tearing taken. The 
axemen go ahead clearing the line and the chainmen follow, firmly driv 
ing stakes about three feet long and two by two inches in section at even 
hundred feet, numbering them consecutively with red chalk as they g<
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W hen it is necessary to move the instrument, on account of the distance of 
the picketman, who has been keeping the axemen on line, or because of a 
sudden rise or fall of the ground or a desired change of direction, the 
transitman gives the signal previously agreed upon for " huh." the picket- 
man chooses a convenient spot for setting up and finds “point" on the line 
into w hich one or two of the axemen drive a stake from four to six inches 
in diameter, and from one to six feet long according to the quality of the 
ground, and the picketman finds “point on hub" into which he drives a 
nail.

The transitman then sets the hack picket, which in bush work is a small, 
straight sapling whitened on one side, with a cross-piece eight or ten 
inches long held in a cleft near the top, moves his instrument to the new 
hub. over which he sets up. sights to his back picket, reverses his instru
ment and starts the axemen and chainmen to work. Before giving hub 
again, the transitman should sight once more to the back picket in order 
to satisfy himself that his instrument has not been moved, and if uncer
tain of the adjustment, should turn the instrument around iSo° by means 
of the lower movement, sight to the back picket, reverse, and give "second 
point on hub." If this coincides with the first one the instrument is in 
adjustment, if not. then the distance between the two points (measured, 
of course, at right angles to the line) must be bisected accurately and the 
nail be driven at the point of bisection. This is, in fact, performing the 
second adjustment of the transit. Beside each hub, at a distance of about 
three feet, should be driven a large stake called “ bub-stake." five feet 
long, at least five inches in diameter and squared at the top. ( )n it should 
be written the exact chainage of the point on hub. and the distinguishing 
mark of the survey party, which is usually one or two letters. In setting 
up in swampy ground, "legs" or long heavy stakes should be driven flush 
with the surface of the ground, in order to provide a tolerably firm “set 
up" for the instrument. The plumb-bob should be brought nearly over 
the nail by driving down first one leg and then another, then moving the 
feet of the tripod until the point of the plumb-bob exactly covers the nail. 
If the instrument have a shifting head much time and trouble will be 
saved. Hubs should be placed at the summits and bases of hills, so as to 
avoid as much as possible chopping brush and moving the instrument. 
At intersection points the hub-stakes should be marked “ apex." and the 
angle to right or left should Ik* written on another of the squared faces. 
The best kind of a hub is the stump of a tree that comes directly on line, 
for it cannot be knocked out of place. In running through comparatively 
level country it is well to keep to the low ground as much as possible 
without lengthening the line greatly or making it too crooked.

It is to he remembered that the survey is not final, hence that it is 
best not to turn out for a small ridge, but to go over it and take a cross-



section on its summit to where it tails off. When trying to reach a 
summit, it is necessary to follow approximately the contours of the hills 
so as to obtain a gradual rise. In hilly country where the line rises and 
falls in long stretches, the best way to proceed is to follow up a stream 
to near its source, then cut across the divide and follow down another 
stream on the other slo|>e. If the hanks of a river are high, a good cross
ing can often lie found by going up stream, where they are usually lower. 
In crossing a lake on the ice soundings should be taken, as it might be 
found desirable to drain the lake.

Offsets usually are taken at right angles to the line, but sometimes 
inclined. Short ones can be turned off quickly by standing on the centre 
line, stretching the arms at full length along the line, then bringing them 
suddenly together : with a little practice a right angle can thus be turned 
very accurately. For long distances it is necessary to use an instrument 
of some sort, a crosshead being as good as any. Offsets are made to locate 
the bases of hills and the edges of streams. Traverses of ridges or rivers 
are most easily made with the compass, provided there is no local attrac
tion, bv setting up at every alternate station and reading the bearing of 
both lines intersecting at that point. The compass is sometimes used on 
the main line in level country where there is no great local attraction. 
Very often no instrument is used at all. except at the angles, the long 
tangents being run in by pickets. It is surprising with what accuracy 
work can be done by the conipass and pickets in a comparatively level 
country.

As running a picket line in the bush is a very different affair from 
what is taught at the R. I*. 1. during the chain survey, it may be well to 
describe the operation. The pickets are thin, straight saplings about five 
and a half feet in length, sharpened to a long, fine point at the top, and at 
the lower ends for pushing into the ground. The tops of two of them 
are set on line alxiut fifty feet apart by the instrument ; a third is then 
set about fifty feet farther on. the top being brought exactly in line with 
the others. A check on the work can always he obtained by glancing back 
alone the line and ascertaining whether the last three or four pickets arc 
in one straight line. A pair of field glasses is of great assistance in 
picketing.

To “tie on” to an old line, set a hub on each side of it, drive a nail in 
each along the line of sight of the instrument, and stretch a string tightly 
between the nails. Next take up the instrument, set it up on the old 
line, and in its direction, and sight to a picket moved along the string 
until covered by the vertical hair: then drive a hub and set a nail at the 
point thus found.

The levellers commence work after the transit party has made a good 
start, and they should never approach the transit closely enough to disturb
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tile hack picket. If the svcuml leveller Ami a difference of more than 
one-tenth of a foot between benches, the levels should lx1 rechecked. The 
speaking-rod is almost exclusively used in hush work : it is much Inner 
than the target-rod for rapidity, anil the leveller is not at the mercy of his 
rodman, who may often lx1 too ignorant to read the rod. (.'arc should he 
taken to equalize backsights and foresights, and neither should exceed 
four hundred feet for accurate work. It is jxissihle to read an ordinary 
rod on a clear day at eight or nine hundred feet, but one cannot rely on 
levels so taken. The Ixst kind of level for rapid work, as far as my ex
perience gix"S. is the l’astorelli. It is fourteen inches in length and has 
a ball-and-socket joint, by means of which it can lx- set up in places where 
it would lx1 inqxissihle to use an ordinary Y level. The telescope being 
inverting may cause a little trouble at first, hut it does not take long to 
become accustomed to it. The Ixst kind of rod is a piece of well-seasoned 
pine wood sixteen or eighteen feet long, four inches wide and one and a 
half inches thick at liottom. three inches wide and three-quarters of an 
inch thick at top, and divided into tenths and half-tenths. The form of 
level-book should he that shown in the figure below :

Sta. B. 8. Int. F. S. H. I. Kiev. Remarks

The !•". S. column is for turning points alone, so that by adding up 
the B. S. ami 1". S. columns, subtracting one from the other, and com
paring the remainder with the difference in elevation of the starting and 
final points, a check on the accuracy of the hook may he obtained. 
Bench-marks should lx1 made about every fifteen hundred feet, ami should 
lie well defined so as to catch the eye readily. The ordinary method of 
making them is to blaze the side of a tree or stump, drive a nail into a 
projecting knob on the root, and write the elevation of the top of the nail, 
together with the distinguishing mark of the survey party, on the blazed 
part. The exact hx-ation of the bench should lx1 noted in the level-lxxik 
in the column for remarks. To make a good bench-mark without the use 
of a nail, slice off the side of a stump to very near the bottom, and bring 
the remaining part to a rounded apex.
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'flu leveller should notv every stream and river crossed, its size, direc
tion, the elevation of the surface, the difference between the elevations 
of high and low water, the velocity of the current, the probable discharge, 
and any peculiarities which it may seem to possess. W hile in the field it 
is not necessary to work out the elevations of intermediates; it is sufficient 
to know the height of instrument ami the elevations of bench-marks. 
Kvery evening the leveller should "make up" his hook and plot the profile. 
Levelling can he done very rapidly in winter, as travelling on snowshoes 
is so much easier than ordinary walking in the hush. The uncertainty 
as to the shape of the ground beneath the snow sometimes makes it diffi
cult to set up the level satisfactorily, hut if the three legs of the tripod he 
kept vertical and the snow he well packed about them, the instrument will 
he kept as stvadx as in any ordinary set-up. If the rodman carry a three- 
foot stake to he pushed through the snow to the ground and support the 
rod at intermediates, much time may he saved. When this stake is used 
care should he taken to add three feet each time to the reading of the rod. 
Thi transit hook ordinarily used has one page ruled into squares, each 
side representing one hundred feet, and the other page ruled for remarks, 
a red line running through the centre of each. I11 case there be a topog
rapher in the party, the transitman need make note only of the chaînage, 
magnetic hearings and deflection angles, being sure to state whether they 
are to right or left. I hit if there he no topographer, it will he necessary 
for him to keep full topographical notes of offsets to the right and left, 
wherever they are necessary, contours of hills, courses of streams, tin- 
quality of timber and soil, the location of ridges and lakes, and similai 
matters.

The first entry in a notebook each morning should he the name of the 
person acting as transitman. leveller, or topographer, as the case may he. 
All notes should he clearly and distinctly made in pencil 011 the spot ; no 
additional notes should he entered with the original notes after the day 
on which the latter are written. Field notes should not he inked or 
changed in any way. hut copies of them may he made in ink and reduced 
levels may he entered in ink This is to prevent what is called “cooking" 
the notes, an offence of which no true engineer is ever guilty. Any man 
found tampering with the level notes or benches, or trying any scheme to 
make poor work pass for good, should get his discharge without am 
compunction on the part of the Chief Engineer or of those who are in 
terested in seeing work well done. A plot of the day’s work should be 
made every night and the latitude and departure should be computed.

Checks on the work should he made as often as possible. The check 
for deflections is made hv taking an observation of the pole-star every ten 
or fifteen miles and comparing the reckoned true liearing with the oh 
served, after making the proper correction for convergence. This i
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found as follows : Let n the number of miles in a degree of longitude, 
a quantity depending upon the latitude of the place, then will Oo : n 
the correction in minutes per mile of longitude. Calling m the number of 
miles of longitude between the two points considered, 6om -r- n will be the 
required correction. A check for the distance can be roughly obtained 
by ascertaining the latitude and longitude of various points along the 
line, by observations of the stars. Checks can sometimes be obtained by 
tying on to old lines. An error in the direction of the line may have 
been made by recording an angle to the wrong side ; to ascertain if such he 
the case, divide the error by two and see if there be an angle on the plot 
which is equal or very nearly equal to this result. If there be one, the 
chances are that the mistake was made in that way. In case the error 
cannot be located, it will be necessary to go over the work again, com
mencing at the point where the next to last observation was taken. Errors 
are sometimes made in reading a deflection angle, and sometimes by mak
ing a crook in the line owing to the transit being out of adjustment or 
level. Whenever an observation of the pole-star is made, the variation of 
the needle should be noted.

As the survey progresses, the engineer in charge should project a 
location line on the map by means of the cross-sections taken to right and 
left in order to give a general idea «if where the true location of the road 
will be He is expected to keep a diary in which to note the progress of 
the work each day, the difficulties overcome, and everything of value re
lating to the survey. He should see that the camp is properly supplied 
with everything needed, and should, if possible, have depots for provisions 
made at points near which the line will pass, so as to avoid packing them 
over the line. Camp should lie moved every three or four miles, in order 
to avoid long walks to the place of starting work in the morning. It may 
he necessary during the progress of the survey to forward special instruc
tions to the engineer in charge: consequently, for this and other reasons, 
that officer should take especial care that whenever the camping ground 
is changed, a notice, containing the following information, be distinctly 
written upon a tree or in some other conspicuous position :

1. The distinguishing letter of the survey.
2. The number of the camp.
3. The date of removal of camp.
4. Th- probable direction and distance to the next camping ground.
5. The name of the engineer in charge of the party.

The success of the survey is materially assisted if each man endeavor 
to save as much time as he can. A few hints as to how this can be effected 
may lie of use. Before moving the instrument the transitman should, if 
he wish to prolong the line, set two pickets on line beyond the new hub,
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in urdvr that the axemen may continue their chopping while he is moving 
on ami setting up. He can set his own hack-picket, if it be left ready for 
him, by placing it close liehind the instrument and bringing the cross to 
the level of the eyepiece. As soon as point for hub is called for, one of 
the axemen should commence making a hub, and if the ground require it, 
legs for the instrument. The forc-chainman who carnes a light axe 
should busy himself by cutting stakes when not busy chaining.

There is a great variety of opinions as to what transit is the best for 
hush work. Some engineers prefer those of English manufacture, others 
those made in this country. The most satisfactory that I have ever tried 
is one of Gurley's manufacture.

LOCATION.

After the results of the different preliminary surveys (if there be 
more than one) have been handed into the office, it is there decided what 
is to Ik- the approximate location of the line. The party for location is 
the same as for preliminary, except that no explorer is needed. The 
general style of the work is the same, the principal differences living that, 
as the survey is filial, the centres are run in on the curves, and greater 
care is taken in getting the elevations of points lietween the stakes and 
on the cross-sections. The subject of curves is so well treated in Henck's 
Field Book for Engineers that it is useless to go into it here. It will he 
sufficient to state that the formulae most often employed arc T = R tail j I 
and C = R tan j I tan j I, w here T is the sub-tangent, R the radius of the 
curve, 1 the angle of intersection and C the crown distance. The latter 
is used as a check for the correctness of the first half of a curve which is 
so long that several changes of instrument arc required. The number 
of stakes put in at one setting-up depends upon the natural features of the 
ground, the degree of the curve, and the size and thickness of the timber 
In running around a rocky bluff it may he impossible to see more than one 
hundred feet at a time, especially if the angle of deflection lie large ; in 
which case it would lie well to put in stakes fifty feet apart.

In Plate I, Fig. I.* suppose the transit to lie set up at It to run in the 
curve BCDEF, etc., from the initial tangent AB. If the points C, D, E, 
and I1" are all to lie located from the point it. it will be necessary to clear 
out all the timber on the area included between the chords BC, CD, DE. 
EF, and Fit. Now if the curve lie easy, that is of light curvature, say 
thirty minutes, that area will not be great, hence it would ordinarily take 
less time to clear off the timber than to make a new set-up at p. In this 
case the areas of the triangles BCD and DEF only would have to be

* See insert at the end of this paper.
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cleared. If the curve were heavy it can easily be seen that time would 
be saved by making the two settings-up. before commencing the chop
ping, the iransitman decides how many stations he will lay off anil sets a 
picket on each extreme chord ISC and 151' (in the case taken above) at a 
short distance, say twenty feet, from the instrument, to serve as a guide 
for the axemen. ( )nc slight difference between laying out a curve in the 
field and the explanation for doing it usually given in text-ltooks should 
be noticed. In text-lwoks the first chord is taken to Ik- one hundred feet, 
while in practice it very rarely occurs that a II. C. (beginning of curve) 
comes at an even station, so that the first chord is nearly always less than 
a full chain, and the first deflection angle will lx- equal to the difference 
between the chantage of the IS. C. and that of the next full station divided 
by one hundred and multiplied by one-half the degree of the curve ; for 
example, if the chaînage of the IS. C. is 1021 + 54.fi, and if it is a tlircc-

, (1022—1021+54/11X1° .30'
degree curve, the first deflect ton angle will lie--------------------------------------

454 X 1" 30'
= o° 40' 52" nearly, or in practice 0° 41'. The second

angle of deflection will be 2° 11', the third 3° 41'. etc. If the length of 
the curve lx- 925 feet (= too I -r 3°), the chaînage of the E. C. (end of 
curve I will he 1030 + 79.6, the last chord w ill therefore lie 79.6 feet long 
and the corresponding deflection angle, or increase of deflection angle as 

79.fi' X 1° 30'
the case may lie, will be-------  -------= 1° nj’. By 1030 + 79.6 is

meant 1030 chains and 79.fi feet: it is always written thus on the hub- 
stakes. The degree of a curve should lx made as small as possible, for the 
longer the curve the shorter the line. The " lay of the ground ” nearly 
always decides the degree of curvature to employ in connecting two tan
gents. that curve Iteing chosen which will give the Ix-st profile or in case of 
a choice between rock and earth excavation, the least expensive line, the 
limiting value of the degree of curvature, of course. Seing never exceeded. 
This limiting value and that for the grades were decided upon at the same 
time. Where the grade and a curve «Kcttr together, a resistance to mo
tion is caused by each, hence the limit of the former must lx- so decreased 
that the resultant effect shall not exceed that due to the maximum grade 
on a straight line. It has ltecn found experimentally that a one-degree 
curve causes as much resistance as a 2.4 feet rise per mile, hence the limit
ing value of grades should lx reduced by that amount for every degree of 
curvature. The value 2.4 was found for a speed of twenty miles per hour.

Locations are sometimes made by taking the angles and distances di
rectly from the plot and laying them out upon the ground, but the ordinary 
way is to use the plot simply as a guide, and to run in the tangents and
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put ill curves to fit. In going around a rocky shore the intersection points 
often fall in the water, as shown in Plate l, Pig. a.* To run in the curve 
PC, run the random lines AE and ED, measuring the angles UAE = i, 
CED i„ and HDK = i,, then LUÜ — 1 = i + i, + i-. In the triangle 
EAD, EA, ED and the angle AED are known, so that DA and the angles 
EAD and EDA can be computed. This will give the angles HAD and 
BDA, so that in the triangle HAD the sides HA and 111) can lie found. 
After deciding upon the degree of the curve, the sub-tangent can lie cal
culated in the ordinary manner, the differences between this distance and 
the lengths AH and HD be laid off from the ]x>ints A and D. and the curve 
run in as usual.

If several location lines have liven run in the same neighborhood, the 
stakes oil the one adopted should he (tainted, so as to catch the eye readily.

CONSTRUCTION.

The first steps to he taken after the final location has been decided 
upon is the clearing of the right of way. The width of clearing should 
lie alxiut one hundred and thirty feet, in order to allow for high hanks 
and wide side-ditches, and for the erection of a telegraph line, which 
should he placed on the lierm, or space between the foot of the slope of the 
hank and the side ditch, and always on the same side of the line. As a 
wide clearing is necessary to prevent trees from falling on the wires, the 
centre line of the road should not pass through the middle of the clearing, 
hut far enough to one side to allow the telegraph line to occupy that posi
tion. Assuming the average fill to he three feet, the width of the top of 
the bank seventeen feet and the slope ratio of the side one and a half 
horizontal to one vertical, the slope stakes would extend thirteen feet from 
the centre line of track which would lie fifty feet from one side of the 
clearing and eighty feet from the other, and the telegraph line would oc
cupy the centre of the clearing. If a high bank or a deep cutting cause 
the telegraph line to lie brought to near one side, the clearing should be 
w idened there ; and in any case, all trees which in falling would strike the 
wires, should lie cut down. The trees felled on the clearing should lie 
wind rowed and burned, and any logs left by the fire should lie hauled into 
the hush or be burned a second time. When the line has been properly 
cleared, and not until then, the section engineer should commence 
operations.

His first duty is to lay out the off-take drains. His next is to re
establish the centre line, for most of the stakes and perhaps some of the

* See insert at the end of this paper.
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hubs will have been destroyed during the clearing. While doing this he 
should reference all hubs at the beginnings and ends of curves, and on 
tangents at least one in every two thousand feet, and at apices in tin- 
grade, in order to facilitate the finding of the centre line after the grading 
is finished. The ordinary method of referencing is to turn off an angle of 
45° to the tangent, set a huh at loo feet, driving a Imh-stake In-side it 
with R. H. marked thereon, reverse the instrument, and place another in 
the same manner; then turn off an angle of 45 to the other side of the 
tangent and proceed as before. Should the natural features of the coun
try or any otiter cause prevent setting hubs on I Kith sides of the line, it 
will lx- necessary to set two hubs on each reference line, as shown in 
Plate 1, Pig. 5.* Care should always be taken that the hubs are 
placed in |>ositiuns where they would not lx- liable to he disturbed. 1 have 
employed the following mcthixl and prefer it to any other, although it was 
not in accordance with the instructions given to the section engineer of 
the road on which I was working: Set up the instrument over the hub 
to he referenced, turn it until two trees are found on line with the huh. 
and cut down the most convenient one close to the ground, so that the 
instrument can lx set up over the stump. After having clamped the 
plate, set a nail on the stump, then reverse and set another on a blaze upon 
the other tree. Turn the instrument at about right angles to this reference 
line, find two other trees on line and proceed as Ix-forc. By this means 
the hubs are set so permanently that even fire will not destroy them. 
Their positions should lx- accurately noted in the field 1 ><x>k.

The next step should lx- to run over the levels very carefully, placing 
benches at every thousand feet on the edge of the clearing most distant 
from the centre line, so that they will lx- out of the way of the graders. 
Benches should always lx placed at both etuis of heavy cuttings for easy 
reference in driving grade plugs during the progress of the work. Where 
the line does not pass through wooded country and no convenient object 
can lx found for a benchmark, one should lx made by sinking a post in the 
ground five or six feet in order to he Ixlow frost and marking the eleva
tion of a nail driven in the top of it upon a stake placed alongside. Plugs 
two inches in diameter and six or eight long should he driven at the foot 
and directly in front of each centre stake. They should lx made level 
with the surface of the ground, and the levelling rod should lx- held upon 
them when levels are taken. Should the plugs not lx driven to the sur
face, it will cause a large discrepancy Ixtwecn the actual quantity of 
material excavated and that called for by the profile. If the section en
gineer would like to avoid all chance of receiving an overhauling from 
the office on account of such a discrepancy, he can do so by clearing away 
from the foot of each stake all moss and spongy material and driving the

* See insert at the end of this paper.
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plug down to solid ground, thus recording the true level of the base 
of the embankment, for all such material is compressed to almost nothing 
by the weight of the superincumbent earth. This may be unnecessary 
labor, hut it is well to look ahead a little, especially if those in charge of 
affairs arc at all inclined to be unreasonable.

After the profile of the line has been drawn on profile paper to scales 
of 200 feet to the inch horizontal and 20 vertical, the gradients should be 
carefully established, so that long hauls and irregularities in the con
tinuous grade line are avoided and so that cuts and fills are as nearly 
equal as it is judicious to make them.

The next thing to Ik- done is to write the cuts and fills on the centre 
stakes, at the same time setting the slope and ditch-stakes. To set the 
former when the ground does not slope greatly, add together ( for earth 
cuttings and embankments) one-half the width of road-bed (ordinarily It 
feet for cuts and 8j feet for fills), the centre cut or fill, and half the latter 
quantity ; measure off the distance so found at right angles to the centre 
line, estimate tilt rise or fall in that distance, arid to or subtract from the
distance three halves of the rise or fall, and hold the rod at this new dis
tance. The level having been previously set up and the height of instru
ment above grade determined, sight to the rod, subtract the reading from 
the height of instrument, and add to it one-half the width of road-lied and 
one-half of the quantity itself. Should the sum thus obtained equal the 
distance of the ]ioint, where the rod is held, from the centre stake, set the
slope stake there; if not, try again until the two quantities agree within
two or three tenths of a foot. Set the ditch stake outside of the slo|x- 
stake at a distance equal to the width of berm, which varies from six to 
fifteen and even twenty feet, according to the stability of the material, the 
most common value being ten feet. On the slope stakes should Ik- marked 
S. S. and their distance from the centre line; the ditch stakes should he 
marked D. In grading side ditches it is a good plan to drive a plug four 
or five feet outside of the ditch stake and mark on the latter the cut 
below the former.

While the slope stakes are being set, elevations should lie taken on 
every cross-section at distances less than the semi-width of the road-bed. 
and wherever the slope changes; they should be taken, too, at some dis
tance beyond the ditch stakes. Cross-sections should be taken and slope 
stakes set wherever the slope of the ground or the grade changes. Cros- 
sections should be set out instrumental!}- at right angles to the centre line 
on tangents; and on curved portions at right angles to the tangent of the 
curve.

The levels on the cross-sections should he taken in the same manner ns 
those on the longitudinal line, commencing on a benchmark, and using the 
same datum; thev should be continued through a series of cross-scctic s
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till another Ix-nchmark is reached, on which a level should he taken to test 
the accuracy of the work.

Grade plugs should lx; driven at the ends of cuttings, where the grade 
cuts the natural surface, both on the centre line and at a distance on each 
side of it equal to the semi-width of bottom of cutting Driving a grade 
plug where the grade is level is quite an easy matter, for it is only neces
sary to have the rodman hold his rod at different points until it reads an 
amount equal to the difference between the height of instrument and 
formation level ; but when the grade is rising or falling, the change in the 
height of formation level must lx- taken into account every time the rod- 
man moves the rcxl in the direction of the line. It is sometimes custom
ary to drive, at the ends of large cuttings, grade plugs two or three feet 
long and as many inches in diameter, the upper end being bound with an 
iron ring so as to lx- useful as a rough reference during the course of 
the work. The form of level-book used on construction differs some- 
wdiat from that used on the preliminary survey, and is given below.

Sta. us. lot. F.S. « Blew tirade Cut Fill Remarks

3.2b II26.30 1125.04 B M. No. 23
1320+5 s 11.21 1.16.55 0 54 Grade 1 per
R. 11 1118.10 1116.55 1.55 100.
R. 14, s.s. 9.80 1118.50 ”16.55 1.95
L. 8.5 13-20 1115.10 1 45
L. 13.5 s.s. 14.40 1113-90 2.65
L. 30 16 Ho 1111.50
T. P. 0.28 1.28.02

The notes here given show the centre levels and the cross-sections 
taken together, as would lx- the case were the benches run in by flying 
levels. In setting slope stakes in swamps it is not necessary to use the 
instrument ; simply set them at the distances called for by the fills marked 
on the centre stakes, allowing a little for the subsidence of the surface, 
if it be thought advisable.

Before commencing to work a cutting, the quantity of material in it 
and its quality should lx determined, so as to decide how much should he 
carried each way, and to ascertain how far it will complete the embank
ment at each end, due allowance being made for the shrinkage of the 
material.

The ground is now ready for the contractor to set the graders to work. 
He should commence operations at the ends of the off-take drains and con
tinue these across the right of way to the opposite side ditch, in order to 
start four gangs of men in each large depression of the line at building 
the embankment from the side ditches. While the embankment is being 
built, both the contractor and the engineer should keep an eye on the
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graders, especially if they are doing piecework, so as to see that the close 
cutting and grubbing are properly attended to. and that no i>oor material, 
such as roots, moss, or logs, is thrown in the bank. Unless it Ik* very 
large the embankment should Ik* kept higher in the middle than at the 
sides all through the progress of the work, and when finished the upper 
surface should be rounded off so as to fall front four to six inches from 
centre to sides. It should Ik* left considerably atxwe grade, so as to 
allow for subsidence, the amount l>eing determined by previous experience.

By the term “grubbing" is meant tearing the stumps out by the roots, 
and by “close cutting." chopping them down nearly level with the ground. 
Grubbing should be done in the off-take drains, in side ditches, on em
bankments under two feet in depth, and in light cuttings, though it is not 
often paid for in borrow-pits or where the cutting exceeds three or four 
feet. Close cutting should be done in embankments over two and under 
five or six feet in depth. “Never to allow a stump to reach within two 
feet of grade," is a safe rule, for the grade may some time l>e lowered if 
the bank should sink uniformly below its original elevation. It costs more 
to chop one pr< jecting stump out of the bank than to close cut a dozen 
before commencing the grading.

Before opening an earth cut, the engineer should see that the side 
ditches are finished as far as the embankment will extend, and that the 
material excavated from them is cast into it. In shallow cuttings it is 
sometimes necessary to excavate Indow grade in order to remove all the 
loose surface material, and to fill either with ballast or firm earth taken 
from a deeper ]x>rtion of the cutting or elsewhere. All large stones and 
boulders measuring less than 27 cubic feet, and all loose rocks that may 
be removed with facility bv hand, pick, or bar, without the necessity for 
blasting, are classed as "loose rock." All stones and boulders measuring 
more than 27 cubic feet, and all solid quarry rock are classed as “solid 
rock." In cuttings composed of both earth and solid rock, a berm six feet 
wide should be left on the upper surface of the rock. Owing to its 
removal, earth shrinks from eight to twenty-five per cent, of its volume, 
loose rock changes but little, and solid rock occupies one and a half times 
the space in embankment that it did in its natural state. Earth cuttings 
and embankments have slopes of one and a half horizontal to one verti
cal ; rock cuttings, one horizontal to four vertical: and rock embankments 
one to one. Where the side ditches and line cuttings do not furnish 
enough material for the banks, borrow-pits are rendered necessary. To 
lay one out. fix a line far enough from the pit not to be disturbed by th 
excavation, and divide the surface of the ground that is to he removed 
into squares whose sides are parallel and perpendicular to the line < f 
reference, then take the elevations of the corners of these squares abov 
the datum used on the line. After the borrow-pit is finished, relocat-
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the corners of the squares ami take their new elevations. This divides 
the volume removed into vertical prisms with square bases, whose length 
can be found by averaging the differences of the two elevations taken at 
each corner. If the length of the sides of the squares be taken equal to 
some multiple of three feet, the calculation of the cubical content will be 
greatly facilitated. Thus if the length of each side is thirty feet or ten 
yards, the horizontal section is one hundred square yards. If the average 
of the differences of elevations at the four corners of any square is twenty- 
seven feet or nine yards the cubical content of the prism will be nine hun
dred yards.

Station grounds should be laid out, if possible, on long tangents 
where the grade is marl" level, or at least does not exceed nineteen feet 
to the mile. If it is m ssary to place one on a curve, let the station- 
house be situated near toe apex, to permit the station-master to see trains 
approaching both ways. Clearings of eight or ten acres should be made 
about station-houses to provide against danger from bush fires, if for no 
other purpose.

Very unstable swamps or muskegs are occasionally crossed by the 
method called “logging." which consists in placing logs transversely to 
the line under the bank, leaving their ends projecting at least six feet 
beyond the bottoms of the slopes. When this is done, the ground must 
not be broken for the side ditches.

Sloping ground covered with pasture should be ploughed to prevent 
the embankment from sliding after it is built.

Measurements of material removed should, whenever possible, be 
taken in excavation, and when taken in embankment, due allowance 
should be made for both shrinkage and subsidence of the natural surface. 
Preliminary estimates are made from the profile by averaging end depths; 
quantities in ditches arc taken out by the method of “end areas"; and in 
cuttings, by either the last mentioned method, or by the "prismoidal for
mula," which is represented by the equation V= ^ (A + 4M + B),

where V is the cubical content, I the length between the sections, A the 
area of one cross-section, 11 that of the other, and M that of a cross- 
section which is not measured on the ground. Its value can he obtained 
by reducing each end area to an equivalent area between parallel bases 
l)V the formula h = J ( V6A + P — b), where b is the width of road-bed 
and h the depth of the equivalent area, and calculating the area corre- 
qloading to the mean of the two depths thus found. It is sometimes ob
tained by calculating the area of an assumed cross-section, all the variable 
dimensions of which are taken to be a mean between the corresponding 
dimensions of the two end sections. The following example will serve 
to illustrate the different methods mentioned.
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The easiest way to calculate the area of a cross-section, whose dimen
sions are given, as in Figures 4, 5, and 6, Plate I,* is to add together twice 
the centre depth and the depth at each side of the road-bed, multiply the 
sum by the width of the latter and divide by four. Then multiply each of 
the side depths bv the horizontal distance of the slope stake from the 
side of the road-hed, add the results together, divide by two, and add to 
the quotient the area first found. By so doing there will result in this 
case, A = 479 sq. ft., B = 147 sq. ft., and >1 = 291.5 sq. ft. (from dia
gram). By the rule first given, M would equal 295.4 sq. ft., which shows 
how closely the two methods agree.

If 1 = too,
By mean depth....................................  V=I072 cubic yards
By end areas......................................... V = 1159 cubic yards
By prismoidal formula, 1st case... V = 1116 cubic yards 
By prismoidal formula, 2nd case... V = 1106 cubic yards

The method of end areas always gives an excess, and the method of 
mean depths a deficiency. An average of the two in this case gives 1116.5 
cubic yards, which agrees almost exactly with that obtained by tile 
prismoidal formula—this is merely accidental, it being due, perhaps, to 
the similarity of the sections. On uneven ground cross-sections ought 
not to be taken far enough apart to make the area of one more than double 
that of the next. I11 Henck's Field Book can be found formuke for main- 
special cases of earth measurement.

The office work of a section engineer comprises the making of a work
ing profile and plan, and the filling out of a section-book, cross-section 
sheets, and return sheets. On the profile the final gradients should be 
drawn in red and the surface of the ground in black. It should be com 
pleted by drawing black vertical lines at every too feet, on which should 
be written in black figures the height of the surface of the ground above 
datum, as ascertained by the levels taken on the plugs; immediately above 
these should be placed the formation level in red figures; the height of 
fills should be placed below the surface-heights, and the depth of cuts 
above formation level. Cuts and fills having lx>en ascertained by sub
tracting surface and formation levels, the one from the other, should he 
written in black figures. At each change of gradient, the vertical lines 
should be in red and the height of formation level written in the same 
color, but with larger figures than at the intermediate stations. Where 
side ditches occur they should be indicated by blue lines at the level - f 
their bottoms, and the centre depth of cutting should be marked in blue 
figures on the black vertical lines. At the bottom of the profile should

* See insert at the end of this paper.
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be shown in blue the curves in the line, with the stations where they begin 
and end and their degrees of curvature ; and at the top should be indicated 
the quality of the timber and ground, stream and road-crossings, culverts, 
and similar matters. In preparing plans, all existing objects, such as roads, 
buildings, and fences, should lx- drawn in hlack lines; water should be 
indicated by a blue tint ; and works to be constructed, such as deviations 
of roads and streams, the centre line of the railway, and the limits of land 
required for railway purposes, should be shown in red lines.

The section-lxxtk should lw filled so that it will form a complete and 
accurate record of all the longitudinal and transverse measurements and 
levels. In the upper portion of each page should he entered, in the proper 
place, the chaînage to every station and intermediate point on the centre 
line; each change of gradient, with its rate of inclination; the height of 
surface as well as formation level at each station and intermediate point ; 
and the corresponding depth of cutting or filling. On the lower part of 
lhe page every cross-section should be regularly entered; the distance on 
each side of the centre line, and the height alxwe or depth below forma
tion level should be given, and the slope-stakes should he designated. 
Tables of bench-marks and reference hubs should lx; made at the begin
ning of the section-book. Cross-sections are plotted on paper ruled into 
squares for the purjxise, each square representing one foot, and their 
dimensions and areas should be marked on the plot.

The return sheets, which are large, should he ruled horizontally and 
vertically, and an account of all material moved or used on the section 
up to date should be kept on them. The vertical columns, which are of 
varying width according to what is to be written in them, should contain 
the following quantities ( with others if need he).though not necessarily in 
the exact order here given : Stations from and to, clearing, close cutting, 
grubbing, line cutting, side ditches, borrow-pits, off-takes, catch-water 
drains, rip-rap, masonry, stone drains, pole drains, piles, lumber, ties, 
timber, and totals. The divisions of line cutting, side ditches, and off-takes 
should each be subdivided into three columns for earth, loose rock, and 
solid rock; borrow-pits and catch-water drains into two each, for earth 
and loose rock; piles into two, for amount delivered and amount driven ; 
and the timber into as many as there are different sizes used on the work. 
Grubbing, close cutting, and clearing are measured by the acre; earth, 
loose rock, solid rock, rip-rap and masonry by the cubic yard : stone 
drains, pole drains, piles, and timber by the linear foot ; ties by number ; 
and lumber by the foot board measure.

Before making out the first return sheet, the line should be divided 
into groups so that the cuts and fills will come in separate divisions. For 
instance, if the chaînage of one end of a cutting were 162R -f 43 and the 
beginning of the next were 1640 + 64, the division, which would be for a
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till, would be made from the first mentioned chaînage to the last, and the 
quantities recorded would appear in the columns marked side ditches, 
off-takes and perhaps borrow-pits. If the chainage at the end of the 
second cutting were 1648 -f- 20, the division would include all between 
station 1640 64 and that station, and the quantities recorded would
appear in the columns of line cutting and catch-water drains. When some 
ot tin- divisions would thus be rendered too long for convenience in keep
ing the accounts, it will be necessary to sub-divide them, taking, if practi
cable, the chainage of some natural or artificial feature of the ground, such 
as a stream, or a culvert opening as the point of division. The column 
for totals should be divided into three parts, for earth, loose rock, and 
solid rock. It is filled by adding up the quantities of each kind of ma
terial in each horizontal line, and entering the sum oti that line in its 
proper place. After all the columns are tilled, add them up vertically and 
place the sums so obtained on a horizontal line below the columns, each 
in its proper place: then adding the total amounts of earth, loose rock, and 
solid rock in this horizontal line (excluding those under the total col
umns), the amounts obtained should equal those found bv casting up the 
total columns. To find for what the contractor is to be paid, subtract 
from each of the totals the totals taken from the last return sheet. Thus 
the exact amount of work done and its distribution along the line may be 
readily determined by examining the return sheet.

Many of the directions here given for the manner of doing the office 
work an taken with very little change from the instructions given to the 
staff on the Canadian Pacific Railway : but as the officers of that road have 
devoted a great deal of attention to that subject, I think you will find their 
methods to be as good as those used on any of the railways on this side 
of the border.

After the grading has been completed and the ties have been distrib
uted. the engineer relocates the line on the grade very exactly, using 
a thin picket and driving thin stakes (laths turned edgewise will do) at 
every hundred feet. Near the stations he also drives grade-plugs very 
accurately to the height of the rails.

To ballast the line the ties are laid and the rails spiked to them so that 
the train can be run slowly over the road for the purpose of distributing 
the ballast. In unloading, the train must be kept working to and fro so as 
to mix thoroughly the different qualities of ballast, until a sufficient quan
tity is deposited for the first lift. The track must then be raised so that 
there will be an average depth of six inches beneath the sleepers, and the 
ballast must be well beaten and packed under and around them. As the 
raising proceeds the end of the lift should extend over not less than three 
rail-lengths, and before trains are allowed to pass over the inclined p< r- 
tion of the track it must be made sufficiently solid to prevent bending of
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till' rails, or twisting the rail joints. A second lift is afterwards put on in 
the same manner, lit wet cuttings an increased thickness of ballast is 
often necessary. All soil should lie stripped from the surface of the ballast 
pits, and no material whatever should lie placed on the road-lied hut good 
clean gravel, free from earth, clay, loam, or loamy sand. The maximum 
size of gravel is three inches in diameter, and larger stones should not he 
used.

A good deal more could he said on the subject of “construction," hut 
as I mentioned in the lieginning of these lectures, it is not my intention to 
write a complete treatise u|Min railroading, so I will refer you for further 
information to the works of Vose, Hcnck. Trautwine. and (lillespie. 
However, as some of you may sometime go into contracting, 1 will close 
with a few remarks on that subject.

Railroad contracts are let sometimes by the mile, hut more often bv 
the cubic yard and other dimensions. To make a successful hid it is 
necessary to have a very good knowledge of the country through which 
the line is to pass, so as to he able to estimate the cost of plant, labor, and 
materials. The usual form of tender indicates the probable amount of 
each kind of material, and the bids are based on these quantities. If the 
person bidding feel positive that any of these quantities are in excess, and 
any others in reduction, he can, by bidding low on the former and high 
on the latter, keep down the sum total of his tender, and yet. if it he ac
cepted, run a good chance of making a reasonable percentage. On large 
contracts it pays to send an expert over the line so as to ascertain pretty 
definitely how to hid. Care should lie taken in purchasing supplies and 
plant for the w ork : a great deal of money can he saved by knowing how 
and when to buy. Attention should lie paid to the transportation of sup
plies, getting them in sufficient quantity when the rates are low, so as to 
tide over the time when they will have risen. It does not often pay to 
«lib-let a cutting, owing to the expense of working it : if any one can make 
anything out of a cutting the contractor himself ought to be able to do it. 
Hut ditch work is entirely another affair. Men are unwilling, as a 
general rule, to undertake such disagreeable employment as ditching, 
unless they see a good chance of earning big wages. A grader will take 
"lit nearly twice the quantity of material per diem when working for him
self as when he is paid by the day : hence it is worth while for a contractor 
to sub-let swamp work to gangs of four or five, in which case it is well to 
make a written agreement with the men, binding them to do good work 
and to finish within a certain time. To insure the completion of the job. 
hold back ten per cent, of their pay until they finish everything satis
factorily. Never pay by hank measurement, for the navvies will he sure 
to fill up the hank with logs and stumps. A common trick of theirs, espe
cially in winter when there is snow on the ground, is to pile about six
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inches of moss along the edges of the ditches so that when the measure
ments are made with a tape and rod, the depths will be in excess. In 
working wet cuttings it is often necessary to corduroy the road-bed, both 
in the cutting itself and on the dump, to prevent the carts from sinking 
axle-deep in the clay. If the engineer is good-natured, he will allow the 
ties to be used for the purpose, for it does them very little harm, and saves 
a great deal of expense.

The best wav to take out loose rock is by means of simple sledges, 
which can !>e made very cheaply by bracing across two of the spreading 
roots of a large tree; no cheap, artificial joint could stand the stress that 
comes on the pointed end of the sledge. It is often cheapest to take out 
the gullet of a cut first; if this lie done it is advisable to allow a slope ratio 
of one horizontal to four vertical, so that if r<x-k be struck there will be no 
difficulty in giving it the proper slo|H\ Contractors sometimes find it to 
be economical to waste the material from cuttings where the haul is long 
and the allowance for extra haul is insufficient to cover the extra expense. 
Loose rock is often hauled to the mouth of a cut and there wasted, the 
contractor substituting for it, at his own expense, an equal amount of 
earth. Rock cuts should be made the full width and depth as the work 
progresses.

In contracting, make your own measurements, not so much to keep a 
check on those of the engineer as to pay the workmen by, and to enable 
you to know the cost of all the different portions of work.

It is customary for contractors to keep a store for the purpose of sup
plying the workmen with everything they need for the work. If they arc 
not carefully watched, the men are liable to overrun their account, and, 
as they express it, to “jump the job."

When sub-letting a piece of work containing loose rock, it is bettei to 
bargain for a lump price than to pay so much for one kind of material 
and so much for another, because an ignorant man is never satisfied with 
his measurements, in any case, and naturally counts upon a larger per
centage of rock than he is likely to get.

No matter how scarce workmen may lie, it is always good policy to 
discharge a mutinous man; it keeps the rest upon their good behavior; 
and it is for the best interests of all concerned to keep liquor sellers awav 
from the line.

All the men on the w'ork should be cautioned against removing anv 
stakes, benches, or other landmarks of the engineer.

It is necessary, on a contract of any size, to keep plenty of plant on 
hand, especially such small articles as nails, bar-iron, horseshoes, pick-, 
shovels, and irons for carts. On this point I can speak from experience, 
for once, when in temporary charge of a five-mile contract, I had to ma ! e 
a journey of one hundred and forty miles, half of the distance on foot.
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through the swamp in order to purchase a few horseshoes, nails, and axle 
irons, and had to have them packed thirty miles over the line. They were 
pretty expensive by the time they reached their destination. In contract
ing, as in everything else, it is better to do work well in the first place. 
One loses in reputation more than he saves in pocket by doing scrimp- 
work: besides, in the end, he may have to expend far more for repairs 
than it would have cost in the first place to complete everything according 
to the terms of the contract.
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NOTES ON RAILROADING.

By H. P. Bell, Can. Pac. R’y.

Under the head of railroading a valuable paper appeared in the April 
issue of this magazine. * Speaking of the engineer’s equipment for an ex
ploratory survey the author says: “It need consist only of an axe, a pair of 
held glasses, a hand level, 01 two barometers, and a pair of steel climbers.”

If the distance over which the exploratory survey is to extend be greater 
than the author of this paper seems here to contemplate, it will be found, in 
most cases, better to equip as follows: One hand level, one ship’s sextant, one 
chronometer, one good pocket compass, one epitome of navigation, and one 
book of mathematical tables—barometers optional.

In keeping a traverse or track survey with lateral sketching, it will be 
found useful for after reference to fix a number of points by observation. 
Not all engineers understand well how to use a sextant, and a few hints may 
be useful. Never assume the index error as constant, but try it before each 
observation. Always correct, if necessary, with the key the adjustment of 
the horizon glass, and every night that a star can be seen, see that the optical 
axis of the long telescope is parallel with the plane of the instrument. Do 
not observe without using the long telescope, as a good contact cannot be 
otherwise made. Get a canvas cover made for the sextant box. Take one tin 
plate from the cooking outfit, and use this with a little water and a piece 
of Indian ink to make an artificial horizon. Carry the plate under the canvas 
cover on top of the lid of box.

The explorer can stop either in the morning, or more conveniently in the 
afternoon, and having worked his latitude by dead reckoning from the last 
mid-day observation, he can take the time at the place by observation, and 
work up his longitude just as at sea. Tree-top sketching by the aid of the 
hand level and compass will soon make an explorer very independent of 
barometers, whose results, with the greatest care, are sometimes very uncer
tain. If the distance of survey be short, and any sort of map in existence, 
a smart explorer, by the aid of a sextant, without a chronometer, can make 
a chart of his work so true that he can always feel his way over the same 
ground again in any direction, and strike or avoid well-defined points, as 
desired, with preliminary line. I will omit reference to all those portions of 
Mr. Waddell’s paper as unexceptionable, until he begins to describe the work 
of the levelers on preliminary line, in which he states that they should 
never approach the transit closely enough to disturb the back picket; and I 
would remark in this connection, that in overcoming great differences of 
level it is sometimes necessary to run grade upon a side hill for many miles 
continuously.

In such a case it will be better to put the leveler tight up to the back 
chainman, the chainman close to the axman, and the transit behind. The 
chief of the party can turn the angles with pickets as the leveler calls out 
to him how he is going by grade, and the transitman can make a traverse 
through the chopping. As the leveler marks his relation to grade frequently

•Van Nostrand’s Engineering Magazine.
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on the stakes, the back leveler or topographer can take note of that, and 
cross-section its amount out to grade, so that it may be possible afterwards 
to trace on the plan a complete contour line in the plane of the grade. In 
running grade on a side hill, the tendency will be to exaggerate the true 
length by preliminary line about ten per cent., so that if it be desired to 
locate a grade of one foot on the hundred, it will be best to run a grade of 
9-10 of a foot per 100 feet on the preliminary line. Coming to that part of 
the author’s paper in which he states his preference for a Pastorelli level, I 
would say (as the result of practice with many different kinds of levels) 
that the instrument made by Spencer & Sons, Grafton street, Dublin, mounted 
upon an American tripod, head, and legs, with only three screws in the 
parallel plate, will please almost any man. I would prefer the Y, as im
proved, to the dumpy, for the reason that the Y adjustments more combine 
theory with all the excellence of adjustment practically possible, than the 
other form of level. I say three screws in the parallel plates, because a plane 
will coincide with each one of any three points, in any position, but not with 
each one of four.

Further on, the writer makes the remark that leveling can be done very 
rapidly in winter, as traveling on snow shoes is so much easier than ordinary 
walking.

This requires explanation. It will be easier in certain places and at certain 
times. In other places and for long periods it will be easier to walk five miles 
in boots in summer than to break your own tracks for one mile on snow- 
shoes. Further on, the author says of the transitman that if there be not a 
topographer, the transitman must keep full topographical notes, either side 
of the line by offset. Experience has proved that in a bush country the 
transitman who does this will consume more of staff and axmen’s time than 
would pay for two topographers, and, therefore, for economical reasons, in a 
close country topographers are a sine qua non.

Passing on to that portion of the author’s paper in which he speaks of 
recording an angle to the wrong side, it may be remarked that this is quite 
possible, if the transit book be kept on the right and left angle principle, 
probably the most dangerous known. But if all angles be read from the 
meridian, which is done practically by keeping the back reading on the plate 
when the instrument is moved forward, the chances of error will be infinitesi
mally small. Otherwise, take one of Gurley’s transits divided in four quad
rants and full circle besides. Grind off the variation so as to make the needle 
lead eero when the plates are set at zero on the true meridian. Read the 
line bearings on the quadrant, and full circle besides, then look at the needle 
after. The chances of error will be reduced to the lowest point, and the 
probability of discovering an error, should one be made, will be raised almost 
to certainty. Many men dislike this system as involving too much work, 
but it saves time in the long run, and those who have used it never regret.

Further on the author of the paper referred to says: “Locations are 
sometimes made by taking the angles and distances directly from the plot 
and laying them out on the ground, but the ordinary way is to use the plot 
simply as a guide, to run in the tangents and put the curves in to suit.”

There are many cases on record where men have had to do a certain 
amount of work in a certain amount of time, the time being regulated by the 
provisions on hand and the means of transport. Under these circumstances 
it is often best to run the center line in at once, without going to apex. There
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are other reasons. If the timber be extra heavy, much time will be lost in 
chopping that may be saved by doing all this after the line is cleared and the 
first marks burned and obliterated.

By taking frequent offsets to the trial line, and having a tracing of the 
work as laid down in his pocket, the engineer can, by careful attention to 
simple American rules, keep his line in position (provided he does not make 
angular errors) without running to apex.

If he suspects an error let him take an observation at once.
Passing on to that part of the author’s paper where he treats of the 

method of calculating quantities from cross-sections for construction, it is 
noticeable that he omits the calculation of quantities for a contract estimate 
altogether.

As there is often little time to spare over this kind of work, I will try 
to describe a method of estimating excavation of cuttings and cubes of em
bankments, introduced by me on the Intercolonial Railway in 1869, and on 
the Canada Pacific Railway in 1874. It is merely a modification of the 
method set forth by Mr. J. C. Trautwine in his earthwork tables, depending 
on the projection of a supposed level surface line, whose vertical ordinates, 
from grade to new or supposed surface, would produce the same quantities 
found by calculation from dimensions on sidelong ground. Having plotted 
the necessary preliminary cross-sections from field notes, these are to be 
equalized by parallel rules to equivalent area under level surface as follows:

Let ABCE be a cross-section of a cutting; produce the slope BA indefi
nitely; assume any point F by guess, a little over the center; lay the parallel 
ruler from C to F, move to E and mark H—Join FH.

If now the line FH be horizontal, or even nearly so, DK will be the proper 
height to transfer to the profile at the point where prism is situated. Having 
so equalized all the cross-sections and produced a new surface line with sup
posed level cross-section, the quantities may be taken from tables.

If FH be not nearly horizontal, assume a new point F and repeat the 
process. If the surface line itself be crooked, proceed, first, by rules for 
equalizing a crooked fence, and afterwards as above directed.

Using this equalized surface line with a set of diagrams made for the 
particular bases in use, to show the number of feet in length for each suc
cessive yard in depth that it takes to make 100 cubic yards, the quantities 
may then be taken from the profile by measurement and inspection with a 
speed and accuracy incredible to those who have not seen it done.
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The writer of the last month’s paper refers to ditching. I may say of this 
class of work that the assistant engineer who can keep an orderly record 
of borrow ditching, that is cut and re-cut at all manner of irregular dis
tances, shapes and odd times, has kept probably the most difficult class of 
work in order known to engineers, especially if it be in soft ground, liable 
to changes of form from drainage, pressure, and other causes. It is a mis
take to suppose that the heaviest kind of work is the most difficult to manage 
or to measure. On the contrary, there is no work more easy to keep track of 
than plain line cuttings and borrow-pits in solid ground.
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COMMENT.

Tliv foregoing paper deals with but a limited portion of tin field of rail
way construe!ion and leaves many important topics untouched, but, within 
its range, give* a clear e.\|>ositioii ot the major problems. Many larger sub
jects, such as tunneling, bridging, retaining walls, and protection from 
swift streams, are not discussed at all, but their importance justifies their 
exclusion from a lecture on field-work, as that term is commonly used.

Much of the work of exploration is now carried on in the olliee insteid 
of the field, for the maps published by the United States Geological Survey 
afford the means of making a rapid examination of the country to Is* 
traversed by the projmsed railway. They enable the engineer to see at a 
glance the general direction of the watercourses and ridges and to select with 
reasonable accuracy the most promising routes. Though these maps ar - 
drawn on a very small scale, the contour lines are approximately correct and 
make it possible to prepare rough estimates of the work of construction.

These surveys have, as vet, covered only a small portion of this country, 
but the maps have proved of great service to the engineers of the railways in 
the territory for which they have lieen prepared and published. In the West, 
in the northern and western portions of the Dominion of Canada, in Mexico, 
and in other new countries, the old method must of necessity obtain for many 
years to come. Great laltor and often hardship fall to the lot of the engi
neers who make the exploratory surveys in these newer territories, hut the 
work calls for a high order of engineering skill and good men will always he 
eager to undertak< it.

There will, of course, always lie differences of opinion regarding the 
value of surveying instruments, hut the great value of the aneroid barometer 
for obtaining approximate elevations in rough country is beyond question 
Where the country is easy to traverse and changes in elevation are not too 
abrupt, the hand level is a verv satisfactory instrument : its results may b«- 
recorded directly, and it is not affected hv temperature or weather : hut when 
the changes in elevation are rapid the use of the aneroid is decidedly advan
tageous, and, if the work lx1 done hv two observers carrying compared in
struments. good progress can he made.

In exploratory work, however, the instruments used are of far less im
portance than a knowledge of wood-era ft and geology, well-trained powers of 
observation, and that ability which is obtained only bv experience to judg1 

from visible, natural features, the trend of country beyond, ability which i- 
almost instinctive in the backwoodsman or mountaineer. Native wit. r. - 
sourcefulness, courage, and a good physique are also essential, if the distance 
to he traversed he great.
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The engineer who makes the exploratory survey should be thoroughly 
experiences! in every phase of railway engineering and fully acquainted with 
the ideas of the road's projectors regarding the relative importance of reach
ing the various towns eituated in the country to lx1 traversed, and with the 
resources of the country, ami should know how far the company's finances 
make it advisable to sacrifice a desirable route in order to obtain low first 
cost of construction, llis work greatly influences the broad, general plan of 
the road, ami Isars directly on its success or failure: lienee, liofore Isginning 
the work, he should obtain every possible bit of information relating to the 
country ami to the company's plans and should make himself master of the 
situation.

The work of the engineer in charge of the preliminary survey is much 
more restricted in sco|*'. From the data furnished by the exploratory survey 
the genera] course of the road has been chosen, though it may possibly re
quire two or more preliminary surveys to choose between routes for portions 
of the line. The preliminary survey is made at the least cost consistent with 
obtaining full information, for its chief purjsise is to gather the data from 
which to prepare approximate estimates and determine the final location. 
Yet the work must he done with reasonable accuracy, or the information it 
furnishes will lie misleading.

Uood organization is essential to sikssI, economy, and thorough work. 
The duties ami degree of authority of each member of a party should be 
clearly defined in advance, for any misunderstanding of these will cause con
fusion ami ill-feeling, and will soon destroy all discipline. The chief of the 
party should keep the work well mapped out in advance or each man will he 
retarded by the one in front of him and the whole work will make slow prog
ress. The party should work as a unit with military precision and should 
do just the work necessary to serve its purpose anil no more. Too great 
attention to detail will add little to the value of a preliminary survey, hut 
will greatly increase its cost.

The chief of the party cannot he too clear and thorough in his instruc
tions, for, if they are faithfully followed, they will relieve him of much 
detail and provide time for him to obtain that broad view of the work which 
is essential to good judgment. To plan his work well and be ready in his 
decisions will inspire in his assistants the confidence and energy which are 
requisite to the best results.

The plotting should lie kept close up to the work, so that errors may be 
detected and rectified at the earliest possible moment, for if an error should 
make it necessary to cover much ground a second time, there is not only 
increased expense and loss of time to he considered, hut the irritation and 
annoyance and consequent loss of esprit rfr rorps as well.

If the physical comfort of the men is not well cared for, if they are per
mitted to feel that for any reason their burden is unnecessarily increased,
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their effectiveness will be greatly reduced, their minds will be distracted 
from their work, and delay ami error will result, lienee the party's camping 
equipment should receive careful and constant attention.

The locating survey is practically the preliminary survey confined to the 
one route filially chosen and amplified by giving close attention to the many 
details which were formerly sacrificed for the sake of speed. The contracts 
for construction are based upon the results of this survey, hence the infor
mation must be full and accurate. Meagre data will force the contractors to 
protect themselves by bidding high, while incorrect data will give rise to 
expensive and vexatious disputes.

Especial attention should be given to the field work relating to important 
crossings. The borings necessary to obtain the profile of the crossing should 
be made with unusual care, for erroneous information regarding the char
acter of the bottom, such as mistaking a stratum of boulders for solid rock, 
may completely alter the method of sinking the piers and lead to the adop
tion of uneconomic span lengths. Especial care should be taken to obtain 
full information regarding the amount of water passing when the stream is, 
at extreme flood, so that, in bridging, the waterway will not be unduly iv- 
stricted. When a wide valley is to be crossed on a steel trestle, full informa
tion regarding the material available for embankment is desirable, for sev
eral times in the editor's experience it has been found possible to construct a 
permanent embankment for less expense than the trestle would have in
volved, though the locating engineer's information made the très 'e appear 
advisable. If the valley is liable to overflow, however, the construction of an 
embankment with the consequent reduction of the waterway is dangerous 
both to the railway and to the property above. Each year brings a list of 
disasters due to impeded or restricted waterways, embankments and bridges 
carried away, shops and mills shut down and damaged, and business brought 
to a standstill along precipitous streams.

When construction begins the work should be well planned and the large 
questions all settled, but the task of the engineer is then by no means fin
ished. The resident engineer needs tact, judgment, and firmness for his 
dealings with the contractors, a thorough comprehension of the details of 
construction, and at least a fair knowledge of the operation of a railway. 
The instructions issued by the chief engineer will, if they are full and ex
plicit, lend him support and aid him in solving the problems which come up 
from day to day, but he must, in the majority of cases, act on his own judg
ment and knowledge.

It is customary for the railway to purchase a right-of-way of uniform 
width, except where yards or stations require more property, though the 
width should be increased in direct proportion to the depth of cut and height 
of embankment. If the right-of-way is too narrow a deep cut cannot be pro
tected on the high side by a ditch, as it should be; the side ditches are r-
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atrictcd in size ; and in Itoth cuts ami fills the slopes are made steep in order 
to leave room for the ditches. The foot of a slope should he constructed on 
a radius of about ten feet and the ditch should he so far away from it that 
it w ill not he filled by the wash from the embankment. Many railroads have 
hern constructed with slojies. as though a slo|>c would always remain
a plane surface, a form easy to measure but impossible to maintain. In 
such cases the cost of maintaining the drainage and keeping the embankment 
full at the top is always excessive. And in the majority of such cases the 
bud construction has been forced U|ion the engineer bv the penny-wise policy 
of purchasing a uniform and narrow right-of-way.

Hunks should be sodded as soon as possible, 'file sod will obviate, or at 
least restrict erosion, prevent the growth of weeds, and present a sightly ap
pearance. If it lie jsissihle to cover the slcqa's licfore scalding with rich soil 
saved from the cuts, or borrowed for the pur|xwe, a good growth will be as
sured and much ex]H'nsive renewing will he saved.

Horizontal as well as vertical shrinkage of embankments should be 
allowed for, otherwise* the slopes will liecome concave instead of convex. 
Vertical contraction may be corrected by raising the embankment, but fresh 
material added to the side's to rectify horizontal shrinkage will be washed 
away very readily.

Embankments should he built in layers out to the slopes from the base 
up in order to obtain even settlement. To build up the center first, then 
widen the hank by dumping over the sides, is economical of both material 
and lalior, but produces concave slopes which arc not well compacted and 
which, consequently, will readily wash away. The last material should be 
place'll in the center, where the greatest load falls. At bridges and diver
sions where the' embankment is liable to extraordinary wash, it should be 
widened two feet or more. dc]H'nding upon its height, and for at least two 
hundred feet from a switch about three feet should he added on the side next 
the stand in order to make it easy for the hrakeman to catch his train after 
turning the switch. Inexpensive provisions of this character prevent costly 
accidents.

Where an embankment is subject to erosion, it should be well protected 
by rip-rap. Metal for this purpose may often la- saved from the material 
forming the embankment. The slope should preferably la> two to one. In 
sand or loam it is advisable to plant two or three rows of willows close to the 
water's edge, for they soon produce a mass of roots which offer very effective 
resistance to erosion.

Vpon completion of the grading the embankment should be dressed to 
exact sub-grade, ready to receive the track. Then the grade stakes should be 
set on larth sides of the track, level with the top of the rail, and so far from 
the center that the ballast will not disturb them. On curves the stakes 
should be level with the top of the inner rail, for this rail is kept at grade

4
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ami all elevation of the outer rail i* above grade. Grade stakes should Ik* 
set one hundred feet apart on tangents, and fifty feet apart on curves. Point 
of curve, point of tangent, point of compound curve, and the beginning, the 
end, and the quarter points, at least, of the transition spirals, should bu 
marked by stakes. If stakes are not set to grade, their elevation above or 
below grade should be plainly marked on them.

The leveling to grade, or to grade plus a predetermined allowance for 
settlement, should be done by the grading contractor Ijefore he leaves tin- 
work, for any )M>rtion of it which is left for the track-laying gang will la- 
done at undue expense. The final dressing can best be done by a separate 
gang of workmen, however.

On the older roads the construction of the track is commonly turned over 
to the maintenance-of-way department, hut on new work the constructing 
engineer generally completes the work. If the new track exceed from fifty to 
one hundred miles, the track-laying machine is generally employed, hut the 
greater amount of new work is still laidjjy hand. The machine is economical 
of both time and expense if the country through which the line passes is 
rough, swampy, or wooded, but on flat, open country, track can be laid more 
rapidly and at no greater cost bv hand.

The track-laying machine consists of a flat car from which two lines of 
rollers forming ladders, one on each side, are suspended. These ladder- 
project well forward and, with other ladders which are supported on brackets 
attached to tin- flat cars on which materials are brought forward, form two 
lines of rollers, continuous from one end of the train to the other. Tin- 
ties are pushed forward on one side, the rails on the other, by hand, and 
delivered to the workmen who place them in |»osition.

If the track-laying machine is not used, the ties are hauled forward and 
delivered along the embankment by wagon, while the rails are brought for
ward on push cars. The ties are pi awl in position by hand, al»out sixteen 
jH*r thirty foot rail on straight track and eighteen |>cr rail on curves, and 
their ends brought in line. The rails are then placed in jmsition, care being 
taken to keep the joints opposite each other, or opposite the middle of tin- 
parallel rail if the track is to Ik* laid with broken joints. The gage is ap
plied, a few spikes driven, and the ear or machine moved forward, ready for 
the next rails. When the curvature exewls two or three degrees, a machin 
is used to curve the rails.

Wi en the track is in position the ballast is brought on in dump cars from 
which it is distributed by gravity, or on flat cars from which it is removed 
by a plow drawn along the top of the cars. The plow can Is* used while tl 
ballast train is in motion. Sonic modern dump cars also are designed t - 
Ik- dumped while in motion, thus securing an even distribution of tl 
ballast.

On first-class track grade is generally two feet, including six inclic-
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crown, above sub-grade, thus providing about twelve inches of ballast below 
the ties, hut on branch roads and lines of lesser importance this distance is 
often reduced to fourteen inches and the crown omitted, thus leaving only 
six or eight inches of ballast below the ties. Indeed, on a great many of the 
cheaply constructed western roads ballast is entirely lacking.

The track should Ik* raised to grade, both sides at once, in two lifts. The 
ballast should la* well tamped under and around the ties, while the track 
should, at the same time, be carefully lined.

To handle the track-laying crew so that the work will lie done rapidly, 
economically, and well, requires foresight and executive ability of a high 
order, for the work is congested at one point and materials must be brought 
forward and the empty cars returned over the same track, while the mainte
nance of the completed roadway is in a large measure dependent upon the 
care and skill exercised in placing the ballast ami bringing the track to grade 
and line.
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INTRODUCTORY NOTES.

The address to tin* Kogaku Kyokai (the Japanese Engineering Society), 
though delivered a lew months Ik*tore Dr. Waddell left Japan, is in the 
nature of a farewell, for he had already arranged to sever his connection with 
the I'nivcrsity at the end of the scholastic year. It is devoted almost entirely 
to the status of the professional work in Japan, and its chief interest lies in 
the glimpse it affords of the primitive conditions existing only twenty years 
since in the kingdom which has advanced from the civilization of the Middle 
Ages to that of the twentieth century memory of men now living,
and in the broad view of the economics of the country.

It is not surprising that a nation which was hedged alsiut by exclusive 
laws for centuries should be far behind the rest of the world in many re- 
sjM'cts, but it is astonishing that, even for important economic reasons, a 
people so nice in their manners and customs and so resourceful in most 
respects should tolerate offensive and unsanitary methods of the " ' of
wastes. To support a large population on so small an area of arable land 
undoubtedly demands the greatest economy, but Japanese knowledge of 
horticulture and agriculture is of the highest order: and it is not borrows! 
knowledge, since much of it is peculiar to Japan : consequently, it is difficult 
to understand why such offensive methods of waste disposal should continue 
in list*.

That the value of an abundant supply of pure water was not generally 
understood is not so surprising, since many communities in our own country 
are still indifferent to it.

The improvements which have been wrought since Japan began to learn 
from the Western world are marvelous. She has sent out thousands of her 
brightest youth to be educated in Europe and America ; she has 
American and European instructors for Japanese institutions, and she sends 
her best trained men to the West to acquire a thorough knowledge of what 
we are doing in education, in pure science, in agriculture, in manufacture, 
and in engineering. She is searching the earth for its wisdom and skill and 
is making excellent use of the knowledge gained. She has already accom
plished great things in agriculture and agricultural chemistry, and the time 
is near at hand when she will take her place with the Western nations in the 
development of new ideas in the sciences, in engineering, and in manufac
turing.

Dr. Waddell's address gives a brief but clear view of the status of engi
neering in Japan twenty years since, while the great amount of descriptive 
matter published since Japan liecame a first-class military power shows what 
p-dtion the profession occupies to-day. The advancement is undoubtedly
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far greater than Japan's most sanguine friend could have hoped for, yet im
provements are following each other with great rapidity, as the constant 
purchase of modern machinery in this country clearly indicates.

In mineral resources accounts agree that Japan is deficient, but there can 
he little doubt that she will not be slow to take a hand in the exploitation of 
the vast, undeveloped resources of the continent of Asia. Then she will 
produce her own sti*el and iron and other engineering materials, construct 
her own bridges, buildings, and machinery, and take advantage of her prox
imity to obtain a satisfactory jM>rtion of the trade w ith China.

Japanese business methods and her ideas of business integrity are still 
quite oriental, to her detriment, but she will not In* long in learning that it 
is to her advantage to adopt stricter ideas of commercial responsibility.

The intelligence, energy, and ability of the Japanese are of the highest 
character. Their progress has been marvelous, ami the nation will undoubt
edly occupy an undisputed position in the van at a very early date. This 
intellectual and material advancement should lx1 especially gratifying to 
those Europeans and Americans who have spent time in the service of the 
Emperor and measurably assisted in the nation's development.
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TO THE MEMBERS OF THE KOGAKU KYOKAL

Gentlemen : You have invited me here to-night to deliver an address 
upon "Engineering Matters"—at least that was the subject given me by 
your committee. The breadth of such a topic would generally deter me 
from attempting to s|x‘ak thereon : but. under the present circumstances, 
it is of all others the theme that I should have chosen; for, being about to 
leave this country after a stay of nearly four years, there arc many things 
concerning engineering in Japan about which 1 woul I like to give an 
opinion, in the hope that some of my suggestions may be the means of 
effecting improvements.

But before entering upon the subject, allow me to thank you most 
sincerely for the honor which you conferred upon me at your last meeting 
by electing me honorary member of your society. It is a courtesy which 
1 appreciate now, and which I hall appreciate in future years, when your 
association will have become the representative Engineering Society of 
Japan, as the Institution of Civil Engineers is of England, and the Amer
ican Society of Civil Engineers is of the United States of America. This 
election to your soviet\ on the eve of my departure front Japan is most 
gratifying to me, in that it proves that the Japanese engineers as a I tody 
recognize at least my honesty of purpose in writing the Memoir, which 
has met with such bitter opposition from certain British engineers resident 
in this country.

In that Memoir 1 criticised a certain class of Japanese structures de
signed by foreigners : to-night I am going to give you my opinion con
cerning other classes of engineering work that are more purely Japanese, 
hoping that liotli you and the other members of our profession in this 
country will take what 1 say in good part and w ill recognize the disinter
estedness of mv motives and the true reason for my making these re
marks.

As my object is to indicate methods by which you can improve the 
engineering practice of this country, there is no need for me to dwell u|X>n 
the good work of which so much has been done by Japanese engineers, 
especially in connection with the railways, hence we shall confine our 
attention this evening to other matters.

Among the principal branches of engineering in this and other coun
tries the most important arc those which relate to transportation; because 
without good facilities therefor no country can lx- very prosperous com
mercially.

Of the various avenues of transportation in Japan none are so neg-
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looted as the common country roads, which at certain seasons are often 
all hut impassable, and never are in what may Ik* considered a satisfactory 
condition. The trouble has l>ecn and to a great extent still is that the 
building and maintenance of these roads are not left to engineers, but are 
entrusted to subordinate officials, who have not been educated for such 
work. Some of the roads are so bad that one is almost tempted to believe 
that their builders had studied all the correct principles of road making 
for the express purpose of violating them. Instead of raising the road-bed 
above the natural surface of the country and avoiding cuttings wherever 
possible, they have dug it from one to three or four feet deep, making 
the road act as a drain for the surrounding country. Not content with 
attracting as much water as possible to the road, they have endeavored 
to keep it there by planting close alongside rows of trees with thick 
foliage, or dense bamboo groves that most effectually keep off both sun- 
si line and wind, the two great natural maintainers of good Dads. Too 
often, even on the better class of roads, the side ditches are not made large 
enough, are allowed to fill up, or are .omitted altogether.

In building new roads I would advise that, whenever practicable, they 
be raised a foot above the natural surface by excavating material from 
the ditches ; that no trees, bamboos or shrubs be allowed to grow on tin 
south side of any road near enough to cast a shadow on it between the 
hours of to a. in. and 2 p. m. on the shortest day of the year ; that no 
houses be built closer to the outer edge of the nearer side ditch than forty 
feet : that on the north side of the road no trees or bamboos be allowed 
to grow within fifty feet of the outer edge of the nearer side ditch; that 
the surface of the road slope both ways from the centre line with a mod 
era.e fall : that the depth of the side ditches be about a foot and a half t<> 
two feet ; that the side ditches be graded with a level and rod so as t<> 
carry all the water to the off-take drains: that these be properly made 
so as to draw off immediately during the heaviest rainfalls all the water 
in the side ditches: that the surface of the road be properly metalled, when 
funds are available; and that the roads be repaired constantly by dividing 
them into sections and placing each section in the care of a properly 
trained laborer.

In improving the existing country roads I would advise that those por
tions of them which are sunk much too far below the level of the natural 
surface be abandoned : that all trees, bamboos, and shrubs which cast a 
shadow on the roads be ruthlessly cut down : that no houses be built 
nearer to the side ditches than forty feet : that a certain time Ik* allowed 
the residents to move back houses that are too close to the road : that 
a proper system of side ditches and off-take drains be dug: and that the 
roads be kept properly repaired.

Anyone who has traveled from Vtsunomiya to Nikko or from Tochigi
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to Nik ko will agree with me in my statements concerning the had condi
tion of some of the Japanese roads.

Within the last three or four years l have noticed a great improve
ment in the streets of the Tokyo-fu, hut outside the city the condition of 
the roads is very little better than it was when l first came to this country.

The city streets of the Kyoto-fu are in a wretched state, owing to the 
fact that large unbroken stones are employed for surfacing.

There is a little peculiarity in the method by which some of the streets 
of Tokyo are kept in repair ami to which I would like to call your atten
tion. Before putting on a new coat of gravel the old surface which has 
become very hard, though uneven, is broken up to a depth of four or five 
inches. This is not only a waste of labor, but is also injurious to the new 
surface. The old surface should be merely scratched with picks so as to 
make the old and the new materials bind.

I cannot too forcibly impress upon you the necessity for having good 
common roads throughout the country. They will pay fur themselves 
in two or three years. They will prove equally advantageous to the people 
«if the country and to those of the towns and cities, increasing the load 
per vehicle or per man at least three-fold, and reducing greatly the market 
price of country produce. By their means the prices at which Japanese 
produce and manufactures can be delivered at foreign ports will be so 
reduced as to enable the people of Japan to compete with those of other 
countries in lines hitherto untried. For military purposes good roads in 
connection with a complete railroad system are essential, and their 
existence would reduce the necessary size of the standing army to one- 
half. thus lowering the taxi s for the maintenance of the army and adding 
to the producing population.

Concerning the and maintenance of country roads I cannot
do better than to quote from Kngineering News the following in refer
ence to the roads of I lenrv County, ( )hio:

“ Our roads can be very materially improved at an expense entirely 
within the means of even this tax-burdened people. By all means let us 
have stone mails as soon as possible; but. first let us prepare a place to put 
the stone, t. » insure us against the chance of losing it in tnud unfathom
able. For tlie sake of illustrating, let us suppose that we are going to 
make an entirely new road. After the road is located we will stake out 
the track, which should not be more than twenty feet wide. After this is 
done, let a competent and trustworthy civil engineer stake out two lines 
fur tile drain, each a few feet from the centre line of the road-bed. These 
tiles should be laid to a perfect grade; not less than an average of
three feet and carried to the nearest outlet, 110 matter what the distance 
nor what the expense. This is an absolute necessity, as without efficient
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tile drainage there can be nu good road built in Henry County, either of 
stone, gravel or any other material that is accessible. After the tile are 
laid as above directed, proceed to raise the roadbed alxmt fifteen inches 
in the centre and eight or nine at the outside, by scraping u|x>n it the 
surface soil. No clay should he allowed on the road. It should then be 
made perfectly even and smooth. No hillock or hollow should Ik 
allowed under any circumstances. It will then be a good plan to go over 
it several times with the heaviest rollers and make it as compact as possi
ble. Then dig your side ditches with the same care as to grade and outlet 
as was done with the tile. These open ditches need not lie deep, but 
should be so graded that no water will stand in them to soak and soften 
the bed of the road. They will carry off the water that falls upon the road 
while the tile w ill carry that which comes up from below.

“In order to keep this road in good condition, appoint a man to go 
over it every day in the wet season and draw off the water front puddles 
that may form on the bed of the road and till them up. and also to keep tile 
side ditches in good working order. The road should 1h‘ completed as 
early as the middle of August, so that it may he well settled before tin 
fall rains set in. l.et the alwve principles apply to old roads. The road 
bed need not he raised more than two feet above the general level unless 
in crossing a low place.

"After you have constructed your mail in the alxivc manner, you have 
a foundation upon which you may build your stone or gravel road, which 
you may delay doing until you feel able to hear the cxjietise. When you 
wish to put stone on the road, make it twelve inches thick at the centre 
and six or eight at the side: the width should he from twelve to fifteen feet. 
This done you have a road that will be a pleasure to travel on at any time 
of the year. Farmers can then sell their produce when the price is most 
satisfactory.

"There arc three prime essentials to road building in this locality. 
They are, first, drainage; second, better drainage; and third, the best 
drainage possible."

The retaining walls of this country till lately have been to me a matter 
of wonder and surprise. Huilt as they are of vertical rows of single stone- 
shaped into truncated pyramids, how they stand has puzzled me beyond 
measure. The explanation of the phenomenon was made apparent a short 
time ago by a wall in Yokohama—and it is a very simple one. viz., that 
such walls i/u not stand for any great length of time. Their standing at all 
would upset any theory of earth pressure, if such a theory still existed 
The practically instructed engineers of to-day. however, do not recogni/' 
the correctness of any of the theories of earth pressure—all have been 
tested and found wanting.
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If any of you have occasion to design a retaining wall to resist earth 
pressure, 1 would advise you to turn to your “Trautwine’s Pocket Book” 
and adopt the empirical rules there given. They are reliable to this ex
tent, that walls proportioned by them and erected on firm foundations will 
not overturn, although it is possible that lighter structures might answer 
the purpose.

In respect to railroading I would direct your attention to the study 
of some better means for removing earth than that at present employed, 
viz., by hoeing or shoveling it into a rope mat, which is slung on a pole 
and carried by two men. Such a method cannot be economical. If man
power must be employed for removing the material, it would be much 
better to use wheelbarrows for short hauls, and carts or wagons on tram
ways for long ones. In America steam shovels are coming into use for 
even such small excavations as side ditches, when the material removed 
from them is employed for making the embankment. The time for using 
machine labor to such an extent as this in Japan has not yet come, but 
come it must, eventually.

The methods of pile driving still in use are rather crude and inefficient. 
The day has not yet arrived for the use of the steam hammer and water 
jet, but surely there are some intermediate ways that may be employed to 
advantage. In this respect 1 notice an improvement on the railway work.

In locating lines of railway along the valleys of rivers I note a prone
ness to cut into the feet of the side hills in order to avoid confiscating valu
able rice land. There is no true economy in so doing, for the hills may 
develop a tendency to slide, as was the case between the Vyeno and Oji 
stations on the Nakasetido Railway: besides, embankments are far more 
satisfactory to maintain than excavations.

In regard to river improvements, 1 would suggest a thoroughly scien
tific study of the physics and hydraulics of the Japanese rivers, and the 
more effective protection from flood of the river-bottom farm-lands by 
levees. That the Japanese rivers are unusually hard to control there is 
no denying: consequently the subject demands even more careful inves
tigation than is given it in other countries.

It is possible that in some parts of Japan the movable dams, which 
are becoming so common in Europe and America, may be advantageously 
employed for the improvement of river navigation. This is a matter that 
is worth looking into.

The highway bridges of this country are still rather primitive. One 
of the principal objections to them is the shortness of the spans, neces
sitating the use of so many piles that the waterway is often impeded to 
such an extent as to cause the destruction of the bridge by washout. This 
is a common mistake in new countries, and is due to false ideas of econ
omy.
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The lx‘st kind of road-bridge for any locality in Japan is rather difficult 
to determine. For cities, especially at the crossing of large rivers or rapid 
streams. I would in every case recommend iron bridges of the American 
type, such as 1 have investigated at length in my treatise on “The Design
ing of Ordinary Iron Highway llridges.” care being taken to make the 
spans long enough to prevent all possibility of washout.

For remote country districts perhaps the wooden Howe truss bridges 
are the best, though in America 1 would recommend them only as tem
porary structures in districts where iron is expensive and timber very 
cheap. The objections to this kind of bridges are that they are short 
lived, and that there is of necessity a great waste of material in the bottom 
chords. 1 noticed a neat little structure of this type near Tokorosawa on 
the road to Tokyo. It was designed by one of my former pupils. Al
though the web members would appear rather light to American eyes, the 
structure as a whole showed a careful study of detail and a proper appre
ciation of stiffness as well as strength.

A bridge properly designed in every,respect for a small load is much 
better than one badly designed for a much greater load : therefore, if you 
must economize, it will be well to do so by adopting small moving loads, 
and designing your structures in all particulars according to scientific 
principles.

In America the combination Pratt or Whipple truss bridge, having 
the compression members of wood, the tension members of wrought iron, 
and the details of cast iron, is always better and generally cheaper than the 
Howe truss bridge. Whether this would hold true in any portions of 
Japan can be ascertained only by detailed calculations. I tv adopting 
standard sizes of bridges for various spans, importing and keeping in 
stock certain sizes of fiat, round, and square iron of the required lengths, 
and having standard patterns for the castings, combination bridges ought 
to be manufactured cheaply and should prove very economical.

The limiter should in all cases Ik* well seasoned. This can be accom
plished by having it cut and stored a year In-fore it is needed. There 
should be no difficulty experienced in so doing, if the building of road 
bridges throughout the country be left in the hands of competent parties, 
who will thoroughly systematize the work.

Concerning railroad bridges 1 have but little to add to what I have 
said in my Memoir, except to suggest that you give the system which I 
advocate a trial. There are two or three late improvements in American 
bridges which do not appear in the Memoir. One is the entire abandon 
ment of bent eyes on rods: this will necessitate special pins for connecting 
lateral rods. These may either pass through jaws on the lateral strut' 
or be attached to special plates riveted to the upper and lower sides of tin 
chords.
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Another improvement is the hinging o! the hatter hracc at tltc sltoe, 
so as to insure a uniform distribution of thv pressure on the rollers or bed 
plate. This necessitates either the increasing of the sectional area of the 
batter brace or the hinging ot the same at the middle of its length by a 
"collision strut," running to the first lower panel point. This strut, as its 
name implies, acts also as a safeguard against blows from unduly project
ing loads on passing trains; but the latter object can be more effectively 
attained by planting very firmly in the embankment at the end of each 
truss a very he ivy, well-braced timber pile at a distance of fifteen nr 
twenty feet from the structure. It can also Ik* accomplished by taking 
care that no cars be improperly loaded.

Some two or three years hence I will, if the authorities of the Imperial 
University desire me to do so. write an Appendix to my Memoir, in which 
will be clearly described all. the latest improvements in the American 
method of bridge designing. Tiiere will be a new table of weights of iron 
per lineal foot, which will provide for all the changes suggested.

In respect to piers and foundations for bridges I have but little to say. 
except to suggest that you study all the foreign works on the subject and 
see for yourselves what method will be the best for any particular case. 
It does not appear advisable to use piles of unpreserved timber in salt 
or brackish water, which is usually in this country inhabited by the teredo 
naval:*, as the bridge piers of Tokyo testify. The only effective preserva
tive against the ravages of this sea-worm so far discovered is plenty of 
creosote oil injected into the wood. Unfortunately, this process is a very 
expensive one, especially in japan, where creosote in large quantities is 
not to be had.

Concerning the subject of the preservation of timber I would refer you 
tu some of the latest Transactions of the American Society of Civil Kngi- 
neers, in which you will find the re|>orts of a special committee of that 
society which has been systematically making investigations in this line 
for several years past.

If the adequate preservation of timber in this country against the 
ravages of the teredo iiaralis demand the use of large quantities of creosote 
oil, would it not pay to establish gas works in the principal cities, and 
manufacture creosote ami other valuable substances from the refuse 
products? The gas would be of great benefit for lighting and heating 
purposes, also for operating gas engines, machines that are coming into 
great favor in America for purposes that require small power. Gas light 
in the last two or three years has been decidedly improved, owing to the 
compétition of the electric light.

Next in respect to architecture; the jxople of Japan must judge for 
themselves whether houses built in foreign style and heated and ventilated 
according to the most approved system are a desideratum or not. They
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certainly arc more expensive to build, but they last longer and arc far 
more conducive to comfort than are houses of the purely Japanese style. 
Moreover, when built of brick or stone they are not so subject to con
flagration, which is also a matter of economy. If the danger from fire 
were reduced, there would be more incentive to furnish your homes com
fortably with the conveniences of modern life, including well-filled book
shelves.

In adopting houses of foreign style let me give you a few words of 
warning. First look well to the foundations, or the walls of your build
ings will crack owing to unequal settlement. If I am not mistaken, such 
cases have already occurred in Tokyo. Second, look well to the drainage 
and to the thorough ventilation of the basements; otherwise, diseases will 
be engendered that will cause so much inconvenience that the benefits to 
be derived from the change will not be appreciated.

To express an opinion of any real value concerning the best system 
of sewerage for Japan requires more knowledge of sanitary engineering 
than I, or any other non-expert in this branch of the profession, possess. 
The conditions are peculiar. To leave matters in stain quo will not do, 
as anyone possessed of the sense of smell must allow; but what changes 
should be made is the question. The ordinary system of water carried 
sewage will not answer for two reasons: first, the excreta of the popula
tion arc necessary for manurial purposes; and second, there is no ade
quate water supply. Perhaps, as 1 believe was suggested by Prof. Ewing, 
tbe excreta could be so collected in air-tight metal boxes and carried away 
at night as to remove the causes of such noxious odors as greet one every
where in Tokyo. The garbage and horse manure of the streets can be 
removed as at present, but principally at night. P»ut there is left the most 
noxious of all the disease breeders, viz., the filthy open or partially closed 
gutters that line the streets. Even on the steepest hillsides, owing to the 
roughness of the bottom and sides of these drains, the filth collects in 
them, and the stench it produces seems worse than that from the drains 
of the low-lying districts. Perhaps if these drains were properly graded 
and lined on bottom and sides with concrete finished off with a mortar of 
sand and cement, and flushed at intervals, either automatically by stored 
rain-water, or by pumping from the water mains, an improvement might 
be effected.

Unfortunately, it is not only in the cities that one encounters the vile 
odors of putrifying excreta. I have traveled mile after mile in the flat 
country districts without being able for a single instant to get this horrible 
stench out of mv nostrils. Surely, this state of affairs must be prejudicial 
to the health of the inhabitants of the whole district where it exists. To 
breathe such an atmosphere day after day, night after night, for weeks at 
a time must certainly lower the tone of the constitution and render one
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unable to resist the attacks of malarial and other diseases. Is there no 
practicable way to deodorize and render inoffensive this abominable 
manure? If there is the law ought to enforce its use.

It would not be a bad plan for the government to engage the services 
of an acknowledged sanitary expert for three years to study the peculiar 
conditions of Japan in respect to this question, perhaps by making a few 
experimental systems of sewerage, and to make an elaborate report on 
them: then his recommendations should be followed to the letter.

Concerning the quality of the drinking water in Tokyo and the evils 
to be anticipated from using the present ancient system of water-works, 
several foreign employees of the government have already treated; hence 
upon these points it is only necessary tor me to remind you of the results 
of their experiments and the deductions they made from them. Ere long 
you will have in operation in Yokohama a complete system of water
works, built according to the most approved European methods: and bv 
the resulting advantages you will he enabled to judge as to the expedi
ency of providing similar systems for all the important cities and towns 
of the Empire.

There is a large natural supply of energy which the people of Japan 
do not properly appreciate—I refer to the plentiful distribution of water
power. The energy of many large falls is entirely wasted, even in localities 
quite close to the thickly populated districts. Water-power in this country 
is used only on a very small scale, and even then wastefully. The effi
ciency of the existing water wheels in most cases could be increased from 
fifty to one hundred per cent. In designing them scientifically—and this at 
a very slightly increased first cost. The designing of water wheels with 
horizontal axes is left to carpenters, when it is really the work of engi
neers. With one exception it is better to purchase turbines abroad than 
to try to manufacture them at home; because, not only will the cost be 
less, but also the wheels will be more efficient and satisfactory. The ex
ception referred to is the hurdy-gurdy, a wheel invented by a Californian 
engineer, to be used with high falls and small supplies of water. It is 
very well described in the Transactions of the American Society of Civil 
Engineers.

Concerning the designing of roofs I think that the Japanese have still 
something to learn: for it was only the other day that I read of the timber 
roof of a theatre failing under a load of snow and killing a number of 
people. Moreover, the iron roofs at the railway stations show a smaller 
amount of knowledge of detail on the part of the designers than do even 
the railroad bridges. In riding on the Tokyo-Yokohama Railway, have 
any of you ever noticed the connections of the sway rods which brace 
the supporting columns of the overhead foot-bridges at 'the stations? 
If not. take a look at them the next time you pass over the line. You
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will sec a small bolt, about equal in diameter to the rod, passing through 
the end of the latter and through a small lug on the cast end of the col
umn. If a split eye had been used, it would not have been so bad, al
though the diameter of the bolt should have been more than doubled. A 
svinmetrival distribution of parts is one of the first principles in designing 
ironwork.

In respect to mining, it will be necessary for the Japanese to study 
economy in the extraction, reduction, and transportation of their products, 
if they wish to compete with other nations in foreign markets. It seems 
a pity that so many mining enterprises in this country should have proved 
failures. 1 believe that if their management and operation had been en
trusted to foreign capitalists and trained mining experts, the mines could 
have been made to pay handsomely. My reasons for this opinion an 
based entirely upon what others have told me.

You, gentlemen, are probably all political economists to this extent, 
that you would like to see the tide of wealth flow towards Japan, and that 
you have often thought of ways and means of attaining this desideratum. 
Perhaps in some respects a foreigner's opinion may be a useful supple
ment to vour own, in that he often looks at matters from a different point 
of view. Wealth can come in only two ways, from abroad in payment for 
the industry of the people, or by the fortunate discovery of rich mines of 
diamonds or the precious metals.

Judging from past experience any reliance on the second method 
would be misplaced : hence it is necessary to depend upon the industry of 
the population. Moreover, this industry must be properly utilized. It 
does not suffice that every man be kept busy : it is necessary that a large 
portion of the people be employed in preparing articles for export. That 
the people of Japan, especially those in the cities, are not employed in the 
most profitable manner is evident to anyone riding along the streets of 
Tokyo. The number of idle clerks huddled together over the hibachi is 
an evidence that too many men are employed to do one man's
work, as arc also the many idle jinrikisha-men that one sees everywhere. 
But, not even when they are exerting themselves to the utmost, do the 
latter perform what may be termed useful work, i. e., useful for the enrich
ment of the country. There is no true economy in employing men a> 
beasts of burden. It is an acknowledged fact in America that in ninety 
nine cases out of a hundred machine or animal power is ultimately 
cheaper than man power. Moreover, the use of the former leaves more 
hands to be occupied with useful work.

Again, look at the temporary character of many of the constructions 
in Japan—houses so flimsily built that the cost of repairs is greater than 
the interest on the difference in first cost between these and first-class 
buildings requiring comparatively few repairs for a number of years
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—river improvements that necessitate renewals every two or three 
years—road metalling so scanty as to require annual or even semi
annual renewal—wooden bridges on pile foundations—do not these show 
a want of true economy r

Hut, for all this unprofitable employment of labor there is a reason, 
which, under the present circumstances, is not a bad one, viz., that the 
population ot the country is great, and that the multitude must be kept 
at work. To abolish this useless expenditure of energy it does not suffice 
to pass laws enforcing the erection of better houses, prohibiting men from 
acting as beasts of burden, compelling the use of animal power, limiting 
the number of clerks in stores and servants in private houses; the remedy 
is to provide means for employing the surplus labor in a truly useful man
ner. This the Japanese government for years has been trying to effect, 
and with partial success. ( )nc great obstacle to the complete achievement 
of the desired object is that all enterprises are more or less under govern
ment control. The experience of other nations tends to show that govern
ment as a money-making corporation is not a success. Too many em
ployees are required, and these have no incentive to extra exertion. If the 
government could leave the entire management of various enterprises in 
the hands of private individuals, it would be better. The great objection 
to doing so is that these individuals have not had sufficient business ex
perience of the right kind. If foreign capitalists were allowed to settle 
and do business in Japan, and were given all the rights and privileges 
of Japanese subjects, a better state of affairs would be instituted at once. 
Paying manufactures would be established, and skilled labor would not 
only be encouraged but would be much better paid. The idea that these 
foreign capitalists would enrich themselves at the expense of the 
country, then carry away their accumulated wealth, is a fallacy. The 
money so accumulated would not come from Japan, but from abroad, and 
for every dollar thus carried away at least twenty more would have been 
brought into the country and left there.

An indiscriminate encouragement of manufactures hi general would 
not be attended with success. The Japanese people are peculiarly adapted 
for certain kinds of work, and it is by attending to these and letting other 
kinds alone that the national wealth will be increased.

A tariff reform is decidedly needed—one that will admit duty 
free everything essential to the progress of the country, and will just 
suffice to prevent the importation of articles that can be economically 
manufactured at home. There should be also a high duty on luxuries. 
The reason for not putting a very high protective duty on articles that 
can be manufactured at home to advantage is that it would encourage 
monopolies. The opposite course, by limiting the profits of the manu-
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facturers, would sharpen their wits and force them to invent and employ 
economical methods of production.

Another essential to commercial success is the encouragement of 
sound business principles among the contracting and merchant classes. 
To succeed in business one's word must be as good as his bond, and his 
bond must be adhered to as strictly as were the laws of the Medes and 
Persians. Many Japanese of the lower classes have no idea of the mean
ing of a contract. With them it is merely a thing to be broken in case 
that, by fulfilling it, they would be losers instead of gainers. They do 
not look ahead sufficiently. It is difficult for them to realize that by losing 
money to-dav they may establish a reputation for business honesty that 
will bring them in m nicy to-morrow.

Would it not pax the government to engage the services of a foreign 
capitalist, who has an acknowledged reputation not only for business 
ability but also for literary and scientific culture—an amateur 
political economist, in fact—to study the existing state of business 
affairs in Japan, give lectures on the management of business enterprises 
and kindred subjects, and write a number of small, elementary, and practi
cal treatises on them for translation and sale among the business people? 
Such a man who would be willing to undertake the task would he hard 
to find; but there an* such men in both Europe and America. Unfor
tunately, with them money is no object; therefore, it would be only 
through the reputation to be attained and the satisfaction to be ex
perienced from the consciousness of having done a great and useful work 
for an ambitious and enterprising nation that one of them could be in
duced to engage in such an onerous undertaking.

How many of the laboring classes, especially in the cities, regularly 
perform a full day's work, and how many hours per day when working 
does the average laborer conscientiously attend to his duties? As far as 
I can judge, the answers to these questions are anything but satisfactory. 
It is another essential to national success that every laborer (and in the 
broadest sense of the term every man should consider himself such) per
form regularly a full day's work of eight or ten hours. From the highest 
official to the lowest coolie this principle should apply. In Europe ami 
America it is the lower classes who are hardest worked, but in Japan the 
opposite appears to be the case. The great and praiseworthy efforts of 
the instructed and cultured people of Japan constitute the first step to 
national greatness : nevertheless, they alone cannot raise the nation in re
spect to wealth and power to the level of the principal nations of Europe 
and America. It is upon what are ordinarily termed the working classes 
that reliance must be placed, and for this purpose these working classes 
should receive a working education.

These few ideas of mine on political economy may appear crude and
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elementary, for I am no political economist: but no man who goes about 
Japan with his eyes open can fail to form conclusions of his own on this 
subject.

While traveling in the country districts during the dry season I have 
been struck by the great waste of man-power in irrigating the fields with 
water raised from the ditches bv tread-mills. Cheap wind-mills could 
perform this service most effectively, especially if small storage reservoirs 
were constructed on the higher g-ound in the neighborhood. Wind- 
power is the cheapest and most reliable of all the sources of energy, when 
the amounts required are small ; and in utilizing this power the United 
States of America take the lead. The wind-mills of that country are 
light, cheap, effective, and capable of running almost automatically for 
long periods of time ; consequently, it would be well for Japanese engineers 
to study the construction of these machines; this cannot be better done 
than by reading Mr. Alfred Wolff's treatise on “ Wind-Mills." a work 
issued lately by Messrs. John Wiley & Sons, of New York City.

It is not in wind-mills and bridges only that the Japanese would do 
well to look to America for methods of doing work; for in almost all 
branches of engineering the existing conditions in the United States are 
similar to those in Japan. In both countries there is a great deal of work 
to be done with a decidedly limited amount of capital, rendering abso
lutely necessan a profound study of true economy. In respect to engi
neering work Japan stands to-day in the position occupied by America 
some thirty or forty years ago. Since that time no country in the world 
can compare with the United States in the amount of progress made; 
and you will find that the people of that countrv readily acknowledge that 
their success has depended primarily upon their engineers.

The problem of where to purchase the various kinds of engineering 
material abroad is one that you ought to solve by practical investigation. 
Japan should obtain her supplies from those countries which will furnish 
them of the required quality at the lowest rate and in the shortest time. 
To England you should look for ships, steel rails, and rough ironwork, to 
Germany or England for cannon, and to America for iron bridges and 
roofs, structural shape iron, in which quality not cheapness is the desid
eratum, and all kinds of complicated machinery.

The best way to settle this question is to keep posted on the prices of 
all kinds of engineering material in the various producing countries, ob
tain as correctly as possible the opinions of disinterested parties concern
ing the respective qualities of the same, and in doubtful cases purchase 
samples from each country. Remember that of several articles the one that 
costs the least is not necessarily the cheapest, but that it is the one which 
will accomplish its purpose most efficiently for the longest time and with 
the least expense for repairs and renewals.
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And now a few words of advice to those engineers who are just be
ginning the practice of their profession. You must all feel instinctively 
that before you lies a great amount of work to be performed, and that 
the scope for your energies is practically unlimited: nevertheless, I feel 
sure that there are many of you who arc possessed of plenty of ambition, 
energy, and ability, yet do not know either how to employ your spare 
time, or to what object to direct your zeal. Such for several years after 
graduating was my own condition, and 1 never cease to regret the many 
hours of valuable time that I wasted simply for want of a little good advice 
as to the manner in which they might have been properly employed.

Almost all that a young engineer can do immediately after graduating 
and obtaining a subordinate position on some practical work, is to use 
every spare hour studying books that he did not have time to read during 
his course. In order to do so satisfactorily 1 would suggest that he carry 
about his person at all times an engineering book of small dimensions, 
that he can peruse at odd moments, Besides this he should always have on 
hand me or two works of larger size to read in the evenings or at other 
times when he has two or three hours v> spare. The class of books thus 
read should be of an eminently practical nature. Indeed, you may make 
it a rule to look with suspicion upon any engineering treatise that at first 
sight appears to be composed principally of mathematics. Do not mis 
undei stand me, I do not state that you should condemn any book merely 
for this reason; if you were to make a practice of so doing, you would 
occasionally be wrong.

For sonic time I have been endeavoring to write a paper entitled 
“ Books for Japanese Engineers," but have not yet succeeded. Within 
six months, however. I hope to send it to this society. Meanwhile let me 
recommend to you the following: Trautwine’s Pocket-Book, IlenckY 
Held Book for Engineers, Burr's Stresses in Bridge and Roof Trusses, 
Du Bois’ Strains in Framed Structures, Simms' Practical Tunnelling, 
Burr's Elasticity and Resistance of the Materials of Engineering, Wood's 
Resistance of Materials, Vose’s Manual for Railroad Engineers, Gilles
pie's Roads and Railroads, Haupt's Topographer, llarcourt's Harbors, 
also his Rivers and Canals. Latham’s Sar.itarv Engineering, Kutter's 
Hydraulic Formula by Jackson, Weisbach’s Mechanics of Engineering 
by Coxe, also Vol. II. of same by Du Bois, and Fanning's Water Supply. 
In purchasing any one or all of these you can make no mistake. Their 
prices can be obtained from the principal English and American cata
logues of scientific books, such as Spon's, Wiley’s and Van NostrandY 
the latest editions of which every engineer ought to possess, especially a- 
they are to be had for the asking.

In respect to purchasing books, Japanese engineers labor under a 
disadvantage. The demand for technical literature is so small that the
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book filers of this country charge high prices for books, and keep no 
stock on hand. To obtain an engineering book requires at least three, 
often six, months. Both time and money would be saved, if. as a society, 
you were to make arrangements with certain I English and American book
sellers. by which they would forward books immediately to your post- 
office addresses, notifying you of the cost, including postage, and charg
ing them to the society.

As the young engineer begins to have more experience with the work- 
on which he is engaged, let him try to originate methods of doing things 
which will be an improvement on the old ones. Let him especially try to 
systematize the methods of doing work : in this line more than in am other 
good results can be accomplished.

It is well to have a pocket notebook with an index, in which to record 
anything which may prove of value in the future.

During the first four or five years of one’s professional experience it is 
a mistake to lend one's energies too much to the making of money : it is 
far better to strive after knowledge and reputation.

It ought to be the ambition of every young engineer to connect him
self, as soon as he is qualified, with the principal engineering societies of 
his own and other countries.

As soon as he feels sure that lie has ascertained something original 
which bids fair to be of practical value, or as soon as he has thoroughly 
systematized any class of work, it is well for him to write a paper or papers 
for one or more of the societies of which he is a member, doing into 
print should be done cautiously, for by writing carelessly prepared papers 
some engineers have materially injured their professional prospects.

Above all, never get discouraged if your professional advancement be 
slow: your chance will surely come, possibly when you least expect it. 
provided that you continue to work faithfully and endeavor in every possi
ble way to fit yourself for a high position in the profession.

There is a very fair collection of engineering works in the library of 
the Imperial University. Arrangements might he made by which they 
could be borrowed from it by depositing an amount of money that would 
cover their value; but it should be optional with the head of the engineer
ing college whether certain books be lent, because they might be neces
sary for the college course.

There has lately been established in the civil engineering department 
of the University a cabinet of catalogues and advertising circulars pertain
ing to engineering work. It is not yet complete, but is making very satis
factory progress. The contents will be grouped according to certain 
assumed divisions of the subject of engineering, so that one can lay his 
hand immediately upon what he wants. This cabinet, being entirely in-
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dependent of the University Library, may be used bv any engineer who 
wishes to consult anything in it.

I have already promised to do my best to obtain positions in America 
for half a dozen young Japanese engineers, and have no doubt that I shall 
sooner or later succeed in my endeavor. America is the country to which 
to go in order to obtain practical knowledge in nearly every branch of 
engineering. It is so large a country and the requirements there are so 
great that all kinds of engineering work are going on simultaneously at 
all times. Moreover, the Americans as a race are a kindly, generous peo
ple, and in no class more so than among technical men, hence, in going 
to their country you may count upon kind treatment. Upon this point 
I think that every Japanese engineer who has visited America will agree 
with me. In speaking so highly of the Americans and American engi
neering. do not imagine that I am praising my own nationality, for 1 am a 
Britisher. Please remember that I shall ever be ready and willing to do 
my best to find a position for any Japanese engineer, provided that 1 be 
acquainted with him or that he be well recommended to me by anyone in 
whom I have confidence. Such positions would not be very remuner
ative, but they would offer sufficient compensation to pay living expenses. 
In no other country in the world are ability, energy, and perseverance so 
quickly and adequately rewarded as in the United States ; consequently, 
those who go there provided with these qualifications arc sure to succeed 
eventually.

I)o not imagine that I am advising any of you to go there to settle. 
It is your duty to your country to return and give to it the benefit of the 
practical experience acquired abroad. There are plenty of positions fur 
good native engineers in Japan, and there is no training that will com
mand so much confidence as foreign practice.

My work in Japan is fast drawing to a close, and I will leave with 
many regrets this pleasant country and kindly people. But the greatest 
regret which I have is that the amount of effective work that 1 have per
formed in this country is so limited. It is not my fault, however, for I 
have made many attempts, most of which were failures. Were it not for 
the Memoir which 1 have written for you, I would be ashamed to leave 
the country after graduating in four years only eight men from my de
partment.

But 1 feel confident that the effect of the Memoir will be the establish
ment of a new order of affairs in structural ironwork.

In order that you may judge for yourselves as to the value of the 
adverse criticisms which that work has met with from some of the English 
engineers in Japan, I have had printed in pamphlet form everything con
cerning the Memoir and the resulting topics of discussion that has ap
peared in the “Japan Mail.” A copy will be sent to each of you in a fe
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days. All I ask is that you will read it carefully, then form your opinion 
as to the relative merits of American and Knglish methods of bridge de
signing.

And now. gentlemen, as this is the last time that 1 may meet many 
of you, I must hid you farewell. My professional associations in Japan 
have been pleasant, and the treatment accorded me by the Japanese gov
ernment has been most kind and considerate; consequently. I expect that 
in future years, amid the activity, responsibility, and anxietv that are in
separable from the life of an engineer practicing in America. I shall often 
look back with regret to the quiet and easy life that, with few exceptions, 
is characteristic of government employ in the Land of the Rising Sun.
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INTRODUCTORY NOTES.

The paper entitled “Civil Engineering Education" was written late in 
188(5 and published in Engineering News in January, 1887. Its author had 
then spent five years in active practice and six years teaching civil engineer
ing, hence was prepared to discuss the subject from the point of view of both 
the practitioner and the educator.

Upon returning from a term of four years’ teaching in the Imperial 
University of Japan, Dr. Waddell entered active practice, and, as he expected 
never to teach again, he embodied his ideas of a course in civil engineering 
and methods of instruction in this exhaustive paper. And it is noteworthy 
that the advance in civil engineering education which has since taken place 
has very closely followed the lines indicated. No engineering school has 
inaugurated a five years' course, but many have increased their requirements 
materially, and several now offer a graduate course.

The subject has been and always will be of deep interest to engineers; 
consequently, it is not surprising that the discussions which followed the 
publication of the paper should be of the highest character.

In planning the ideal course. Dr. Waddell had in view a technical school 
«imilar to the Rensselaer Polytechnic Institute, where lie received his educa
tion and served as an instructor. It was and is his idea that a technical 
school offering a course of exceptionally high character such as he outlined 
will yet be established in this country and provided with the means necessary 
for ample equipment and the employment of a faculty composed of men 
already eminent in their respective lines; in other words, an ideal school of 
civil engineering, eminently superior in all respects to the best of our present 
institutions. In these days of magnificent endowments such a thing is not 
impossible, however Utopian it may seem. Dr. Waddell has taught almost 
every technical subject required in a civil engineering course and has a pas
sion for engineering education, hence the editor once inquired whether he 
would give up his practice to undertake the management of such a school, 
lie replied that he would not unless he had acquired independent means, 
for, in his opinion, the director of such a school should have hut one object 
in life, the advancement of the institution.

The course of instruction laid down in the paper is, of course, ideal, and 
few will agree that it is in its entirety the proper course to establish, but it is 
distinctly in advance of the courses offered bv our better institutions. Dur
ing the last fifteen years, especially since the founding of the Society for the 
Promotion of Engineering Education, great advances have been made in the 
requirements for matriculation, the character of the courses offered, the 
methods of teaching, and the equipment of laboratories, hut much remains to
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be done before the engineering graduate will be so broadly and thoroughly 
prepared for his professional career as he should be to attain the highest 
development. The supply of technically trained men is growing more rap
idly than pure engineering demands, but large numbers of engineering grad
uates are being employed in the business and management of manufacturing 
companies. The half-trained men from the correspondence schools, the 
minor engineering schools, and the technical high schools of Europe become 
the “hewers of wood and drawers of water” in the profession. The higher 
positions must be filled bv men of exceptional training, energy, and ability. 
Hence, it is essential that our better institutions shall provide courses of in
creasingly high character. The matter is a subject of frequent discussion bv 
engineers and engineering educators, and advancement is very manifest, but 
breadth is still notably lacking in the engineer’s training.

The course outlined by Dr. Waddell, or any similar course, will undoubt 
edly produce men of high training, but they will be technists purely and will 
lack the broad, general culture essential to the highest development of the 
man, and, consequently, to the greatest success as an engineer. The able 
technist tills a high place, but if he be no more than a technist, he will be 
unable to reach the plane occupied by the broad, cultured engineer, to control 
or influence men in their business, social, and other relations. His functions 
will be limited to design and construction, while the broader engineer adds 
to these the functions of the organizer, the business man, and the financier. 
The civil engineer of the present day is materially hampered by the narrow 
character of his education ; and the tendency toward specialization within tin 
field of engineering does not broaden him. It requires no gift of prophecy 
to see that the day is not very distant when the thoroughly educated engi
neer, like the best equipped lawyers, doctors, and preachers, must prepare for 
his professional studies by taking a collegiate course or its equivalent. And 
in course of time even students so equipped will find it advantageous t.i 
pursue graduate professional studies. Lack of funds and the unwillingness 
to spend so much time in preparation will undoubtedly deter the great 
majority from studying so broadly, and the larger number of engineering 
schools will continue to receive students who have not pursued a collegiate 
course of study. It is for the education of this great majority that the per
fect, practical engineering course must be designed.

Not many years since the teaching equipment of a technical school con
sisted of a moderate library and a laboratory provided with the means for 
teaching elementary physics and chemistry. In a recent address the presi
dent of Sigma Xi Society stated that about twenty-five years since, “wliil 
an undergraduate in one of the oldest and most dignified professional col
leges in the United States, I found that the only microscope the institute 
possessed was carefully kept under lock and key, lest perchance it should 
come into the unskilled hands of the students.” From this condition to tb
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present, in which every school of standing has laboratories and shops of no 
mean proportions and equipped with modern tools and appliances, is indeed 
a far cry, yet the change lias been wrought within a quarter of a century. 
Who will undertake to say what another twenty-live years will bring forth ? 
The millionaires are giving freely of their substance, and the less wealthy in 
proportion, for the establishment and development of technical schools, 
schools often surpassing the dreams of the educator of a few years since in 
the wealth of their equipment. The student of to-day is enabled to get his 
practical knowledge at first hand, and to apply from day to day the princi
ples just learned in his theoretical studies, and. consequently, to fix them in 
his mind beyond danger of loss.

These conditions are inducing rapid changes in the courses of study. 
The student js directly aroused and he remembers what he sees and does. 
He is led to make tests and experiments ami is thus taught to think rather 
than to memorize.

The recent enormous industrial development of the world has greatly 
increased the breadth of the various branches of engineering, civil engineer
ing no less than the others, and instruction in shop practice, in the testing 
and manufacture of materials, and in the construction and operation of works 
has increased proportionately ; consequently, in the better schools, the time 
formerly spent upon the practice of the various branches of surveying is now 
devoted to work in the shops and laboratories, and a portion of the summer 
vacation is given up to the field work. These developments were not fully in 
view when Dr. Waddell mapped out his ideal course, hence it is not closely in 
accord with them, hut in most other respects the advancement of the past 
eighteen years has been largely along the lines laid down in his paper. In
deed, it is not improbable that the paper and the valuable discussions to 
which it gave rise have contributed greatly to the recent advancement in 
engineering education.
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CIVIL ENGINEERING EDUCATION.

The subject of the proper education for civil engineers, important as 
it is, has never yet been systematically and adequately treated. N umerous 
papers, some of them of undoubted value, have appeared of late years in 
the technical periodicals of America, and quite lately the subject has been 
taken up in England ; but none of the authors of these papers has at
tempted to cover the whole ground or go at all into detail. For the last 
six years the author has been endeavoring to prepare a comparatively 
complete paper upon the subject, but has repeatedly failed, each time com
ing to the conclusion that his experience has not been sufficiently ex
tended, and finally deciding that an entire lifetime devoted to the teaching 
and practice of engineering would not be enough to qualify one as an 
authority upon how all branches of the profession should be taught and 
learned.

As the field of civil engineering has. within the last half century, be
come greatly extended, it results that, if any one wish to rise to eminence 
in the profession, he has now to choose a specialty and confine himself to 
it. Even such a one at the end of a long lifetime will probably have to 
confess that he cannot consider himself thoroughly posted concerning 
everything connected with his specialty, and that there is and always will 
be a great deal to be learned.

As civil engineering is composed of specialties, it is evident that to be 
able to say exactly how any branch of the subject should be taught one 
should not only be a specialist in that branch, but also should have had 
some experience in teaching. Hence the conclusion is inevitable that, to 
do justice to the subject, it must be treated and discussed by a number of 
engineers and professors of engineering. With this object in view the 
author has prepared this paper, trusting that it may receive proper dis
cussion.

Although most of the branches of civil engineering are here dealt with, 
the writer wishes it to be distinctly understood that he has no intention 
to try to cover the entire ground even in one branch ; and that, even if his 
opinions appear to be emphatically asserted, they are so far from being 
set that he hopes they may be considerably modified by the resulting dis
cussions.

Anyone who has given the matter anv attention whatsoever must 
have come to the decision that the methods of instruction in technical 
schools have not kept pace with the great strides made of late years in 
engineering practice, and anyone who has not heretofore given the sub
ject special attention would be quickly convinced that such is the case.
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if he were tu compare the curricula ut the principal institutions where 
engineering is taught, as given in the catalogues of ten years ago. with 
those contained in the catalogues last issued. Moreover, he would be 
confirmed in his conclusions if he were to spend a ft eks in examining 
some of these institutions, noting how the old methods of teaching are # 
religiously adhered to and what antiquated text-books are still employed. 
He would be impressed by the fact that what progress has been made 
is to be f nd not in the old schools of established reputation, but in the 
newer ones and even in some of those which do not make a specialty of 
engineering, or even of science, and which employ only one professor 
of civil engineering. In many of the latter, though, he would probably 
observe that decided progress has been made in only one department of 
the subject, the other departments being at a standstill or retrograding.

Such being the stale of affairs, the question arises, “What are the 
causes?"

They are both numerous and varied. Among them are the following: 
a lack of money for the purchase of apparatus and fur the adequate pay
ment of instructors ; bad directorship and the management of the insti
tution upon narrow and short-sighted principles; the fossilization of pro
fessors. who, finding that after a year or two the routine of teaching is 
not very onerous, are content to take life easily and thus fall behind the 
times; the employment of incompetent and inexperienced instructors, 
partially from motives of economy and partially because of the common 
but mistaken idea that it takes more ability to practice engineering than 
to teach it ; allowing or forcing a " ssor to teach too many and too 
different branches; a scarcity of proper text-books; the neglect of the study 
of the science of technical teaching; the hampering of the faculty by trus
tees who are not engineers, and who are consequently entirely 
ignorant of what is requisite for the success of the course ; the 
want of a good, ample, and well-kept library ; the absence of 
harmony in the governing faculty ; low standard for admission, so placed 
as to obtain a large number of students either to make the institution pay 
or to make it appear to be in a flourishing condition ; the lowering of the 
graduation standard for the same purposes; the absence of a proper 
harmonizing of theory and practice, in some institutions the former being 
considered the great requisite, and in others the latter; the enforced spend
ing of students' time in a useless manner; the introduction into the curric
ulum of subjects that are either not needed at all or that the students 
should be prepared upon before being allowed to enter the institution, 
and the entire neglect of subjects of the greatest importance; the omission 
of designing from the curriculum : the short time allowed for completing 
the course : the want of harmony between professors and students; and 
faulty and inadequate methods of examination.

2
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Of all these reasons the most serious is undoubtedly the want of 
money, for it entails many of the others. To ensure success the income of 
any institution should be sufficient to pay all salaries, purchase apparatus 
and supplies, and meet all running expenses without relying at all upon 
students' fees.

After a sufficiency of money, the next most important requirement for 
the success of an institution is good management. The real governing 
power may lie in the hands of a president, a director, or the faculty as a 
body, or may be divided between any two or even all three, although in 
most cases when the latter arrangement is supposed to hold, an investiga
tion will show that the power of one or more of these parties is merely 
nominal.

Probably the best arrangement that could be made would be to en
trust the business management of the institution to the director, making 
him responsible to the board of trustees, and to leave all matters relating 
to the curriculum to the faculty ; bv the latter term meaning the director, 
professors, and assistant professors. The method of investing the director 
with autocratic power is liable to work very badly ; moreover, it is incom
patible with American principles.

It is no easy matter to find a man in every way suitable for a director, 
and who would be willing to accept the position. Among the principal 
requisites are tact, energy, integrity, ability, and experience. His career, 
both professional and other, should be without flaw, and his bearing 
should be such as to command the confidence and respect of the faculty, 
the students, and the general public.

He should not be required to teach, but should be capable of so doing 
in several of the departments; indeed, it would not be a bad plan for him 
to take a class occasionally (of course with the consent of the professor) 
in order to judge of the progress which the students are making. That 
such men as the one described are to be found in the engineering pro
fession, nobody is likely to deny; the difficulty would be to offer them 
sufficient inducements to forsake remunerative practice.

The next essential is the employment of thoroughly competent in
structors. There should be no difficulty found in this matter if the salarie- 
offered be large enough. A professor of the proper kind is not liable to 
fossilization, hence when symptoms of the disease begin to appear, the 
most effectual remedy to apply is a change of climate: it will be fourni 
to work well both for the professor and for the institution. Incompetent 
instructors and those who have lost their energy should not be retained 
from mistaken motives of sympathy, but in the case of a professor who 
has worked long and faithfully for the institution and who, from declining 
health, has lost the vigor necessary to give a thorough course of instruc
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tion, an ample pension should be voted him and he should be permanently 
retired.

If a professor has too many classes to attend to and too many sub
jects of widely varying character to occupy his mind, he is liable to de
generate into a mere teaching machine ; on the other hand, if he has too 
little work allotted him. he is apt to become lazy and shirk his duties. 
If circumstances be favorable, it is well to have a large number of pro
fessors who are specialists in various branches, and to require them to 
work only a certain fixed time in each year. The salary of each one 
should be large enough to pay him more for the time spent in teaching 
than he would be apt to earn in the same time in practice. In this way 
there would be no inducement to neglect the course for the sake of outside 
work. It would be better, though, to require certain members of the 
faculty to devote their entire energies to the institution.

If circumstances be unfavorable for the above-described arrangement, 
the next best thing is to supplement the instruction in the various practi
cal branches by lectures given by specialists.

If a state of harmony exists between the different members of the 
faculty, the methods of instruction can be greatly improved by friendly 
discussion at faculty meetings.

A complete library of the best and latest technical works is absolutely 
essential to a first-class technical school. The number of copies of each 
book in the library should be adjusted to the wants of the students ; and it 
would not be a bad plan to arrange for students who are obtaining their 
education in spite of straightened circumstances, to have the use of text
books belonging to the library. An arrangement should be made with 
certain booksellers by which a single copy of each new scientific or tech
nical work would be sent to the library as soon as issued ; and monthly 
notices of the receipt of such books should be distributed among the pro
fessors in order to determine the expediency of purchasing more copies 
or adopting the said works as text-books.

A large, attractive, well-stocked, and well-kept reading room should 
be the adjunct of such a library. In it should be found all the scientific 
and technical periodicals in the English. French, and German languages, 
and the number of copies of each periodical should be adjusted to the 
number and requirements of the readers. Earnest students would freely 
patronize such a reading room and would be benefited greatly thereby. 
Strict maintenance of order would be an essential element for its success.

The omission of designing from the curriculum of a technical course 
is one of the gravest errors that can be made. A single design in the 
whole course is not enough ; there should be one in each of the courses in 
which it is practicable to have one. They should be made
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muler the direct supervision of a thoroughly practical and com
petent instructor, and should be completed in the rooms of the 
institution. No design should be considered complete without a full, de
tailed estimate of cost, figured according to current prices. Most students, 
and possibly some professors, are apt to think that engineering and busi
ness arc two entirely distinct affairs; it is only when they go out into 
practice that they will find what a grave mistake they have made. In de
signing, special stress should be laid upon the consideration of economy, 
for it is this particular which is characteristic of the American engineer, 
and which gives him the advantage when coming into competition with 
his European brethren.

That the line between theory and practice can never be accurately 
drawn should be borne in mind bv both instructors and students. A man 
well posted in theory but not in practice may be an excellent mathemati
cian, but he is not an engineer; while, on the other hand, no man can be 
truly posted in practice who does not understand enough mathematics 
to establish or understand the establishment of most of the equations 
which he uses in his calculations. Those who have a penchant for long 
and complicated formulae, rule-of-thumb men, and pocket-book engineers 
are seldom, if ever, capable of doing first-class engineering work, unless 
it be of a low order.

Ten years ago the want of proper text-books was a serious impediment 
to both professors and students of engineering. To-day matters in this 
respect are somewhat improved, but sufficient first-class, properly written, 
practical, text-books are still a desideratum. For the higher classes in an 
engineering course, books written especially for students are unnecessary, 
if not really objectionable. Such students should use books written for 
engineers; and if there be more than one good book on any particular 
subject, they should not confine themselves to one author, for by reading 
the works of many men one's views become broader, and one's knowledge 
more extended. Concerning this subject of engineering literature it is 
not necessary to say more here, for the author has lately written on it in 
two papers published by engineering societies.

The time allowed for completing most technical courses is too short, 
and the most practical and useful courses are generally left till the last 
year. With much higher and more extended entrance requirements than 
arc usual in technical schools, four years might be found sufficient for giv
ing a pretty thorough course in civil engineering; but, in the opinion of the 
author, five years would be much better. Tt is not well to require, for en
trance, preparation on very many important subjects; because student 
would be admitted who were not thoroughly grounded in the elementan 
studies. For instance, it would not be well to require analytic geometv 
and the calculus at the entrance examination, for these are seldom, if ever.
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properly taught outside of technical schools—nor (it is a pity to have to 
confess it) always thoroughly within them.

The more preparatory schools there are for technical institutions the 
better for technical education ; and in case the faculty of an engineering 
course have perfect confidence in the instructors of a preparatory school, 
it is well to permit graduates of the latter to enter the former without 
passing an examination. Such a course of action would encourage young 
men to prepare themselves thoroughly in preliminary studies before enter
ing technical schools.

A want of harmony between professors and students is one of the 
greatest drawbacks to the success of any educational institution. Students 
should look upon their professors as their best friends, who are doing their 
utmost to prepare the young men entrusted to their charge for their com
ing life struggle. Although a high standard of scholarship in all depart
ments is absolutely necessary to the success of any educational institution, 
this should cause no ill-feeling between students and professors. The 
former should recognize the fact that if any one of their number cannot 
come up to the standard, he should be dropped, and that there is no other 
course open to the faculty.

Students who have failed to pass the examinations should not be al
lowed more than one chance to regain their lost position ; such an ar
rangement tends to make students work regularly and systematically. 
In fact, it might be bettef to allow no one a second examination, except in 
ease of sickness. Conditioned students will always come under one of the 
following groups : first, those who are lacking in ability ; second, those 
who, from sickness or some similar cause, have been prevented from at
tending to their classes and their work ; and third, those who are wanting, 
not in ability but in application. Sympathy on the part of the examiners 
for those of the first group is a great mistake. Those of the second group 
ought certainly to be allowed another chance; and a high standard with 
rigid rules will reduce the number in the third group to a minimum. Men 
of good ability but of chronic laziness are. as far as the welfare of the class 
is concerned, much better dropped than retained.

Much of the success or failure of a technical institution depends upon 
its methods of holding examinations. Of these there are many varieties in 
different institutions, and nearly all are faulty. The English method, 
which passes or rejects a student almost solely on the result of his exam
ination, is bad for two reasons ; first, it encourages cramming and the em
ployment of tutors who have no direct connection with the institution, 
thereby making the true value of a student’s knowledge more apparent 
than real; second, it places a man of a nervous temperament at a great 
disadvantage. Cases of students who have proved during the course that 
they are well posted on the subject failing from nervousness at examina-
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tion arc by no means uncommon. It is obviously unjust to make a man's 
passing in such a case depend wholly upon his examination. On the 
other hand, the method employed at certain American institutions is 
equally faulty. There the students are told a week beforehand what will 
be the blackboard topics for examination, and are certain that during the 
oral examinations they will be asked no questions that have not been 
asked during the interrogations of the advance and review courses. This 
method for students in the highest branches of learning is a mere farce.

Some instructors prefer written and others oral examinations; but in 
the author's opinion, unless there be peculiar conditions which are not 
liable to occur in America, both methods should nearly always be em
ployed. Written examinations arc better where the work is principally 
mathematical; but there is no way to test a man’s practical knowledge of 
a technical subject that can compare with the oral examination. Ilut there 
is more than one way of holding an oral examination. That of a king 
each student a few questions from the course, as given during advance and 
review, in the presence of a number of his classmates, is entirely inade
quate. Each student should be interrogated privately in the presence of 
at least two examiners for from half an hour to an hour and a half, the 
time depending upon the manner in which he answers the questions.

The time at which examinations are to be held is an important consid
eration. The method of requiring a candidate for graduation to pass at 
the end of a four years' course a number of examinations upon all that Ju
lias studied during the four years is too hard upon the student, and tends 
to make his knowledge merely superficial. Half-yearly examinations an 
much better. The method of letting a student come up to examination 
whenever he feels prepared tends to upset the system of an institution, 
and causes the examiners unnecessary labor.

Written examinations should last four or five hours, and the number 
of questions to be answered in that time should be adjusted to the capac
ity of slow students, for it is not always the most rapid thinkers who 
achieve the greatest professional success.

In preparing examination papers on technical subjects such questions 
should be chosen as will indicate the practical and useful knowledge of the 
students, and not those which involve mathematical demonstrations, 
merely for the sake of the mathematics.

The question as to what should and what should not be taught in a 
course of civil engineering is one upon which there is a great variety of 
opinions. Some engineers say. “teach the student merely the elements < 
engineering and ground him well in mathematics, so that after graduating 
he can choose a specialty and devote himself to it.” Others say “gi\ 
him a good mathematical education and let him pick up practical method
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afterwards; there are plenty of chances to get a good practical education 
at any time of life, lmt mathematics should be learned when young."
( Hhers. on the contrary, say “what is the use of filling students' minds 
with a lot of mathematical rubbish that they will forget just as soon as they 
go into practice? ( jive them a good, practical education and don't waste 
their time." These views are extreme, and therefore to be avoided. It is 
true, as before stated, that nowadays, when the field of civil engineering 
has become so large, it is necessary to success that one devote himself 
specially to one or two branches of the profession; but this is no reason 
why lie should be practically ignorant of all the other branches.

Tite writer's method would be to instruct the student both theoretically 
and practically in every branch of the profession as much as possible, so 
that when he adopts a specialty he will know something about other 
branches and be able to form an intelligent opinion about the works of 
others. Besides, in some departments of engineering, an engineer requires 
to be well posted in many branches of the profession ; for instance, a city 
engineer has to be well informed in road-making, sewerage, water supply, 
surveying, architecture (at least elementarily i, and earthwork, besides be
ing also a good business man.

In the writer's opinion the course of instruction in pure mathematics 
for civil engineers should end with the calculus and least squares. One 
seldom, if ever, finds use for quaternions, elliptic functions, transcenden- 
tals, etc. ; these should be left for professed mathematicians. But unless 
"lie has been thoroughly and intelligently drilled in arithmetic, algebra, 
geometry, trigonometry, analytic geometry, differential and integral cal
culus. and least squares, he will sooner or later in his practice have cause 
to regret that his education in these studies was neglected.

The proper way to correct existing evils and deficiencies in American 
engineering courses is not to reduce the amount of theory, but to increase 
the amount of practice, and throw many of the elementary subjects taught 
into the entrance examination. By the term "practice" is not meant, as is 
usually the case, merely surveying ; but surveying, designing, estimating, 
and «hopwork.

Purely technical courses should be made no more mathematical than 
necessary, and all mathematics should be made as simple as possible. The 
old idea that the more one has to puzzle over intentionally knotty mathe
matical points the more will his mind be developed is a fallacy. There 
are plenty of useful, practical studies in these days that will give to one's 
mind all the development that can be desired. Tor the same reason if 
there be typographical errors or other mistakes in a book, they should 
he pointed out to a student before he uses it ; for it is a mistaken idea that 
in discovering the errors he gains knowledge—on the contrary, he simply 
loses temper. There is nothing more exasperating than to work an hour
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or mure trying to solve an equation, and finally ascertain that the book is 
wrong.

Students should not at the same time have on hand more than three 
or four courses. Too many studies confuse the mind and discourage a 
student; while a continued application to one subject is wearisome ; hence 
it is well to have one or two more to afford a little variety.

The general idea that, if possible, each course should be given out of 
but one text-book is wrong and is based upon nothing but a false economx. 
lly confining one's reading on any subject to a single author one often 
sees only one side of the question, and it is seldom that a single book can 
cover the whole ground properly. On the other hand, there are often 
portions of different books that are nearly identical; in such cases the in
structor should see that the student does not waste time in going over tin- 
same ground twice; sometimes, however, by so doing he gains by im
pressing the matter upon his mind.

No doubt there is such a thing as "the art of studying," and anyone 
who has mastered it can do much more work in a given time and do it 
better than one who has not. This i$ not a case of the development of tin- 
faculty of memory, though that, too, when the faculty be not misapplied, 
is advantageous, lly much practice, an exercise of the w ill, and a system 
ntizing of methods, one can so train his mind as to grasp readily matin 
matical reasoning, see at a glance mathematical deductions, and perform 
readily other difficult mental feats. In this respect the Japanese far excel 
Europeans and Americans. The amount of work that a Japanese sciena 
student gets through in a day would appall most of the men in American 
universities. Moreover, they do it just as thoroughly as their American 
brethren, and without spending upon it anv more time.

If a student of the higher classes in a technical school work faithfully 
from 8 a. m. till noon and from one o'clock till half-past three or four, 
also an hour in the evening, he ought to accomplish sufficient for one da ., 
but under-classmen would require to work an hour or two more in tin- 
evening. There are two reasons for this; first, the under-classmen have 
more mathematics; and second, they have not had so much mental di- 
cipline as the upper-classmen. Much study at night is not good for the 
student's health : hence for this reason, if for no other, they should he 
made to work during the day in the buildings of the institution. Students 
should be encouraged, but not compelled, to read outside of workin” 
hours at least a few books not connected with the course ; such works, t ' 
example, as those of Darwin. Huxlcv, Spencer, and Tyndall and tl e 
periodicals “ Nature " and the “ Popular Science Monthly." A little liyht 
literature occasionally will do no harm, for it will serve to give the mind i 
rest.

The practice of having no classes on Saturdays is not conducive to t
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accomplishment of a large amount of work. It ought to be a sufficient 
concession to popular notions to stop work on Saturdays at noon.

The vacations and holidays should be so arranged as to have nine solid 
working months in the year; this would give two hundred and fifteen 
days, which, at seven and a half hours per day, would make over sixteen 
hundred hours per year, to be passed either in the buildings of the institu
tion or in the field.

There arc two methods of instruction in general use in technical 
schools, viz., the lecture system and the recitation system; to these the 
writer would add a third and call it the consultation system.

The lecture system, although employed almost exclusively in England 
and Germany, and to a great extent in the United States, is in the author’s 
opinion by no means a good method of imparting instruction to science 
students. In the first place, the ground which a lecturer can cover in a 
day is about one-third or one-fourth as great as a good student can cover 
in the same time by using text-books. In the second place, one can in 
general remember much better what he has learned from a book than what 
he has heard at a lecture, because, by the former method he can go slowly 
over the difficult parts and rapidly over the simple ones, while by the latter 
he is compelled to think just as fast as the lecturer talks and no faster. In 
the third place, lecture notes, besides being an imposition on the students, 
are a delusion and a snare, for they are very seldom correctly taken even 
when copied from the blackboard. Is it not much better and more eco
nomical of both the professor’s and the students' time to have the notes 
printed in book or pamphlet form? In such cases the excuse is some
times made that the professor has an objection to appearing in print, or 
that by publishing the notes he would be giving away the secrets of the 
trade. In engineering there should be no such thing as a “secret of the 
trade"; every true engineer is always ready and glad to let others benefit 
by his experience; and anyone who fears to put his teachings into print 
is not fit to be a professor. There are but three cases in which lectures, 
other than experimental ones, may be advantageously given; first, one at 
the opening of a course; second, another at the end of the same; and third, 
when the information to be given cannot be found in any text-book.

The recitation system is much more satisfactory than the lecture 
system; but it. too, has its disadvantages. It is undoubtedly very thor
ough and, consequently, well adapted for the lower classes, the students 
of which are not as yet well broken into proper methods of study, but for 
upper-classmen it savors too much of the boys’ school. Moreover, it 
tends to make students strive for appearance rather than reality, and en
courages them to be dishonest. Another disadvantage is that it tends to 
prevent students from asking the instructor questions connected with their 
work ; for they fear that by their so doing he will acquire a poor opinion
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of their capabilities, and will give them low marks in consequence. But 
the recitation system in spite of its disadvantages is by far the best for the 
courses in pure mathematics and rational mechanics. When students are 
unwilling to work, it can also be used advantageously in technical me
chanics.

Before proceeding to discuss the third, or consultation system, it will 
be well to define what is meant thereby. It consists essentially in laying 
out for the class a certain course of reading in any subject, dividing it, if 
thought advisable, into daily lessons, and each day at a certain time an
swering any questions on it that the students may ask. This method 
often reverts naturally to the lecture system, since one question leads to 
another, and the professor, if properly interested in the subject, is very 
apt to digress and thus give the students many points that are not to be 
found in the text-books.

Such informal lectures are far superior to those ordinarily given, for 
they deal only with the difficult points, and tend to show the practical 
application of what otherwise might appear to the students mere theory. 
The amount of ground that can be covered by this system is nearly double 
that which can be covered by the recitation system, provided that the 
students are all working for the sake of obtaining knowledge and not for 
diplomas merely. The success of the consultation system is entirely de
pendent upon the good faith and earnestness of purpose of the students 
and the practical competency of the instructor. If the latter be thoroughly 
posted in all the subjects he teaches, he will be able to answer readily any 
questions propounded bv the students, and the amount of labor involved 
in teaching is much less by this method than by either of the others. On 
the contrary, if the instructor be not thoroughly posted on both the theory 
and practice of his subjects, the consultation system will involve for him a 
great deal of labor, and he will constantly be asked questions that he can
not answer.

With fairly good students the consultation system can be advan
tageously used in combination with the recitation system; but when tin 
students are not of a high grade, and are endeavoring to study just enough 
to graduate and no more, it should not be attempted, unless the faculty In 
willing to drop a large portion of the class.

The author has tried the consultation system for over three years in 
teaching Japanese students, and the excellence of their extended and diffi
cult examinations gives ample proof of its thoroughness and efficiency 
for the higher classes. For the lower classes its advantages were not s< » 
marked ; consequently in these the method was combined with the recitn- 
tion system and occasional lectures.

Students should be taught to work together, both while studying and 
designing, without interfering with each other. If the class be large, it
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should be divided into sections, each section having a room by itself. By 
walking around among the students occasionally the instructor can aid 
them materially in their studies and designs by answering questions, 
pointing out faults, and suggesting improvements; but in so doing he 
should be careful not to do too much thinking for indolent men. On this 
account, it is often advisable not to answer a student's question, but to 
tell him to study out the point for himself.

( )ne important conclusion that the author has drawn from experience, 
both as a student and as an instructor, is that really to appreciate a lec
ture, the hearer must be fairly well informed on the subject treated. 
Otherwise so many new facts and ideas will be presented to his mind that 
he will be unable to grasp them, and, if he attempt to make notes during 
the course of the lecture, lie will fail to understand a large portion of the 
discourse. Hence, if lectures on technical subjects be given to the classes 
by eminent engineers, it should be after the regular courses in these sub
jects are finished.

The method of supplementing practical courses by visiting engineer
ing works, either finished or in course of construction, is of great advan
tage if properly employed; but such excursions are too often a farce and 
a mere excuse for the students to have a good time. The best time to 
visit any piece of engineering is just after the class has finished studying 
the course which treats of such work, and just before commencing their 
designs. To make the visit really useful, the engineer of the work should 
be induced to accompany the class and explain everything connected with 
it in a systematic and detailed manner. If possible, he should show them 
the original plans according to which the works were built, and explain 
the order in which the different parts were begun and finished. He should 
give them also, if possible, the cost of the different parts of the work, both 
estimated and actual. A visit to work in course of construction is gen
erally preferable to inspecting that which is finished.

Students should be advised to spend a portion of their summer vaca
tions in inspecting engineering works; and it is much better to visit those 
works that are connected with finished studies than to try to get a practi
cal idea of subjects before the courses on them are begun. Students 
should consult with their instructors before the vacation begins regarding 
the places it is advisable to visit, and should obtain from them, if neces
sary, letters of introduction to the managers or engineers of such works.

Concerning the benefits to be derived from reviewing courses before 
examination there may he two opinions. Certainly it affords a more 
thorough drill, and in this way forces the poorer students on; but it is a 
question whether the time thus occupied could not often he spent to 
greater advantage. Adopting or dispensing with the review courses 
might be left to the judgment of the instructor, and if he find that the class
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understands the subject at the end of the advance course, he could omit 
the review. l*"oi the elementary courses, particularly those in pure mathe
matics and analytical mechanics, reviews are undoubtedly beneficial, be
cause it is in these courses especially that students require thorough drill.

And now a few words regarding the qualifications and duties of a pro
fessor of civil engineering and his methods of management. First as to 
his qualifications—lie should have had a thorough course of study and be 
a graduate of one of the leading technical schools, besides having had 
several years' experience in the actual practice of his profession. He 
should have made a special study of some particular branch of engineer
ing and have obtained a reputation as an expert in it. He should have 
the capacity for readily imparting his knowledge to others, and be pos
sessed of a certain amount of tact. His reputation, both as a man and 
an engineer, should be above reproach, in order that he may command 
the confidence and esteem of those he teaches.

A professor should endeavor to make all his courses as attractive as 
possible, and to instill into the minds of his students a real taste for work, 
encouraging them to mental effort by occasional references to the lives of 
eminent engineers. He should shoW the practical application of every
thing he teaches, and avoid the use of all mathematics that are not in 
harmony with good practice.

He should impress upon the minds of his students that everything 
which is worth doing at all is w'orth doing well ; and that, if they ever go 
into contracting, it will, to say the least, he the best policy to do all their 
W'ork in a thorough and workmanlike manner, even if by so doing their 
apparent profits be lost.

A professor of a technical course should teach his students that it is 
not sufficient to make a design that shall he adequately strong and fulfill 
all the requirements, but that it must also be made in the most economical 
manner. He should distinguish between true and false economy, and 
prove that in many cases it is not the most elaborate design that is best 
for the purpose, and that simplicity is generally an accompaniment of 
economy. He should endeavor to gain the confidence and good will of 
his students in every legitimate manner, but not by allowing them to have 
their own way when that way is not the right one.

A professor should study the mental peculiarities of his students, and. 
if possible, vary his methods of teaching accordingly.

If an instructor teach a number of different subjects, he should not 
compel his classes to pay undue attention to the particular branch in which 
be is most interested, to the neglect of other subjects; nor is it fair to the 
students to use their time in assisting the instructor to make original 
investigations. However, such a course of action is not objectionable
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in teaching post-gra'luates, provided that tlieir chosen specialty be the 
same as that of the instructor.

Students should be encouraged to read the technical literature of the 
day: and it should be considered the duty of each professor to call the 
attention of his classes to anything in his line of work which appears in 
the journals, and which in his opinion the students ought to know.

If a professor have spare time from his classes (as should always be 
the case) he should make some practical use of it. by original investiga
tion. by compilation of the results of the investigations and experience of 
others, or by attending to a regular engineering practice of some kind. 
A professor should neglect no opportunity to increase his professional 
knowledge, and thus render his services as an instructor more valuable. 
It is well for him to spend at least a portion of each summer vacation in 
practical work connected with the courses which he teaches. Me should 
not feel at all satisfied with his knowledge of any of his branches, unless 
he can confidently answer readily any legitimate question thereon pro
pounded by a student : even then he cannot consider himself up to the 
times unless he reads everything of value as soon as it is published. He 
should at least glance over each new book connected with his work as 
soon as it is issued : then, if it prove to be good, he should read it care
fully so as to give the benefit of its contents to his students, either by com
pelling them to read it, or, in exceptional cases, by preparing lectures 
from it.

It is almost essential for a professor of engineering to join the principal 
engineering societies of the country and to become acquainted with the 
leading engineers. Finally, lie should be posted in respect to the prices of 
all kinds of materials, machinery, finished structures, and labor related in 
any way to his courses, and he should know where the different materials 
may be purchased to best advantage.

Next, as to the education preliminary to a course of civil engineering, 
it may be stated, without fear of contradiction, that the broader and more 
thorough this is the better. Although Latin and Greek are almost useless 
to the engineer, an acquaintance with one or two modern languages is a 
great advantage, hardly sufficient, though, to make it advisable to intro
duce their study into the curriculum of an engineering school. If one 
could learn them there at all thoroughly, it would be very well to in
corporate them in the course : but the fact is that the amount of knowledge 
>o gained is not enough to warrant their study. It is often said that the 
engineer who cannot read French and German is at a great disadvantage, 
hut the writer wishes to take exception to this statement, for nowadays 
any work of real value in either of these languages is very soon translated 
into English. Moreover, many of the engineering treatises in French 
and German are of a purely mathematical character, and are not to be
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compared in value to the corresponding modem works published in Eng
land and America.

The requirements for entrance into a course of civil engineering will 
undoubtedly vary with the character and duration of the course, the 
finances of the institution, and other considerations. In any case the 
entrance examination should include the following subjects, and a thor
ough knowledge of them should be insisted upon by the examiners:

^ Spelling.
English. - Grammar.

( Composition.
f Arithmetic.

Mathematics. Algebra.
( Geometry.

Geography.
Bookkeeping.
Elementary Physics.
Elementary Draughting.

The reason why bookkeeping is inserted in the list is because a knowl
edge of it is necessary to a contracting engineer, and it would be out of 
place in the curriculum.

The best age for entering a technical school is probably eighteen, 
though the minimum age might be advantageously fixed at seventeen. It 
is a disadvantage to enter late in life, unless one has previously been ac- 
custcmed to hard study.

The following is an ideal course in civil engineering, which can be 
given only under the most favorable circumstances. To it all others max 
approach by an asymptotic curve.

For entrance, in addition to the list previously given, the following 
subjects arc to be included:

Plane and Spherical Trigonometry.
Projection Drawing.
Elementary Perspective.

( Heat. )
Physics. } Light, r Advanced courses.

( Sound. '
Inorganic Chemistry (Theory).
Free Hand Drawing.

j Rhetoric.
( Criticism.

First Year Subjects.

Chain Surveying.
Compass Surveying.
Transit Surveying.

• Direct Levelling.
Indirect Levelling.
Contour Surveying.

I Stadia Surveying.

English.

Surveying.
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.. ( Analytic Geometry.
1 * 1 " / Differential and Integral Calculus,

f Descriptive Astronomy.
I Mineralogy.

Natural Sciences. -, Lithology.
I Technical Geology.
1 I’hysical Geography.
I Pen '1'opography.
! Colored Topography.

Drawing. ! Free Hand Drawing.
I Descriptive Geometry (Plates).
[ Maps for Various Surveys.

Road Making. ■! £omm"" Koads and Slrccls-
& t 1 ramways.

Descriptive Geometry (Theory).
Shade and Shadows (Elementary).
Carpentry.

Second Year Subjects.

Sun-eying.

Mathematics.

Machinery.

( hunimeter Surveying. 
Sextant Surveying.
I lydrographical Surveying. 
Railroad Surveying.

I Canal Surveying.
! Sewerage Surveying.
1 Practical Astronomy, 
j Least S(|uares.
) Astronomy.
( Elements of Mechanism.
I Machine Construction.

Materials.

) Machine Construction (Plates).
( Maps of Various Surveys.
( Properties of Materials, 
f Resistance of Materials (Math.).

Rational Mechanics.
Railroading.
Sanitary Engineering. 
Shopwork.

Third Year Subjects.

Sun-eying. 

Drawing. 

Machinery. 

Natural Sciences. 

Mechanics.

Materials.

j Geodetic Surveying.
I Mining Surveying.
I Maps of Surveys, 
f Pattern Making.
( Machinery, Tools, etc., used on Engineering Work. 
( Pumps.
( 1'lcctricity (Theory and Experiments).
■j Magnetism (Theory and Experiments).
( Practical Chemistry.
) Thermodynamics.
I Electrodynamics, 
f Metallurgy.
I Manufacture of Shape Iron and Steel.
! Foundry Work and Pattern Making.
I Limes. Cements, and Mortars.
I Masonry and Brickwork.
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f Removal of Earth.
Earthwork. < Tunneling and Rock Excavation.

( Well Boring.
Sub-aqueous j Tunneling.

Engineering. ( Dredging.
Timber Structures.
Mining Engineering.
Mechanical Engineering.
Electric Engineering.
Shopwork.
Writing of Technical Papers.

Fourth Y'ear Subjects.

Suri'cying. ■{ Bridge Survey.
j Stone Cutting (Plates). 
I Theses.

Steam Engine.
Hydraulic 
Wind Mot
Hydraulic Motors.Machinery.
Wind Motors. 
Bridges.

Structures.
Braced Piers.

Stone Cutting.
Theory of Hydraulics. 
Foundations.
Architecture.
Shopwork.
Writing of Technical Papers.

Fifth Year Subjects.

Surveying. 4 Water Works. 
( Theses.
< Plane
1 Maps.
( Arches.

Drazving.

Structures. } Retaining Walls.
{ Water Supply.

Hydraulics - River Engineering.
( Canal Engineering.

Harbors.
Lighthouses.Marine

Engineering.
Shipbuilding.
Railroad Management.
Law of Contracts.
Engineering Estimates. 
Management of Forces of Men. 
Shopwork.
Technical Writing.
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The following time schedule is merely an approximation, and would 
have in any actual case to be changed to suit the circumstances. It is 
given simply to show that the courses laid out can he completed in the 
time allowed, and the relative amount of time to he devoted to each course. 
The total number of hours required is in each year less than the available 
sixteen hundred. The remaining hours can be employed in holding exami
nations, visiting engineering works, etc. Under the heading “ Drawing ” 
is not included the time necessary for making designs, but only that for 
making plans, maps, and plates. The time allotted for designing will be 
found in the “ Practice " column for each subject.

In the column headed “Preparation" no night work is included, but 
in the second year under the heading “Practice” is included an allowance 
for time to be spent at night in making astronomical observations.

The hours under the combined headings “Preparation" and ‘‘Recita
tions or Lectures” can be used as desired under the “consultation system.”

TIME SCHEDULE. 

First Year.
-------Hours Required.-----------

Subject. Preparation. Recitations 
or Lectures. Practice. Total.

Surveying ....................................... 150 50 220 420
Mathematics ................................. 320 80
Natural Sciences ......................... 40 160
Drawing ........................................ 150 iso

15
Descriptive Geometry, etc........... 60 80
Carpentry ....................................... 10 40

Totals ......................................... 215 370 1310

Second Year.

t------------------ Hours Required.

Subject. Preparation, Lectures. Practicc- Total

Surveying ........................................... 60 20 320 4°°
Mathematics ....................................... 80 20 ... 100
Drawing .............................................. ••• ••• *50 150
Machinery ........................................... 60 20 ... 80
Materials ............................................. 75 25 ... 100
Mechanics ........................................... 300 75 ... 375
Railroading ......................................... 60 20 ... 80
Sanitary Engineering ....................... 60 15 ... 75
Shopwork ............................................ • • • • • • too 100

Totals .............................................. 695 195 570 1460
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Third Yf\r.

Hours Required. - ------ -
Subject. Preparation. Récitations 

or Lectures. Practice Total.
Surveying .................................. too 25 l60 285
Drawing .................................... 120 120
Machinery ................................ -4 K .32

2.S0
50
16Earthwork ................................ 04 80

Sub-aqueous Engineering ....... -4 6 30

Mining Engineering ................ too
Mechanical Engineering ......... 75
Electric Engineering ................ 75
Shopwork .................................. IOO 100

Totals .................................... 596 18.3 6,30 1400

Fourth Year.

Hours Required.------

Subject. Preparation. Recitations 
or Lectures. Practice. Total

Surveying ........................... fto 60
Drawing ............................ fto do
Machinery ......................... 50 250 500
Structures ......................... 40 200
Stone Cutting .................... ............. 24 ft 30
Hydraulics ......................... ............ <*) 15 95
Foundations ..................... ............. 40 10 (to 110
Architecture ..................... ............. 45 15 fto
Shopwork ........................... IOO too

Totals ............................. ............. 529 1.36 750 1415

Fifth Year.

Hours Required.

Subject. Preparation. Recitations 
or Lectures. Practice. Tola

Surveying .................................. fto ho
Drawing ....................................

48
40 40

Structures .............................. 12 50 no
Hydraulics ....................................... 75 25 150 250
Marine Engineering ................ ....... <>o 30 150 270
Shipbuilding ............................ 40 200 400
Railroad Management ........... ....... 20 30
Contracts ................................ 30
Estimates ................................ 40
Management of Forces........... ....... 14 ft
Shopwork ................................ '0° IOO

Totals .................................. 148 700 136ft
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The smallest staff of professors required for the foregoing ideal course, 
in the author's opinion, would be the following:

Professor of Geodesy and Surveying.
Professor of Mathematics and Astronomy.
Professor of Mining Engineering, Chemistry, etc.
Professor of Drawing.
Professor of Roads, etc.
Professor of Mechanical Engineering.
Professor of Structures and Materials.
1 'rofessor of Electrical Engineering.
Professor of Hydraulics and Sanitary Engineering.
Professor of Architecture.
Professor of Shipbuilding.
Lecturer on Law of Contracts and Technical Writing.

Whenever this class is very large or the work demands it, a professor 
should be furnished with an assistant; and in the workshops there should 
be enough skilled mechanics employed to obviate the necessity of relying 
on the students for the accomplishment of necessary work. Students' 
time should not be used in the making of models, for the amount of their 
time to be spent on any one kind of work should be just enough to teach 
them how to do it: any more than this is wasted.

The qualifications for an assistant are that he be a graduate of a tech
nical school, that he have had at least two or three years’ practice in work 
of the same kind as that with which the courses of the department are con
cerned. and that he be energetic, desirous of increasing his knowledge, 
and interested in the class of work which he is required to perform.

The professor of “Geodesy and Surveying” should take all the sur
veying courses of the first year ; omnimeter, sextant, hydrographical and 
canal surveying in the second year ; and geodesy in the third year. He 
should give instruction in both the theory and the practice in these sub
jects. The professor of “Mathematics and Astronomy” should take the 
courses in analytic geometry, calculus, rational mechanics, descriptive 
astronomy, and practical astronomy. The professor of “Mining Engi
neering" should take the courses in mineralogy, lithology, technical 
geology, physical geography, practical chemistry (including blow-pipe 
analysis), in addition to mining engineering and surveying. The profes- 
>or of "Drawing” shoul " take all the drawing of the first year and the 
courses in descriptive geometry (including shades and shadows) and stone 
cutting. He might also be associated with the professor of “Surveying”

as to take charge of some, if not all, of the drawing of that department, 
lie should be required to pass judgment upon the mechanical execution 
of the drawings for designs in the other departments.
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The professor of "Roads, etc.,” should take the courses in common 
roads and streets, tramways, railroading (theory and surveying), earth
work, tunneling, well-boring, dredging, railway management, estimates, 
and the management of forces of men.

The professor of ‘‘Mechanical Engineering" should take all the courses 
in machinery, excepting hydraulic and wind motors, and the courses in 
shop work, foundry work, and mechanical engineering.

The professor of “Structures and Materials” should take all the courses 
in structures, and all those in materials except foundry work, also the 
course in foundations.

The professor of “Electrical Engineering” should take the courses 
in electricity, magnetism, thermodynamics, electrodynamics, and elec
trical engineering.

The professor of “Hydraulics and Sanitary Engineering” should take 
all the courses in hydraulics, marine engineering, sanitary engineering, 
and those in hydraulic and wind motors.

The professor of “Architecture” should take the courses in architecture 
and carpentry.

The professor of “Shipbuilding” should have only that one course.
The lecturer on law of contracts should also act as professor of Eng 

lish, giving occasional lectures (not included in the time schedule) on sub
jects connected with technical writing, and revising all these in respect v • 
their literary character. A legal gentleman connected with the Patent 
Office, who would competently fill this chair, could readily be found. 1 lis 
work in the institution need occupy but a short portion of his time.

At the end of the five years’ course a lecture of advice to the graduating 
class delivered by some prominent member of the profession would be of 
great value to the young engineers.

The author will now make a few remarks as to how certain course< 
ought to be taught. In some of the courses he has had a good deal of 
experience and consequently feels competent to speak thereon, in others 
he has had but little, and in still others none at all. It is this portion of tin- 
paper especially that he wishes to see thoroughly discussed.

The various courses in surveying should be thoroughly taught by text
books (or failing these by lecturers), and sufficient field work should be 
given to accustom each student to the use and adjustments of all instru 
ments and to acquaint him with the objects and modus of>crandi of earl: 
kind of survey. The location for the survey should be chosen so as t 
make evident its use, and the instructor should endeavor to organize lii- 
classes for field work in the same thorough manner as he would for an 
actual survev in practice. Strict discipline should be maintained in t! 
field, and the students should be taught to obey orders as quickly an 1 
faithfully as if their positions depended upon their doing so. In short, a!:
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lhe operations in the held should he conducted in exactly the same man
ner as in engineering practice. The instructor should never employ old 
methods of surveying when new and better ones have come into use. 
Some of the latest and best methods can be found described in engineer
ing journals and pamphlets only.

The keeping of notes is one of the most important points in surveying. 
The instructor should first ascertain the best method for each kind of 
survey, then explain it clearly to the students, and see that it, and no 
other, be scrupulously followed.

The instructor should acquaint himself with all the new instruments 
used in surveying, paying special attention to their adjustments, and 
should practice using them until they become as familiar to him as are the 
transit and level. lie should then see that the students become as well 
acquainted with them as he is.

Concerning the best method of teaching the course in geodesy, and the 
necessary amount of practice therein, the author, having had no practice 
in that subject, does not feel competent to speak. The facilities for field 
work in giving this course are generally very poor; hut the author would 
judge that a small amount of practice in base line measurement and prac
tice in the measurement of a few angles of large triangles could always 
be given. For computations, the field notes of coast surveys might be 
taken. The class should have instruction bv actual practice in all the 
calculations connected with a geodetic survey.

The courses in pure mathematics should be most thoroughly taught, 
and the instructor should explain the applications of the various formulae 
as the course progresses. The course in calculus is generally given in 
such a blind manner that few students after finishing it know anything 
more about it than simply how to differentiate and integrate. They have 
no conception of the real meaning of partial and total differentials: and 
they could not possibly discuss a curve as given by the equation. If. dur
ing a purely mathematical course, the students be shown a little of the 
practical application of what they are learning, they will study with greater 
interest.

The subject of least squares should be taught both theoretically and 
practically, following the method given by Prof. Mansfield Merriman.

The amount of astronomy that an engineering student needs is not 
great, and the mathematical and instrumental portions of the course 
should be restricted to such investigations and manipulations as an engi
neer may be required to make.

The natural science courses of the first year should be of an elementary 
character, but those in the third year should be more thorough. The in
structor should not forget the fact that it is not a class of physicists which 
ht is instructing, but one of engineers.
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The courses in drawing should occupy no more time than is neces
sary to give the students a reasonable amount of skill in the manipula
tion of the instruments. It is a mistake to spend much time on fancy 
shaded drawings, as in the last few years blue prints have driven elaborate 
drawings out of the field. The drawing department should be furnished 
with all the apparatus for making blue prints and similar copies of draw
ings. and each student should be thoroughly drilled in its use.

1’en topography appears to be a great waste of time, and it is to be 
hoped that the new mechanical method will soon supersede the old and 
laborious hand process. Meanwhile, it is probably necessary to teach a 
certain amount of it in engineering courses. Maps and plans should be 
always made in the most approved, practical manner. The course in de
scriptive geometry should be thorough, as the mental discipline acquired 
from it is of a peculiar kind and very valuable; moreover, without thor
ough instruction in this subject one would be unable to make some of the 
most difficult drawings that are required in engineering practice. But the 
portion of the course which deals with shades and shadows need not he 
very elaborate, because in these busy days there is no time for an engineer 
to indulge in such luxuries as shaded drawings with shadows. For the 
same reason no time should be wasted in the study of the higher linear 
perspective, the amount required for the entrance examination being suf
ficient for all practical purposes.

I'he instruction in the course in railroading should comprise all the 
operations of exploration, preliminary, location, construction, and main
tenance. together with descriptions, by means of blue prints or other 
drawings, of rolling stock, station houses, tanks, trestles, culverts, and 
similar structures. After each student has had a little practice in laying 
out the various kinds of curves, borrow-pits, drains, slope-stakes, and 
grade-plugs, two suitable points should be chosen, sav five miles apart, 
preliminary lines run between them, a location projected on paper, then 
run in on the ground, and finally the whole work should be completely 
laid out so that workmen could commence upon any number of parts of it 
at once. All the operations that would be performed by the section engi
neers in actual practice should be performed by the class, and each student 
should do enough of each kind of work to enable him to repeat the opera 
tions whenever occasion may require. Few. if any, engineering institu
tions give a proper course in railroad surveying, consequently, when a 
graduate first goes on a section he feels like a fish out of water, and F a 
laughing stock for the older hands. In this respect the author can speak 
from experience, having had to take charge of a section at the beginning 
of his professional career. Among other instructions he was told to driv 
grade-plugs for a cutting, and it was the first time he had heard of such 
a thing as a grade-plug. By a fortunate guess and by exercising a littl
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common sense he managed tu drive the plugs without exposing his ig
norance.

Canal surveying should be taught in a similar manner to railroad sur- 
x eying, and with as much thoroughness.

The courses in materials should be very extended, thorough, and prac
tical. It is well to begin with an elementary work like Merriman’s, then 
pass to a larger treatise such as Burr's. omitting from the latter all the 
mathematical work. Then take a mathematical treatise such as Wood's 
and investigate the actions of liars, beams, and columns under the various 
kinds of loading, returning afterwards to Burr's work for a more extended 
mathematical investigation.

The course in rational mechanics should be given just as thoroughly 
as are the courses in pure mathematics, (ireat stress should be laid upon 
the students' understanding clearly the fundamental and derived units and 
their interdependence. There is no satisfactory text-book for giving this 
course, but those lately written show a decided improvement upon the old 
ones. The course may be most advantageously given partly by lectures 
and partly by using text-books, Ratikine's Applied Mechanics being relied 
on for the principal investigations.

The course in sanitary engineering should be given from text-books 
such as Latham's Sanitary Engineering, and the works of Waring, Phil- 
brick, and others, supplemented by lectures which should comprise, 
among other things, deductions from the discussions on sanitary matters 
that have lately appeared in the technical papers.

In the shops the students should be taught to perform the most com
mon operations in blacksmithing and carpentry, also the use of the lathe 
and other machine tools; and the instructor in mechanical engineering 
should bear in mind that he is teaching civil, not mechanical, engineering 
students.

The course in mining engineering should be short but complete, the 
object being to fit the students to take charge of the surveying and man
agement of ordinary mines. If possible, some time should be spent in 
making an underground survey. ITnfortunately, there is no good text
book uiion mine surveying in the English language, therefore that part 
of the course must be given bv lectures.

After completing the course in steam engines each student should be 
inquired to make a design for a small, simple engine, and prepare all the 
working drawings and an estimate of cost. Similar designs should be re
quired in the courses in hydraulic motors, bridges, foundations, arches, 
and shipbuilding.

The only fit text-book for the course in hydraulic motors is that of 
Wrisbach, but in respect to the proportioning of parts it is very crude, so 
that the course in this particular will need supplementing by lectures.
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The best text-book for the course in wind motors is Wolff's. It is not 
necessary to make a design in this course, because windmills of any de
sired size can be ordered from the manufacturers without sending a single 
drawing or making a single calculation; and the chances that any member 
of the class will act as engineer for a windmill company are very small.

The course in bridges is an important one and is seldom properly 
given. The idea ot most instructors appears to be that if they teach how 
to calculate the stresses in the main members in a truss, their duty is ac
complished, whereas they have merely taken the first step. They should 
teai 'f only how to calculate every direct and indirect stress on every 
part i : iridge, but how to proportion all the parts to resist these stresses. 
Thorough instruction in bridge designing will greatly simplify for the 
students the courses in roofs, braced piers, and shipbuilding. It would 
be well to omit from the course all notice of those styles of bridges which 
have been disapproved by the leading modern American engineers, and 
no time should be wasted in figuring stresses in continuous spans other 
than swing bridges. In audition to the ordinary types the course should 
include suspension, swing, and cantilever bridges; and the students should 
be required to read a number of monographs of existing structures, for 
instance those of the Bismarck, l'lattsmouth, and Niagara cantilever 
bridges.

The course in the theory of hydraulics should be both thorough and 
practical, and all antiquated formulae should be dropped therefrom. 
Numerous examples for solution should be given the students in this 
course. Indeed, in all the purely technical courses as many examples 
should be given for solution as time will permit.

The course in foundations can be given most advantageously by the 
consultation system, the student being required to read carefully every
thing of value in the English language upon the subject. In choosing a 
design in this course the instructor should be careful not to make the work 
too long or too difficult.

The course in architecture should be of a somewhat elementary char
acter.

After completing the courses in water supply and sanitary engineering, 
surveys of a small town should be made under the supposition that it is to 
be supplied with water and sewerage ; plans should then be prepared, and 
detailed estimates of the cost be made out in the manner usually followed 
in actual practice when preparing to let contracts.

In giving the course in river engineering, special attention should be 
paid to the tried and proposed methods of improving the great rivers <1 

America, and protecting the adjoining lands from floods. The course in 
harbors will necessarily be descriptive.

The course in shipbuilding, though not occupying a very long time
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should 5c complete; and special attention should be paid to details and the 
proportioning of parts to resist calculated stresses.

The course in law of contracts must of necessity be merely elementary, 
still it should be sufficient to enable the members of the class to prepare 
any forms of contract that will be needed in engineering practice.

In any course whenever models can be advantageously employed as 
aids in instruction, they should be provided and used. Moreover, they 
should be intelligently designed and properly manufactured, for an incor
rect model will have a prejudicial effect upon students' minds instead of 
being an aid to understanding.

Students should be encouraged to take exercise ; but excess therein 
should he avoided for two reasons; first, there is always a tendency to 
overdo such sports as football, rowing, and racing, thereby losing instead 
of gaining health ; second, there is usually a great deal of time wasted. 
For instance, in rowing it generally takes quite a while to get to and from 
the boat-house ; and baseball matches require a great deal of practice and 
occasional excursions to neighboring towns and colleges. For good, 
healthy exercise that is not liable to be overdone and that requires the 
minimum loss of time from work, affording at the same time plenty of 
amusement, there is no out-of-door sport that can be compared to 
lawn tennis; and il the grounds belonging to and surrounding the insti
tution be laid out into tennis courts and maintained in good order at the 
expense of the institution, it is highly improbable that the students' health 
will suffer from lack of exercise. It the grounds be large enough, spaces 
for baseball and football might also be allotted.

A gymnasium i> a useful adjunct to an institution of learning, and room 
might be provided therein for private instructors to give lessons in 
fencing, boxing, etc., to those who have the time, money, and inclination 
for such pastimes. Students should be encouraged and taught to look 
upon the taking of exercise as a necessity for health ; but it must be re
membered that, unless the exercise be presented in an attractive form, few- 
wili have the moral courage to take it.

Technical degrees are not looked upon with the proper amount of 
respect by the world at large. This is due to two reasons ; first, there is no 
law to prevent any man from tacking a C. E. or an M. E. to his name, 
consequently, it is no uncommon practice for rodmen, surveyors, and 
mechanics to thus dub themselves engineers ; second, there are too many 
low-grade colleges in the Vnited States giving engineering degrees with
out a proper engineering education. The institution which would give 
tlie ideal course previously described might obtain legislative permission 
to have the sole right to confer the following degrees, viz.: B. C. E. (Bach- 
< !"r of Civil Engineering) to the members of its graduating classes. M. C. 
F. (Master of Civil Engineering) to graduates who have had five years'
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practice and who have passed a rigid examination upon some special 
branch of engineering optional with them, and the honorary degree of D. 
C. E. (Doctor of Civil Engineering) to those graduates who have dis 
tinguished themselves in their profession.

The trustees or managers of this institution should give all the en
couragement and aid that lie in their power, to promote original research 
l»y the professors and assistants. They should see that the institution be 
properly provided with an abundance of good books, drawings, and 
models, and they should encourage the formation and maintenance of 
scientific societies connected with the institution.

The officers of the institution should not exercise any control over 
students, except when the latter are within the precincts of the institution 
or in cases of grave offences against either the law or individual welfare : 
and no religious exercise of any kind should form a part of the curriculum.
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QVIL ENGINEERING EDUCATION.

DISCUSSION.

By Prof. Wm. H. Burr.

My contribution to the discussion of Professor Waddell's paper should 
rather be termed a discussion of his subject; as some of the general charac
teristics, only, of what seems to me to be the engineering education best 
adapted to the present demands, will be considered.

A close observer of the present condition and requirements of the “pro
fession” of civil engineering cannot, I think, fail to conclude that the schools 
now existing under that name do not supply some of the higher qualifica
tions frequently required in engineering practice. A very few schools offer 
fair opportunities for the acquisition of the purely technical portion of the 
education under discussion, but they are utterly without that broad and 
general training which, in after life, develops into influence and power over

The difficulties which surround the proper organization of such a school 
of civil engineering in this country are neither small nor few. although, as 
will presently be seen, means are at hand for the effectual remedy of at 
least one great difficulty.

In the first place, there must be educational institutions, in which young 
men may be prepared in the more elementary portions of those mathematical 
and physical lines of study which are to be more extensively developed and 
pursued in the various ramifications of technical application in the school of 
civil engineering. Again, in these schools, preparatory or introductory to 
the advanced technical establishment, there should be found complete courses 
in the science and use of languages, and kindred subjects, which constitute 
the humanities of an ordinary college course. In order that a civil engineer
ing school may be organized for the best practicable results, and at the same 
time fall short of being purely ideal or Utopian, it is not too much to say 
that such introductory institutions should be available—and, indeed, they are 
available.

A few young men yearly already possess the wisdom to first take a col
lege course of study, and subsequently devote their attention to the school 
of civil engineering. This is motion in the right direction, and indicates 
that the conditions are even now favorable to the highest attainments in 
technical education. It has thus begun to be perceived, that not only the 
higher success in civil engineering is not to be reached by a purely technical 
training, but, also, that the best engineering education is to be based on, and 
preceded by a thorough training in those general subjects which cultivate 
and expand the intellect, and give a young man the broadest base and surest 
foundation for the subsequent structure of his after life.

It must be carefully borne in mind that a successful engineer is not only 
a successful technist, but, also, a successful man; and a successful man is 
one who in his business and other relations controls men. The inception,



120 cirii. i:\ciXEiiKi\G nnrc.mox

development and culmination of an affair involving engineering work may 
truly require the most complicated and subtle application of technical knowl
edge, but unless the engineer is simply an employee paid to exercise his art 
ns a technist only, he must be cultivated in those accomplishments of intel
lect and address which shall give him power to sway the minds and judg
ments of those about him to his particular purpose. In the first case he 
attains, it is true, a most creditable success in his specialty, but in the second 
only is he a principal, and does he attain success as a professional engineer.

The highest type of civil engineering education, therefore, is one in 
which the broadly cultivated intellectual powers operate on and assimilate 
technical knowledge to the end that the individual may not only convert the 
powers of nature to the use of man, but, also, convince man of the utility ot 
nature, i.e., it should fit him to move both man and nature.

The better colleges with fixed and not elective courses may answer 
tolerably well the purposes of the schools preliminary to that of civil en
gineering. They, however, go too far in some respects and not far enough 
in others, so that unless a young man is well directed and advised, he will 
fail to get enough of physics and mathematics and too much of the dead 
languages. Not that I think the latter should be ignored, but that the 
student ultimately destined for civil engineering can best confine himself to 
Latin alone. A good knowledge of that language will give him greater 
power over his own, and render his acquisition of at least one important 
modern language easier and mere thorough, besides incidentally conveying 
tc him some historical knowledge, which will form no contemptible portion 
ol his general education.

With the purpose of indicating the availability of the colleges of this 
country in the best scheme of technical education, I suppose them to supply 
elective courses, which many of the best are already doing. In such a man
ner, and in such only, can they perfectly and most admirably supply the 
required educational training preliminary to the technical school. All time 
ordinarily prescribed for Greek should be devoted to the most careful and 
thorough extension of the mathematics and physics found in ordinary college 
courses. In this manner, advanced or higher algebra and analytic geometry, 
ns well as the elementary portions of descriptive geometry, would be com
pleted with the end of the student’s college work. An excellent foundation 
would be laid in heat, electricity and magnetism on which would afterward 
be founded advanced technical courses. Light and sound being less essential 
to the civil engineer, would be finished at college. Some fundamental notions 
in chemistry should also be given. The complete college curriculum, so far 
as all English subjects and the French and German languages are concerned, 
should be most scrupulously adhered to, since these form, or should form, the 
immediate, if not main, purpose of the student's time at college.

If a young man can by any possibility spare the time and means, foui 
years should be devoted to this preparatory season. If any misfortune pre 
vents this, the omission of Latin and partial or complete curtailment ot 
either French or German will enable him to complete this preliminary work 
in three years without directly or immediately impairing his technical prep 
aration. Only the direst necessity, however, should induce him to thus 
reduce his general education, and he should improve every possible oppor 
tunity subsequently to repair the loss.

This simple and very incomplete sketch outlines a field of the liighesi



ai il i:.\(ji.xi:i:ki\(j nnuc.nut.x I 21

usefulness lor the modem elective college curriculum. Among its most im
portant possible results not one is greater than its preparation of the tech
nical student for his technical school.

No student of civil engineering should enter the elective college under 
sixteen years of age. He would then reach his technical work preferably at an 
age not less than twenty years, or with the curtailed elective course at the 
age of nineteen years, and thus begin the study of civil engineering proper 
with a fixed purpose and habits of work settled both by discipline and ad
vanced years as a student. His college experience would give him such 
facility of analysis and power of comprehension that both the quality and 
quantity of his subsequent technical work would be greatly increased, while 
the breadth of his preparatory training would in all cases completely counter
act any narrowing influence of his purely technical study and investigation; 
and theie now only remains to determine in a general way what that shall 
be. I believe Prof. Waddell has in the main most admirably settled this part 
of the question. In continuation, however, with what has preceded, I would 
limit the course in the civil engineering school to three years and place many 
of his first year subjects in the elective college course; such, for example, as 
Analytic Geometry and Natural Sciences. In the writer’s opinion, also such 
subjects as Mining Engineering, Mechanical Engineering, Electrical En
gineering and Ship Building should be omitted from a course in Civil En
gineering, as here contemplated, as not sufficiently germane to the subject. 
It is believed the same may be said of Foundry Work and Pattern Making 
as well ns Architecture, unless the later be composed of some very funda
mental notions which would enable the engineer to utilize properties of mate
rials and constructive principles so as to produce outlines of good engineering 
structures and features of sound construction, without violating the canons 
of good taste.

It would certainly be useful for a civil engineer to be familiar with the 
subjects just criticised, but he is human and correspondingly limited in his 
capacity to work, and in these times of specialization he cannot practice as 
a universal engineer. He will find it sufficiently difficult to perfect himself 
as a civil engineer, and he should concentrate all his technical efforts in that 
direction.

It is also a very grave question how far shop-work should enter the 
course in civil engineering. It is certainly true that such a course of study 
may be founded without a trace of shop-work in it, and yet be productive of 
excellent results, for actual test has demonstrated the fact. No civil en
gineer needs facility in the use and manipulation of tools and machines, or in 
foundry work and pattern making, but he should understand their capacity. 
Whether actual experience in shop-work is necessary to enable an educated 
and intelligent man to determine what shapes for an intended purpose can 
be most economically produced, or, sometimes, produced at all, may possibly 
be a matter of opinion, but I am confident that experience is not necessary. 
Proper lectures on the use of tools and machines, illustrated and enforced 
by constant references to models and drawings of metallic structures showing 
the members shaped and surfaces finished by them, together with frequent 
and careful studies of the same tools and machines at work, not on models 
or specimen pieces, but on actual members in process of production in acces
sible shops and foundries, will supply just the knowledge of these principles, 
both in quantity and quality, which properly govern design. While I am
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aware that clinical lectures of the mechanical kind are not in some quarters 
considered of much value, I am confident that these careful and well-directed 
shop observations, supplemented by proper lectures, are productive of every 
desired result.

With the modifications just indicated, and with the purely technical part 
of Professor Waddell’s curriculum applied to a three years’ course supple
mentary to the elective college work covering four years, I should consider 
this civil engineering study extending over seven years no more complete 
than professional requirements now demand. A young man would then be 
ready to begin his practical life at the age of twenty-three years, which is but 
little, if any, in advance of the average age of the graduates of one or two of 
the best of our technical schools.

It may be objected that the preceding scheme is too elaborate, that the 
great body of average young men cannot be expected to attain to such a high 
professional grade as is contemplated in this broad and extended scheme of 
education. All of which I admit, and more. But it is undoubtedly true that 
the highest success in civil engineering, as now constituted, demands even 
more of an educational foundation than that here outlined; and it is equally 
true that a complete technical course of study should be so designed as to 
develop the best men in the best possible manner. In the midst of such 
general excellence the average man, by the force and example of his environ 
ment, will be brought to the highest possible stage of development; much 
higher, in fact, than in a system of less general merit. Again, with such an 
admirable educational system, the responsibility of failure rests not with the 
institution but with the individual.

Let it not be supposed, however, that I for a moment imagine the result 
of such a course of study is the finished civil engineer, who is really the 
product of ability and adaptability combined with years of experience based 
on the broadest and best educational foundation.

For this reason I can scarcely command language strong enough to 
condemn the present practice of conferring the degree of “Civil Engineer" at 
the end of a frequently and usually meager course of study. Whatever may 
have been the intent in its origin, in its present practice it is almost uni 
versally little else than a bid for patronage. Certificates vouching for the 
amount and quality of work done may with propriety be given at any point 
in the course, but the degree of “Civil Engineer” should only be given after 
the satisfactory completion of the entire course of study, supplemented by 
at least two years of actual experience in engineering work and on the 
presentation of a creditable thesis.

The organization and administration of such a three years’ course in 
civil engineering as has been outlined may be satisfactorily completed in a 
number of ways, and it will be advisable to touch on some main features only

Whether the corporation should be “the President, Fellows, etc.,” or 
“the President and Trustees, etc.,” is of little matter, but it is of vital ini 
portance that there should be no “one man power” about the educational part 
of the establishment. Among all vicious features, a self-constituted autocrat 
with little greatness and great littleness probably stands pre-eminent, ami 
such a millstone about the neck of a worthy institution is not unknow 
Able men with strong character, competent to fill a professorship, and witli i 
corresponding amount of self-respect, need not and will not quietly sen '
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under such circumstances. As an inevitable consequence, lack of harmony 
or vacant chairs will result; and both are highly objectionable.

The head of the faculty may possess the veto power, but he should use it 
with the gieatest discretion. In other respects, so far as the curriculum 
and educational discipline are concerned, he should simply be the executive 
officer of the faculty. There should be frequent stated meetings of the 
faculty at which heads of departments should vote and the result should be 
final. Lectures, recitations, and examinations should be conducted in the 
broadest possible spirit. So far as the methods of instruction are concerned 
little need be said, for if an instructor is competent to fill a chair in a faculty 
of civil engineering, methods may safely be entrusted to him. If such 
responsibilities are not safe in his hands he is unfit for his position and 
should be promptly displaced in favor of a competent person. The same 
effective measure of reform should be applied if by any unfortunate appoint
ment a chair is found occupied by an instructor who allows his whims, his 
narrow ideas, or, worse yet, his spite, to govern his ordinary exercises or his 
examinations. This evil is by no means imaginary, and it is known to exist 
in connection with mistaken ideas which restrain the proper authority from 
exercising its remedial power of removal.

“Fellows or Trustees” should understand that the educational discipline 
of the institution and details of the course of study can only be effectively 
reached through the faculty; hence their direct interference will inevitably 
bring disorder and almost as inevitably increase the difficulty intended to 
be remedied. It is their duty to see that proper men are in the faculty to 
conserve such matters, and to remove without delay such as are disinclined 
to discharge the duties and responsibilities of their positions.

By Alfred P. Boiler, C. E.

Without undertaking to cover the whole ground embraced in Mr. Wad
dell’s paper, the fruit of careful study, backed by a post-graduate experience, 
there are certain points on which too much stress cannot be laid and which I 
desire to emphasize.

1st. The standard of admission to technical schools should be raised, 
especially in the department of belles-lettres, in which now next to nothing 
is required. English studies, composition, grammar, geography, history, etc., 
are out of place in a special school for technical education—a preparatory 
department would be a good adjunct to such schools, where a young fellow 
could get a fair training in studies of general culture.

2nd. The elaborations of the higher mathematics should not be carried 
beyond reasonable proportions, since the great bulk of students will never 
have any use for their application. Their time can be more profitably em
ployed in the application of practical mathematics to the practical problems 
required in the performance of actual work. Opportunity, however, should be 
afforded for the specially gifted or inclined students to pursue mathematics 
as high as they choose to go. Mathematics carried up to the point of a full 
knowledge of the Theory of Elasticity, and the necessities of Coast Survey 
Oeodetical operations, would be as far as should be compulsory for the
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average student. Over-development in mathematical refinement is apt to 
lead a student astray in the belief that engineering is an exact science, 
whereas it is in a large part the application of common sense, tempered by 
varying conditions of a physical nature or commercial necessity.

3rd. Some attention should be paid to the principles and practice of archi
tecture, as essential to correct design, engineers as a rule being deficient in a 
knowledge of taste in building construction, or what constitutes appropriate
ness or fitness in mass, proportion, and color. Other things being equal, they 
should know on what principles to select that which is most pleasing to the 
eye, and appropriate for a given purpose in view.

4th. Thoroughness is essential—a special school must live upon its repu
tation, and not be prostituted for the purpose of securing a large income. No 
student should be progressed, much less graduated, without having performed 
satisfactorily all the work assigned for him to do. An institution will soon 
lose its standing when it relaxes the enforcement ol' its avowed requirements, 
to say nothing of the resulting injustice to its students, and the loss of that 
“something” which the French call esprit, so vital for “a long pull, a strong 
pull, and a pull altogether,” in one common interest.

5th. No matter what system may be adopted, its working, after all, is 
in the hands of the corps of teachers, and their individuality is more or less 
stamped upon its mode of application. The best devisable system will turn 
out the poorest kind of results if in the hands of inefficient or inexperienced 
teachers. Teaching does not consist in hearing a lot of recitations, but in 
an intelligent enforcement of principles with their logical bearing upon a 
given end in view. It is therefore of the first importance to make such 
pecuniary inducements, either in the way of salary or outside opportunity 
as to secure capable professors. And this is just wherein consists the prac
tical difficulty of the whole subject. Engineering being peculiarly a profes
sion of applied science, men successful in its pursuits can hardly ever be 
tempted to become teachers, even if fitted by temperament to such work 
It has therefore been the custom to take young men fresh from graduation 
and make them professors in an active profession of affairs which they have 
never practiced. I must confess to an inability to see how this system can 
be materially changed. It may be tempered by a system of outside lecturers, 
active members of the profession, upon practical topics, who can give very 
many valuable ideas or suggestions that would be of great service to the 
students in after life.

6th. The director of the technical school is the fountain head of its 
administrative and educational methods, and no pains should be spared, and 
every inducement offered, to secure the right man for this vital position 
Few men are gifted with the grace of character, social relations, experience 
intellectual training, and diplomatic interest that an ideal director should 
possess. A near approach can only be attained by sufficient salary induce 
ment to tempt those best fitted for the position, and I would regard $6,00( 
per annum none too high for such a man.

It must not be forgotten in discussing this subject that no school car. 
make engineers—it can at best give the student only a ground of engineering: 
science, that will enable him to rise more rapidly in the world when once h 
contact with actual practice. The engineer is born and not made, and only 
he who has the true engineering instinct will even rise beyond the genera ■ 
level of mediocrity.
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It is a mistake, in my judgment, to give diplomas at graduation, as is 
now done. The degree of E. S. or M. E. should be carried by a post-graduate 
record, the certificate of graduation being all that a student should receive, 
after completing his technical course. The degrees would be prizes still to 
win, and worth something when attained.

Extract from a Letter by G. Bouscaren, C. E.

The first requisite of an engineer is accuracy. I am sorry to say that, 
within my personal experience, very few graduates possess this quality, not 
from the want of natural ability generally, but from the fact that they never 
acquired the habit of checking their work. This faith in the infallibility of 
the mind works disastrously in an engineer’s office.

“Error is the rule, truth the exception.” These words should be written 
in epigraphic form in all lecture and study rooms of engineering students; 
they should be taught that the simplest operation should be proved before 
accepted as correct.

I do not see in Professor Waddell’s curriculum any mention of methods 
of approximation as applied to the ordinary practice of engineering; this is 
certainly a great desideratum for the training of the judgment of the average 
young man who reads his rod to the 1-1000 part of a foot on rough sloping 
ground and neglects to check his bench, and who is content with an un
verified assumption of load on a structure, but will carry out the stress on 
each member to a fraction of a pound.

The majority of American graduates are very deficient in the art of 
draughting—wherein they stand in dreaded inferiority to their European 
brethren, who for this reason only will often beat them in the race for posi
tions. It is a great error to suppose that the introduction of the lieliograpliic 
printing process has much decreased the demand for good draughtsmen. 
This printing simply saves the time and labor of “tracing machines,” but it 
does not design details or produce the carefully drawn graphics which should 
always serve as a proof for analytical calculations.

Although proficiency in draughting is not indispensable to the success 
of an engineer if otherwise well gifted, it is an advantage which he cannot 
afford to throw away and which should be given by all good technical schools.

By W. H. Booth, C. E., Manchester, England.

The field of engineering is now so extensive that no man becomes really 
an expert in every branch. Still it would appear that a breadth of education 
is necessary to every engineer even should he be intending tv become a 
specialist. The great fault in engineering education has hitherto been the 
neglect of practice, and students of engineering may be found who are 
steeped to the lips in text-book learning and yet who have no ideas of a 
practical nature and would find it difficult to apply their knowledge to a
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practical case, and even when they endeavor so to do they evince so much 
ignorance of facts necessary to be considered that their designs are very 
faulty. An engineer should certainly be trained in something further than 
mere theory so-called; practical knowledge should be acquired, and to both 
should be supersdded at least a knowledge of materials and market prices, 
without which no engineer dealing with contracts can be held efficient. 
Ignorance of practical detail and neglect of common-sense precautions are 
usually made apparent in specifications and working drawings, which show 
to the real engineer the ignorance of the man who drew them up. An ex
ample of this may be cited. A11 engineer to a large corporation put out a 
design and specification for a structure on a pile foundation. He had ob
tained borings of the site, and probably, to his own satisfaction, came to the 
conclusion that the piles should attain a certain penetration. This he speci
fied, and his drawings, nicely colored, showed the finished piling all driven 
down to one level. What were the practical results? It turned out to be 
impossible to drive piles, of the soft timber specified, to within about half 
their length, for the ground was hard and unyielding and proved one in 
which piling was really unnecessary. The Inspector or Clerk of Works 
appointed did not understand his job, and compelled the contractor to drive 
for an unnecessary time. The result was that almost every pile was split 
from head to toe and no further penetration obtained. Money was wasted 
because, though he recognized clearly his mistake, the engineer had not the 
courage to alter his plans.

In another instance of a similar structure designed by an engineer who 
could realize existing facts, it was specified that no timber be ordered for 
piling until it has been proved, by actual driving, at the four corners of 
the foundation and other parts, of some dozen trial piles, what penetration 
was really necessary and possible. The result was that timber was bought 
to correct lengths, that each pile was put down to a bearing stratum and in a 
sound, unsplit condition, and while the first engineer added nothing to his 
reputation, the second at least lost nothing, and obtained a cheaper and bettei 
work. It is on account of such errors that so much of the ill-will felt by con
tractors toward certain engineers arises, and attempts at scamping are made 
An engineer’s education should fit him to be a man of courage; he should do 
his best to avoid errors, but when an error has been committed he should not 
act the coward to the extent, which his specification and contract probably 
admit, of throwing the brunt of the loss upon a contractor. This is com
monly done, however; but an engineer who will not manfully own up to his 
own mistake deserves to be drummed out of the profession to which he is a 
disgrace.

In the knowledge of materials and market prices, too, engineers are 
sadly lacking, if one must judge by the qualities of the materials they 
specify, the sizes and sections shown on drawings, and the prices at which 
they will accept work. If an engineer understands prices he will know, when 
a tender is submitted to him at a cost less than that of the raw material, that 
either the contractor has made a mistake, or does not intend to do an honest 
piece of work, or is making a sacrifice to obtain a footing, or perhaps has a 
stock of material to be worked off. Now, though it may not be the duty of 
an engineer to save a contractor from loss, and it may be his duty to accept 
the lowest tender, he should have such a knowledge of costs as will show him 
that below a certain figure a fair and honest piece of work cannot be done at a
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profit, and unless satisfied that there are good reasons for so low a tender, 
he should refuse to accept such a one as leading to greater expense and 
trouble in the long run.

Professional etiquette ought to be a portion of every young engineer's 
education. He should be taught clearly and plainly that when acting as 
engineer he should not soil his hands in trade. I do not mean by this that 
trade is low or mean, but that when mixed up with contractors he should 
avoid partiality for certain manufacturers. Contractors too often find, after 
they have signed a contract, that the engineer expects them to go to certain 
parties for their materials, and by doing so they have to pay perhaps 20 or 30 
per cent, more for their stuff than the price on which their tender was based. 
If they purchase where they choose they speedily find that no matter how 
good may be the material, it comes in for condemnation, and the Clerk of 
Works refuses to pass work, however excellent, because he knows that this 
will please the engineer.

When special manufacturers are desired, this should be plainly stated in 
the specification and enforced in carrying out. The silly clauses of speci
fications, too, ought to be expunged; they may be thought by some to denote 
care and excellence, but clauses which specify impossible virtues in timber, 
qualities of iron for bolts, etc., which stand at such a price that no contractor 
would dream of putting them in his tender, are mischievous and should be 
avoided.

The foregoing may appear, to some, out of place in a discussion on tech
nical education. How really important the points named are is keenly ap
preciated by many who nave suffered from the ignorance of them. The 
ignorant engineer is a worse man to deal with than the strict and learned one. 
His ignorance prevents him from making any concession to changed circum
stances, for he knows not how much to concede or how little.

In proving the knowledge of a student by written examinations, it 
appears to the writer that these should not be the over-shadowing events 
which they usually are in England.

As the period of examination draws near, there is always an air of 
excitement about a college. Nervous students, often the ablest men, feel as 
though execution were at hand and probably fail miserably. Frequent 
examinations should be held; they lose their terrors in this way and are 
then far truer indexes of comparative ability.

The choice of text-books is one intimately connected with the practical 
training of an engineer. These books should be something more than a 
mathematical exposition of principles. The works of Rankine, for example, 
ore good as far as they go, but they are not suited to be put into a student’s 
hands alone. The man who takes Rankine’s works and adds a practical 
appendix or design to each chapter will do a va'uable service. The engineer 
who is best able to appreciate Rankine is the one who has been in practice 
for some time.

A student ought to be early taught to associate theory and practical 
design. American books, more than others, are examples of what students' 
books should be. A simple mathematical course of instruction in framed 
structures with fancy diagrams carrying suspended weights marked W has 
neither the interest nor the value to a student which is possessed by the 
same course applied to a practical example which may be a roof or bridge in 
the neighborhood. The difference between the actual structure and dimen-
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sions figured out by the class may be made useful in showing how the design 
has been modified to suit material, or even to indicate a possible lack of 
economy or a want of appreciation of some factor which should have entered 
into the designer’s calculations.

In the matter of models it cannot be too clearly impressed on the guiding 
authorities of a technical college that those should be, as Mr. Waddell re
marks, intelligently designed and properly manufactured.

The writer has now before his mind the boiler-house of a very celebrated 
college. The house is inconveniently and badly designed; the boilers it 
contains are very far from being examples of good design, while the engine- 
house close by is too small to allow two men to pass comfortably into it. 
The whole is a sample of what to avoid; yet students from that college will, 
many of them, have few or no opportunities of seeing other and better 
designs, and may, in distant colonies, have this model in their memories if 
called on to design a steam plant.

The thorough course of study laid out in the paper is excellent, but 
there are many who have in them the making of good engineers that cannot 
afford such a course. Still, for such as can afford it, an education thus gained 
would be a far better return than such as can be obtained by the prevailing 
custom of paying a heavy annual premium for the privilege of sitting on a 
stool in the office of a great man who never interests himself in his apprentice 
and teaches him nothing. Such a course is simply ruin to a young man who 
has not the courage to insist on being properly employed on works.

In the matter of manual work is chiefly found disagreement between 
those who, believing in special education for an engineer, are of different 
opinions as to the nature of such an education. Some insist that the en
gineer should be as good a workman in every branch of trade as any who 
may be under his authority, but this is clearly impossible. To acquire a 
workman’s skill in dealing with timber, iron, and stone, not to mention 
bricklaying and numerous other allied trades, would occupy years, and 
though clearly of advantage to any engineer, is not reasonably possible. As 
well demand that the surveyor of a railroad be able to take the lead of the 
most powerful navvy in wheeling loaded barrows. Indeed, it appears likely 
that a series of good workshops, each with at least one first-rate tradesman 
attached to the college, should be sufficient in teaching the practical art. 
though the rate of work is best learned by actual experience in some manu
facturing concern, as also are methods of conducting work. In the work
shop of the manufacturer, too, are best learned those essentials to economy 
which embrace the utilization of, say, one pattern for several sizes of 
machine by very slight alterations of the pattern. The casting of both cylin
ders of a locomotive from one pattern is a case in point. Such workshop ex
perience, however, need not be of great duration; a man of ordinary intellect 
will soon grasp the ideas necessary—knowing for what he is seeking.

In imparting instruction the instructor should not allow students to 
forget what it is they are there to learn, and he should aid them rather 
by hints than by direct help.

When under examination it appears unreasonable to withhold common 
pocketbook information, such as weights per cubic foot of the différéiv 
materials dealt with in the question. If withheld for the purpose of evolving 
the knowledge of the student on such points, those who cannot recollect these 
numbers and other coefficients should be allowed to assume values, for. in
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practice tables of these values are always at hand, and to refuse them is to 
condemn often the best men to failure, and to favor a system of cramming 
which is injurious; when a student understands principles he may be trusted 
with materials, but formulae in the hands of him who does not understand 
their signification are hurtful. The great aim of all teaching should be to 
lead a student to apply true principles to work.

By Prof. Geo. F. Swain, Massachusetts Institute of Technology, Boston, Mass.

The paper of Professor Waddell is without doubt the most valuable con
tribution to the subject of Civil Engineering Education that has yet ap
peared, and no one can read it without obtaining many valuable hints, 
although he may be obliged to differ with the author on some points. I am 
glad to have the privilege of expressing some views in regard to what a 
course in civil engineering ought to be. Professor Waddell has arranged 
an ideal course, which would certainly be thorough, but which is unfor
tunately impracticable and not adapted to the conditions in this country at 
the present time. One of the principal difficulties that higher schools here 
have to contend with is the lack of proper preparatory training in the 
students and the want of uniformity in preparatory schools generally. An 
applicant for admission may be able to pass the entrance examinations and 
yet be far from qualified to pursue the course to the best advantage, and 
vice versa. If a school were so fortunate as to be financially independent of 
tuition fees, it might raise the standard of admission by one or two years, 
and with that as a basis arrange, as Professor Waddell has done, an ideal 
course of five or six years, thus adding practically two or three years to the 
courses now generally given. But the writer does not believe that such a 
course would be at all advisable. In the first place, the number of students 
seeking such a school would be small, considering the present condition of 
our preparatory schools, and the institution, under this arrangement, would 
not be doing the work in the community that it might. In the second place, 
the greater number of engineering students, judging by the writer’s expe
rience, are young men who expect to be obliged to earn their living as soon 
as they graduate, and who desire to complete their course with as little delay 
ns practicable. Those who form the exception to this statement would be 
the ones who would perhaps seek a school giving a more extended course. 
Now, the writer believes that a rather better plan than Professor Waddell’s, 
nnd one which enables the school to cover a much wider field of usefulness, 
while in no wise impairing its capacity for teaching advanced subjects, is 
the one by which, with requirements for admission corresponding to what 
is attainable in the ordinary preparatory and high schools, the regular 
course is made to cover four years, while advanced courses, leading to 
advanced degrees, may be pursued by students having time and inclination. 
This is the general plan now followed by several leading institutions. 
These advanced courses, however, should be carefully laid out, and provision 
made for teaching every subject of importance.

It must be remembered that there is a limit to the amount of detail 
which it is in general advisable to teach in a school, depending a good deal
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upon the character of the students, and whether they have beforehand had 
any practical experience. The average age of students entering the higher 
schools, judging from the writer’s experience, seems to be not far from 
nineteen years, and there are many students who afterwards make excellent 
engineers, who obtain in four years about all that they could profitably get 
in a school, while there are many things that it is far better for such men 
to learn after they graduate. Students who desire a more thorough course, 
and older students who have had some experience, should be able to get all 
they desire in the advanced courses.

These views, however, are based on the assumption that the regular 
four-years’ course is rather differently arranged than is now usual. Many 
institutions are now, and have for years, been engaged in an attempt to crowd 
into four years what would naturally occupy five or even more, either by 
resorting to a process of mental compression or by treating the various 
subjects very superficially. In the former case the effect upon the student 
is very similar to that produced by an overloaded stomach, and the super
fluous material is very soon thrown off without having been of any benefit 
to the organism; and, in the latter case, the student’s conceit is usually 
developed at the expense of his brains. Some remedy for this is imperative, 
and the plan which seems most promising to the writer is, first, to omit 
from the course such studies as will in after life be of limited practical 
importance to the student (such as higher Chemical Analysis, Zoology, 
Paleontology, Crystallography, etc., from a course in Civil Engineering), 
and, second, to introduce options into the course. In the Massachusetts 
Institute of Technology it was found necessary years ago to omit from the 
civil engineering course many studies which are taught in some other similar 
schools, and thereby to obtain more time for professional work; and the 
results have been very gratifying. It had been found that within a year or 
so after graduating the students had entirely forgotten whatever they once 
knew of such subjects as those above enumerated, and as for the training 
they give, it was considered that it could be much better obtained in more 
purely professional work. In the same institution the use of options has 
been within the past year very extensively introduced, and students, while 
required to take a certain—and, indeed, a very considerable—amount in each 
of th’e branches of civil engineering, are now allowed, if they choose, to pay 
particular attention to some one branch, and to devote proportionally more 
time to it than to any other. It not seldom happens that a student knows 
exactly what branch of engineering he is to pursue in after life, and this 
system enables him to fit himself particularly in that direction, while a 
student who is uncertain what his future will be should have a general 
course embracing all branches in about equal proportion. Prof. Waddell has 
well alluded to the rapid specialization of engineering, and in view of this 
fact some such system as the above seems to the writer imperative; at the 
same time he should not be understood as advocating a narrow training. A 
course in civil engineering should be very carefully laid out so as to avoid 
this, by one familiar with teaching and with the needs of the profession; 
and it should be very carefully balanced. A proper course of this kind 
requires more instiuctors than one of the old kind, but it also has the very- 
great advantage that each instructor may be a specialist, and his instruction 
all the more valuable on that account. One man cannot well teach all the 
branches of civil engineering with any degree of thoroughness. The thing
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may be set down as a practical impossibility, and the more instructors the 
better the instruction will be.

As regards methods of teaching, Professor Waddell has covered the 
ground so ably that little more can be said. The subjects, or matter of in
struction in schools, may be divided into two classes: the first includes those 
things, such as mathematics, mechanics, etc.—in fact, those things commonly 
called theoretical—which the student will probably not learn at all, or very 
imperfectly, unless he learns them in the school; the second includes chiefly 
matters of practical detail, or those things which the student must learn if he 
is to succeed in practice, and which in many, if not in most cases, he can 
learn better and more quickly out of the school than in it. Now I take it 
that nobody will deny that the first class of subjects—the principles of en
gineering—are the things which first and foremost should be taught, and 
taught thoroughly. The others should be taught as far as there is time for 
them. Of course there are many things, such as surveying, of which the 
principles are best taught by teaching the practice, and of this an engineering 
graduate should have a very thorough knowledge, but we are dealing now 
with generalities, and need not go into particulars, as there is no danger of 
being misunderstood. But I hold that in teaching principles they should be 
taught in connection with the practice. Copious illustrations from practice 
should be given, and the student should be made to see the practical bearing 
of everything he learns. He should not be allowed to look upon his me
chanics and mathematics as entirely independent of and distinct from his 
practical work, but he should be trained to see their connection. Only in 
this way, the writer believes, can the student be made really to understand 
and appreciate and remember what he is taught. In connection with 
hydraulics, measurements of flow should be made in some stream or mill 
flume, and excursions should be made to hydraulic works, and to cities such 
as Holyoke, Cohoes, Lowell, etc. In connection with bridges, visits should 
be made to bridge works, if at hand, or to bridges in the neighborhood or 
in the process of erection. And the very best way of enforcing this method 
is by actual work in designing, so well emphasized by Professor Waddell. 
The writer is fully convinced, from his own experience, that there is nothing 
like it as a mental training for the engineer, as well as an aid to the student 
in understanding and appreciating the value of his principles. Rightly 
considered, there is no gap between theory and practice; the two must go 
together. There is no theory which is worth anything which does not take 
account of actual conditions of practice, and there is no practice which is 
worth anything which does not, when necessary, make use of the proper 
theoretical considerations. This the student should be made to see.

It is further very important to teach the student accuracy and, as far ns 
possible, originality. There is no better way to train him in accuracy than 
by practice in designing, especially in bridge designing; and originality may 
be fostered by proposing new problems or examples, and getting the student 
to think for himself, though there are some men who seem to have no power 
of doing anything that they have not seen done before.

There is one thing to which I think the author of the paper has not 
directed sufficient attention, and that is to the study of English. In this 
respect technical schools labor at a disadvantage, and not being able to 
devote much time to English branches, it often becomes the feeling of 
students, and sometimes of instructors, that these are of little importance.
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No idea could be more erroneous. The engineer who can write a good report, 
who can express himself, clearly and tersely, and who can spell correctly, 
will have a great advantage over one who has not these acquirements, and 
proficiency in this direction should be vigorously striven after. On this 
account the writing of abstracts, reports cn various subjects, vacation 
memoirs, etc., should be introduced as far as possible. In the experience of 
the writer very good results have been obtained by requiring the students 
to examine and report on some engineering structure, or on the sanitary 
condition of a small town, the disposal of its sewage, or the plumbing of 
some large building. It is, nevertheless, true that until our preparatory 
schools do more and better for us in this direction, we shall not be able to 
accomplish as much as is desired.

Neither can I agree with Professor Waddell in his remarks about modern 
languages, or in his statement that any work of real value in French or 
German is very soon translated into English. It is no doubt true that 
many students leave our technical schools after having studied those lan
guages for years, and yet without the ability to read a book in either of 
them. This, however, simply indicates a fault in the method of instruction, 
and I think many improvements remain to be made in this direction, particu
larly in technical schools. The instruction in French and German should not 
be left wholly to the teachers of modern languages, but should be taken 
hold of by the teachers of engineering themselves. The students should 
be made to appreciate the fact that much of the best literature is in French 
and German; the technical periodicals in those languages should be put into 
their hands; they should be made acquainted with the vocabulary of en
gineering terms; required to make abstracts of important papers, and in this 
way fairly initiated into the use of the language, and their interest in it, 
from a technical point of view, aroused. In this way excellent results may 
be attained.

The author’s remarks about text-books, examinations, lectures, etc., 
are very good. Every teacher of experience will doubtless have found a 
combination of methods of instruction advisable, depending upon the char
acter of the subject, the time at disposal, the number of students in the 
class, and other matters. I am inclined, however, to attribute much more 
importance to the lecture system than is done by Professor Waddell, pro
vided the students are instructed in the taking of notes and required to 
keep their note-books ready for examination. A competent teacher can in 
one lecture give the student information that he would be obliged to search 
several books, perhaps in foreign languages, to obtain; he can in a course 
of lectures give the students, in many cases, the meat of the subject in a way 
in which he could not obtain it elsewhere; and he can duly compress or 
expand the subject with reference to the time of disposal. Professor Wad
dell’s method of requiring the students to read a great number of books 
or “everything of value in the English language upon the subject,” appears 
to the writer most decidedly uneconomical of time and energy (except: 
for the instructor), if not impracticable, and I believe much better results 
will be obtained in the same time by covering the subject with a well- 
prepared course of lectures (if a suitable text-book is not at hand), and 
spending the remainder of the time which Professor Waddell would devote 
to reading, in designing or similar work. The writer’s practice is to have 
his notes printed in abstract for the use of the students, who are thus
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enabled to pay attention to the lectures while in the class-room, and relieved 
in large measure from taking notes. The lecturer can expand the subject to 
any extent he desires, and the student, with the printed book to guide him, 
and a few notes taken by himself, is enabled easily to complete his notes 
afterwards. He is still required to have a note-book ready for examination 
at any time. Nevertheless, the fact remains, that the lecture system is 
best suited for the higher classes, and that for the lower ones the use of 
some good text-book, where there is one, is preferable. Professor Waddell 
believes in informal lectures; the writer thinks that all lectures should be 
to a large extent informal, and that the students snould be continually 
encouraged to ask questions freely at any time.

The author’s remarks regarding examinations are excellent. As to the 
ordinary method of written examinations lasting three or four hours, there 
can be no question of its inadequacy, and to grade or judge students solely 
thereby must often be accompanied by great injustice. Oral examinations do 
not seem to the writer very much better, though he has never tried them 
extensively; to him the only method seems to be to hold intermediate exam
inations at intervals, and to take due account of the recitations and general 
behavior of the student during the term.

The course of study laid out by Professor Waddell is an entirely imagi
nary one, and may be said to be impracticable at the present time and with 
our present preparatory schools. A student going through this course would 
certainly have no cause to complain of its incompleteness, though there 
are some details which appear to the writer faulty. For instance, in the 
first year, forty lectures seem an entirely inadequate number to devote to 
the five natural sciences named. Would it not be much better to omit 
entirely the Mineralogy and Lithology, if no more time is at disposal? 
Again, the number of hours allotted for preparation appear to the writer 
too large in proportion to the number of lectures or recitations; it having 
been the experience at the institution with which he is connected that about 
two hours of preparation to one of recitation is about the maximum which 
give good results. These, however, are very minor details and call for no 
further discussion here.

In regard to drawing, it seems to me that the best results will be ob
tained by having the drawing in each department supervised by the teacher 
in that department, instead of by one professor of drawing. In fact, with a 
large school it is difficult to see how the latter plan is practicable. Each 
teacher should be enough of a specialist to be competent to look after the 
drawing connected with the subjects he teaches. In field-work, the class 
should be divided into sections so small that each man should be kept occu
pied all the time. This, with large classes, requires, of course, a number 
of instructors. Finally, I cannot fully agree with Professor Waddell that 
students should be required to spend very much time in making estimates 
of cost, or in becoming familiar with current prices. I think these are 
matters which are better left, in great part, for the student to learn after 
he graduates; and in ninety-nine cases out of a hundred he will have ample 
opportunity, before he is himself in a position to make a detailed estimate 
of cost, to see how it is to be made. In the work of designing, economy 
should, of course, be particularly dwelt upon, and in comparing different 
methods and projects it will frequently be necessary to refer to price lists 
or to engineering periodicals for market prices of ordinary materials. And
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it seems to me more advisable to spend the time in expanding and enlarging 
upon this side of the question than in actually calculating the cost of many 
structures.

By Prof. A. J. Du Bois.

Professor Waddell's paper contains so many goods things and raises so 
many questions that I can only briefly notice a few. The practical question 
with teachers is not so much what is the ideal course, as how best to approxi
mate to such a course under special conditions and restrictions. Of these 
restrictions, lack of means is by far the most important, and will, I think, 
be found to be the direct or indirect cause of nearly all the exceptions and 
criticisms which are usually made as to methods of teaching and scope of 
instruction. The whole question thus narrows down in practice to how can 
one do the best with the means at command. Given so much teaching force, 
so much time and so much plant, how can so many students be best pre
pared? This is as much a question of skillful engineering as any likely to 
arise in the engineer's practice, and for its best solution in any special case 
a clear idea, apart from any limitations of what should be aimed at and of the 
general principles which should guide, are of the first importance. In this 
respect Professor Waddell’s paper seems to me of much value and full of good 
suggestions by which I for one hope to profit. I think I see in it the evi
dence of the thorough teacher and of an experience quite exceptional in some 
respects.

The first requisite is of course money. Insufficiency of means implies 
lack of ability in teachers, inadequate teaching force and plant, and insuffi
cient time given to the course. I need hardly dwell on these points. They 
account in themselves for nearly all the faults and shortcomings from which 
our courses suffer. They are not, however, of equal importance. A real 
teacher is “born and not made.” At least, unless he brings to his work that 
enthusiasm and special fitness and tact essential in any calling to real 
success, he is out of place and not the most eminent professional ability or 
experience can make of him a good or even desirable teacher, no matter how 
accomplished as an engineer he may be.

This point has not usually, I think, been insisted upon as strongly as it 
deserves. If, with unlimited means, our schools could call to their aid the 
first professional talent in the country, it is an open question just how much 
would to-day be gained by the students. Not every one can teach even that 
which he has thoroughly mastered, and instances of eminent learning and 
brilliant talents all but wasted in the professor’s chair have been frequent 
enough to enforce this point. I am free to assert that in this respect lack oi 
means is not so responsible for results as many suppose, and that mediocre 
ability in those who fill the chairs in our technical institutions is not the 
most noticeable evil. The true teacher finds his place in this direction, as 
in all others, and neither insufficient salary nor cramped facilities can keep 
him out, although they may cripple his efforts. To the born teacher there are 
compensations not measured in money. His vocation is the noblest and his 
rewards are of the highest. He has found his home in our schools, he hns 
“come to stay,” and his work is going over the land and will speak for him.
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Inadequate plant is a more important limitation, but in most of our well- 
appointed institutions I think it will be found that if the plant is not all 
that could be desired, yet with skillful management it suffices for good, if 
not for the best results. Increased means well administered would undoubt
edly do much for us in both the preceding directions, but I would not put the 
main stress upon them.

If I wished to point out the weakest spot in all our institutions I should 
confine my remarks to inadequate teaching force and time. Here, I think, 
is the place for reform, here first I would apply the means I covet, and here I 
would look for the cause and the remedy of those faults in method, system, 
curriculum and what not, which lie so open to the captious, of which we are 
ourselves so well aware, and which we are all trying so hard, and, as some 
think, so vainly, to eliminate.

A teacher’s capacity to teach is inversely as the numbers he has to 
instruct. A “born teacher." say, is doing good work with good facilities, 
along a well-proportioned course. Now, then, double the number of his pupils 
and other things do not remain the same. His facilities are now inadequate, 
his whole course thrown out of gear, his methods must perforce entirely 
change. He spreads out too thin. His personality will not go round. His 
character, individuality, and enthusiasm lose their inspiring power. The 
nice touch of mind on mind, which is more to the pupil even than the 
knowledge imparted—the educating power—is weakened, and then methods 
become perfunctory, “marks” and “discipline” the necessary adjuncts to 
“machine teaching,” make their appearance and the inevitable sequence of 
“cuts” and “skinning” follows. Here is the crying evil, and its conse
quences are myriad, and run through the whole system, lowering the 
standard of admission, working back upon the preparatory schools and 
forward through the whole course to final examination and to graduation. 
The teaching force, first of all and above all, must be kept adequate to the 
number of students. As civil engineering breaks up with the growing re
quirements of the day, into specialty after specialty, the teaching force must 
keep abreast of the requirements of the times. No one man or two men will 
do, but many permanent chairs must be kept filled and co-operating.

The fact is, we have gone ahead too fast in this country and tried to 
build from the top down. Instead of a thorough preparatory school system 
ns a basis for all oui higher institutions, we have commenced with the 
higher institutions, and based them upon the shifting sand of private tuition, 
and irresponsible, unorganized, unsystematic, and disconnected “private 
schools,” where a dozen boys are “prepared” at the same time for as many 
different institutions with as many different standards and requirements. 
Then, in our higher institutions themselves, we have handsome buildings 
and expensive dormitories, and extravagant exteriors, with very often 
meagre equipment, and nearly always insufficient teaching force. Too much 
for show, and too little for work. The first duty of a college is to teach—to 
lodge its students in palaces of brick and brown-stone is not of such imme
diately pressing importance.

Next in order I would put lack of time. Our students partaking of the 
spirit of the age are in a hurry also. They want to get out as soon as possible 
and go to work. Thus our courses are crowded and curtailed. Not until 
these two points are attended to, and remedied, can we even begin to discuss 
with profit such questions of detail as curriculum and methods of instruc-
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tion. Indeed, I firmly believe that if these two points were remedied, there 
would in a short time be very substantial agreement, and little to criticise 
on all these minor points. The greater includes the less, and we would do 
well in our discussion of this whole question to aim steadily at the center. 
My plea is then, in brief, give us money. Money for more teachers, money 
for more time. Time and teachers—not increased salaries, we do not ask 
even for that, but only more of such as we already have—and more time to 
work in. Give us these for a few years, and it requires no great boldness to 
predict that methods of instruction will better keep pace with the strides of 
engineering practice. Beyond these, we ask, and should have, sufficient 
means to keep up the plant and facilities to full efficiency, and to be inde
pendent of numbers.

No institution should depend upon its tuition fees if it is to do its best 
work. Directors and teachers—even "born teachers”—are human, and thor
oughness of instruction, rigor of examinations and sufficiency of salaries 
should not be dictated by temporary policy, or affected by popularity, nor 
should the successful working of an institution be gauged by its numbers, 
only. Those who recognize only "success” would do well to define what they 
mean by the word, and to keep its nécessary conditions ever in mind if they 
wish justly to estimate the problem our teachers are working out. To run 
a large institution in the best way and in the most economical way, to keep 
and attract students and yet enforce the necessary discipline, to pay salaries 
and preserve a high standard, is a problem not to be solved by off-hand 
discussion.

In this respect of entire independence of tuition fees, and also in their 
system of mutual co-operation which allows a student to freely pass from 
one to another in pursuit of special excellences, as well as in the thorough 
system of preparatory schools on which they are based, would I copy the 
institutions of Germany—and in no others. In other respects we may. I 
think, learn from them what to avoid. We do not wish our professors, as in 
Germany, to give a course of instruction upon one topic, as if that one topic 
were the chief and only one of importance to all the students whatever their 
aims. The relation of the topics to one another, their proper subordination 
to the entire course the student wishes to take, and the perspective of the 
course itself, are thus lost. Our professors must combine their forces for 
the special end the student has in view, and work in concei’t to that end. 
Not, as abroad, teach the civil engineering student geology, for instance, as 
if their aim were to become specialists in that one subject alone, or mathe
matics, as if their aim in life was to master quaternions; but measure the 
courses to the requirements of the section they instruct. Again, we do not 
wish our students, as in Germany, to run wild at their own sweet will, with
out oversight, discipline, or pressure of any kind, and without the remotest 
personal contact with the men who should mould not their minds alone, but 
their disposition and character as well. Our system here has grown up 
naturally to suit our soil, and should continue to grow and develop in ac
cordance with its environment, and not be transplanted by force from a 
strange soil and made to suit different requirements. We acknowledge in 
this country responsibility to parent as well as to student, and rightly feel to 
the fullest extent the importance to the student of guidance as well as of 
instruction. No one who has seen the facility and rapid and masterly ease 
with which a well-disposed, rather ill-trained American youth transplanted
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too young to the soil of a German university can make the “descent to 
A vermis,’’ would wish to copy this feature of the “University” until at least 
we have the same sound basis of preparatory schools to rest upon.

Finally, we do not wish to imitate the lecture system of the German 
university. For finely prepared, earnest, and matured students, there is 
nothing more stimulating than the viva voce instruction of a master, fitted 
by learning, enthusiasm, and love for his subject, and by brilliant talents. 
True teaching of the very highest order is here. Enthusiasm begets its 
like, mind answers to mind, and lessons are learned which are not to be 
found in books. There is no one who has benefited by such instruction 
who would not wish to impart it if he could. But he is the wise teacher 
who recognizes its limitations and its requirements. Lack of co-ordination 
in the professors, “Academische Freiheit,” and the “lecture system,” pure 
and simple, are characteristics of the university abroad which we do not 
need to copy at home. A union of text-books, of recitations, and of lectures 
in proportions to be determined by the character of the class and the 
teacher’s own ability, would seem the wisest and best method, and the 
necessity of some system of discipline which will brace up a flagging or 
indolent student under such a system is obvious. Hence the “marking- 
system,” which is the cause in unwise hands of so much evil, which is so 
easily liable to abuse, and yet which seems in some form so necessary. The 
best solution would seem to be that the student should not know nor care to 
know his “mark.” It is simply the convenient method by which the teacher 
can grade the student’s standing and work, and upon the basis of which he 
may decide as to the student’s progress and his fitness to continue the course, 
or may give needed and timely warning to the parents. This much seems 
necessary, and more seems unadvisable. If grading by scholarship is neces
sary, that should not depend upon “marks” alone. But the existence of such 
marks will be no hindrance to the teacher in deciding.

Finally, the teacher, not overburdened by the size of his division, can 
come into and should earnestly seeks personal relations and personal con
tact, should encourage, criticise and warn, and learn the personal wants 
and individual character of the student. So far from antagonism, there 
should be warm and close relations, and the experience, I am confident, of 
every good teacher, is that nothing is so easy to gain as the confidence, good 
will, and hearty admiration of a well-disposed, ingenuous student, or more 
richly repays the little trouble required to get it. An esprit de corps is thus 
guaranteed which recognizes the teacher’s difficulties, appreciates his labors 
and frowns down dishonest practices. Friendships are formed which endure 
beyond the class-room, and the most prized rewards of the teacher’s vocation 
very often meet him from this direction. I speak from experience here, that 
which I do know, and to any teacher reading this who doubts the fact, I 
simply say, “try and see.” Barren must the record of that teacher’s life be 
which has nothing to tell of such rewards. The teacher whose work and 
îesponsibility end when he has heard his recitation and recorded his “marks” 
or delivered his lecture, is a man out of place, who knows not the true dignity 
of his vocation. I look back now on over ten years of work in the class
room, and dismal would be the retrospect and more dreary the prospect if 
my sole rewards were found in my salary and in perfunctory work alone. 
As it is, had I my life to live over and my choice again to make, in view of 
much that is drudgery and much that I might hope to achieve in other
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directions, in spite of low salary and much that is discouraging and dis
heartening, in spite of hampering limitations and the consequent dissatis
faction which must always attend the performance of work below one’s 
ideal and best abilities, remembering the rewards which have come to me— 
rewards not measured in money value—and the many satisfactions of mutual 
help and kindliness with those I have guided—I could not but choose again 
the same path.

That the activities of the good teacher, not overburdened with numbers or 
class exercises, will not end with his class, goes without saying. It is im
possible to meet fairly the inquiries of fresh young minds, to go over and 
over, with care and thoroughness, fundamental principles, and to try yearly 
to bring out with clearness their best and freshest applications, without one’s 
own mind being stimulated and quickened to productive work. Still, these 
activities should, and I think generally do, lie more in the line of research 
and of inquiry rather than in the lines of practical operation. The teacher 
cannot pursue his vocation with one hand and put money in his purse with 
the other. No half-hearted allegiance should be tolerated. Let the active 
members of his profession erect their structures; his work lies in perfecting 
the science which those structures illustrate, and in sending out men familiar 
with its results.

As to the details of the curriculum, it must be borne in mind that en
gineering is both a science and an art. Ap a science, the school and teacher 
can do much to train the student in the comprehension, grasp, and use of 
its principles and laws. This should be as broad and full and thorough as 
the time and abilities of the teacher can make it. Nothing should be allowed 
to curtail this. The art, or methods of application, on the other hand, should, 
in the school, be subsidiary and illustrative—selected for their tonic effect 
and for the point they give to the training in the principles—so that these 
may be in no danger of losing vitality or becoming too abstract. Every 
where they should tie the student down to the fact that what he learns he 
must use, and in every case he must apply his principles thoroughly and in 
practical detail. But it is not necessary that such applications should be 
very numerous or multiplied, if only their scope be wide. The object is not 
skill in the doing—that will come in after life—but skill in the applying. A 
few well-chosen applications thoroughly done are better than myriads of 
detached applications repeated for the sake of mere manual facility. In 
field-work or designing, a single location well worked up and completed, a 
single design thoroughly executed, with every side issue and every question 
arising in the progress of the work followed up and settled, are better than 
many miles run and much paper spoiled. Slow, steady, intelligent, pains
taking application of principles, everywhere searching the why and where
fore, should be the aim of these practical applications. The habit of think
ing, of understanding, of applying knowledge recently acquired is the end 
sought, not rapid execution or showy results; and the student is thus taught 
by contact with practice how much must depend always upon himself, his 
intelligence and “common sense,” how much there is which books and 
formulée cannot include; in short, how true and vital is the saying attrib
uted to one of our foremost engineers, that “it takes nine pounds of common 
sense to apply one pound of science.”

Even though such applications should not perchance meet the require
ments of the most recent field practice, or even be “antiquated,” I venture
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to think that thus taught, the effect and result will be more valuable in 
after practice than a mere superficial practice of even the most approved 
modern method on a hasty scale. The habit of understanding and of 
thorough honest work will not fail a student in need, and even though he 
may never have heard of “grade plugs,” nor be up in the latest method of 
keeping field notes, nor the shortest cuts in figuring earthwork, he can well 
stand the temporary embarrassment and yet come out finally and quickly 
well to the fore. Art is long, but sound principles, soundly applied and 
thoroughly mastered, are the best introduction to any handicraft.

With Professor Waddell I would draw the line in mathematics at the 
calculus. The engineer is required to use the mathematics and he should 
find in them a ready tool. But he is not expected to pursue the mathematics 
as a specialty nor to develop them as a science. If any problems in civil 
engineering call necessarily for any higher mathematics than the more 
simple applications of the integral calculus. I know of none. In the study of 
this subject applications and principles should go hand in hand. To lose 
sight of practical use and bearing is here very easy and very disastrous. 
Nowhere does the student stand more in danger of letting his reasoning 
powers lie dormant and relying upon memory, and the very facility of the 
instrument and its processes are apt to cause him to lose sight of the ideas, 
relations, and logic with which he is dealing.

Time must put an end to these hasty remarks. Professor Waddell has 
given us all much to think of, and in his paper are many hints and sug
gestions, the result of the experience of a thorough teacher dealing with an 
exceptionally fine class of students, which will not be without fruit.

To those in the active pursuit of their profession to whom the courses 
of instruction as existing in our technical schools may appear deficient, 
especially to those of this class who have themselves taken such courses, 
there may well seem much to criticise. No one can realize this more than 
those in charge of such instruction. Much may well have occurred to them 
even before the graduation of those now ready and qualified to point out such 
deficiencies. If such criticism go to the root and show the reason and point 
out the remedy, all engaged in the profession of teaching can only welcome 
and encourage it. In this spirit we join hands. But to all I would most 
earnestly say, search and see if most, if not all, of the serious shortcomings 
are not directly or indirectly due to lack of teaching force. If so, let us not 
lose sight of the cause in the symptoms. When we call to mind that the 
entire technical education of this great country rests almost wholly upon 
the free gifts of private munificence, we may well be proud of what has been 
accomplished, and have confidence in the future of a system unique in the 
history of the world. Let those who have built it up have due credit. The 
record of the administration of this great trust can only welcome investiga
tion, and it justifies the belief that the result can only be an increase of that 
public confidence and intelligent generosity to which it owes its existence.
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INTRODUCTORY NOTES.

“ Sonic Notes Vpon Civil Engineering Education, with Special Applica
tion to Japan,” was written at the request of the Society for the Promotion 
uf Engineering Education. Internal evidence makes it apparent that little 
time was available for its preparation, but, fragmentary as it is, the tersely 
expressed ideas it contains are very much to the point and eminently worthy 
of attention.

It is notable that the professor of engineering is nowadays duly esteemed 
for his ability as an engineer, probably more than as an instructor, lie is 

called into consultation where the questions to be decided are 
highly theoretical and scientific. It is true there are still engineers who look 
upon the professor as a visionary, but they are generally those men who do 
not possess a very deep knowledge of first principles, and, consequently, over
estimate the value of practical experience. By virtue of the chair he occu
pies, the professor is generally held to be in a position particularly favorable 
to the rendition of an unbiased opinion upon scientific subjects, and he is in 
demand as an arbiter, especially in mechanical and electrical lines. This 
attitude of the public lends much to the attractiveness of' the teaching branch 
of the profession, and in some measure compensates in honor for the lack of 
remuneration. It is true, however, that the true teacher finds his chief com
pensation in the work itself, in exerting a beneficial influence upon the stu
dent, in seeing him grow in knowledge and capacity, and in molding minds 
rather than matter.

In the light of the recent remarkable development of Japan, it is inter
esting to note the reasons for it advanced by Dr. Waddell and Professors 
11 ray and Mendenhall. The remarkable aptitude and energy which char
acterize the Japanese student are in him accompanied by great pains and 
patience, whereas in the American they are generally assumed to relieve him 
of the need of hard labor and close attention to detail. The American is 
impatient to be getting on, while the Japanese has a passion for thorough
ness. Probably the chief weaknesses of our recent engineering graduates are 
a lack of system in their work and a tendency to be superficial. They are 
often in possession of much half-grasped information and are not sure of 
their ground. The Notes which follow suggest some of the reasons and 
remedies for these conditions.

5576
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SOME NOTES UPON CIVIL ENGINEERING EDUCATION 
WITH SPECIAL APPLICATION TO JAPAN.

Much as the writer would like to prepare a paper upon “Engineering 
Education in Japan." which lie was invited to do, lack of time has prv 
vented his doing so. However, he is glad of the opportunity to make a 
short, informal address, by dictation to his stenographer, upon the general 
subject of Civil Engineering Education, a subject in which, perhaps some 
already know, he formerly took the deepest interest. More than that, lie 
can say truthfully that there is still no subject, his own chosen spéciale 
not excepted, in which he is more interested. It is, in his opinion, the 
most important branch of our profession, for the development of all other 
branches is * mt upon it.

Unfortunately, for many years the practicing members of the pro
fession have had a tendency to look dovVn upon and sneer at the pro
fessors of civil engineering. Such a tendency exists more or less to-day. 
hut by no means to such an extent as it did ten or fifteen years ago. Un
doubtedly. the formation of this Society * has had a great deal to do with 
the elevation of its specially in the eyes of brother engineers; and there 
is reason for hope that in years to come it will succeed in placing the 
professors at the head instead of at the foot of the engineering profession. 
The time was when a man who could run a transit without making tnis- 
takes considered himself superior to nine out of ten of the professors of 
civil engineering. That he was entirely wrong goes without saying.

It is true that there has been a tendency among literary colleges, uni
versities, and even some technical schools, to engage cheap men to till the 
engineering chairs. Such action, of course, must keep down the general 
status of the specialty, but time and experience will assuredly correct this 
error. The average professor of civil engineering is generally insuffi
ciently paid, and that fact alone militates greatly against the high standing 
which professors of civil engineering ought to take in the communitx 
Compared with those employed in other branches of the profession, 
teachers of civil engineering are paid but little more than half what thc\ 
ought to receive. This is probably because the professor’s work is to 
large extent a labor of love. ( )ne cannot, of course, object to such dev<> 
lion to the interest of truth and investigation; nevertheless. “The laborvi 
is worthy of his hire.” and the engineering teacher will never be full 
appreciated until he is properly paid.

Some ten years ago. “Engineering News” published a paper by tli 
present writer, entitled “ Civil Engineering Education,” in which \va

* Society for the Promotion of Engineering Education.
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outlined what was considered to be an ideal course in civil engineering. 
It has been a matter of great satisfaction to note from time to time that 
the developments in teaching civil engineering have been directly in the 
line thus indicated. The writer has for some time thought of suggesting 
to the Programme Committee of this Society a condensation of this old 
paper and making from it a new one to present to the Society for further 
discussion, together with a few ideas picked up in the last ten years of 
active practice. I lis opinion of what a course in civil engineering should 
be is briefly as follows:

First—No really thorough course in civil engineering can be given in 
less than five years.

Second—Every student, before admission, should have had a thorough 
course in non-technical subjects, the broader the better. More especially 
should he be well drilled n his own language and literature, for in a tech
nical course but little time is given to anything outside of the regular 
routine of mathematics and technics.

Third—The technical course ought to include a great many branches 
allied directly and indirectly to civil engineering, such as electrical, me
chanical, and mining engineering: i. c., the course should give the rudi
ments, at least, of all these subjects ; and, in addition, such subjects as 
Geology, Chemistry, Physics, Lithology, and Mineralogy, should be 
taught, at least in an elementary manner, but so well that the student will 
really know something about them when he completes the course.

Fourth—The amount of work now required by the best technical 
schools of this country in the so-called theoretical courses, such as pure 
mathematics, rational mechanics, and descriptive geometry, should be 
increased rather than diminished.

Fifth—Graphics in all its branches should he taught much more thor
oughly than is the rule in America ; although perhaps not so much time 
should be devoted to it as is customary in European technical schools. If 
the student be taught to reason graphically, he will, in practice, be enabled 
to eliminate a large amount of drudgery from his computations.

Sixth—Every student at the beginning of the course ought to be made 
proficient in the use of the slide rule.

Seventh—All purely technical courses should be made much more ex
tensive than is usual, and in each course the student should be required 
to make a complete design, with an estimate of cost, for some structure or 
construction. This design should be made under the eyes of the in
structor. There is a great deal of humbug in graduating theses. Very 
often a student goes up to his final examination with a thesis prepared by 
somebody else. A single thesis in a four or five years’ course is not
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enough, for there should be a thesis in each branch of practical engineer
ing work, including, when practicable, surveys and other field work.

Eighth—Classes in engineering should not be too large. In the 
writer’s opinion, an instructor cannot teach properly more than twenty 
men at a time, and a much smaller number would be better. This is be
cause, to give the student the full benefit of the course, the professor 
should take a personal interest in all that the student does, and should be 
his friend, rather than, as is too often supposed, his enemy, whose sole ob
ject is to condition him and drop him from the course.

Concerning these two methods of teaching the writer can speak from 
experience, for he has tried both. At the Rensselaer Polytechnic Insti
tute, where he both studied and taught, the course used to be made un
necessarily severe, graduation from that institution being an extreme ex
ample of tbe “survival of the fittest.” In the writer’s class only twenty- 
four men out of sixty-six graduated, and in the class before his only eleven 
graduated out of a like number. Surely the dropping of five students 
out of every six indicated unnecessary severity. Of course, such a method 
of instruction makes a great reputation for the institution, but it does not 
do the best possible thing for the student, who is paying a good price for 
his technical education. Many a good man who has been dropped from 
the Rensselaer Polytechnic Institute could, with a little help and encour
agement from his professors, have taken his diploma and done credit later 
to his alma mater. In making such statements as these, there is no pur
pose ui suggesting the lowering of the standard for graduation. On the 
contra.y, it should be higher than ever, but, instead of throwing unneces
sary obstacles in the way of the student, he should be aided in every legiti 
mate manner to get through his course creditably to himself and to tin- 
institution. Again, regarding the course at the Rensselaer Polytechnic 
Institute, it should be understood that it is referred to as it was some 
twenty years ago and not as it is to-day.

And now a few words upon the subject which was suggested, viz. : 
“Engineering Education in Japan.”

Early in 1882 the writer was appointed to the Chair of Civil Engineer
ing in the Imperial University of Tokyo, and started work in September of 
that year. The subjects in the department were those pertaining to civil 
engineering proper ; that is, all allied subjects were taught by other pro
fessors, including pure mathematics and rational mechanics. This special 
department covered everything of a practical nature, such as surveying in 
all its branches ; railroading; hydraulics, including waterworks, harbors, 
rivers,and canals ; hydraulic motors ; arches ; resistance of materials ; root" : 
bridges, including both sub-structure and super-structure; and sanitary 
engineering.

At the outset a trial was made of the Rensselaer Polytechnic Institute
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tactics, by subjecting each student to rigid examination every day, but 
it was soon found that this was unnecessary, and gradually the methods 
were changed, until after a while there, was no trace left of the old ones. 
Eventually the courses were given by laving out at the beginning of each 
a certain amount of reading to be done in a given time, and letting the 
students set for themselves each day the amount of ground they desired 
to cover. At the hour for recitation the professor met the students and 
acted in reality as consulting engineer for the class, answering questions 
and asking others in such a way as to bring out all the more subtle points 
of the subject. In this manner about three times as much ground was 
covered in a given period as was formerly covered at Rensselaer.

Some one may remark that the course could not have been so thor
oughly given, and that the students could not possibly remember as much 
as they would, had the course been shorter and the drill more thorough. 
In reply to such an observation it should be stated that no reviews were 
ever given, and that the examinations covered the entire ground of the 
course without any set topics. The students were expected not only to 
answer all practical questions which might be asked, but had to give 
mathematical demonstrations wherever such were included in the tech
nical books that they had studied. On a number of occasions it was 
necessary to mark examination papers one hundred per cent.; for they 
were absolutely without flaw, unless one were so captious as to criticise 
an occasional awkwardness in the English.

The success thus met with in teaching in Japan must be attributed 
to a great extent to the wonderful capacity of the Japanese student to 
imbibe ideas.

The students were the writer's friends, and are so yet. Most of them 
still write to him once or twice a year; whenever there is any information 
of a technical nature that they cannot obtain in their country they apply 
to him for it ; and it is invariably obtained for them. There is no pro
fessional success which the writer has achieved that yields more satis
faction than this does; consequently it is easy to sec why he is in such 
sympathy with the labors of this Society and to understand the reasons for 
the statement made at the outset of his address, viz., that there is no 
higher branch of civil engineering than the specialty of technical educa
tion.

DISCUSSION.

Professor T. C. Mendenhall said that he could add but very little to the 
interesting paper that Professor Waddell had presented. It was perhaps 
but justice to say that what one can accomplish by a given method with a 
given set of students to deal with is by no means an index of what one
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can accomplish bv the same method with an entirely different set of 
students to deal with. No one appreciates that, probably, more than 
Professor Waddell, yet he has perhaps intimated in this paper that he 
considers the methods that he pursued there very decidedly superior to 
any that he was accustomed to use at home. The fact is, as probably 
everyone knows who has had to do with the instruction of Japanese 
students, that there are many conditions existing among them that are 
rarely found to exist among students in this country or probably in any 
European country. The speaker felt sure that Professor Gray, who was 
also his colleague in Japan at the same time, shortly before Professor 
Waddell was there, would agree to that. It is not safe, therefore, to decide 
that a method which fits those people is altogether the best for the young 
men here, the circumstances are so very different. Students in Japan 
are very remarkable. In the first place, they come—they did come, and no 
doubt it is still the case—they come with a hunger for learning and with 
an anxiety to make progress and to grow and grasp and master every
thing which is within their reach, that is not equalled in other countries, 
and of course that has a good deal to do with the fact that Professor Wad
dell could be the consulting engineer of the class and the fact that they 
could make most rapid progress under such conditions. The author 
might find it impossible to make such progress in this country with a set 
of American students. In other words, while agreeing with him in every 
respect in regard to his statement as to Japanese education and Japanese 
students, the speaker thought that if Professor Waddell had, since coming 
from Japan, taught some classes of American young men as some of the 
rest of us have done, he would probably still adhere to the more con
servative methods.

Professor Thomas Gray said that he had very great pleasure in teach
ing Japanese students engineering for several years. He agreed perfectly 
with Dr. Mendenhall in his remarks with regard to the difference between 
a class of Japanese students and the classes in this country or the classes 
to be found in other countries. The Japanese student is especially atten
tive to the instruction given him, and there is never any question of dis
cipline coming up in the Japanese class. The remark which Professor 
Waddell made in regard to some papers being marked a hundred be
cause they were absolutely flawless, was a common experience. The 
speaker had found it necessary to mark many papers a hundred because 
the answers were given in precisely the same words which had been used 
when the subject was explained to the class. He was not quite sure how 
that was to be accounted for. He had been inclined to think, as the 
Japanese really committed so much to memory from childhood up. that it 
was no trouble for them to reproduce almost anything you told them. 
•It is certainly very remarkable, the way in which they can absorb what is
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told them and reproduce it in almost exactly the same form in which they 
got it. The courses of study which are carried out in the colleges in which 
he was teaching were very similar to those which are carried out in 
Europe. The methods of teaching were also similar. He could say also 
that not only was the method which Mr. Waddell tried successful, but 
other methods were also perfectly successful. All produced excellent 
results in teaching in Japan, both lecture and recitation methods. It did 
not seem to matter much how one taught, providing the whole of the im
portant part of the subject was covered excellent results would be secured 
in that country.
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INTRODUCTORY NOTES.

The letter or paper following was written so recently that it must of 
necessity contain the results of its author's latest thought and experit nee. 
In the course of his _ ‘ ssional work he has employed a large number of
young engineers, many of them fresh from school, and their deficiencies and 
the peculiarities of their education have presented excellent opportunities for 
the study of the courses and methods of instruction obtaining in the schools 
from which they were graduated, lie has also delivered many informal lec
tures to the undergraduates of various schools throughout this country and 
thus has had wide opportunities to see the work of instruction in progress. 
Consequently, though eighteen years have elapsed since Dr. Waddell was 
actively engaged in teaching, he has constantly remained in touch with the 
work, and this letter is more pointed, cogent, and mature, within its scope, 
than anything he has previously written on the subject. The years of actual 
practice have lent the perspective and given a clearer, sounder view of the 
various courses and methods of instruction than actual participation in the 
work could have afforded. Though the subject is only touched, and a great 
many important matters are left entirely unconsidered, the plans outlined 
would, if followed, effect a great improvement in the course of many an 
engineering school.

The suggestion that the student * a portion of his summer vacations 
on some engineering work is excellent but hard to follow. It is substantially 
impossible for the student to obtain pay for such services as he can render, 
for his instruction costs more than the value of his unskilled labor. Conse
quently, few students apply for such work and fewer still obtain it. The 
faculties either disapprove of vacation work or take small interest in the 
matter, for they rarely assist the student who seeks such opportunities. Yet 
the advantages which would accrue from a month’s or six weeks’ work each 
summer can hardly be over-estimated. It would provide application of the 
principles already learned, greatly increase interest in the studies still to be 
pursued, bring the student into contact with those who would be of service to 
him in his professional work, teach him method, bring him a glimpse of busi
ness, and generally provide him with a position upon graduation. The last 
benefit alone would compensate for the expense and labor, for the new gradu- 
ate rarely finds it an easy matter to obtain his first position. His total lack 
of experience makes him undesirable except for work closely approaching 
manual or clerical labor in character. Every student whose health and purse 
permit should undoubtedly spend the hotter portion of his summer vacations 
in engineering or shop-work, even if lie is obliged to perform clerical or man-

1
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ual labor. No portion of his four or five years’ course will be more profitably 
spent.

In order to assist the students to obtain summer employment and to keep 
closely in touch with the advancement of engineering practice, each technical 
member of the faculty should maintain the closest possible relations with 
practicing engineers, manufacturers, and contractors. New methods of de
sign, manufacture, and construction often remain unmentioned in the tech
nical press long after they are proved advantageous, but the instructor should 
be early in position to obtain and use information relating to them. He 
should teach the practice of to-day, not of one or two or ten years since.

In relation to the conduct of the classroom and laboratory work, the in
structor is in better position to judge than the practicing engineer, but the 
latter is better able to judge what goes to make success in the work-a-dav 
world of which he is a part, and, as it is the purpose of the school to graduate 
successful engineers, it is certainly incumbent upon the members of the 
faculty to keep in close touch with the practitioner and make full use of the 
advice and aid he can give to this end.
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A LETTER RELATING TO CIVIL ENGINEERING 
EDUCATION.

Kansas City, Mo., May 23. 1903.
My Dear Sir:

According to the promise, made several days ago, I shall write to-day 
my opinions concerning various matters in relation to civil engineering 
education. It will he necessary for me to make my remarks general, be
cause 1 am not well enough acquainted with the course in engineering 
given in your institution to warrant my passing an opinion upon it, but 
this much I may say—knowing as I did the general character of the work 
done there twelve or fifteen years ago, and not having heard that any 
changes had since been made—I was most agreeably surprised to note 
the progress that has been effected and the great enthusiasm of both pro
fessors and students in everything relating to the course. It was evident 
to me that the engineering department was preparing to do some most 
thorough work ; hence I should not be surprised if within the next five 
years your course in engineering were recognized very generally as one 
of the best in America. A great deal, of course, is contingent upon the 
amount of money you have to spend ; but much more depends upon how 
earnestly both the professors and the students work to accomplish the 
purpose in view.

If the following suggestions aid materially in the development of your 
engineering department, 1 shall be deeply gratified. Please understand 
that any observations of mine which are of a critical nature apply to 
engineering education in general, and not to the particular course given 
in any one institution.

In my opinion, no engineering course given anywhere approaches at 
all closely an ideal one, such, for instance, as that described at length in 
the paper 1 wrote in 1886, and which was published bv “Engineering 
News ” in January, 1887, with numerous subsequent discussions. It is 
true that all the development in civil engineering education which has 
taken place since that date has been directly along the lines then laid 
down, still there remains much to be accomplished before the ideal, or 
anything approaching it closely, is attained. While it is undoubtedly 
true that there is no technical course given to-day which is sufficiently 
free from restrictions to permit its development into an ideal course, that 
is no reason why the professors in any technical school should not strive 
in every way to approach the ideal : for in so doing they would certainly
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benefit the school greatly and provide the students with a more thorough 
training.

My first proposition is that an ideal course in civil engineering cannot 
be given in four years, and that not even five years would suffice, unless 
the requirements for entrance were made pretty high. Granting that the 
course be limited to four years, the question arises how to use this time to 
the greatest advantage, and how to crowd into it the maximum amount of 
properly given instruction. The following are the methods that I would 
suggest :

First—Raise the entrance requirements as high as possible without 
depleting the freshman classes too much.

Second—Reduce the duration of the several vacations to a minimum.
Third—Throw practically all the field-work into the vacations.
Fourth—( )mit all courses that are unnecessary for an engineer, and 

reduce all comparatively unimportant courses to the shortest period ad
visable.

Fifth—Utilize to the best advantage all the possible working hours of 
the entire four years.

By adopting these five expedients the actual working time of most 
engineering courses could be increased by from fifty to one hundred per 
cent.

I shall now discuss these expedients in the order stated :
First—Raising the requirements for entrance can be carried advan

tageously to a certain point only, even where the number of applications 
for admission is unlimited ; because there are certain courses, notably those 
in pure mathematics, physics, and chemistry, that are not taught properl \ 
outside of a technical school. It may be practicable to demand for en 
trance the entire subjects in algebra and geometry; but usually it is better 
to teach the higher portions of these in the technical schools. It would 
be unwise to require for entrance trigonometry, analytical geometry. <»r 
calculus.

If there could he established, either within the institution or close!v 
allied to it. a preparatory department, the entrance requirements could In- 
raised as high as desired, because you could then control the character 
instruction given in the preparatory course.

Second—In my opinion, the vacations in technical schools, tiniver 
ties, and colleges are altogether too long. The grand total per annum 
generally amounts to about four months, and in some institutions to >:■ 
more. Two months all told ought to be sufficient, especially if that tin 
be properly distributed: but. as it might be difficult to make such a radii 
change as this would involve, you might compromise on two months <<f
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summer vacation and three weeks more distributed throughout the rest 
of the year, say one week at a time. 1 have always felt that three consecu
tive months of idleness are detrimental to a young fellow at school or 
college ; for then he is liable to get into lazy habits and out of practice in 
applying himself mentally. 1 believe that a radical change of work, rather 
than its entire cessation, is a better method of obtaining recuperation 
and rest. Yet, 1 think a few weeks in summer spent in the woods or on 
the waters, free from all care, are an excellent tonic, both physical and 
mental.

Third—By throwing all the field-work into the summer vacations the 
boys would have a change of work that would give them an excellent 
rest, and would be benefited physically. All three of the summer vaca
tions might be spent by the students in this way, or perhaps portions of 
them could be utilized by securing practical experience in office or field 
in the employ of practicing engineers or contractors. The faculty should 
arrange several months before the summer vacation begins the way in 
which each student is to spend the time; and they should make it their 
business to obtain temporary positions in office or field for those of their 
students who are not going to work on the regular surveys. If in the 
future 1 can aid your faculty in finding such positions, I shall be pleased to 
do so to the best of my ability. Provided that the student does not expect 
compensation for his untrained services, and that he will work just as 
faithfully as the paid employees, there ought to he no serious difficulty in 
obtaining as many of these temporary positions as may be desired.

Fourth—In most technical curricula there are some courses that are 
really unnecessary ; for instance, foreign languages. These should be 
omitted entirely. Again, more attention is sometimes paid to certain 
courses than their importance warrants; for instance, botany. These 
should be cut down to the extent of leaving in only those portions that 
bear directly on the general engineering course or that are likely to prove 
useful in the young man’s carter after graduation.

Fifth—The members of the faculty, by working together in perfect 
harmony, could save for recitations and lectures many hours that are too 
often wasted by the clashing of class-work. A little forethought and the 
application of the principle of “give-and-take” would arrange matters so 
that there would be no lost or deferred recitations or lectures. These re
marks apply especially to occasions when lectures are given by engineers 
who are not members of the faculty, and whose time, being valuable, must 
be utilized as much as possible during their stay at the institution, even if 
doing so interferes seriously with the work of the instructors.

It has always seemed to me that a whole holiday on Saturday is a 
waste of the student’s time, and that a half holiday ought to be ample. A
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cessation of all school work from Friday afternoon till Monday morning 
causes too great an hiatus in the student's working life, rendering him, so 
to speak, unstrung. It seems to me that a student, like a piano, needs to 
be keyed up constantly to a certain pitch, in capacity both for work and 
for enthusiasm.

In many institutions the students merely recite for two or three hours 
per day, and the rest of the time is their own to do with as they will. This 
appears to me to be wrong, for I think that from nine o’clock till noon, 
and from one o'clock till four, or in some cases later, the students should 
be in the buildings of the institution, working to a certain extent under 
the professor's eye. In this way they come more under the personal in
fluence of the faculty, and gain correspondingly. The personal influence 
of the instructor has a great effect upon a student for many years after 
graduation ; and the more earnest and interested the professor is in the 
student’s welfare and advancement, the longer after graduation will his 
influence endure.

Now I must pass to other and more specific considerations. To begin 
with, I shall treat of the various methods of giving instruction, viz., by 
lectures, by text-books, by books of reference, by recitations, by examina
tions, and by class-room practice.

In some schools the lecture system is carried to an extreme, whole 
courses being given by it, and the students being required to copy lecture 
notes without end. Such a method of instruction is most lamentably de
fective. Lectures are admissible only in three cases; first, at the begin
ning of a course, in order to outline its extent and to make the students 
acquainted, in a general way, with the subject they are going to study : 
second, at the end of a course as a résumé of what they have learned, and 
to impress upon their minds its most important features; and, third, for 
those courses in which the matter to be treated is not covered in any book, 
In the last case the lecture system of instruction should be followed only 
until the instructor has been able to reduce his lecture notes to book form.

Forcing students to copy lecture notes is an imposition—more than 
that—I look upon it as a species of dishonesty on the part of the in 
structor, in that he is either too indolent to do the writing himself or too 
penurious to have it done by a paid assistant and manifolded for tin 
students’ use. Every minute spent by a student in copying notes is a 
minute lost from his life—it is absolutely wasted. When he is copying 
notes he can think of nothing but the mere mechanical act; and if per 
chance his thoughts stray for an instant to something more entertaining, 
he is liable to make a mistake that may give him hours of annoyance 
afterwards. No notes copied by a student are sufficiently accurate to use 
in place of a text-book. Of this I speak from experience, based, however 
mainly on observation, for never once during the six years I spent
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teaching engineering was I guilty of forcing my students to copy notes, 
and 1 had but little of this work to do during my student life at the 
Rensselaer Polytechnic Institute. When lecturing on professional mat
ters 1 never want any of my hearers to put pencil to paper. They cannot 
listen properly to me and take notes at the same time.

The method of teaching by text-books is by far the best and most 
satisfactory ; but it should not be adopted exclusively, for fear that the 
students will degenerate into mere book-worms.

The method of instruction by daily recitations with set lessons is un
doubtedly the best, but it can be carried to extremes, with the result of 
making the young men feel that they are being treated like school-boys 
instead of like engineering students. The set lessons are all very well 
in their way, but they should always be supplemented bv a course of read
ing in the reference books; and the professor should lay out in advance 
what is to be read in each book, letting the students take their own time 
for it, provided, of course, that they cover the entire ground before the 
course is finished.

This use of books of reference makes the instructor, in a way, the 
consulting engineer for the class; and he should always encourage his 
students to ask sound, sensible questions concerning everything treated. 
If the boys be not in earnest, or if they be of the “shirker” type, they 
are likely to abuse this privilege by asking numerous questions of the in
structor so as to prevent his interrogating them on their daily lessons. 
Any tendency of this kind should be “nipped in the bud,” and the offender 
should be made to comprehend that his little game is understood.

Books of reference should be used very freely in every course—in fact, 
the class should have at hand a sufficient number of copies of every tech
nical work of any value that treats of the subject considered. If the 
students are poor, the institution ought to lend them these reference 
books from its library ; but if not, the boys should be encouraged to pur
chase them for their own professional libraries. 1 believe that every 
student who has the means should start while at school to collect, under 
the direction of the professors, a good professional library. The young 
engineer will need these books when he begins his practical work ; and if 
he is then somewhat familiar with their contents, as he would naturally 
be from having had them at hand during his technical course, so much 
the better for his professional advancement. Each student should spend 
in this way fully one hundred dollars a year, if lie can afford to do so, and 
even more if he be well provided with funds.

The final examinations, which, I think, should always be both written 
and oral, ought to cover not only the text-hook work but also the general 
reading ; most of the questions on the latter, however, should be oral.
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Whether a student is to be passed or conditioned in any course should 
not depend solely upon an average of his marks, but due consideration 
should be given to his work in both the recitations and the final examina
tion, allowing properly for the faithfulness and the personal peculiarities 
of the man. The professor's opinion of the working value of his accumu
lated knowledge should be the principal factor in the determination.

I am a firm believer in having the students do the greater part of their 
studying under the eye of the professor, who can then see how each man 
applies himself and that he does not waste his time. All drafting should 
be done in the class-room. When the students are permitted to do some 
or all of it at home some of them are tempted to get others to do the work 
for them.

When a professor has his students study in his own room, he will be 
able to teach many of them the wav to apply themselves and, in fact, how 
to think. Most students who fail do so from lack of willingness or ability 
to concentrate their mental powers. I believe it is possible for an in
structor who takes a true and deep interest, in his students and in their 
success to teach the laggards to think. I have often tried it successful!} 
by occasionally studying out a difficult point aloud, and indicating to the 
boys the course of reasoning that it was necessary to pursue in order to 
comprehend the subject and to solve the problem. They should be taught 
that it is essential to understand every point thoroughly, and that they 
must never be content with a partial comprehension.

Lectures two or three times a month by practicing engineers on prac
tical subjects would be an excellent thing for the students, not only be
cause of the valuable hints that they would thus receive, and which their 
professors, owing to lack of actual experience, could not well give them, 
but also because becoming personally acquainted with these lecturers 
brings the young men in touch with the outside world and teaches them 
something of the practical application of what they are learning. While 
it is, of course, a good thing to choose these lecturers from the prominent 
engineers of the country, it would be a mistake to rely wholly upon them, 
because you would not be able to secure enough of them. First-rate, prac
tical lectures that will appeal strongly to the students could be given by 
young engineers who have been only three or four years in practice: and 
your own alumni would, as a rule, be the best of these to choose. Young 
engineers, having come so recently from the technical schools, would 
often know better than older and more experienced men just what in
formation the boys need to help them out of their difficulties, and what 
is most likely to interest them. It would not be a difficult matter to lay 
out for several months ahead such a course of lectures on practical sub
jects; and in doing so I should be glad to assist you, if you so desire. I 
believe that I could secure for you for next year six or eight experienced
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engineers to give your boys some interesting and instructive lectures in 
various lines of engineering work.

It is a very poor plan to try to instruct students in practical subjects 
by providing them with professors who are not practical and who have 
had no actual experience in the special lines they are called upon to teach. 
Very often assistants to professors are chosen from the graduating class. 
No greater mistake than this could be made: for. in the first place, they 
cannot possibly know enough to teach, and, in the second place, the 
students are not likely to have the proper respect for instructors with 
whom they have been so closely allied in the intimate relations attendant 
on student life.

Don't overwork your professors, but avoid reducing them to mere 
teaching machines. A certain number of hours per day should be de
manded from them, and the rest of their time should be their own for 
research, practice, or study. It would be well to lay out the curriculum 
so that each instructor would have occasionally a week or two of absolute 
freedom, in order that he may visit other institutions of learning, to see 
how they are doing work similar in character to that on which he is em
ployed. He should have time to inspect large engineering works that are 
in progress, or manufactories and plants of various kinds, and to attend 
to some outside practice. If an instructor shows a tendency to neglect 
his regular duties for such outside work, he should be given a warning, 
and if he does not heed this, he should be replaced: for. while a certain 
amount of outside practice is good for both the professor and his students, 
too much of it is very detrimental to the institution. It does not do to 
work instructors too continuously, as they need more rest than do the 
students, not only because they are older but also because the strain from 
teaching is far greater than that from learning. An overworked pro
fessor cannot give satisfactory instruction, because it is impossible for him 
to arouse enthusiasm in his class when he himself feels hypped; and unless 
tiie bovs arc enthusiastic he cannot get the greatest possible amount of 
work out of them. 11 is my firm conviction that students who are taught 
to love their work will accomplish more than twice as much as students 
who arc driven to it simply by the desire to pass. Such, at least, has 
always been my experience when teaching engineering.

Let me call attention to the remarks I made in a late address con
cerning the importance of all the “descriptive geometry" subjects. I 
cannot impress upon you too earnestly the necessity for all young engi
neers being thoroughly drilled in the principles and practical application 
of the various descriptive courses, including plane problems, projections, 
descriptive geometry, shades and shadows, perspective, and stereotomy. 
Besides their usefulness in designing, the mental training that one receives 
in their study is beyond estimation.
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Nearly all the curricula of American technical schools arc weak in the 
lack of a thorough course in graphics. Much more attention is paid to 
this subject in the French, Swiss, and German schools than is devoted to 
it in this country. An engineer who is trained to compute, estimate, illus
trate, and even think graphically has a decided advantage over one whose 
education in this particular has been neglected. The study of graphics 
by proper methods teaches one order and systematization ; and no prettier 
study can well be imagined. We need in English a thoroughly scientific, 
practical, and exhaustive treatise on the subject of graphics to use as a 
text-book in technical schools.

In my opinion, all engineering students should receive instruction in 
the principles and practice of architecture. The course given need not be 
very elaborate, but the instruction in the aesthetic features should be most 
thorough. If there is one thing in which American engineers are glar
ingly deficient, it is in the aesthetics of designing; and some of our most 
prominent engineers are the greatest offenders.

At the risk of rendering myself tiresome, I desire to emphasize all that 
I have said of late on the subject of making technical students true mas
ters of the English language. Not more than one or two per cent, of the 
graduates of technical schools have been thoroughly trained in English : 
and there is nothing more important for a professional career than a sound 
working-knowledge of one's own tongue. In dictating daily corre
spondence. composing reports, preparing technical papers, writing engi
neering books, and in business conversations concerning large enter
prises, the man who has a thorough command of his own language i* far 
more likely to succeed than one who has not. There should be a long 
course in the freshman year devoted especially to the study of sound, 
practical English. In giving it. a variety of text-books should be em
ployed; and the books of reference used should relate to engim■-.•ring 
work, if there be such a thing as a really well-written, technical book. 
In this course students should be taught both to compose and to criticw. 
and all the class-work done should be made interesting. Ample time 
should be allowed for the course, so that when it is finished each student 
in the class will be able to read, write, speak, and dictate correctly and 
with comparative ease.

Be careful to confine the instruction to practical lines, avoiding all 
reference to antiquated language, poetry, and unusual or abnormal styles 
of composition.

As I would have all the students throughout the entire four yeai-' 
course devote considerable time to the preparation of theses, reports 
specifications, and contracts, I would let it be one of the duties of the pr. 
fessor of English to read and criticise all such papers and return them ' > 
the writers for either correction or rewriting.
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The institution should be provided with several typewriting instru
ments, and several stenographers should be employed to take shorthand 
notes from the students' dictation. When not thus employed they could 
attend to the regular business correspondence of the faculty.

If any student desire to learn to use a typewriter, he should be en
couraged to do so, but. in view of the short working time allowed for the 
curriculum, it does not seem advisable to give regular instruction in this.

All students should be taught to be neat, systematic, and accurate in 
all of their work; and any papers that fail to come up to a certain standard 
in these particulars should be rejected, and their writers should be com
pelled to do the work anew.

Accuracy in all calculations should always be insisted upon; and the 
students should be taught to what extent it ought to be carried in the 
different kinds of computations.

There should be a good, sound course in political economy and allied 
subjects ; for an engineer ought to be a broad-minded man, while the train
ing that he receives both in the technical school and after graduation tends 
to render him the contrary.

Engineering students should be given an elementary but eminently 
practical course in geology, and should he taught to recognize at a glance 
the ordinary kinds of rock that one meets with in engineering practice.

Instruction should be given concerning the various properties *of the 
different kinds of timber, and the students should be taught how to recog
nize the various kinds of wood both when growing and after being cut, 
and how to distinguish between good and bad timber. The professor 
should avoid the danger of making them over-particular in their inspection 
by calling attention to the fact that absolutely perfect timber is not pro
curable these days, and bv showing what imperfections arc serious and 
what are not.

A thorough course should be given in the testing and the use of 
cement, with a descriptive treatment of its manufacture and composition ; 
and in connection with this should be taught the proper manufacture of 
concrete, both by hand and by machine. Reinforced concrete construc
tion should also be investigated.

Masonry, too, should receive due attention, and the students should 
he made familiar with the terms used therein and with all methods of 
quarrying and laying stone.

But I am now getting too deeply into detail, consequently T shall 
enumerate no more of the special courses required for an ideal engineering 
curriculum ; but shall confine myself more to generalities.

There is one point that I desire to emphasize, viz., that the practical 
application and usefulness of every course that is given and of all parts of 
each course should be made clear to the students, not only in order to
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interest them in their studies, but also to enable them later to make use of 
the knowledge they acquire.

After each of the courses in the principal lines of engineering con
struction is completed, each student should be required to prepare a thesis 
on it. and these theses should include the designing, estimating, drafting, 
specifications, and contracts that would he involved in actual practice. 
This is probably the most important feature in an ideal engineering 
course, but it is one that has never yet been developed in any technical 
school to the extent that is advisable and attainable. The principal 
courses that I would suggest covering in this way are bridge super
structures, bridge sub structures, dams and other constructions in 
masonry and earth, waterworks, sewerage, river improvements, hydraulic 
motors, steam engines, steel buildings and roofs, harbors, and docks. 
There arc other constructions that might advantageously be added to the 
list, and there are probably some of those enumerated that would have to 
be omitted for want of time. In the production of these theses, practical 
instruction should be given in preparing all the reports, descriptions, 
specifications, contracts, and similar papers that would naturally be in
volved in actual practice on such work.

It would be an excellent plan to retain specialists of established repu
tation to give either entirely or partially the higher courses in designing. 
Such men might be induced to take a few consecutive weeks from their 
regular occupations in order to devote them to giving practical instruc
tion to engineering students. However, their time would have to be paid 
for pretty handsomely; hence in the case of many institutions this method 
is perhaps out of the question at present.

1 intended to cover in this letter my ideas of how the practical in
struction in both class-room and field should be given ; but I must desist, 
because this communication has already reached an unduly great length. 
However, as I have many peculiar ideas of mv own in regard to how such 
instruction should be imparted, especially in bridge work, railroading, 
surveying, and hydraulics. I shall reserve these subjects with a number 
of others to converse about when next 1 have the pleasure of meeting you.

Please note that in this letter I have by no means tried to cover the 
entire ground of engineering education, and that for want of time and 
space. I have intentionally omitted many important matters ; hence what 
I have written must be considered desultory and merely suggestive. To 
write a full report on such a broad and important subject as civil engineer
ing education would demand weeks instead of days of deep thought and 
considerable investigation. The subject is one in which T take the deepest 
interest ; in fact, some of my brother engineers term it a “fad” of mine 
This may be true; but if so. it is a very important fad and one that is 
worthy of receiving all the attention that a practicing engineer can spare
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from his regular work. In fact, I consider engineering education the 
most important branch of the engineering profession, in that the develop
ment of the profession depends upon it more than upon any other branch; 
and I have no patience with those engineers who strive to place the pro
fessors of engineering upon a lower professional plane than the engineers 
who are engaged in actual practice.

To summarize and to present in a few words my idea of what engineer
ing education should be. 1 would state that a highly educated civil engi
neer, in addition usually to being a specialist, must have a broad, general 
knowledge of all branches of the profession; that life is too short for a 
man to become acquainted with all branches during his early practice; 
and that the only way for him to become posted in ail lines of work is to 
receive sound, practical instruction in them at his technical school, either 
before graduation or directly afterwards in a post-graduate course.

In conclusion, I might suggest that you could make a start on the 
incorporation into your course of some of these practical ideas by inaugu
rating a post-graduate department, and by giving in it most of the de
signing and estimating, and the preparation of specifications, contracts, 
and reports dial I advocate.

Again, if you intend to try to make your institution recognized as emi
nent in the line of engineering, I would suggest that you would facilitate 
such a consummation bv adopting the policy of including a few engineers 
in your governing board.

Very respectfully vours,

J. A. L. Waddell.
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COMMENT

Upon “ Civil Engineering Education,” “ Some Notes upon Civil Engi
neering Education with Special Application to Japan,” and 

“A Letter Relating to Civil Engineering Education.”

There1 are three general classes of schools which offer courses in civil 
engineering. One is composed of weak institutions which endeavor to appear 
broad by offering perfunctory courses and professional degrees. Their equip
ment is commonly very limited and their faculty small, ill paid, and ill pre
pared. They obtain students because they are conveniently situated, because 
the cost of pursuing their courses is small, and because the student or those 
responsible for him are ill informed. A very small number of the graduates 
of such institutions succeed in their profession unless the defects in their 
education are remedied later at some better school. These institutions are 
in some measure fraudulent, for, like the correspondence schools, they make 
promises which are not fulfilled and turn out students who have an exag
gerated idea of the extent of their equipment. Fortunately, the better 
schools are growing rapidly in number and fame and are crowding out these 
weak ones.

The schools which devote themselves entirely to technical work arc of 
two grades. Those of the lower grade correspond to the technical high 
schools of Europe, and prepare men in the more elementary branches of 
engineering only. Their courses in mathematics are commonly very good, 
as are also the drafting and shop work and other courses which fit the stu
dent to earn his livelihood at once, but the courses are short and the require
ments for matriculation are low, consequently their graduates are not pre
pared for the higher grades of professional work.

The second class of technical schools offer courses of the highest grade, 
and their graduates are prominently identified with the highest professional 
work. Their courses are what they purport to be. engineering courses, and 
nothing more. The amount of work they offer in the languages is the least 
which will enable the student to read the technical literature of other coun
tries, and is offered for that purpose. History, economics, literature, the 
humanities, and the pure sciences, other than those upon which the engineer
ing courses are based, the studies which make for breadth and culture only, 
are crowded entirely out of consideration by the purely professional work. 
Their graduates often lack breadth, in consequence, but the intensity devel
oped by unqualified devotion to a single purpose often constitutes full com
pensation.
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The third and largest class of institutions is made up of the universities, 
of which a school of engineering forms an integral part. In some instances 
the technical schools are predominant, in some of the older institutions tic* 
schools of liberal arts and of the older usions continue superior to the 
technical schools, hut in the great majority of cases the school of engineer
ing is co-ordinate with the others. The better universities offer courses and 
possess facilities for technical instruction which are equal to those of the 
best technical schools. They offer many other advantage.- which tend to 
broaden the student’s education ; for instance, the stronger man, who finds 
himself able to do more work than the engineering course provides, may take 
a few subjects in the other schools, such as the law of contracts, advanced 
English composition, economic geology, higher French and (ierman, political 
economy, logic, or higher work in chemistry, geology, and mineralogy than 
the engineering course provides. But, in any event, the larger life of tie* 
university, the intercourse with students of very diverse interests, lends better 
perspective and does much to broaden the view, and to prevent the idea that 
his is the only important line of work.

The graduate schools of the universities are beginning to offer graduate 
courses in the various branches of engineering, and it appears probable that 
graduate courses of a high grade will be a prominent feature of the better 
institutions in the not very distant future. As the engineering profession 
grows older and more crowded, it will become more and more essential for 
those who will compel success to spend more time in making a thorough 
preparation. The number of students who pursue a collegiate course before 
taking up their engineering studies is gradually increasing, and it seems not 
improbable that in time the course will be modified to meet the demands of 
students of this class.

The requirements for entrance to engineering schools have been much 
discussed by the Society for the Promotion of Engineering Education and, 
in consequence, they are now very uniform. From year to year they an* 
being increased bv the addition of work in the natural sciences and in the 
English, French, and German languages. The tendency is to demand a 
broader and sounder education before entering upon the professional studies, 
yet the courses still contain much work which belongs to the college or to the 
higher preparatory school. This work is retained in the technical courses 
because it is considered essential to the engineer's education, lmt is. as yet. 
provided by only a few of the public high schools in which the majority of 
students are prepared and bv the better private preparatory schools. As 
I hose latter institutions are improved, it is probable that more and morn 
work in the pure sciences and the languages will be forced back into them 
:md that the engineering courses will become purely technical. The time 
thus obtained will be used to extend the engineering courses or increase their 
number in accord with the growing demand.

8
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An examination of the courses in civil engineering now offered will make 
it clear that the lion-technical subjects now occupy between one and two 
years of the student's time. Rhetoric and English composition commonly 
require live hours per week in class for a half year or a year, hut there is 
nothing in the work peculiar to the engineering school. There is no doubi 
that engineers need a thorough knowledge of English ; the great majority of 
them are notoriously deficient in that branch ; but a thorough knowledge of 
the technique of the language should be demanded for entrance; then the 
thesis, specifications, and reports, which should be greatly increased in num
ber, should be submitted to the English department for criticism. And 
throughout the course a moderate amount of time, sav one hour per week in 
the class room, should be devoted to direct instruction in the preparation of 
engineering documents. As the courses are now arranged, the instruction in 
rhetoric and elementary composition is given during the Freshman year and, 
if work in advanced composition is required, it is deferred till the Junior or 
Senior year. In the meantime, only perfunctory attention is given to Re
construction of the few papers required, and the facility given by the Fresh
man work is lost through misuse ; consequently, the Senior engineering stu
dent in the advanced English classes is a pitiable object.

The studies in French and Gorman required for entrance enable tin- 
student to parse and to read easy prose. In the course, a portion of th 
Freshman year is devoted to reading scientific articles in order to give tin 
student familiarity with scientific terms. The result is a very ordinary read
ing knowledge of the languages, not enough to enable the student to read the 
German and French technical papers with facility and pleasure. Conse
quently, by the time he has completed his course and is ready to take up tin 
great search for engineering information on his own responsibility, lie finds 
so little of the languages at his command that he generally gives them up 
and depends entirely upon what he finds in English. Until the time arrives 
when a thorough reading knowledge of both languages can be required foi 
entrance to the engineering course, better results would undoubtedly be ob
tained by devoting to one of them all the time now spent upon both. This 
would provide a satisfactory working knowledge of one language, which, in 
any event, is much more serviceable than a smattering of two, and practical 
use of one language would generally induce the young engineer to take up 
the study of the other as opportunity offers.

Qualitative and quantitative chemical analysis should also be required 
for entrance to the engineering course, though a short course illustrating 
their application to engineering work is desirable. The enthusiasm of the 
pure scientist would add greatly to the student’s interest in ehemieal study, 
while the special technical course would provide the practical phase of thn 
subject.

Mineralogy, petrology, and geology are also quite as satisfactorily taught 
in the college as in the technical school.
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We must agree that the higher course in algebra and the courses in ana
lytic geometry and in differential and integral calculus should be taught in 
the engineering school where their application to technical work may be kept 
constantly in view, hut the lower courses in algebra and the courses in plane 
and solid geometry and in plane and spherical trigonometry may very satis
factorily he required for entrance.

A thorough course in elementary physics should also be required for en
trance, but the advanced courses should be given in the engineering school.

When the work discussed above is done in the college (the elective system 
makes this easily possible) or in the preparatory school, about one and one- 
half year's work will he removed from the engineering course, providing time 
for a very substantial increase in the professional study. The additions to 
the requirements for matriculation and the corresponding increase in the 
amount of technical work in the courses which have been made in recent 
years clearly indicate that this procedure will continue until all cultural 
studies will be demanded in preparation and only technical courses will he 
offered in the engineering school.

What subjects should he comprised in a course in civil engineering and 
the amount of time and attention which should be given to each will always 
remain matters of discussion. The practitioner, who is nearly always a 
specialist, will naturally place the greatest importance upon the subjects 
included in his specialty or allied to it. He may possess the greatest attain
able breadth of view, yet his opinions will he influenced by his work. And 
the instructor is a specialist in hardly less degree than the practitioner. Free 
and full discussion among the various members of the profession, teaching 
and practicing alike, will do much, and the work of the Society for the Pro
motion of Engineering Education promises to do more to harmonize these 
widely varying opinions and bring about a reasonable degree of uniformity 
in the courses offered by engineering schools throughout the country. Much 
has already been accomplished in this direction, and as the science of civil 
engineering grows and develops the schools must continue to adapt them
selves to its needs. New branches are constantly coming into prominence, 
and some of the older ones are losing in importance by comparison. The 
production of structural steel greatly modified the designing of bridges and 
made possible the construction of tall office buildings. Improvements in the 
manufacture of Portland cement and the development of methods of rein
forcing concrete have brought concrete construction into great prominence 
within a very few years. The discovery of large supplies of asphalt revolu
tionized methods of paving streets. These and similar developments de
mand constant growth in the courses in engineering instruction, a casting 
out of the old and no longer useful, and a taking on of the new and growing 
lines of work. Consequently, no course, ideal or practical, can he established 
once for all. Dr. Waddell’s ideal course of eighteen years since is still far
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in advance of the courses offered, but it would, no doubt, be materially 
altered if lie were to recast it to-day.

When the civil engineering course is limited to technical work, the re
quirements for entrance will prt.bably consist of the following subjects:

Algebra through quadratic equations and logarithms.
Plane and solid geometry.
Plane and spherical trigonometry.
A thorough training in free-hand drawing.
Inorganic chemistry.
Qualitative analysis.
Quantitative analysis.
A thorough course in elementary physics.
Descriptive and possibly structural botany.
A sound course in economics.
General history.
A reading knowledge of Latin.
A thorough knowledge of French or German, enough to enable the stu 

dent to read and write the language correctly and with facility
A sound training in English, including grammar, etymology, rhetoric, 

composition, criticism, and literature, a course representing at 
least five one-hour periods per week in class for four scholastic 
years.

Courses in physical and possibly economic geology.
Elementary courses in mineralogy, petrology, and astronomy.

'Phose requirements are greatly in excess of those which obtain at present 
it is true, but they fall far short of a collegiate course, the ideal preparation 
The high schools of our larger cities now afford the means of attaining 
nearly, if not quite all. of these qualifications, and other high schools and 
preparatory schools are extending their courses to meet the requirements n 
the colleges and professional schools. Many of the state universities whir! 
form the head of the educational system in their respective states admi- 
students from accredited high schools without examination and include ii 
the faculty an educator of high ability whose function is to visit the liigl 
schools of the state and see that their work fulfils the universities’ requin 
ments. Thus the entire educational system in these states is unified, and 
the secondary schools, which are commonly taught bv university gradual' -, 
furnish whatever preparation the university demands. The majority of pri
vate schools exist to prepare students for college and will adapt themselv- - 
to the conditions placed upon them by the universities and technical schools 
Thus it is apparent that the standard of the engineering schools may con
tinue to he advanced without danger of depleting the classes.

What subjects will constitute the civil engineering course of the not w 
distant future may be prophesied with a reasonable degree of assuraiv
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though the development of new % and methods of construction will
probably modify the course as it would now be established. Absolute uni
formity is, of course, impossible, but the courses in the principal institutions 
will follow the same general lines and would be laid out thus :

FRKSHMAX YEAR. Unit.
Analytical Geometry.................................................................................... 1
Differential and Integral Calculus...............................................................  1
Advanced Physics.......................................................................................... 1
Surveying...................................................................................................... 1
Descriptive Geometry...................................................................................  1
Higher Algebra............................................................................................... 4
Mathematical Astronomy.............................................................................. 4

(I

Hours Per Week.
Drawing, throughout the year............................................... (I
Shop work, throughout the year........................................... 4
Physics laboratory, one-half year.................................................. 4
Surveying field work, one-half year...................................... 4
One brief thesis per week....................................................... 0
Criticism of theses in class, throughout the year............... 1

Four weeks during summer vacation to be spent on topographical surveys.

SOPHOMORE YEAR. Unit.
Railway Field Engineering.......................................................................... 1
Mechanics ..................................................................................................... 1
Geodesy........................................................................................................... 1
Least Squares.................................................................................................. 4
Resistance of Materials.................................................................................. 1
Engines and Boilers......................................................................................  4
Thermodynamics............................................................................................ 4
Location of Railways..................................................................................... 4
Roads, Streets, and Pavements.................................................................... 4

6
Hours Per Week.

Drawing, throughout the year....................................................... (>
Shop work, throughout the year............................................ 4
Railway Surveying, one-half year................................................. 4
Engine and Boiler Tests, one-half year............................... 4
One thesis every two weeks................................................... 0
Criticism of Theses in Class.................................................. 1

Four weeks during summer vacation on railway and geodetic surveys.
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JUNIOR YEAR. rr
Unit.

Mechanics of Fluids............................................................................................ j
Hydraulic Machinery.......................................................................................... 4
Materials of Construction................................................................................. 1
Roofs and Steel Bridges.....................................................................................  2
Sewerage................................................................................................................. 4
Treatment of Sewage and Refuse................................................................. i
Water Supply and Filtration............................................................................. 1

r>

Hours Per Week 
T/iroiij/hout the Year

Drawing...........................................................   0
Hydraulic Laboratory Work............................................... 4
Testing Materials.................................................................. 4
A substantial thesis, every month.................................... 0
Criticism of English Work................................................. 1
Preparation of Designs....................................................... 5

Four weeks of summer vacation on hydraulic surveys and on surveys for 
sewerage and water supply.

SENIOR YEAR.
Unit.

Foundations and Masonry, including Reinforced Concrete..................... 1
Steel Skeleton Mill Buildings and Ollicc Buildings.................................. 4
Electrical Machinery........................................................................................... 4
Specifications and Contracts.............................................................................. 4
Suspension Bridges, Arches, and Cantilever Bridges.................................. 1
Railway Structures............................................................................................... 4
Tunneling............................................................................................................... i
Wharves, Piers, and Docks................................................................................. i
River and Harbor Improvement....................................................................... i
The Erection of Bridges and Buildings......................................................... i

fi
The preparation of designs, estimates, specifications, and contracts, 

twenty hours per w'eek throughout the year.



A unit consists of live one-hour periods in the class-room and ten hours 
hi preparation per week for one-half the school year. Except upon mathe
matical subjects, only the plodding students actually require two hours to 
11 re pa re the allotted text-book matter, hence the instructor should advise and 
encourage collateral reading and study. This can best be done by offering a 
list of references to matter which may be found in the books and technical 
papers in the library, and following this by general questions on the matter. 
This work should not be compulsory, for a considerable number of students 
«re unable to do much more than the prescribed work, hut many of the 
brighter and more energetic men will gladly make use of the advice to their 
material benefit.

In order that the principles taught, shall be firmly established, each stu
dent should prepare at least one design, with estimate, specifications, and 
contract, complete, for each course relating to the construction of engineer
ing works. These designs should not be too ambitious and elaborate, or they 
will crowd the theoretical work into the background and thus fail in their 
own purpose. They should illustrate and firmly establish the principles 
involved, but there should be no endeavor to make the student a finished 
engineer and a skilled designer. The purpose of the engineering schools is 
i«i teach principles thoroughly. To teach the practice in all branches thor
oughly would be a waste of time and energy, for no engineer can pursue more 
than his specialty and one or two allied branches. A few students know, 
long before the completion of their course, just what line of engineering they 
arc to follow, and at first thought, it would appear best to allow these men 
to concentrate their efforts upon their proposed specialty to the exclusion of 
distantly related branches, but a man so trained will lack balance, and will 
have frequent cause to regret such a course. The great majority of the stu
dents, however, are children of fortune, and must follow up, as best they 
may, the opportunities they obtain. They are unable to foretell what 
branches will he most serviceable to them, and it is unusual for a student to 
possess a strong predilection for any one line of work. It is hardly to he 
questioned that, sooner or later, the knowledge of any branch more than 
compensates for the time and labor spent in obtaining it; in fact, it is un
usual to find an engineer who does not regret that he has not an elementary 
knowledge, at least, of other branches than those he studied or practices. 
Consequently, it is almost universally conceded that the best equipment with 
which a young engineer can enter upon his work is a thorough knowledge of 
the principles of all branches of his profession. He is then prepared to pur
sue to the greatest advantage the line of work dictated by his tastes and 
opportunities.

The technical graduate should be a thoroughly trained draftsman and 
instrument man. Ability to do useful work in the field or in the drawing 
room will gain employment for him readily. He mav not be verv extrava-
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gantly compensated for liis labor, but lie will obtain bis living and il 
opportunity to gain valuable experience. At present even the best of out 
institutions send out men who are utterly unprepared to do any useful work. 
This is so commonly true that the recent graduate is looked upon as a hin
drance rather than a help, and hib services are not wanted at any price in 
many establishments. If he we*'e even able to make a first-class tracing with 
neat but plain letters and figures, his services would be of value, but generallv 
he exhibits some laboriously prepared Whatman paper drawings with lim- 
of irregular width and with crude lettering as evidence of his ability as , 
draftsman. Consequently, there is no vacancy and he continues the weary 
search. Order, accuracy, completeness, and a workmanlike appearance ar- 
the essentials of a good drawing, and there is no good reason why a student 
should not acquire them all during his course of study. Much time is wash d 
in the schools on old English* a and titles, fancy letters, shading, and
similar work. Not one student in ten has the native ability to become an 
artistic draftsman, but every one can learn to make good, neat, practical 
drawings. The student is commonly required to make a complete pencil 
drawing; when that is completed his interest flags, and the tracing, whic'i 
should be the result sought, is made in a half-hearted manner, and shows it 
The subject of the drawing, he it a bridge, a dam, a pier, an engine, a boiler, 
or only a detail, should be worked out clearly and accurately, but by n<* 
means fully, on the paper, leaving the fine work and the finishing touches i 
be done on the tracing. When the student has learned to do good, clean woi 
with facility, he may take up the more elaborate classes of work with advan
tage. Illuminated texts, old editions, and fine bindings are eminently worth 
while if one can afford them, but they are a luxury, and the taste for fliein 
should be indulged only after one has accumulated a working library.

Every civil engineering student should he thoroughly drilled in the use 
of field instruments and should be competent to make any kind of a sui ve 
Comparatively few engineers will pursue field work as a specialty, but everv 
one, especially every railway engineer, will occasionally find it necessary to 
use surveying instruments, and the work done in school should he so thor
ough that it will never he forgotten. Like drawing, field engineering will 
be the means of obtaining the young engineer his opportunity to gain exp ' - 
ence. for his services in that line have pecuniary value.

The civil engineering student should do enough shop work to give hin 1 
clear understanding of the capacities and limitations of machine tools and 
ordinary facility in their use. There should he no attempt to make a skill' I 
mechanic of him, hut familiarity with methods of fabrication and manuf 
ture will be very helpful to him in designing.

The English work of the course is of the utmost importance, for good r 
bad English will make or mar the engineer’s work at every step. The suc
cessful engineer, using the term in its hroad sense, must possess the foron-ic
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«kill of the salesman in on 1er to obtain engagements ami develop the finan
cial phases of his propositions, the clearness and fulness of the lawyer in the 
preparation of his contracts and specifications, the clearness and brevity of 
the business man in his business correspondence, and the skill of the writer 
in preparing the results of his investigations and the descriptions of his con
structions for publication and record. The principles of rhetoric and com
position upon which this large knowledge of the subject is based should be 
gained in the preparatory course of study, but their practice should be vigor
ously pursued throughout the entire engineering course. The brief, weekly 
theses of the Freshman year should develop readiness and order in expression 
and give further opportunity to establish the laws of composition firmly 
through helpful criticism. The more ample papers of the Sophomore and 
Junior years should be devoted to the description of engineering works,
• xamined personally or studied in the technical press, and to such original 
investigations as the student may be led to make. This would afford an 
excellent method of compelling attention to current technical literature, a 
habit which the student cannot form too early. And finally, the preparation 
of specifications and contracts for the courses in which designs are prepared 
afford opportunity for the highest training in technic» 1 English. The in- 
-t motors should he especially prepared for this particular work and should 
he engineers as well as specialists in the English language.

Especial attention should be paid to the manner in which the student 
does his work. If one may judge by the habits of recent graduates, it would 
appear that little or no attention is ordinarily given to the order in which 
the work should be done. The young engineer will often calculate and 
design the bridge trusses before he does the floor system. In the design of 
almost any structure there is an order in which the calculations of stresses 
and sections should be made, and there arc fundamental conditions which 
govern the economical preparation of a drawing. Careful instruction in 
these and similar matters will save the student much time and labor and 
temper and will lend the zest of satisfactory progress to all he does.

Most graduates are also grossly deficient in orderly habits of recording 
and preserving their calculations and estimates. Tt is frequently impossible 
for another or for the engineer himself sometime after they have lieen made 
to read a set of calculations, because parts of the computations and even 
essential data are omitted. Portions of the work will be done on scraps of 
paper which are thoughtlessly destroyed, sketches will be omitted altogether 
oi will be so crude that they are unintelligible, and the records will he rolled 
together without order. These habits are exceedingly vexatious both to the 
young engineer and to those who are responsible for his work. It should be 
an easy matter to drill students in orderly methods and clerklv habits, and 
no good excuse can be found for the general failure in this respect. Tt is
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possible* to become a slave to system, but system is an indispensable aid and 
merits the most careful study.

The instructor often resents the practitioner’s criticisms of the course of 
study and the methods of instruction. Teaching is his branch of the pro
fession and he considers himself in the better position to judge of method- 
and subjects. lie is constantly engaged in the work for three-fourths of th< 
year, whereas the practitioner rarely visits the institution. But he must not 
lose sight of the fact that he is being judged by the results of his work, tli 
knowledge and skill possessed by his students, just as the practitioner i- 
judged by his finished structures and their op< ration. The engineer in prac
tice employs young men recently from college, and in doing so he is pur
chasing the results of the professor's work, the training, the knowledge, and 
the technical skill, as well as their energy and intelligence, and he is certain!) 
in the best position to know whether he obtains what he desires. It is hard I \ 
essential to point out that what he demands and is most willing to pay for i- 
also what is best for the employe* and, consequently, what the instructor 
should furnish the student.

The four years’ technical course in civil engineering and the preparation 
for it outlined above are, in the editor’s opinion, essential to the satisfactory 
education of a civil engineer ; anything less leaves fundamental deficiencies, 
and more preparation would be an advantage. The crying need of the he ir 
in the profession of civil engineering is for better trained men. Men of 
indifferent training arc abundant and their services may be obtained for a 
small price ; but men of exceptional training and ability are eagerly sought. 
It. is a common occurrence to find graduates of our better engineering schools 
who are grossly ignorant of fundamentals, clearly showing that their train
ing had not been so thorough as it should be, even in the courses pursued 
For instance, one exceptionally bright man, in making the calculations for a 
mine hoist, insisted that the percentage of grade and the angle of slope arc 
identical ; another spent several hours calculating the ordinates between the 
center line of a plate girder bridge and the center line of the track, the point 
of curve being on the bridge, and then his work was erroneous. These men 
both graduated from one of our best engineering schools. And numerous 
similar failures have been observed in the engineers who have come under 
the editor’s direction. Lack of thoroughness, both in knowledge and in 
method, is so much the rule that until the character of a man’s work i- 
known from experience, it must be looked upon with suspicion. No mort 
work should he required in an engineering course than the student can per
form well, if he be reasonably diligent, and thoroughness should he the in
structor’s watchword. Tt is infinitely better to omit some courses and teach 
the others thoroughly, than to cover the larger number more superficial I v. 
for the energetic man will struggle to make good his lack of breadth, but the 
ill-grounded man generally remains ill-informed.
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The courses in mathematics, physics, and mechanics should be given from 
text-books and supplemented by lectures. The writer will always recall with 
much pleasure an informal lecture on analytical geometry which made the 
value of the course and the possibilities of the subject exceedingly clear and 
attractive and which greatly increased the general interest in the subject. 
The value of such lectures cannot well be estimated. They should be given 
as often as the subject furnishes matter and are all the more satisfactory if 
informal, foi in lectures of that character the student feels the instructor’s 
personality much more than in formal lectures. If the student be not 
thoroughly drilled in these fundamental subjects, his whole course is weak
ened. for he will come to his professional studies ill-prepared and will grope 
his way through them.

In the purely professional studies, instruction in theory and practice go 
hand-in-hand. The theory is undoubtedly the more important, for it is pos
sible t<> attain the knowledge of the practice later, but instruction in the 
practice of a subject serves to arouse interest in the theory and fix it in the 
student’s mind, to make it a matter of understanding rather than memory. 
And, if the instructor keep in close touch with the latest designs and con
struction in his lines, the student will enter upon his professional work with 
a knowledge of current practice rather than that of the text-books which 
must of necessity be at least two or three years old. Practice develops so 
rapidly nowadays that very material changes are often effected within two or 
three years.

A brief, fundamental course in graphics should accompany the courses 
in mechanics, and graphical as well as analytical methods should be taught 
thoroughly in all the professional courses. The graduates of European 
technical schools are much better grounded in graphics than Americans. The 
analytical methods should, however, be so thoroughly taught that they may 
be used entirely if desired. The best trained engineers will use both methods.

Short cuts, methods of approximation, the degree of accuracy which is 
desirable, and methods of checking should be well taught. Not long since ,1 
prominent bridge company published and distributed widely a set of specifi
cations containing several tables of bending moments, shears, and equivalent 
uniform live loads for railway bridges. Before using them the editor 
checked them and found almost every figure in error. When the matter was 
brought to the attention of the bridge company’s chief engineer, he admitted 
the error and stated that the calculations had been twice independently 
checked, but investigation showed that the work had been done graphicalIv 
and both checks had been made by scaling the original diagrams, which were 
in error. Graphical work should invariably be checked analytically. One or 
two analytical checks will determine the correctness of the graphical calcula
tions of the stresses in a truss.

Instruction in the methods of arriving at costs is of the highest impor-
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tancv. The current cost of materials and labor is a less important matter. 
Hut it should be made very clear that interest, depreciation, superintendence, 
contractor's profit, risk when plans are not clear, conditions governing erec
tion, strikes, fire risks, obscurities in specifications, fluctuations in prices, ami 
other contingencies are quite as important factors in preparing a true esti
mate as are the essential materials and labor. Engineers without business 
training are almost invariably deficient in ability to prepare an estimate 
quickly and closely in accord with the actual cost of construction. Little 
credence is generally placed in the young engineer's estimates, for he i- 
seldom well prepared to make them, and he learns correct methods onl\ 
through grievous blunders which arc expensive to his employer and damag
ing to his reputation.

Methods of filing and indexing, though a clerical matter, merit close 
attention, for the recent graduate usually knows nothing about them and. 
consequently, does much work a second time, because what he has done is 
not available for use.

Trade catalogues and hand books are exceedingly beneficial in the actual 
information they contain, in arousing interest in construction, and in point 
ing to the application of the theoretical instruction. Sets of catalogues 
properly indexed for ready reference, should be available for illustration in 
the class rooms, not in the general library. Manufacturers are, as a nil . 
glad to furnish a liberal supply of printed matter, and will often dona I ■ 
photographs of plants and of individual machines.

Increasing attention is being given to aesthetics in design, but instruction 
in that line is still in a primitive state. The elementary principles of archi
tecture should he taught, and much attention should be given to appearance- 
in the preparation of designs in the professional courses.

Instruction in methods of original research is best given by requiring the 
student to make some original investigation as the basis of a graduating 
thesis. There is not time for more than one such investigation, and too 
often this is a farce.

Good text-books are much more abundant than they were when Dr. \Va<i- 
delVs paper on Civil Engineering Education was written ; in fact, in mo-i 
subjects there are several good ones and some that are obsolete. It is one of 
the instructor’s first duties to be thoroughly familiar with all the availah1 
text-books in his lines of work. He should review the new books as soon - 
they are issued and satisfy himself that the one he is using is the best ob
tainable. It is not rare for a professor to become satisfied with the book 
is using and continue to use it long after something superior is publish. 1. 
Sometimes, too, friendship for its author unduly influences the choice of 1 

text-book.
Frequent references by the professor to current technical literature will 

arouse the students’ interest in the courses and in the technical periodicals.
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Attention should also In* called to historic structures, the greatest bridges ai l 
their chief peculiarities, the greatest canals ; notable river, harbor, and chan
nel improvements; prominent examples of the various methods of filtering 
and softening water ; and notable feats in railway construction. The fail
ures as well as the successes merit attention, for both contain their lessons. 
The student should be advised where he may find descriptions of such works 
and thus induced to make full use of tile library. A card catalogue and a 
well-filled book stack rather appeal with their mass. The student knows that 
lie can read hut little of what is available and hesitates to select at random, 
hut he can be easily interested and led to read much and advantageously. 
Much of his time may be saved and - ror be avoided if the instructor will 
point out those portions of old books which are obsolete and those portions 
which merit attention. A list of books or portions of books which hear on it 
and a statement of their relative importance should be posted at the begin
ning of each course.

The formation of technical societies within the institution is also very 
beneficial, for it affords opportunity for the student who has visited engineer
ing works or spent a portion of his vacation in some engineering ofiiee or 
works to describe them and thus gain facility in expressing his ideas and 
give the others a glimpse of what comes after graduation. Those societies 
may he instrumental in obtaining very valuable lectures from practicing 
engineers. They also tend to unify the student body and intensify interest in 
the subjects under disc <sion, and they afford opportunity for healthy rivalry 
in a strife for promit nee.

In practice the « gineer studies his subordinates in order to keep them 
fully occupied an > obtain the best results. They must be kept employed 
as far as possi! n work which interests them, and a word of encourage
ment is well worth while. In fact, a personal interest is exceedingly profita
ble, both to the engineer and to his assistants. The instructor has even 
greater reason to study the character and mental processes of his students 
and to take a personal interest in them, for the results of his life work are 
the knowledge he imparts and the influence he attains and exercises, and 
there is little influence unless there be a strong personal interest. The per
sonal relations between the student and the professor are chiefly dependent 
upon the latter, for he is older, has the stronger personality, and may readily 
read the younger man’s character and learn how to influence him. The 
student is in a large measure as clay in the professor’s hands. However, he 
stands somewhat in awe of his superior’s years, learning, and authority, and 
must feel the instructor’s interest and encouragement if they are to meet on 
common ground.

The well-prepared student should know how to study, but a watchful 
instructor can frequently help him to better methods. For instance, a dia
gram of the contents of a book, showing the principal subjects with their
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sub-headings and their relations to each other will assist the understanding 
and aid the memory. The student should prepare such diagrams of the book.** 
lie reads and of his text-books when he has finished a course. After hearing 
a lecture, notes upon it should be prepared for reference. A meagre skeleton 
can be made during the course of the lecture, if the student be well trained 
in English composition, for, in that event, he will readily determine tin 
salient points as the lecture proceeds. Any attempt to make full notes dur
ing a lecture will result in a deficient comprehension of the subject matter, 
for the mind cannot simultaneously follow the lecturer’s thought and formu
late notes. There are a great many other helps which arc matters of routim 
to an instructor, but which the student will acquire only after much waste ol 
labor if they are not brought to his attention.

The work of the instructor is higher in character than that of the engi
neer in practice, for he builds men, not structures, lie exercises, if lie will. ; 
strong moral influence upon young men who arc in the formation period 
life, hence most susceptible of control. Tie teaches them facts and how t 
use them, how to study, how to think, how to carry themselves toward then 
fellows. His responsibility is great, but his reward is greater. Year after 
year men go out from his guidance and take their places in the world, ex 
tending his influence and bearing a kindly regard for him through life. In 
publie esteem no other calling occupies so high a place, unless it be that ol 
the clergyman. These considerations, the pleasant character of his work, and 
the unperturbed life, form no small portion of the professor’s compensation, 
and make his position desirable, even though his salary is rarely more than 
enough to enable him to live as befits his station in life. Consequently, com
petent, even eminent instructors, may readily be obtained for a much 
smaller salary than they could command in active practice. It is too fre
quently the case, however, that the salary allotted for a position is insuffi
cient; then cheap or inefficient men, men who follow teaching because tli<-\ 
have not the energy to practice, are obtained and the students and the institu
tion suffer. The practice of employing men just graduated to fill lower posi
tions in the faculty deserves severe condemnation. Such men, however w 
educated and capable they may be. lack the breadth and the knowledge of flu 
professor’s requirements, which an instructor in any grade should possi -- 
Even one or two years of practice, though the work obtained be of a low 
grade, will add greatly to the instructor’s breadth and to his knowledge of 
the practice of the profession.

Instructors who have not the opportunity to do practical work during flu- 
school year might spend a considerable portion of the summer vacation m 
the shops or on construction. Temporary positions are often difficult t" 
obtain it is true, but they are not impossible. It may be objected that tin 
vacation is for rest, but the engineer in active practice works quite as hard as 
the instructor, yet gets a vacation of not more than two weeks or a month,
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often none at all, during the year. And the change from teaching to con
struction should in itself afford much of the required rest.

In teaching, as in practice, it is the active, energetic man who succeeds. 
The instructor is considered inferior to the practitioner only by second-rate 
men who arc themselves weak in theoretical work and who seek to minimize 
their deficiencies by insisting that practice is all. Lazy, ill-prepared, and im
practical men are held in low esteem in any branch of the profession, but it 
is a deplorable custom for institutions to retain such men through a mis
taken consideration for them, instead of setting them adrift, as would be 
done in the business world. The lazy instructor does not keep up with the 
growth of the science and is content with work which is below standard. 
Consequently, his students are ill prepared and have lazy habits, too. The 
mere teaching machine, who is conscientious but has not ability, is quite as 
bad as the lazy man.

The professor should have time for reading, study, original research, 
and visits to plants, works under construction, and other institutions; but 
too much spare time is almost as bad as not enough, for no man with too 
much leisure will remain energetic. Too much work does not leave time for 
breadth and judgment.

The editor is without experience as an instructor ; consequently, his ideas 
of methods of instruction are of doubtful value. Yet it may be worth while 
to state a few of them. He has painful recollections of an instructor who 
could not or would not touch upon any phase of the subject under considera
tion that was not to be found in the text-book. Nothing could be more dreary 
than to work over again in class just what is already clearly understood from 
the text-book, without amplification, illustration, or application. The discus
sion should not hinder a full examination of the text-book matter, but the 
value of the instructor’s work depends chiefly upon his ability to make the 
subject real and interesting. Free references to other books on the same sub
ject, illustrations of the application of principles, digressions, and amplifica
tions which tend to make the subject clearer are all valuable, and, if em
ployed judiciously, do not mitigate against thorough drill on the text-book.

The lecture system lacks the advantage of reiteration, which is responsible 
for thoroughness. The consultation method described by Dr. Waddell is 
admirable for the professional courses when students are thoroughly in ear- 

| nest. Every able instructor uses it more or less. But it affords an excellent
I opportunity for the glib, quick-witted, and lazy student to make a better
I showing than his knowledge warrants, while the diffident or slow student will 
I rardv do himself justice. Tf the professor be keen enough to detect the lazy, 

superficial man’s unsoundness and prevent him from monopolizing the dis
cussion for the sake of appearances, to search out the reticent student*? 

| hidden knowledge, and to withstand that subtly applied flattery which is de- 
| signed to keep the instructor talking while the student remains idle, the
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largest possible amount of work may be done under this system, for a great 
amount of repetition which is uninteresting and often unnecessary will I., 
avoided. In the hands of the plodding, the easy-going, or the susceptible in
structor, however, the results would be doubtful, to say the least.

The best method of instruction must, however, be largely a matter of the 
instructor's ability. Some men are able to obtain thoroughly satisfactory 
results, even in theoretical subjects, by using the lecture system; others 
adopting the same method would fail lamentably. For the able lecturer tin- 
recitation system is distastefully slow and plodding, while others to whom 
lecturing is impossible obtain excellent results by means of text-books and 
recitations alone. The good lecturer, however, will generally be the more suc
cessful in arousing interest and enthusiasm.

What constitutes a reasonable or passing knowledge of a subject is no* 
easy to determine. In the daily recitation the quick-witted student will ap
pear to much better advantage than his slower and often sounder fellow : a 
nervous man of the highest intelligence may fail utterly ; and the fluent 
talker will often be able to cover his weaknesses well. Most students ap
proach a final examination with fear and trembling ; the nervous man will 
lose his wit completely, and the slow man will not have time to complete the 
work. The best plan seems to lie to base the judgment of a student's fitness 
upon the daily recitation, the final examination, and the short, unexpected 
examination commonly known as the “quiz,” which is given at intervals dur
ing the term. The last is a particularly good test. It is suitable for ihr 
nervous student, for it is commonly the anticipation of the examination that 
unsettles him, and it is exceedingly effective in keeping the daily work up to 
the standard. When it will be required is unknown, hence the student must 
always be prepared for it. This is of very great advantage in the work, for 
the student who gets behind in one subject generally makes his deficiency 
good at the expense of another.

In a large measure the class should he allowed to conduct the review, each 
student bringing up for discussion and elucidation the points which trouble 
him. By dividing the subject into portions corresponding to the time allotted 
for review and confining the questions of a period to the portion designated 
for that day. the whole will be made clear and the student will be fully pre
pared for the final examination.

Examinations should, if possible, correspond to the test of knowledge 
which will occur in practice. In the professional courses the student should 
be allowed to make use of the tables and hand-books, which will save numeri
cal work and furnish ordinary data, such as weights and properties of sec
tions, weights of materials, logarithms, and natural trigonometric functions. 
The examinations conducted by the United States Navy for the selection of 
civil engineers are excellent examples of a test of knowledge. The object of
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the test should be to determine the extent to which a course lias been assimi
lated and made ready for use, rather than how much is remembered.

The degrees which should be conferred upon the completion of technical 
courses are still the source of much discussion, though a great number of the 
better schools now confer the degree of Bachelor of Science upon completion 
of the undergraduate course in civil engineering, followed by the degree of 
Civil Engineer upon presentation of a thesis and after two or three years’ 
practice; some 0 v prominent institutions oiler the degree of Civil Engi
neer upon graduation and Master of Civil Engineering for a year's resident 
or two years’ non-resident work. The graduate is probably as much of an 
engineer as a graduate of a medical school is a doctor, and he is quite as 
much entitled to a professional degree. Yet he is by no means an engineer. 
Neither is it at all apparent that two or three years’ practice and a thesis 
make him one. The practice may be of such character that he will forget 
what he knew at its beginning. In more than one case which has come under 
the editor’s observation, graduates of the best schools have, after two or 
three years in the drafting rooms of a bridge company, forgotten how to cal
culate the stresses in a simple truss. It is needless to say such men are not 
civil engineers in any true sense, yet, under the arrangements mentioned 
above, they would be entitled to a professional degree upon presentation of a 
thesis.

In the writer’s opinion, the graduate of a course such as Dr. Waddell 
describes in his paper on Civil Engineering Education, or as outlined above, 
has earned a professional degree. He is well grounded in the theory of all 
important branches of his profession and is by no means without knowledge 
of the practice. In all probability he will never be much better informed in 
many lines of work, and it seems unjust to withhold the degree of Civil Engi
neer and confer upon him that of Bachelor of Science instead, a degree con
ferred by all grades of institutions upon completion of courses, good, bad, 
and indifferent, in the pure sciences. The fact that the courses now offered 
are generally far below the standard Dr. Waddell has suggested does not 
materially alter the situation, for the difference is one of degree only, and 
that difference is being steadily diminished.

The engineering sciences have advanced with marvelous rapidity during 
the last half century, hut especially during the last twenty or twenty-five 
years. Discoveries in pure science have followed each other in rapid succes
sion and new branches of engineering are founded upon them. Not only each 
decade but each year sees distinct advances in engineering practice. Engi
neering schools have increased in number and size to meet or even in antici
pai ion of the demand for engineers, hut the courses have not been improved 
proportionately. Material advances have been made in the equipment of the 
schools, in the requirements for admission, and in the requirements for 
graduation, but the demands of the profession have advanced still more rap-
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idly. The greatest present need is for more thoroughly trained men, and the 
technical schools must supply them or fail in their full purpose. More work 
must be required of the graduate and the work done must he more thorough. 
How this is to be accomplished is the great problem now confronting the gov
erning boards and faculties of the engineering schools.



THE ADVISABILITY OF INSTRUCTING 

ENGINEERING STUDENTS IN THE HISTORY 

OF THE ENGINEERING PROFESSION.
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INTRODUCTORY NOTES.

The paper entitled The Advisability of Instructing Engineering Students 
in the History of the Engineering Profession was prepared for the annual 
meeting of 1903 of the Society for the Promotion of Engineering Education. 
It is very evident from the amount and quality of discussion it provoked that 
the subject is of general interest to engineers. The comment is, almost with
out exception, favorable to the preparation of a comprehensive history of 
civil engineering, using that term in the broad, inclusive sense. The very 
great need of instruction in the history of the profession is almost univer
sally admitted, but there is, of course, diversity of opinion regarding the 
amount of time which should be devoted to the subject. In the present 
crowded condition of the technical courses, it would be difficult to do more 
than devote to it a few periods at the beginning of each course, but that time 
would be exceedingly well spent, for it would convey some general ideas and 
so interest the student that he would undoubtedly employ a portion of his 
spare time in reading the available literature on the subject. The editor 
knows from personal experience that earnest students will read eagerly any 
matter that will throw light upon the work of their chosen profession.

Whether the Society for the Promotion of Engineering Education should 
assume the task of preparing a History of Engineering is purely a matter for 
that Society’s consideration, and the discussion of the advisability of its 
doing so would be out of place here. There can be no question, however, 
about the propriety of such an organization doing the work, for its members 
are chiefly professors and probably have more time for such work than prac
titioners do. They also have the use of the libraries of the institutions in 
which they are employed, and are directly interested in presenting the sub
ject to their students.

The form in which the book is published is of small consequence; that the 
work be prepared and made available for use as early as possible and that it 
be thoroughly done are the main objects. To prepare a monograph relating 
to each branch and publish it as soon as possible would undoubtedly get the 
work started more quickly than to make a single task of the whole, for there 
are certainly professors so well versed in the history of their specialties that 
they could prepare the matter for the press at once, and the publication of 
one or two monographs at a time involves less immediate expenditure of 
money. The final cost of a number of volumes would, however, be greater 
than that of a single comprehensive work.

It is generally true that a number of small volumes dealing with separate 
portions of a large subject will be bought and read much more widely than a
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ponderous work covering the whole subject. The very size of the latter deters 
one from undertaking its perusal until more time is available, a condition 
which rarely occurs.

Dr. Waddell’s habitual persistence in the pursuit of a good cause makes it 
certain that something more than discussion will result from his idea, and 
once the History of Engineering is available, there is no doubt that it will be 
widely read and very generally given a place in the curriculum of the techni
cal school.
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THE ADVISABILITY OF INSTRUCTING ENGINEERING 
STUDENTS IN THE HISTORY OF THE 

ENGINEERING PROFESSION.

Tlie absolute ignorance of students at engineering schools, of young 
engineers, and, it must be confessed, also of many old members of the 
engineering profession, concerning the history of civil engineering and 
the names of the prominent engineers of past and present times, is simply 
astounding!

Why should such a deplorable state of affairs exist?
Some may say : “ Because ours is such a recent profession, it being, 

in fact, the youngest of all the learned professions.” Although in one 
sense this statement may be correct, still the excuse will not suffice : for 
civil engineering is, in fact, one of the oldest, if not actually the very oldest, 
of all the professions. In prehistoric times the men who dammed water 
to irrigate their fields, or who crossed streams by felling trees or by piling 
rocks in their beds for stepping stones were certainly the engineers of 
those days—and it is more than likely that there were then no lawyers, 
doctors, or clergymen, because law, medicine, and religion were probably 
unknown.

Others may reply : “Ours is such a busy profession that its members 
are ever occupied with the present and looking to the future, so have no 
time to spare for considering the past." This is a good reason but a poor 
excuse. Moreover, row that the general public recognizes engineering 
as one of the learned professions, it behooves its members to become con
versant with its history and development and familiar with the names and 
careers of its most prominent men.

Others may say: “The blame lies with the professors of engineering 
in the technical schools, who pay no attention to such matters as engineer
ing history.” This is true in a way; but the professors might reply : 
“There is no time in the curriculum to devote to such matters, for there 
is already more in our courses than can be crowded into the allotted time” 
—a lame excuse, indeed, because either the time should be increased or 
something of less importance should be left out—preferably the former. 
Or the professors might answer: “How can we teach the history of engi
neering when there is not a single book of any value upon the subject, and 
when we ourselves are nearly as ignorant thereon as our own students?"

Now we are arriving at the gist of the matter: for if there were in 
existence a thorough, reliable, and exhaustive history of civil engineering, 
it is probable that every professor in every technical school would use it to 
a greater or less extent, and most of them would adopt it as a text-book.



9° HISTORY or rXG'\IiI:Rl\’G.

Dut who is to undertake the stupendous task of writing such a treatise? 
No one man could do it in any reasonable time; and, moreover, no one 
man is capable of doing it properly; consequently, if the book be written 
at all, it must be prepared by a combination of writers.

Now what combination of engineers and technical writers is as well 
fitted for such work as the members of the Society for the Promotion of 
Engineering Education?

And what a grand enterprise it would be for this Society, one that 
would make it famous for several generations throughout the entire 
English-speaking world! Aye—more than that—throughout the whole 
civilized world, because such a valuable book would certainly be trans
lated sooner or later into the principal foreign languages.

Such being the case, let this Society appoint a committee to first con
sider the advisability of the Society as a body undertaking the writing 
and publication of “The History of Civil Engineering," using the latter 
term in its broad sense so as to cover all branches of engineering except 
the military; and, if the decision of the committee be favorable to the sug
gested publication, let it outline in its report a policy and modus operand 
for the Society to follow in order to produce the best possible history in 
the reasonably shortest time.

The following are some suggestions that the writer would offer con
cerning the proposed work:

I. That the subject of civd engineering be divided into a number of 
heads or topics representing the different kinds of engineering work, and 
that these be apportioned among the members of the Society, one topic 
being given to one member, or perhaps in certain cases to two or mon.

The following is offered as a preliminary list of topics, to be amended 
or increased as may seem good to the committee:

Bridges.
Concrete and cement.
Dams.
Electrical engineering. 
Engineering education. 
Foundations.
Gas motors.
Harbors.
Hydraulic motors.
Landscape engineering. 
Manufacture of iron and steel. 
Masonry.
Mechanical engineering. 
Mining engineering.

Power transmission.
Railroading.
Rivers and canals.
Roads, streets and pavements. 
Roofs.
Sewerage and sanitary engineering. 
Shipbuilding.
Steam engines.
Steel buildings.
Surveying and geodesy.
Tunnels.
Water supply.
Wind motors.
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It is to be noticed that this list is made alphabetically, which is the 
arrangement that the writer would suggest for the book.

2. That an editing committee of three be appointed to choose the 
various writers, apportion their subjects, limit the number of words and 
illustrations for each subject, check, correct, and finally approve each fin
ished paper, and attend to the publishing of the entire book, the proof
reading of each article, however, being left to the writer thereof.

3. That the committee collect to as great an extent as possible the 
portraits of the leading engineers of the past, and reproduce them 
throughout the book in the papers devoted to their principal specialties 
or finished constructions.

4. That the committee collect also photographs of a number of the 
principal constructions pertaining to each division of the book, and use 
them for illustration.

5. That the various writers be advised to call for suggestions or aid 
on their work from other engineers, whether the latter be members of 
the Society for the Promotion of Engineering Education or not, and from 
the various engineering societies both at home and abroad.

6. All papers should be written with the understanding that the 
main usefulness of the book will be through its perusal by students in 
technical schools.

7. It will be necessary for all writers to treat as fully as practicable 
the work of foreign engineers as well as that of their American brethren.

8. Only reasonably authentic history should be given ; and wherever 
there is any doubt whatsoever concerning the correctness of any state
ment, the said doubt should be clearly indicated, and the sources of in
formation stated.

9. The book throughout should be written in a most readable style. 
It should be thorough, concise, accurate, and complete without being too 
lengthy.

10. The various writers should keep in close touch with the editing 
committee as their work progresses, so as to avoid to as great an extent 
as possible the necessity for changes.

11. No expense should be spared to make the book complete and to 
publish it in first-class style.

12. The selling price should be a minimum ; and if eventually there 
be any profit, it should be divided into two equal parts, one part going to 
the general fund of the Society, and the other being divided equally 
among the writers of the various papers, including, of course, the editing
committee.
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13. All actual cash expenditures by the writers in preparing their 
papers should be repaid immediately by the Society from a preliminary 
fund established for the purpose. This fund should be used also in secur
ing portraits of the old engineers and photographs of important engineer
ing constructions.

14. It would not take a large sum of money to publish the work, 
because the typesetting, paper, printing and binding need not be paid for 
till after the book is issued ; and the initial sales would certainly cover all 
such expenses.

15. The sale of the book, even at the outset, would be immense; and 
afterwards the demand would be both large and constant, rendering tin 
venture a financial success and the work the most popular and wide!) 
used of all engineering treatises.
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DISCUSSION.

[The Secretary received a large number of written discussions of Mr. 
Waddell’s paper. It has not seemed necessary to print all of these discussions 
in full, but such extracts as will put the reader in possession of the numerous 
opinions and arguments that were elicited bearing upon the important prop
osition submitted by the essayist.—Editors. |

W. H. Bixby.—“I feel that such a compilation and publication is exceed
ingly desirable by some responsible party or parties, and I would gladly see 
it done if possible by the Society for the Promotion of Engineering Edu-

Charles Puryear.—“The chief benefit of such a course of instruction 
would, in my opinion, be derived from the fact that it would enable the 
engineering student to view his intended profession in true perspective and 
give him a definite idea of the relation of the engineer to society.

“I believe the plan proposed for bringing out the history is, on the whole, 
a good one; but I think there would be lacking the unity which should 
characterize a book; and that the result would be not a ‘book’ in the best 
sense, but a cyclopedia of engineering history.

“It would, in all probability, be too bulky to admit of its being given a 
place in the already crowded curricula of engineering schools. But the 
material once gathered and published in a form acceptable to practicing 
engineers, it would be an easy matter to prepare a text giving the essentials 
of the subject in condensed form; this might well be given a place in the 
schools.

“I think it would detract from the book to insert photographs of en
gineers; and I disagree with the suggestion that ‘the sale of the book from 
the outset would be immense.’ ”

S. N. Williams.—“I wish to express my hearty approval of the new and 
admirable thought of Professor Waddell. The wonderful achievements of en
gineering skill have not been properly appreciated by humanity as compared 
with like productions in other professional lines, while the known modesty of 
engineers has caused an unwillingness to press their claims for recognition 
on the public which has been surfeited with histories of all kinds and persons 
excepting those who have in an engineering way contributed so materially 
and quietly to human welfare.

‘•The time has fully come for this neglect to be remedied, and as the 
justice of Professor Waddell’s statements will immediately commend itself 
to the members of our Society, I trust steps will at once be taken to prepare 
such a history along the lines he recommends.

“This movement harmonizes admirably with the grand offer of Andrew 
Carnegie to build and maintain a home for the various engineering profes
sions, thus doing a noble work in educating the people of America to a proper 
recognition of the great service engineering has done for the world which has 
never been more conspicuous than at the present time.

“I favor also the detailed suggestions made for the preparation of this 
history.”
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L S. Randolph.—“The writer is heartily in accord with Mr. Waddell on 
his ideas, and believes that such a history as he advocates will be extremely 
valuable. One of the great values of history and the study thereof is that 
it gives a man more definite conception than he will otherwise get, and 
there is no doubt in the writer’s mind that definite conception in regard to 
what constitutes an engineer and what an engineer should be are not only 
badly needed among the people generally but also among those whose duty 
it is to train and teach engineers.

“The multiplicity of scholastic degrees with the word ‘engineer’ attached, 
and the planning of many of the courses of instruction in engineering, are 
proof positive of the absolute necessity for some more thorough knowledge 
of the work of an engineer. The civil engineer retains more than any other 
class his high position. By civil engineer is meant all of those included in 
the broad term of civil engineers, with the exception of what are sometimes 
called dynamic engineers. In one or two of the old schools of engineering, 
which for thirty or forty years have been turning out civil engineers and 
which therefore are thoroughly acquainted with the history of the same, the 
course of instruction is well fitted to the work to be accomplished and the 
professional standing of those practising the profession is more thoroughly 
recognized.

“The danger comes from those who, having nothing of the training and 
preparation for their work which is given to the civil engineer, seizing upon 
the title of such high renown and boldly appropriating to themselves the 
accompanying unearned honors and emoluments. We have the man who 
fires the boiler and pulls the throttle dubbed a locomotive of stationary en
gineer; we have the woman who fires the stove and cooks the dinner dubbed 
the domestic engineer, and it will not be long before the barefooted African, 
who pounds the mud into the brick molds, will be calling himself a ceramic 
engineer. Those of the teaching profession have seen how this thing goes 
and are familiar with the tonsorial artists who are called professors, and 
the dancing masters who have the same high sounding title.

“In order to place the matter briefly it can be said that the profession of 
engineering is to-day at the parting of the ways. If the engineer is to 
fulfill the definition which is so generally accepted, ‘as one who applies the 
discoveries of the scientists to the structural needs of mankind,’ something 
must be done at once, and there are but two ways of handling the question. 
One is boldly to adopt a new title and leave the title of engineer, which is 
rapidly falling into disrepute, to locomotive engineers, the domestic en
gineers, the sugar engineers, etc., who have caused its fall. Or to begin a 
campaign of education which shall bring clearly before the public, before our 
college presidents and boards of control, what the engineer is, or rather what 
he should be, and I know of no better place for this to be done than in this 
Society, and of no better method than the preparation of a history of en
gineering as outlined by the author of the paper.”

H. W. Tyler.—“Your circular note of May 21 in regard to the advisability 
of instructing engineering students in the history of the engineering profes
sion is ouly received. The idea impresses me very favorably, as tending to 
give engineering students the breadth of view they need but do not always 
gain. I should, however, doubt the wisdom of an attempt on the part of 
the Society to compile and publish a treatise.”
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F. H. Robinson.—“I am sure there can be no question regarding the de
sirability of a work on the history of the profession. It would be valuable 
not alone to the students in technical schools, but to the entire profession. 
As it does not seem at all likely that an individual will take the matter up, 
I hope our Society will promptly do so.”

A. F. Nesbit.—“I have no doubt as to the advisability of thoroughly 
acquainting our students with the history of the engineering profession, 
either by actual class-room instruction, or by requiring them to purchase 
recognized literature concerning the same. To illustrate this latter method, 
I try to put into the hands of my electrical students the best information 
regarding subjects, terms, phrases, history, etc., by requiring each one of 
them, at the outset of their courses, to purchase the enlarged edition of 
Houston’s ‘Electrical Dictionary.’ Whether the result can be best attained 
by attempting, as Mr. Waddell suggests, to include under one head, such 
topics as electrical engineering, mechanical engineering, mining engineering, 
etc., so broad in themselves, or whether it would be better to differentiate and 
publish separately, I am not prepared to say. I believe, however, that some 
action toward the end Mr. Waddell has in mind would prove of value not only 
to myself and students, but to a large body of readers.”

E. L. Corthell.—“If the profession could have a history of itself such as 
Mr. Samuel Smiles wrote years ago in his ‘Lives of the Engineers’ it would 
be of great value to the young men who are coming forward in our pro
fession, but it should be written in an attractive style such as Mr. Smiles’ 
was, and by someone, or by those who are capable of writing in a popular 
manner. I am in hearty accord with the project.”

Stanley H. Moore.—“I heartily endorse the idea; one question, however, 
arises in my mind. If the Society undertakes the publication of such a 
volume, why limit it to civil engineering and give but one chapter to me
chanical engineering? Why not publish a work, on the excellent plan out
lined, and call it a History of Engineering?”

Walter G. Berg, Chief Engineer, Lehigh Valley R. R.—“I consider Mr. 
J. A. L. Waddell’s suggestion for the compilation and publication of a ‘His
tory of Civil Engineering’ as a very valuable one. The advance in civil 
engineering, like in most professions, has been by a process of evolution and 
experience gained not only in experimental work but in actual new con
struction works, built on new ideas and conceptions. Hence the history of 
the profession, if written not just as a record of names and facts, but as an 
analytical treatise of the principles and important steps in the evolution of 
the art, will be of great value. In addition, it might be truly said that we 
to-day owe it to the pioneers in our profession to record their work and to 
give due credit for their achievements accomplished at a time when the 
auxiliaries of the profession, such as technical literature, accurate instru
ments, records of results of others in similar fields, were practically nil.”

A. H. Fuller.—“The writer feels greatly interested in Mr. Waddell’s sug
gestions concerning the publication of a history of civil engineering and 
hopes to see the Society push the matter at the annual meeting.
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“The writer would suggest that irrigation engineering be added to the 
topics already offered, and also that the topics be grouped by subjects instead 
of alphabetically. Under the arrangement offered by the author the matter 
appearing under hydraulic motors (to take a specific t sample) might well be 
expected under water power development and closely associated with rivers 
and canals, and water supply. With a suitable index, would it not be unwise 
to separate kindred subjects into an alphabetical scheme simply to make a 
doubtful improvement in the general arrangement?”

W. L. Miggett.—“I of course think that a history of engineering would 
be of great value to the profession in general, but whether it could be used 
as a text-book in schools is more or less doubtful because of the already 
numerous subjects that seem to be essential in an engineering training. His 
plan for compiling such a history seems feasible and I would be glad to see 
the Society take the proper steps to have the matter given thorough con
sideration.”

Ellory W. Davis.—“I .believe the Society would give valuable aid to both 
teachers and students by the preparation of some such work as Mr. Waddell 
suggests. We better understand present practice by seeing how it came 
about. We better understand how to improve that practice, i. e., actually 
get improvement adopted, if we see how this has been done in the past, and. 
moreover, not infrequently we shall avoid serious errors by seeing what 
similar errors have led to in the past. These are direct practical results. 
Hardly less important is, however, the enthusiasm created by the study of 
the struggles of the great ones who have preceded us.”

Palmer C. Ricketts.—“I have read with interest the abstract of the 
paper of Mr. Waddell on ‘The Advisability of Instructing Engineering Stu
dents in the History of the Engineering Profession.’ His criticism of en
gineering schools is to some extent just. The shortcoming of the schools 
in this respect is, however, due partly to the same cause which compels the 
omission of other valuable materials—to want of time. And I do not regard 
this as wholly a ‘lame excuse.’ Everything must give way to important 
fundamental principles and the field is so wide, in a general engineering 
course, that much interesting and valuable matter must be omitted because 
it is not of fundamental importance'.

“I agree with Mr. Waddell that the Society would be well employed in 
the production of a history of the engineering profession. It would in this 
way, I think, do more work of value to the schools and to the profession than 
it has heretofore been able to accomplish.”

B. F. Groat.—“I favor a brief course in the history of the subject, and the 
Publishing of a text-book by the Society, if it proves, upon careful investiga
tion, to be a feasible thing for the Society to do.”

Mansfield Merriman.—“I am not prepared to agree with the author that 
teachers and students in our engineering colleges are ‘absolutely ignorant’ 
concerning the history of engineering. On the contrary, I am of the opinion 
that the teachers know many things about the great engineers of the past 
and present and that they impart some of this knowledge to their students.
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I cannot admit that ‘there is not a single book ot any value on the subject,’ 
although I am quite willing to agree with the author that a comprehensive 
history such as proposed would be of much value. The publication and sale 
of a historical volume of this kind is, however, a financial problem of some 
difficulty. It is not at all probable that 'most professors of engineering 
would adopt it as a text-book,’ nor that 'its sale would be immense,’ nor that 
the initial sale would be sufficient to cover the expenses of type-setting, 
paper, printing, and binding, and least of all that it would certainly be 
nanslated into the principal foreign languages. The enthusiasm of the 
author appears to have led him to make statements which calm reflection 
cannot warrant.

‘‘The main thought of the author is an excellent one, but I doubt if it is 
expedient for this Society to take any formal action upon it. There is ample 
room in our Proceedings for the publication of historical papers, and I trust 
that some may appear in future volumes. A subject cannot be thoroughly 
understood until its historical development has been understood, and, acting 
upon this idea, it has lung been my custom to give historical information in 
lectures to my classes. Formal presentations of the history of the different 
branches of engineering are, however, not as numerous in print ns might be 
desired, and it seems to me, if one or two of these were read at each of our 
annual meetings and published in our Proceedings, that the cause of sound 
engineering education would be promoted.”

Daniel Carhart.—“It is time that the writing of such a history be under
taken. We could use advantageously such a work here, and I have no doubt 
every technical school and scores of engineering offices would want the 
book. Besides, it is due the great profession which we represent that a 
detailed account of its beginning, its growth, its present proportions, and the 
men who have contributed to make it what it is should be presented in an 
attractive manner as to matter, page, and cover.”

F. P. Spalding.—“Mr. Waddell’s paper introduces a very important sub
ject. There can be no question as to the desirability of instructing our 
students in the history of the profession. Probably, nearly every teacher of 
engineering does a little in this direction, by teaching certain subjects 
through tracing the gradual development of present practices and theories 
from their beginnings. Some subjects are most effectively handled in this 
manner, and little digressions into biographical sketches, or notes of related 
events, may often add interest and charm to the subject. Probably the de
tailed history of the development of a particular field of work would be best 
given in connection with the treatment of the subject of which it is the 
history, but a connected discussion of the history of engineering as a whole, 
with some account of the lives of the men who stand out most prominently, 
would be of immense value, through the aid it would give in eliminating the 
mere business idea and inspiring the young men with the love and reverence 
they should feel for the dignity and traditions of their profession.

“Mr. Waddell suggests that in writing the proposed history, the field of 
engineering be divided into certain specialties, each of which should be 
separately written by a man qualified for treating it. This would undoubt
edly be the method best calculated to get a connected account of the develop
ment of engineering science and practice, and would place at our disposal
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the information necessary to produce the wider history of engineering as a 
whole, and of the men who developed it.

“The publication of these special histories as separate small volumes in 
a series under a single editor would seem preferable to a single laige volume. 
And a second series of engineering biographies would be of equal value.

“For a text-book upon which a systematic study of history of engineer
ing, in the schools, may be based neither of these could be suitable, but some 
one must take the materials thus brought together, and carefully arrange 
it into a connected discussion, showing the all-round development of engi
neering science and practice and the relations between its various parts.

“The writer does not now feel able to express an opinion concerning the 
desirability of the Society taking the matter in hand. It should first be 
thoroughly discussed and understood. The publication of such a work should 
not be difficult to arrange as a private enterprise; it only needs to be started.

“The proposition is worthy of serious consideration by the Society and 
it is suggested that a committee should investigate the matter, more in de
tail, as to its feasibility and business arrangements, before any final decision 
is reached.”

J. L. Harrington.—“The paper entitled ‘The Advisability of Instructing 
Engineering Students in the History of the Engineering Profession,’ intro
duces a subject which is now almost universally ignored in the technical 
schools, and which, while seemingly non-essential to instruction in current 
practice and the theory upon which it is based, is fundamental in the broad 
scheme of engineering education.

“The theory and, later, a little of the practice of an important branch 
of engineering is now presented to the student with little or no introduction, 
that is, he begins to study the subject in the present, and practically ignores 
the previous stages of its development. Verily the last comes first.

“This procedure leads to a groping habit of mind. The student vaguely 
wonders about the earlier steps in the development of the subject in hand, 
but finds his time well filled, and leaves investigation to the leisure of his 
later years; and, if he be successful, he rarely finds that leisure available for 
the work.

“The study of the history of engineering, be it ever so brief and incom
plete, will lead to the investigation of the work of other engineers and often, 
in consequence, to the avoidance of error into which others have fallen, and 
to a great saving of labor in duplicating what has already been well done. 
Often, too, there will be discovered an excellent foundation for successful

“It is manifestly impossible to go deeply into the history of any subject; 
its proper presentation often requires more time than is now available; but 
a brief and well-presented introduction would add greatly to the student’s 
interest and zest, and would inform him where to find the material for, and 
impress upon him the value of a thorough knowledge of the various steps in 
the development of the subject under consideration. In rare instances such 
an introduction is presented in the text-book. The first chapter in Dugald 
Clerk’s volume on ‘The Gas and Oil Engine’ is an historical sketch derived 
largely from the patents issued upon gas motors by various countries. But 
such a plan is not feasible, because a number of different text-books will
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always be used, and to preface each with a history of the subject would 
be to multiply greatly the labor and expense of producing the book.

“It would be best, in the writer’s opinion, to produce not a single volume 
or work embracing the history of all engineering, but a number of mono
graphs, each devoted to only one subject. The publication of the English 
Men of Letters and the American Statesmen Series indicates how successfully 
the work might be carried out. This plan would make portions of the work 
available within a very short time, for there are undoubtedly members of the 
Society who are prepared to produce at once monographs on the subject of 
their particular interest; it would not draw heavily upon the Society’s 
resources, and it would allow time for thorough treatment of the more im
portant subjects. A history of each subject, so brief that it would read like 
the generations of Noah, would produce a volume so large that it is not to be 
considered. The previously mentioned introduction to Dugald Clerk’s ‘The 
Gas and Oil Engine’ is little more than a catalogue of patents, but it occupies 
twenty-eight pages of good size. Yet the subject is simple, indeed, in com
parison with bridges, the steam-engine, the electric generator and motor, or 
ship-building.

“Again, in the production of a work of encyclopedic character, the 
writer’s individuality is lost, whereas in the monograph bearing the name 
of the writer, there is every incentive to work of the highest order. Hence 
it is probable that separate treatment of the various subjects would produce 
results much more satisfactory to the writers, to the students, and to the 
Society, and much more beneficial to the cause of engineering education.”

E. J. McCaustland.—“Mr. Waddell’s paper advocates two very distinct 
propositions—one of these the writer regards as of very doubtful value, but 
with the other he most heartily agrees.

“First, as to the advisability of instructing engineering students in the 
history of the engineering profession. The author has pointed out one of the 
chief objections to the technical schools taking up this work, viz., lack of 
time. This objection however can not be disposed of by saying that it is a 
lame excuse and that the remedy is to increase the time, or that something 
of less importance should be left out. We are rightfully calling for a 
broader education of the engineer; for a widening of his horizon beyond the 
purely technical field of his profession; for a training that shall arouse his 
sympathies for humanity, quicken his impulses for good, and prepare him to 
be a leader of men.

“The chief obstacle which lies in the way of fulfilling these needs is the 
lack of time which young men give to college work, and the practical im
possibility of requiring them to devote more time in the present stage of the 
growth of engineering education. In this time, the purely technical has 
crowded out all else, and still clamors for more space. The proposition with 
which we are confronted then, is this: With no increase of time in view, and 
the schedules already full to overflowing with technical subjects, is there 
anything that could wisely be omitted in order to make room for the history 
of engineering? Mathematics, physics, chemistry, geology, mechanics and 
hydraulics, surveying, bridges, railroads, sanitation, engineering jurispru
dence, steam and electrical machinery, etc., all crowded into a short term of 
four years are fundamental in an engineering course. No one of these is of
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less importance to the student of engineering than the history of his pro
fession, and hence we have no justification in cutting out any one of them.

“The alternative would be to increase the time. But with increase of time 
come demands for a place in the curriculum from other subjects which the 
writer believes to be of vastly more importance than the history of engineer
ing. The necessity for more extended and more careful training in English 
is being forced upon us, and this training should, to a very great extent, 
precede all technical work. No student should be allowed to enter technical 
classes, who lacks the ability to express his thought on the written page in 
simple, but correct and concise language. Is there any question as to the 
comparative value to the student, of a thorough knowledge, and facility in 
the use of his mother tongue, and a like knowledge of the history of the 
engineering profession? If a place can be made for it in the curricula, let 
us have further training in English. Even when this is accomplished, there 
is still political science, general history, current history, philosophy, or 
public speaking, any one of which will do more to broaden and develop the 
young student of engineering than would the study of the history of engi
neering. Engineers, as a whole, are no more narrow in their views of life, 
its privileges, and its obligations, than are the members of the other learned 
professions; nor are they any more likely to confine their whole interests 
within the restricted boundary of their own work. Their field is as wide, 
or wider, than that of law, medicine, or theology. But the great work-a-day 
world, strenuous and self-centered, is more generally affected by questions 
of law, of medicine, or of theology than by questions of engineering, and 
hence the engineer is somewhat restricted in the field in which his efforts 
receive recognition. But this very fact should force upon the attention of 
engineering educators the necessity of training their students to be essen
tially men of their times, or in advance of their times. This can not be 
accomplished unless his education takes him beyond the field of technical 
work and opens his mind and heart to the ideas and ideals which are moving 
forces in the minds and hearts of millions of his fellow beings.

“One other objection to the teaching of the history of engineering is 
noted by the author, that, he suggests, might be met by the compilation of 
a proper text. It occurs to the writer that very few professors in the tech
nical schools could teach the history of engineering, no matter how suitable 
the text might be. To teach history of any sort well requires a great degree 
of enthusiasm on the part of the instructor, and a like degree of interest on 
the part of the student. Unless the student had interest and enthusiasm, the 
professors are few who would have the ability to inspire these feelings in 
him. If he had this interest and enthusiasm, a well-written text would 
suffice for his needs and he would get great good from its perusal.

“Here, the writer thinks, is the justification for Mr. Waddell’s sugges
tion. We should have such a history as a record of past achievement in a 
growing profession, to interest and inspire both young and old, but such 
history has no place in the curricula of the modern schools of engineering. 
It follows, therefore, that with the main proposition of Mr. Waddell’s paper 
the writer is most heartily in accord. There is a definite and growing need 
for such a history as he outlines in his paper, and this Society is in a position 
to undertake its compilation and publication with every promise of success. 
The suggestions offered by the author are, in the main, very good, and the 
writer is in favor of the appointment of a committee for the purpose indi
cated.”
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Mr. Williston.—He thought the Society very nearly of a mind that it is 
exceedingly desirable that there should be more literature on the subject. 
He thought it also an exceedingly difficult task, and probably one which is 
not practical, in the way in which it is suggested, yet there are possibilities 
that something tending in this direction might be accomplished through 
arrangement with some engineering publishing companies, for example, with 
the Engineering News, with which the Society has an arrangement for its 
publications. Papers on historical subjects connected with engineering might 
be encouraged for the annual meetings. He thought a long discussion of 
the subject at that time not desired and moved that the president appoint 
a committee of three to find out and report if there is anything that can be 
done in this direction.

Professor Jackson.—It is all right to teach engineering history, where it 
can be done suitably; it is an important subject, which every engineering 
teacher teaches more or less. Probably there is not a single one who does not 
have some fair idea of the history of the professions. He wished further to 
say that the engineering men who are out in practical life seem to have a 
kind of instinctive notion that they not only know how to build bridges, and 
do their professional work, but they know how to teach the professional 
student, and the college professor who has made that his life work.

Professor Woodward.—The motion is that the president appoint a com
mittee of three to consider and report if anything can be done in this direc
tion. Is there a second?

Professor Raymond.—He seconded the motion, if for nothing else than 
out of respect for the work that Mr. Waddell had done in this matter, which 
he thought deserved that attention. The gist of all the discussion is that 
the history of engineering is a desirable thing. Whether there should be 
one or a dozen volumes is not clear; some think there should, and some do 
not. It seems entirely desirable that such a committee at least consider the 
matter and report back to the Society the following year.

Motion carried unanimously.

The president appointed two members on that committee, at once, Profes- 
soi Williston and Professor Raymond; subsequently he added Professor Mer- 
riman.
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INTRODUCTORY NOTES.

This pamphlet was written and published by Dr. Waddell in 1888, and, 
later, was read to the Engineers’ Club of Kansas City and submitted to the 
Associated Engineering Societies for discussion. A second edition, contain
ing discussions by a number of prominent bridge engineers and contractors, 
was issued in 188fi. The Engineers’ Club of Kansas City used the pamphlet 
as the basis for an endeavor to obtain legislation which would regulate the 
design and construction of highway bridges in Missouri ; but opposing 
interests were more powerful than the Engineers’ Club, consequently, the 
regulating bill failed to pass and the matter was dropped.

The pamphlet was widely used for many years by city engineers and 
others who desired better structures than the highway bridge contractors 
were accustomed to offer, but it produced no serious impression upon 
bridge construction. Bridges built in accord with the specifications were 
much better and more expensive than those commonly demanded by county 
or town commissioners. The “ highwaymen,” as Dr. Waddell dubs the high
way bridge builders, found it to their advantage to satisfy the demand for 
cheap structures: consequently, in the smaller towns and the country dis
tricts of most States, bridges are still being contracted for and built much 
after the manner Dr. Waddell has described in this pamphlet.

De Pontibus was published in 18UK, and, as it contains modern and very 
complete specifications for steel highway bridges, tin- pamphlet was then 
withdrawn from sale. The specifications contained in the monograph were 
of the highest type when they were written, but the use of steel has become 
universal and the art of designing has advanced ; consequently, the specifica
tions are not reprinted herein. However, they contain the foundation for 
thr thorough and elaborate specifications for modern highway bridges which 
appear in Do Pontibus, though several of the features tolerated or even 
advocated in the are repudiated in the later book.

The remainder of the pamphlet, though, is as interesting and pertinent 
as ever, for the improvement in the methods of contracting for and building 
the smaller highway bridges is comparatively small. The ignorance, some
time*; the dishonesty, of county and town officials, their false ideas of 
economy, and the unscrupulousness of the average highway bridge con
tractor keep the system in vogue. Of all branches of public business, bridge 
construction is the most notoriously ill-conducted. Dishonesty on the part 
of the contractors and the public officers is exceedingly common. The 
ction of New York and Colorado, in placing the design and construction 

of such structures under the supervision and control of the State Engineer,
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lends countenance to the hope that the day is not far distant when tin 
methods of purchase and the supervision of the design of ordinary highwa\ 
bridges will he universally under the control of competent engineers. 1'ntil 
then' the waste of public moneys, the corruption of contractors and minor 
officials, and the menace to public safety attendant upon ill-designed and 
ill-constructed highway bridges must continue.

Public abuses are generally corrected slowly, hut when scientific knowl
edge is requisite to a clear understanding of the case, it seems impossihli 
to arouse public interest, as it is necessary to do if corrective laws are to he 
enacted. Consequently, the growth of law compelling the proper design 
and construction of bridges is exceedingly slow. Little improvement is to 
be expected until the State or the County employs competent engineers to 
design bridges or to prepare specifications and pass upon the designs offered 
by the bridge builders. No board of freeholders, trustees, or county com
missioners selected from the business men of the community is qualified to 
determine the merits of the various designs offered, and as the sizes and 
thicknesses of metal are often omitted from the drawings, the character of 
the structure is fixed entirely by the contractor. Cheap and faulty detailing 
may double the stresses in the members, yet they will he passed without 
criticism by any one hut a trained engineer.

When laymen are both judge and jury, it becomes necessary for the 
bridge contractor to send a representative to explain what lie is offering. 
The representative attends ten lettings for every contract obtained; conse
quently, in purchasing a bridge the town or county pays the expenses of 
every contractor’s representative attending the letting and the cost of every 
set of plans presented. If a competent engineer retained to design the 
bridge in question, or regularly in the employ of the State, were to prepare 
plans and specifications, bids would he sent by mail and a good structure at 
the least reasonable cost would he assured. The so-called competitive 
system now so generally in vogue compels the contractors to combine ami 
put up prices or go out of business, and permits the forensic skill or the 
trickery of the salesman rather than the price and the merits of the design 
to win.

Though highway bridge design has improved somewhat, failures an- 
still frequent, and the annual loss of life and property is by no means incon
siderable. The greatest improvements have been effected in the large «-ii i- - 
and in the states which employ competent engineers, but the great bulk <>f 
the smaller structures are still badly designed and ill-constructed at great 
expense to the tax-paver. “The mills of the gods grind slowly/' but ' h 
to he hoped that the day of better things is closer than it appears to he.

The Association of Highway Bridge Builders proposed bv Dr. Waddell is 
not to be considered beneficial, for in the first place it is illegal, /nee 
it would act to restrain competition ; and. again, such associations -• nnr
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ur l.itor take on a que* * ’ character and fail in their original purpose. 
The action of the outsider compels the adoption of more or less dis
honest methods, then the purchaser suffers. The reform must result from 
a revision of the laws governing the purchase of bridges, for collusion and 
unfair combinations will exist while the placing of contracts is in the 
hands of incompetent parties.

5594
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PREFACE.

In presenting thv second edition of this little work to the public, it 
appears to the author advisable to preface it with a few words explanatory 
of its object and indicating the results which the first edition has accom
plished, also those which the author s that the treatise will eventually 
effect.

The sole object of the pamphlet is to bring about a much needed 
reform in the present methods of designing, letting, and manufacturing 
highway bridges.

In order to see whether it be possible to reach county commissioners 
and produce any impression upon them, the author obtained the endorse
ments of a number of the leading engineers of America for his pamphlet, 
then had them printed and circulated among county commissioners, but 
the effect has proved to be almost nil. It is useless to try to accomplish 
any reform through men who are entirely ignorant of the first principles 
of bridge designing, and even of the necessity of having perfectly safe 
structures.

In another direction, however, the pamphlet has met with better 
success. The Engineers' Club of Kansas City has taken the matter in 
hand, and has induced a number of other local engineering societies to 
join in procuring legislative action that will make the building of safe 
structures compulsory. The following resolutions were proposed by Mr.
( )ctave Chanute and adopted by the Engineers’ Club of Kansas City :

“ Resolved, ist. That a committee of three members be appointed 
by the President to prepare and submit to this Club a form of memorial 
to the Legislature of this State, together with the draft of a law inaugura
ting a proper inspection of bridges, and for this purpose the committee 
may consult with public spirited counsel but without incurring expense 
except by special authority of the Executive Committee."

"2d. That the Secretary be instructed to notify other engineering 
societies and clubs throughout this country of the action taken by this Club, 
and to solicit their co-operation in this movement."

“ 3d. That in case of the appointment of similar committees by 
other rocieties, the Committee of tins Club be instructed to confer and 
t. co-operate with them in drafting the project for the proposed law. 
and in drawing up general specifications and rules to guide the State 
Inspector.”

The Engineers' Club of Kansas City also obtained a general discussion 
upon the first edition of the pamphlet by a number of prominent engineers 
and bridge builders, which discussion was published in full in the Journal

4
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of the Association of Engineering Societies for November, 1888. A largt 
portion of it is given in Chapter IX.

In preparing this new edition the author has availed himself of the 
criticisms and suggestions of these gentlemen, so as to improve his speciti 
cations in a few particulars. The principal changes will be found in tin 
clauses relating to “ Limiting Lengths of Span for Different Perpendicular 
Distances Between Central Planes of Trusses,” “ Vertical Sway Bracing. 
“Top Chord and Batter Brace Sections,” “Working Tensile Stresses' 
(for steel), and “ Bearings upon Masonry.”

I11 respect to the last paragraph of Chaîner L, the author would state 
that thus far his professional duties have occupied so much of his time 
that he has been unable to prepare the diagrams referred to. However, 
he hopes that within a year he will be able to find sufficient leisure to make 
the necessary calculations.

The Committee of the Engineers' Club of Kansas City upon “ Iiighwax 
Bridge Reform ” last winter drafted a law and memorial to submit to the 
Legislature of the State of Missouri. Copies of these were sent to the 
various local engineering societies throughout the country, and the pr««- 
posed law was published in some of the engineering papers. It is * 1]
that this draft may serve as a basis for similar laws in other States. ( )f 
course it will always require some modification for any particular case. It 
was unfortunately found necessary to modify it fundamentally in sub
mitting it to the Missouri Legislature, owing to the opposition developed. 
Moreover, it was not considered advisable to press the hill this year, hut 
to let it lie over till the next session of the Legislature, when its friends 
will renew the attack with increased vigor. If such a law as this In- 
passed in a number of states, the next step to take will he to have a con
vention composed of bridge engineers and a representative from each 
local engineering society for the purpose of deciding upon standard 
specifications for highwav bridges.

J. A. L. W.
Kansas City, Mo., June 1, 1889.

0
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GENERAL SPECIFICATIONS FOR HIGHWAY BRIDGES 
OF IRON AND STEEL.

CHAPTER I.

INTRI HHCTIOX.

That there is urgent need for reform in the methods of designing 
highway bridges, especially in the W est, no one who is at all familiar with 
this class of structures is likely to deny ; and any one, no matter how 
ignorant he may be upon the subject, who will read the contents of the 
next chapter, will readily be convinced that the time has arrived to put a 
stop to the building of such death-traps as there described. It is easy 
to say that the time has come to accomplish this end. but it is an entirely 
different matter to effect even a beginning. Within the last ten years 
several attempts have been made to improve in various ways the methods 
of bridge designing and to open the eyes of the public to the fact that their 
lives are in imminent danger whenever they pass over certain important 
structures; but without avail. The iron bridges built to-day in the West 
are often more unsafe than those built five years ago. In a country so 
progressive as the I'nited States of America such retrogression is abnor
mal. ( )ne is immediately inclined to ask, “ What can be the cause or 
causes? "

They are. first, indifference and a lack of knowledge on the part of 
the people, and second, unscrupulousness and gross ignorance on the part 
of the majority of highway bridge builders.

To accomplish the desired reform it will then be necessary to awaken 
the people to a sense of their danger, overcoming their indifference, and 
show them how they can insure the requisite strength and capacity of 
future bridges; and at the same time, furnish the bridge builders with 
rules for design that will enable them to build good, substantial structures 
at the minimum cost, and prove to them the truth of the old adage that 
“honesty is the best policy.” Such, in short, is the object of this little 
treatise. How it will fare it is difficult to foretell. The author dares not 
anticipate any marked immediate success, for this is bv no means his first 
attempt to institute such a reform. However, the circumstances under 
which this work will be issued are far more favorable than in the pre
vious cases.

There is no doubt that it will meet with much opposition from many 
highway bridge builders, especially from those whose main object is to 
obtain the maximum amount of money for the minimum amount of bridge.
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Such opposition will be made very quietly, because the reasoning 
employed will not bear criticism. Moreover, it will do no one any harm, 
except those who will be thereby won over and persuaded that the old 
styles of bridges are good enough because they generally manage to statu: 
up under the loads to which they are subjected. This is the favorite argu 
ment employed by bridgenien, and a more specious one could not be 
invented. Bridges will stand for years with the metal strained often far 
beyond the elastic limit, waiting quietly for the particular loads which will 
accomplish their downfall. Such structures are by no means rare, and an 
often to be found on important thoroughfares of large cities. For instana 
there is an old iron bridge at the foot of Walnut Street in Des Moine- 
Iowa, crossing the Des Moines River. It seems to have been waiting 
years for a crowd large enough to make a respectable catastrophe.

There are two bridges in Council Bluffs, Iowa, that are not onl\ a 
disgrace to the city, but are also a source of danger—one of them is built 
essentially of gas-pipe,* the other was made by an Iowa blacksmith in 
his shop. It shows very clearly by unfilled rivet holes, etc., that this was 
his first attempt at bridge building.

A prominent Massachusetts engineer. Prof, George L. Vose, write- 
to the author as follows :

“ I examined lately an old wooden bridge across the Kennebec River at 
Gardiner, Maine, which shows how long some of these infernal traps will 
stand up in spite of the rules made and provided for such cases. Un
is an old Howe truss with arches, but as the latter have nothing to rot 
against, they are of no use. . . . Taking a moving load of si\t\
pounds per square foot and ten pounds for snow and mud, and adding 
the weight of the bridge, makes the strain per square inch on the end r-»!- 
47.800 pounds, and the strain per square inch from the weight of tin 
bridge alone about 18.000 pounds. The braces are but little better.

“ This, of course, is only one of a thousand cases just as bad.
“ However, as the trap has never tumbled down, popular logic decidv- 

that it never will, and the public continues to invite the disaster which I- 
sure to come some day.”

The same gentleman in a letter published in the Lewiston Jourim! 
writes as follows :

“We have an iron bridge over the Androscoggin right in the middle 
of our village, which will be almost certain to break down if it ever 
happens to get a large crowd of people on it. and it is in exactly the place 
where a crowd would be apt to collect in times of freshets. The joints 
in that bridge which could at the most safely hold 20.000 pounds, will 
be called upon to hold 60.000 pounds with such a load as is liable at any 
time to come upon it. This bridge was sold to the selectmen and war
ranted to carry 2,240 pounds per running foot, while it cannot safely

* This structure has lately been removed and replaced by a better one— Î me, 
1889.
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hold over one-fourth part of that load. The company that made that 
bridge would not dare to submit a plan of it to any competent engineer 
or inspector, but they do not hesitate to sell it to a board of selectmen, 
who, not being expert in such matters, would not notice the wretchedly 
unsafe character of the bridge.”

Such instances could be multiplied almost indefinitely, but space will 
not permit.

How few people there are who have an adequate idea of the importance 
of the subject of bridge building! People in general seem to have far 
more faith in bridge builders than in any other members of the community, 
for they entrust to them daily not only their own lives, but also the lives 
of others who are near and dear to them. 1 low misplaced is this con
fidence. as far as integrity is concerned, it does not behoove the author to 
state, but concerning the technical ability of the average highway bridge 
builder he feels at liberty to express his opinion.

In this country of universal liberty anyone at all is allowed to build 
bridges, no matter how ignorant he may he of even the first principles of 
design, consequently we find men attending bridge lettings and submitting 
designs who are incapable of calculating the simplest stresses in a struc
ture. As they have no office expenses worth mentioning, by bidding low 
they manage to obtain contracts, then put up the lightest and cheapest 
structure that the commissioners will accept, and as commissioners in 
general know little, if anything, about bridges, the country is in this way 
strewn with structures that render the traveler’s life unsafe.

What remedy is there for this state of affairs ? There are several, but 
the difficulties attendant on putting some of them into practice are at 
present, perhaps, insurmountable.

First, if there were a State Inspector of Highway Bridges appointed, 
nominally by the Governor, but in reality by a standing committee of the 
American Society of Civil Engineers, and if he were given full power to 
condemn and prohibit travel on any highway bridge, also to say what 
structures shall and what shall not be built, the desired end would be 
attained. This would be the best possible way. but the American people 
are averse to having government officers appointed, preferring the system 
of election. There are two reasons why the latter would not work in this 
case : first, because the mass of the people know nothing about the technical 
ability of the candidates, and second, no specialist of good standing would 
be willing to put himself in the power of the popular vote.

That this method of appointing State inspectors will be adopted sooner 
or later, the author is firmly convinced, hut the time is not vet ; the masses 
have first to be educated to a sense of their danger, then taught that 
bridge building is work that should be undertaken by trained specialists 
only.
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Another method of effecting the necessary improvements in futur», 
bridges is the formation of an association of highway bridge builder? a? 
outlined in Chapter VI., but the author fears that the greed of gain ha< 
too firm a hold upon the majority of these parties to permit of their com
bining, even when the result would be mutually beneficial to the manu fa. 
turcrs and the purchasers of bridges. Some five or six years ago tin- 
author endeavored to organize such an association with the object of adopt
ing standard specifications for highway bridges ; but it very soon degen
erated into an ordinary pool, which, after a year's existence, broke up on 
account of the bad faith of some of the members. The objects of that as
sociation were outlined in a paper entitled "A Proposed Association «.f 
Western Highway Bridge Builders," published in Van Nostrand's Ij\ 
nccring Magazine, of January, 1882.

This paper will be reproduced in Chapter VI.
Another, and probably the surest way of all to effect a reform in tin- 

designing of future bridges would be for supervisors and others who let 
bridge contracts, to call for mailed bids upon structures designed in strict 
accordance with the specifications in Chapter VII. of this work, filling 
out for their printed notice the list of data there indicated, and submitting 
the papers of all the competitors, after the bids are opened by the Board 
and the amount of each tender noted, to a competent specialist who would 
decide which designs are in accord with the specifications and which are 
not, also which is the best bridge for the money. In the notice to bridge 
builders it would be well to state that, if, upon careful measurement of the 
ironwork with calipers by an expert, it be found that the sections are scant 
or that the work is "scamped " in any way, the supervisors may reject 
any or all of the ironwork or may retain permanently a certain percentage 
of the price of the structure. This would prevent most effectually what is 
popularly known as “ skinning the bridge."

An equally effective way would be to have complete plans and specifica
tions prepared by a specialist, and submit a copy of them to any legitimate 
contractor who might desire to bid on the work. The extra expense 
involved by this method would be offset by the saving in time and traveling 
expenses of bidders, which eventually must be paid by the public.

Bridgemen will undoubtedly make it a point to tell commissioners that 
the specifications of this treatise are altogether too elaborate and involve 
the use of more metal than is necessary for county bridges. Such is not 
the case. Structures designed according to these specifications will In as 
light as is consistent with legitimate practice ; for in preparing them the 
author has kept constantly in mind that, next to requisite strength and 
rigidity, economy is the great desideratum.

The author expects his motives in writing this treatise to be maligned, 
consequently he would ask each one interested in the subject to read < or.
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if not the whole work, at least those portions of it which he can readih 
understand, before coming to any decision.

If this attempt at reform in bridge design meet with success, the author 
purposes supplementing it some time in the near future by diagrams 
giving the weights of iron for highway bridges to cover all cases that 
will be likely to occur in an engineer's practice, the bridges being designed 
according to the specifications of this treatise.

CHAPTER 11.

HIGHWAY BRIDGE FAILURES.

The subject of this chapter having been made a special study for many 
years by Prof. George L. Vose, the author can do no better than to quote 
from that gentleman's forcibly-written paper on “ llridge Disasters in 
America ” practically all that relates to highway bridges, and to supple
ment it by other statistics, in compiling which valuable aid has been 
received from Prof. Vose and a few other members of the profession.

The quotations just mentioned are the following :

“ Nearly all the disasters which occur from the breaking down of 
bridges are caused by defects which would be easily detected by an 
efficient system of inspection. Not less than forty bridges fall in the 
I'nitcd States every year. No system of public inspection or control at 
present existing has been able to detect in advance the defects in these 
structures, or to prevent the disasters. After a defective bridge falls, 
it is. in nearly every case, easy to see why it did so. It would be just 
about as easy, in most cases, to tell in advance that such a structure would 
fall if it ever happened to be heavily loaded. Hundreds of bridges are to
day standing in this country simply because they never happen to have 
received the load which is at any time liable to come upon them.

“A few years ago an iron highway bridge at Dixon, 111., fell, while a 
crowd was upon it, and killed sixty persons. The briefest inspection of 
that bridge by any competent engineer would have been sure to condemn 
it. . . . There are hundreds of highway bridges now in daily use 
which are in no way safer than the bridge at Dixon was, and which 
would certainly be condemned by five minutes of competent and honest 
inspection. More than that, many of them have already been condemned 
as unfit for public use, but yet are allowed to remain, and invite the dis
aster which is sure to comt*. Can nothing be done to prevent this 
reckless and wicked waste of human life? Can we not have some sys
tem of public control of public works which shall secure the public safetv? 
The answer to this question will he. not until the public is a good deal 
more enlightened upon these matters than it is now. ... In a 
country where government controls all matters on which public safety de-
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pends, and where no bridge over which the public is to pass is allowed to 
be built except after the plans have been approved by competent authority, 
where no work can be executed except under the rigid inspection of tin 
best experts, nor opened to the public until it has been officially tested 
and accepted, it makes little or no difference whether the public is in 
formed, or not, upon these matters ; but in a country like the United 
States, where any man may at any time open a shop for the manufactun 
of bridges, whether he knows anything about the business, or not, and i- 
at liberty to use cheap and insufficient material, and where public officers 
are always to be found read) to buy such bridges, simply because the first 
cost is low, and to place them in the public ways, it makes a good deal 
of difference. There is at present in this country absolutely no law, no 
control, no inspection, which can prevent the building and the use . u 
unsafe bridges; and there never will be until the people who make tin-
laws see the need of such control................... \s usual, however, in such
cases, unprincipled adventurers are not wanting, who, taking advantage 
of a great demand, do not hesitate to fit up cheap shops, to buy poor 
material, and to flood the market with a class of bridges, made with a 
single object in view, viz. : to sell, relying upon the ignorance—or some 
thing worse—of public officials for custom. Not a year passes in which 
some of these wretched traps, do not tumble down, and cause a greater nr 
less loss of life, and at the same time, with uninformed people, throw 
discredit on the whole modern system of bridge building. This evil affects 
particularly highway bridges. The ordinary county commissioner or 
selectman considers himself amply competent to contract for a bridge - i 
wood or iron, though he may never have given a single day of thought ti
the matter before his appointment to office. The result is, that we see all 
over the country a great number of highway bridges which have been sold 
by dishonest builders to ignorant officials, and which are on the eve ni 
falling, and await only an extra large crowd of people, a companx of 
soldiers, a procession, or something of the sort, to break down.

“ Not many years ago. a new highway bridge of iron was to be made 
over one of the principal rivers in New England. The county commis
sioners desired a well-known engineer, especially noted as a bridge builder, 
to superintend the work, in order to see that it was properly executed. 
The engineer, after inspection of the plans, told the commissioners plainly 
that the design was defective, and would not make a safe bridge ; and 
that, unless it was materially changed, he would have nothing to do with 
it. The bridge, however, was a cheap one, and, as such, commended it
self to the commissioners, who proceeded to have it erected according n> 
the original plan : and these same commissioners now point to that bride-. 
which has not yet fallen, but which is liable to do so at any time, a- a 
complete vindication of their judgment, so called, as opposed to that 
of the engineer who had spent his life in building bridges. . . . We 
often hear it argued that a bridge must be safe, since it has been submitted 
to a heavy load, and did not break down. Such a test means absolute!v 
nothing. It does not even show that the bridge will bear the same l a-! 
again, much less does it show that it has the proper margin for sat \
Tt simply shows that it did not break down at that time. Every rotten, 
worn out, and defective bridge that ever fell has been submitted to ex a. fly 
that test. More than this, it has repeatedly happened that a heavy train
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has passed over a bridge in apparent safety, while a much lighter one 
passing directly afterward has gone through. In almost all such cases, 
the structure has been weak and defective; and finally some heavy load 
passes over, and cripples the bridge, so that the next load produces a 
disaster.

“ For the test of a bridge to be in any way satisfactory, we must 
know just what effect such test has had upon the structure. We do not 
find this out by simply standing near, and noting that the bridge did not 
break down. We must satisfy ourselves beyond all question that no part 
has been overstrained. . . . There are several concerns in the 
United States which make a specialty of highway bridges, and which, 
taking advantage of the ignorance of public officials, are flooding the 
country with bridges no better than that at Groveland.* On an average 
at least twenty of these miserable traps tumble down every year, and 
nothing is done to bring the guilty parties to punishment. Dishonest 
builders cheat ignorant officials, and the public suffers the damage and pays 
the hills.

“ Is human life worth enough to pay for having these structures 
inspected, and, if found unsafe, strengthened or removed? Can we do 
anything to prevent towns and counties from being imposed upon by dis
honest builders? We certainly can. if those who control these matters care 
enough about it to do it. There are two ways of buying a bridge,—a good 
way and a had one ; and these two ways are so plain that no one can mis
understand.

“ To buy a bad bridge just as soon as your town or county votes 
money for anew bridge, certain agents—and they are as numerous as the 
agents for sewing machines, or lightning rods—will call on, or write to, 
the town or county officers, and will offer to build anything under heavens 
you want, of any size, shape or material, and for almost any price. They 
will produce testimonials from all the town and county officers in the 
country for the excellence of their bridges, and would not hesitate to 
give reference, even for their moral character, if you should ask it. If 
they find that you don't know anything about bridges, they will, to save 
you the trouble, furnish a printed specification ; which document will 
commit you to pay the money, hut will not commit the bridge company 
to do anything at all. When the bridge is put up, you never will know 
whether the iron is good or had, nor whether the dimensions and pro
portions are such as to be safe or not. You will know that you have paid 
your money away, hut you will never know what you have got for it 
until some day when your bridge gets a crowd upon it, and breaks down, 
and you have the damage to pay. This mode of buying a bridge is very 
common.

“ To buy a good bridge, first determine precisely what you want : 
and if you don’t know anything in regard to bridge building yourself, 
employ an engineer who does, to make a specification stating exactly what 
you want, and what you mean to have. Then advertise for bridge builders

* The bridge referred to was built in 1871-1872. across the Merrimac River, at 
Groveland, Mass., a few miles below Haverhill. One span broke down in January. 
1881. under the load of a single team and small amount of snow.

The bridge could not carry safely a load exceeding one quarter of that which 
it was warranted to carry by the manufacturers.
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to send in plans and proposals. Let the contractors understand that all 
plans and computations arc to be submitted to your engineer, that ali 
materials and workmanship will he submitted to your inspectors, and 
that the whole structure is to be made subject to the supervision of a 
competent engineer, and accepted by him for you. You will find at once 
that, under such conditions, all traveling agents and builders of cheap 
bridges will avoid you as a thief does the light of day. You will have 
genuine proposals from responsible companies, and their bids should be 
submitted to your engineer. When you have made your choice, let the 
contract be written by your lawyer, and have the plans and specifications 
attached.

“ Employ a competent engineer to inspect the work as it goes on ; 
and when it is done, you will have a bridge which will be warranted 
absolutely sound by the best authority. This mode of buying a bridge
is very uncommon.................... Une point always brought forward
when an iron bridge breaks down, is the supposed deterioration of iron 
under repeated straining; and we are gravely told that after a while all 
iron loses its fiber, and becomes crystalline. This is one of the “ mysteries 
which some persons conjure up at tolerably regular intervals to cover 
their ignorance. It is perfectly well known by engineers the world over, 
that with good iron properly used, nothing of the kind ever takes place. 
This matter used to he a favorite bone of contention among engineers, 
but it has long since been laid upon the shelf. No engineer at the present 
day ever thinks of it. We have only to allow the proper margin for 
safety, as our first-class builders all do, and this antiquated objection at 
once vanishes. The examples of the long duration of iron in large bridge.-.
are numerous and conclusive.....................It is impossible to say how
many highway bridges have broken down during the past ten years, but 
it is estimated by bridge builders that the number can not he less than 
two hundred. This is, no doubt, far within the truth : and bv far the 
larger part of these structures are not old wooden bridges, but are new 
bridges of iron.*'

The following statistics have been furnished by Prof. Yose and other-.
In 1876 a bridge at Vallonia fell down with no load on it.
In February, 1876, an iron bridge across the canal at Lafayette, Ind.. 

fell down with thirty head of cattle on it.
A bridge at Reynoldsville, Pa., fell in February. 1876. the only lead 

on it at the time being some mud.
A bridge at Guadaloupe, Texas, fell in the winter of 1875-187G under 

no load but its own weight.
In 1871 a bridge fell, soon after completion, near Bloomington. 111. 

One near Oskaloosa, Iowa, fell under ordinary road travel. One in 
Lebanon County, Pa., also fell. A span at Napoleon, Ohio, fell, killing 
a man and some cattle. One at Sharon, Pa., tumbled into the canal in 
less than thirty days after completion. One at Bucyrus, Ohio, fried 
without any apparent cause. One at Lancaster, Ohio, fell with about 
twenty head of cattle.
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In Engineering A’exes of August 20. 1887. there appeared the follow
ing letter :

“ W a hash, 1 xi)., August 9. 1887.
“ Editor Engineering News:

“ We had the misfortune to meet with a bridge disaster in our city last 
evening. A traction engine fell through a bridge into the canal, killing 
one man and injuring one.

“ 1 was called upon to investigate the matter ( after the accident, of 
course). and was horrified to find a pine floor-beam Ox 12 inches, carry
ing (endeavoring to carry) a panel 12 feet long and 16 foot roadway.

“ This was well rotted off. and. of course, simply crushed down. It 
was built. I learn, by a ‘practical bridge man ' off a big railroad—and 
away off. . . .

“ Respectfully. K. Knight."

In the early part of this year ( 1887) a lOo-foot iron arch span near 
Animosa, Jones County. Iowa, failed under a herd of cattle. The cause 
of the failure was never investigated, but it is stated upon good authority 
that it was weakness in details.

Some two or three years ago a wooden bridge newly built by local con
tractors in Mills County. Iowa, gave way under a passing wagon, crippling 
several of the occupants.

On September 13. 1887. at Centropolis, Kansas, a bridge over a creek 
broke down under a road scraper drawn by six horses. Six men were 
injured, one of them fatally. ( l ide Engineering News, p. 233.)

( )n July 4. 1882, a small wooden bridge failed under a load of a single 
wagon. One woman was fatally injured, but the other eight occupants 
of the vehicle escaped unharmed. The woman's husband recovered 
$15.000 from the county. The cause of the accident was weakness in the 
pile substructure.

At Elgin, Kane County, 111., a Truesdell patent iron bridge fell four 
months after erection, was replaced, fell again a few months later, again 
replaced and finally washed out. A pile bridge is now used at that cross
ing and as it does its work, the popular opinion of the neighborhood is 
that a wooden bridge is superior to an iron one.

In the same county at Dundee, a team ran away and struck an iron 
bridge, causing its downfall. The details of these Kane County bridge 
disasters which were furnished the author are very meagre, consequently 
he cannot state whether there was any accompanying loss of life.

The following is from a New York paper of January 27. 1888:

A special from Portland. Ore., says : “The large bridge which spans 
the river at Vmatilla was the scene of a miraculous escape from death of
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over one hundred persons, Wednesday. Men. women, and children had 
gathered to watch the ice gorge break, when a drove of cattle rushed 
across the structure. The bridge sank beneath its great burden, and a 
moment later fell into the swollen stream. Spectators and beasts were 
hurled in every direction. Six men, three women, and a boy were picket 1 
up unconscious and bleeding from numerous wounds. It is thought two 
of them will die. The rest of the spectators escaped with little injury."

On February 18, 1887, a highway bridge over the Genesee River at 
Rochester, X. Y., collapsed. The primary cause of the accident was wind 
pressure upon telegraph poles, which should never have been allowed upon 
the bridge. The structure, however, was of a very objectionable type. viz., 
the bowstring; and as there were two sidewalks, the ponv trusses were 
without side bracing.

The following are from Engineering Xezes:

On July 25. 1888, a wooden highway bridge across the Patapsco 
River, Md., gave way under a wagon and team.

On July 26, 1888. a canal bridge near Newark, Ohio, gave way under 
a wagon and team, and one man was seriously injured.

O11 August 4, 1888, the stringers of a toll bridge across the St. Croix 
River at Calais, Maine, gave way under a team, throwing the team and t\\< 
men into the river.

During ti e same month a wooden highway bridge over the Xctchang 
River at Chaplin, Conn., collapsed.

On September 19, 1888, a highway bridge over the Quinsigamond 
River at Grafton, Mass., collapsed.

On February 1, 1888, a girder of the Sixth Street bridge over tin 
Arkansas River at Pueblo, Colo., broke under a load of 20,000 pounds of 
horse shoes, the bridge settling about four feet.

On April 5, 1888, an iron bridge over Xew River at Fayette Station 
W. Va., built two years previously at a cost of $18.000.00, was “ blown 
down and destroyed.”

On May 23, 1888. the highway bridge at Lake Side, near Medina. 
N. Y., gave way while being repaired. Three men with a team and wagon 
load of hay were thrown into the water, but were rescued.

On May 28, 1888. three spans of the bridge across Muskingum 
River at Gay sport, Ohio, were blown down. The bridge was completed 
the previous November at a cost of $40,000.00. The three spans wrecked 
were 140 feet long and cost $7,350.00.

On September 26, 1888. a highway bridge over Rock River, near 
Janesville, \Yis., collapsed.

One of the bridges over the Don River near Toronto, Ont., collap-* 
recently (November, 1888), under a heavy wagon load of stone. The
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wagon, men, and horses went down thirty feet into the shallow bed of the 
river. Nobody was injured.

On November 10. 1888. the highway bridge over Hast Haverhill Street, 
at Lawrence, Mass., collapsed. No passengers were on it at the time.

The swing bridge over the canal at Benton Harbor. Mich., broke 
down recently (January, 1889). under a team with a load of lumber. No 
one was hurt.

O11 January 9. 1889. the roadway suspension bridge over the Niagara 
River, below the falls, was completely wrecked by the wind, only the 
towers being left standing.

O11 April 28, 1889, a bridge over an artificial lake at Chelsea Park, 
Kansas City, gave way under a crowd which had gathered to see a man 
walk on the water, but no one was killed.

On April 30, 1889, a section of the Oconee River bridge at Milledge- 
ville, Ha., gave way under repair; it had been condemned as unsafe.

O11 May 11, 1889, a highway bridge, near the ' at Schenevus, 
N. V., collapsed under a team with a load of lumber. The driver was 
seriously injured. The bridge was said to he unsafe, but had not been 
condemned.

Other instances of highway bridge failures could readily be given ; 
in fact. if one were to set about compiling a list in a systematic manner, 
and not according to the desultory method pursued by the author, its 
magnitude would soon become appalling.

CHAPTER III.

BRIDGE LETTINGS.

The ordinary routine of bridge lettings is about as follows :
A month or two before the letting occurs an advertisement is put in a 

local paper, stating that on such a day at a certain hour bids will be 
received for one or more bridges. Generally the spans are given, and 
often the width of roadway, but here the list of data usually ends. 
Sometimes, though, a fairly complete list is given, enabling contractors 
to make their designs before visiting the locality where the bridge is to be 
let.

O11 the day of the letting, or perhaps a day earlier, from ten to twenty 
“ traveling men,” some representing bridge companies, but others merely 
“ scalpers,” assemble for the purpose of “ putting up a job ” on the county 
by getting as large an amount of money as the commissioners will give 
in exchange for as light and cheap a bridge as they will accept.

5
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There is usually a secret meeting of the competitors at which it i> 
decided first, “ how much the bridge will stand," i. c., what is the greatest 
sum they dare ask ; second, what the cheapest acceptable bridge ought to 
cost : third, who is to have the contract ; and, fourth, how the estimated 
profits are to he divided between the one who takes the contract and his 
unsuccessful ( ?) competitors. If these four points can be settled amicably, 
all goes well, but as there are always wheels within wheels, the meeting 
not infrequently is dissolved without an understanding being arrived at. 
In this case the competitors “ go in on a fight," as they term it, bidding 
far below the cost of a legitimate structure and often below that of tin 
cheapest bridge they can erect, merely for the sake of spiting some other 
bidder. ( )ccasionally two companies get into such a wrangle that their 
representatives cannot meet at a letting without causing "" a fight." Tin 
formation of a pool may be bad for the county, but “ going in on a fight " 
is much worse. In the first case there is a chance of obtaining a passable 
structure, but in the second case there is none whatsoever.

The irresponsible bidders (and their name is legion) present designs 
of the lightest possible description with the full intention of scamping tin 
work in every way that they dare. As the lowest bid is generally accepted 
(one bridge being as good as another in the eyes of most commissioners l. 
the county is sure of getting a disreputable piece of work.

In certain States, for instance Missouri, the law makes it compulsory 
that the bridge lettings he done by public outcry. In such cases the modus 
operandi is as follows : The commissioners select the papers of one of the 
bidders, and upon this basis the bridge is auctioned off to the lowest bidder. 
As far as pooling is concerned, this auction method has no effect either 
way; but when a fight occurs, the party whose papers are chosen has a 
decided advantage, which at first thought is not apparent. The explana
tion, though, is simple, and the scheme, to say the best of it, is quite 
ingenious. Mr. A. attends the letting with two sets of papers that at fir>t 
glance appear to be exactly alike. A close inspection, however, would 
show that they represent two bridges of widely varying weights. In one 
thick metal is used throughout ; in the other the thinnest that can be 
obtained. Mr. A. gives the heavy papers to the commissioners for tin 
crowd to hid upon, and when the auction takes place he bids upon tin 
basis of the weight of the light structure, and consequently can afford to 
go lower than any one else. As soon as possible after the work is knocked 
down to him by the auctioneer he asks to see the papers and avails himself 
of the opportunity to effect an exchange.

This plan of exchanging papers is by no means confined to auction 
lettings ; it can he made to work at any kind of a letting.

Sometimes the commissioners have some local engineer, or perhaps n 
bridge builder, prepare special designs upon which every competitor bids.
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Unless the designer take care to specify throughout the thinnest shapes 
that arc rolled, the chances are that the contractor will reduce the weight 
of the bridge by using them, for the ironwork of highway bridges is very 
seldom touched with the calipers after it leaves the shop. Not only do 
some contractors put in lighter sections than are specified, but they also 
figure upon doing so when making out their estimates of cost.

In general, county commissioners, before inviting tenders, make an 
appropriation for the work, the amount of which bridgemen make it their 
business to ascertain. It is seldom, indeed, that the amount is found to be 
too small to build some kind of a bridge. By shortening the total length, 
substituting wood for iron, narrowing the roadway, decreasing the live 
load and increasing the unit stresses, a design can be made to come within 
the appropriation and still leave a little to divide among the bridgemen. 
There is no surer means than this of obtaining a dangerous structure.

The question of bribing commissioners need not be entered upon here. 
That they are pecuniarily persuaded sometimes even the most hardened 
contractor will not deny ; he will merely assert that it was some other man 
who did the bribing.

From the foregoing it might be supposed that the author is unyieldingly 
opposed to the pooling system—on the contrary he considers it a necessary 
evil—what he objects to is that it is carried too far. At first it was used 
to insure the different bridge companies attending a letting against loss of 
time and traveling expenses. In this respect it was legitimate ; for, if the 
supervisors insist upon bidders attending lettings in person, it is only right 
that the former should pay for the pleasure of their company. But finding 
it so easy to be reimbursed for actual expense, the competitors very soon 
conceived the idea of making a little profit out of their misfortunes. 
Traveling men seeing what a profitable business attending bridge lettings 
had become, began to set up little bridge companies for themselves, thus 
increasing the number of competitors and filling the country with a crowd 
of so-called bridge builders, whose offices and shops often consist merely 
of desk room somewhere, and whose only desire in attending lettings is to 
extort blackmail. Purchasers of bridges have only themselves to thank 
for the institution of pooling. Were contractors assured of fair dealing 
in every case, they would prefer to send their bids by mail, but unfortu
nately partiality is too often the order of the day, therefore in self-defense 
they have been forced to pool.

A method of dealing with the pooling question will be outlined in 
Chapter VI.

The following amusing incident was related at the rooms of the 
Engineers’ Club of Kansas City, after one of the meetings at which the 
contents of the first edition of this pamphlet were discussed. It was pub-
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lished the next morning in the Kansas City Journal, and as it exemplifies 
very clearly one of the numerous tricks of the trade, it will be reproduced 
here, notwithstanding its rather inelegant diction :

“ A bridge builder was telling me a sort of funny story the other day. 
and 1 have no doubt similar occurrences often happen. He was down 
in Southern Missouri some time ago to bid on a bridge. Of course, lie 
was pooling, or he wouldn't have been there. There were fourteen bidders 
in the whole crowd, and thirteen of them were to put in bids away up 
out of sight, while the fourteenth would put in a bid that would be just 
low enough to be in sight, get the work, and pay the other thirteen a com
mission.

“ Some one ascertained that the Union Bridge Company, of Buffalo, 
had submitted plans to the commissioners, but had no representative on 
the ground, and of course the pool was ‘ busted ' unless the Union Com
pany could be floored.

“ Now county commissioners don't know a bridge plan from a picture 
of Christ before l’ilate. They look at them very soberly, and if no one 
is around who has sense enough to see that they are holding them upside 
down, they are quite liable to get a reputation for wisdom.

“ We had to down the Union Company or lose our traveling expenses, 
and one of the bidders present said : ‘ Pli go in and look at those Union 
plans and see if I can find anything the matter with them.’

" He went in and expatiated on his own plans ; told the county com
missioners that all the rest of us were thieves, and then came out and said :

“ * Boys, those plans are on the table in there, and Ï can't find a cussed 
thing the matter with them except that the lower chord of the bridge is 
made of round iron instead of flat.’

“ Well, of course you know that that makes hardly any difference at 
all about the strength or durability of a bridge. It's just a little unusual, 
that's all. and 1 suppose that the Union Company would have given flat 
iron at the same price.

“ Then T went in and after telling the commissioners how good f 
was. and how my plans were the greatest effort of my life. 1 looked 
around casually and glanced at the Union plans and said : ‘ Humph !
That fellow’s pretty old fashioned. Uses round iron don't he? ’

“ Then I went out and the next man went in, and after ten minutes' free 
exhibition of the noblest public spirit Missouri ever produced, his eve 
caught the Union Bridge plans, and he said: ‘ Well, that fellow is cutting 
in on his margin of safety. I—should—say. Uses round iron in his 
bridge, don’t he?

“ Then the next man stepped up, and after the usual ten inimité 
course in civil engineering furnished free to the commission on account 
of official position, he said, the instant that his roving sight happened to 
be riveted bv the glaring defect in the Union plans :

‘“Holy smoke!’”
“ ‘ What's the matter? ’ asked the bridge commissioners.
“ ‘ Nothing at all. gentlemen, nothing at all.’
“ ‘ Anything wrong with those plans there ? '
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“ ‘ Gentlemen, if there was anything wrong you would have to find it 
out from somebody besides me,’ and he went out.

“ After the commissioners had been subjected to ten more such experi
ences they threw out the Union plans, and there were thirteen com
missions paid for one contract."

CHAPTER IV.

1IOW BRIDGES ARE Itl'ILT.

In this chapter it is the intention to point out the most common faults 
and glaring defects that arc to be found in nine out of ten of the iron 
highway bridges which one would cross in a day's ride through any well- 
to-do county in one of the Western States.

First, we will treat of the data according to which they are designed. 
If the appropriation be large enough, the live load assumed for making 
calculations is generally about right, viz., eighty pounds per square foot 
of floor ; but if there be a small appropriation, or if the bidders fail to come 
to an understanding, it too often happens that the live load is reduced con
siderably below that amount. It is sometimes made as low as eight hun
dred and even five hundred ' per lineal foot of bridge. But even 
when an amply large live load is used in proportioning the trusses, the 
floor beams will often figure for hardly half that load. This is due not to 
ignorance, but to dishonesty. It would be far better to put the heavy load 
on the floor system and the light one on the trusses, for the former is liable 
to receive its full load often, hut the latter seldom, if ever.

Joists are often made too light, and although the danger of their break
ing is not great, they spring to such an extent as to set up vibrations that 
are injurious to all the principal parts of the structure. Light floor beams 
produce the same effect. That rigidity in a structure is just as important 
as strength is a principle which highway bridge builders generally appear 
to ignore. In most bridges there arc too many loose joints and connections. 
For instance, floor beams arc suspended from the bottom chord pins bv 
adjustable hangers, and nothing is done to stay them, either laterally or 
longitudinally, hence when the lateral rods are attached to them, as is 
usually the case, the whole lower lateral system, if it can be termed a 
system, fails to act with the chords ; consequently, the lightest lateral rods 
used will he just as efficient as the strongest. Again, the upper lateral 
struts are often simply screwed up against the chord pins making a loose 
and inefficient connection.

45
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Then, the portal bracing is almost without exception proportioned 
simply by guesswork, and consequently has far less capacity than that 
called for by the proper calculations.

The subject of rigidity brings up another point, viz., the use of im
proper styles of truss, merely for the sake of saving a little metal. This is 
exemplified by the numerous arches and parabolic trusses one finds almost 
everywhere. Such structures can not be thoroughly braced laterally so as 
to resist wind pressure and vibration from passing loads.

In this connection it would be well to point out that the double inter
section or Whipple truss is often used for short, narrow spans, rendering 
the sections of main members so small that the structures vibrate in a 
manner which must he very injurious to the metal. Again, pony trusses 
are often built without side-bracing of any kind, and the top chords art 
proportioned for single panel lengths. What the actual intensities of 
stress are in these members no one at present can say. To obtain some idea 
of their magnitude it would be necessary to load several of these pony 
truss bridges until they break, taking care to apply the loads with the same 
amount of impact which would he likely to come upon them in ordinary 
use.

Still another way in which rigidity is neglected is by building long 
spans with narrow roadways.

The common practice of making hip verticals of bars or rods instead 
of channels, although it is the custom of many good bridge companies, is 
not conducive to rigidity.

The use of very light rods for counters and laterals, simply because the 
calculated stresses do not call for greater sections, causes vibration and 
consequently wear on the metal that, in most cases, would he overstrained 
by the live loads statically applied. The use of long, narrow posts, whose 
ratio of length to least diameter far exceeds the limits of good practice, is 
also a great cause of vibration.

Next come the considerations that affect the strength as well as the 
rigidity. Among the most important are the following:

Failing to stiffen the bottom chords in end panels of light, narrow, and 
deep-trussed bridges, thus rendering most of the metal employed to resist 
wind pressure practically useless; failing to pay attention to what may be 
termed induced stresses, or stresses caused indirectly by wind and otlnr 
loads ; the use of iron so thin that it is liable quickly to rust out or that will 
buckle under stress without developing the full strength of the member. 
This is a most common fault : for iron 3-16 inch in thickness will he fourni 
in many bridges, while the proper limit is ‘4 inch : and inch cover plates 
are used for top chords and hatter braces up to twenty inches width and 
even more, while the strict rule of design would limit the width to twelve 
or thirteen inches.
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Scamped details in highway bridges are the rule, not the exception.
< )nc seldom finds sufficient rivets in splice plates, reinforcing plates, etc., 
and lacing bars are nearly always too light and have too much spread—in 
fact they are sometimes omitted altogether and replaced by stay plates 
with a single rivet at each end, spaced from three to six feet apart.

Short stay plates at the ends of systems of lacing, rollers smaller than 
permissible, insufficient pin-bearings, overstrained pins, badly stayed hand
railings, unstiffened webs in floor beams, absence of anchorage of trusses 
to piers and abutments, long rods not upset, inefficient extension plates on 
posts, inefficient chord splices with a single row of rivets on each side of 
the joint, the use of rivets of too small diameter, rivet spacing longer than 
is allowable, improper use of cast iron, fish-bellied girders with web- 
section insufficient for the shear, and, worse than all these, rivets used in 
direct tension, are features that are altogether too common in highway 
bridges.

The employment of gas-pipe for struts, and resting joists on chord bars 
are almost things of the past, yet one does come upon them occasionally in 
designs for new bridges.

lient eyes on lateral rods and double beam hangers without any means 
of equally distributing the load, are still employed.

The abutting of upper ends of posts against top chords and relying on 
this connection to transmit the stress is a feature in bridge design that 
cannot be too severely condemned. Unfortunately, it is very common in 
the highway bridges of the West.

Another glaring defect is bad shop-work, especially where the correct 
rules for riveting have been violated and the metal injured in consequence.

Both upper and lower ends of batter braces are still made fixed, 
although modern practice demands that they be hinged.

Trestle bents are seldom properly sway braced, and means for their 
expansion and contraction with changes in temperature are rarely 
provided.

This by no means completes the list of errors in bridge design, but 
enough has been said to show conclusively that it is necessary to study 
correct principles before attempting to proportion structures upon the 
strength of which depend the lives of the community.

During the last year, or since the first edition of this pamphlet was 
issued, there has come into prominence a new style of structure for high
ways, viz., the cable suspension bridge. In its original form it consisted 
of strands of twisted telegraph wire, forming cables less than one inch in 
diameter and spaced two feet apart, to support two-inch transverse planks, 
clamped occasionally thereto. These cables passed over two wooden 
bents, resting on mud-sills or piles, and around anchor piles or “ dead- 
men ” in each bank.
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flic prominent feature of these bridges and the one which commends 
them most highly to county commissioners, is their cheapness. They cost 
three or four dollars per lineal foot, and are sold for six. Moreover, the 
price per foot does not increase with the length of span, because the same 
number and size of cables are employed whether the clear span be fifty 
feet or one hundred and fifty. In fact, the actual cost per foot is really 
less for a long span than for a short one.

Another great advantage which this class of bridge possesses is that 
it can be very quickly erected at any time and anywhere, for telegraph wire 
is a merchantable commodity that can be purchased at almost any hard
ware store in the country, and, barring the iron nails, this is the only 
metal required.

A certain company had at first the exclusive privilege of furnishing 
the country with this great boon, but very shortly another company 
stepped in to divide the honor and the profit. This new company effected 
some improvements (?) on the original design, the most notable of which 
are as follows :

First, they substituted gas-pipe bents for the wooden ones, and gas- 
pipe piles braced by stone walls for the anchor piles or “ dead-men.” Then 
they divided the clear span into three panels, putting an upward cambre 
in the cables by means of a heavier cable on each side of the bridge, using 
gas pipe for the floor beams. The beautiful feature of this arrangement 
is that by twisting on the outer cables with iron bars, enough initial stress 
can be brought upon the other cables and the floor beams to produce 
rupture without any live load whatsoever upon the structure.

The great superiority of these cable bridges over the ordinary tru^ 
bridge is partially offset by one unimportant feature, viz., that the former 
are absolutely unsafe. This is not, perhaps, so serious a matter as one 
might at first imagine, because the traveler in passing over a highway- 
truss bridge is uncertain as to whether lie is risking his life, while in 
passing over one of the new cable bridges he is positive of it.

The author was called upon, a few months ago, to inspect and report 
upon one of these improved-style cable bridges which was just completed 
in Southern Kansas. The following extracts from his report may prow 
useful to county commissioners in the West, because the remarks con
cerning this particular structure will in general apply to all bridges of 
this type.

“ On account of the upward cambre in the roadway cables between 
the gas-pipe piers, the horizontal 4 inch gas-pipes, termed by the contract- r 
‘ needle-beams,’ must act as do ordinary floor beams, for which purpose 
they are absurdly weak. The live load ordinarily specified for county- 
bridges would demand floor beams twelve times as strong as these * needle-
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beams.’ It is practicable to remove these and replace them by heavy 
timbers, and 1 would recommend your so doing, were this the only serious 
fault in the bridge, which, l assure you, is by no means the case.

“ The ordinary live load previously mentioned would strain the wire 
in the main cables to 49,000 pounds per square inch, provided the wires 
were parallel and equally strained. Hut as they are twisted in a manner 
that is very irregular when compared with machine-twisted cables, it is 
not improbable that some of the strands are strained as high as (10.000 
pounds, or even (>5,000 pounds per square inch, especially in the neighbor
hood of the beam hangers, where the cable is split to allow the hangers to 
pass through.* . . .

“ My calculations show that the floor cables have been strained from 
25.000 to 30,000 pounds per square inch merely by the adjustment of the 
main cables. . . .

“ The two-inch floor planks would be overstrained by a wheel load 
of 2,000 pounds under the assumption of" perfect adjustment and equal 
deflection of floor cables ; but as several causes tend to prevent anything 
approaching such equality, it is evident that the planks must be seriously 
overstrained by passing loads. 1 observed their action when a lightly 
loaded wagon was going over the bridge, and found the deflection and 
vibration to be excessive. What will it be, therefore, under the passage of 
a full load after the cables have had time to get still more out of ad
justment !

“ The tendency to overturn the anchorages cannot be calculated, 
owing to the fact that the working stresses on the cables are indeterminate ; 
but this much it is easy to determine, viz., that the proportions of the 
anchorage are such that good practice would not permit of the cables being 
strained more than 13.000 pounds per square inch, which amount is cer
tainly exceeded, even when the live load is confined to the middle span.
. . . I11 short, there is no portion of this structure, unless it be the gas- 
pipe piers, that will provide sufficient strength for ordinary loads. . . . 
The best thing to do with the affair is to take it down and replace by a 
properly designed iron or combination bridge.

“ The building of these wire cable bridges ought to be prevented by 
law, for they are death-traps of the worst description. From all 1 hear 
I judge that the structure which T have examined for you is by no means 
the worst of its class to be found in Kansas.

“ Whether you pay for this bridge or not is no affair of mine; but for 
your own sake I most seriously advise you to take it down, and to warn 
the other county commissioners in your State against building any more 
structures of this pattern.”

*This wire was afterward tested. It failed to develop an ultimate strength 
of 80,000 pounds per square inch.
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CHAPTER V.

how mtmcES ought to he built.

The determination of the style of structure for any stream-crossing is 
to a great extent a matter of judgment, and. therefore, dependent upon 
practical experience. The principal factors are the capacity required, the 
hydraulics of the stream, and the amount of the appropriation.

The capacity will have to he determined by estimating the amount and 
character of future traffic. The hydraulics of the stream will, in coil lec
tion with a special study of the “ economics " of the crossing, determine 
the number and length of spans, while the amount of the appropriation 
will settle what kinds of materials to use for both superstructure and sub
structure.

If the appropriation be small and the estimated future capacity large, 
it will be necessary to put in a temporary superstructure on either a per
manent or temporary substructure, preferably the former, with the inten
tion of replacing the bridge when worn out or inadequate for the travel

The determination of the number and length of spans is a subject 
altogether too intricate to he treated here. It will suffice to state that 
spans are. for false motives of economy, generally made too short, and 
that if there he no limit to the number of piers, the greatest economy will 
generally exist when the cost of the substructure is equal, not to that of the 
superstructure, as is usually stated, hut to that of the iron in the trns>i - 
and lateral systems.

For clear spans of twenty, or even twenty-four feet, the cheapest 
method of crossing is by wooden joists. For spans between this limit 
and forty feet it is better to use deck-plate girders with transverse wooden 
joists. For spans between forty and sixty-five feet, triangular riveted 
deck girders with transverse wooden joists will be found the best. I 
spans from sixty-five to ninety feet pony trusses with floor-beams rivet ' 
to posts and top chords braced to cantilever brackets will he most sat i - 
factory ; and for greater spans through Pratt truss bridges. W hen the 
span exceeds two hundred feet, there is economy in halving the pan 
and inclining the top chords near the ends. The double intersection 1 

Whipple truss, although allowable, is not as good as the one last describe-1 
moreover, it is doubtful whether its use would involve any econonn 
material.

The best length of panel to use is about twenty feet, but this max be 
increased to twenty-five feet or even more, when iron joists are employ-!.

The most economic depth is generally from one-fifth to one-seventh 
of the length of the truss, depending upon the length of the span and V
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style of the truss adopted, hi general, wooden joists should vary in 
section from 3 x 12 inches to 4 x if) inches, and should be spaced between 
eighteen and twenty-four inches from center to center. Either yellow or 
white pine, although not so strong, is preferable to oak, which warps and 
splits and is considerably heavier for the same strength.

Floor-beams should be made as deep as economy of material and a 
proper consideration of flange-width will permit, and should be riveted 
to the posts whenever such an arrangement be practicable, as it nearly 
always is. The unsupported length of a floor-beam should not exceed 
thirty times the width of the top flange. It is generally better not to 
diminish the depth of the beam web near the ends, owing to the reduction 
in space for the rivets which connect to the posts, and to the lessened 
resistance to shear on the web.

When the wooden joists pass over the floor-beams great stiffness is 
obtained, at a very trilling cost, by placing a wooden shim between them, 
bolting it to the top flange of the beam and spiking the joists to it. When 
the limited distance between the surface of the floor and the lowest part of 
the superstructure w ill not permit the joists to pass over the floor-beams, 
they should rest on angle-iron brackets riveted to the floor-beam web, the 
upper surface of the joists being flush w ith the top of the beam, or higher 
when a shim is placed over the beam for the purpose of receiving the 
floor-spikes. The angle brackets should be connected to the web by at least 
three seven-eighth-inch rivets, and there should be a hole in each for a 
spike or screw to pass through into the joist.

Lower lateral rods of small section may be attached to the webs of 
floor-beams as near the ends of the latter as practicable. In long spans 
where the wind stresses arc great, it is well to let the middle of the beam 
be at the level of the center line of the bottom chord, cut a space in the 
w eb to receive the chord heads, and use double lateral rods, one set being 
attached to beam or post near the upper flange, and the other near the 
lower flange, thus balancing the stresses.

In general it is well to observe the following rule when practicable : 
“ All the members which converge to an apex should have their axes 
meet in a point." Otherwise the induced stresses due to the eccentricity 
in the connection must be provided for. The larger the structure the 
more important it is that this rule be followed.

In the upper lateral systems of through bridges the stresses are 
ordinarily so light that the rods can be attached to the upper surface of 
the chord by means of three short pieces of angle-iron, through one of 
which the upset end passes, all three being riveted to the chord-plate.

Upper lateral struts, except in very wide bridges, should be made of 
four angle-irons with a single system of lacing bars and end stay plates
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between, the ends of the struts being riveted to the chords in a most 
efficient manner.

Portal struts should be rigidly riveted to the batter braces. The) 
should be proportioned to resist both direct and transverse stresses to 
which they may be subjected by the wind pressure. The correct method oi 
finding stresses in sway bracing is given in Burr's “ Stresses in Bridge 
and Roof Trusses," and in the author's treatise on highway bridges. Tin 
proper section fur portal struts for small bridges is the same as that fur 
upper lateral struts, but for large structures it is necessary to use either 
two channels with two systems of lacing, or four angles with four systems 
of lacing.

Portal rods may be connected in various ways which will be efficient.
The effect of wind pressure upon all connections should he carefully 

calculated and provided for. This important matter is overlooked in 
nearly all ordinary highway bridges.

Both posts and batter braces should be made with hinged ends ; the 
former for convenience in erection, and the latter to insure an evenly 
distributed vertical pressure on the pedestal. The post channel webs max 
be turned either parallel to the plane of the truss or perpendicular thereto, 
according to which arrangement is the more convenient and economical. 
Generally, the former is the preferable method.

Sections of all members, both tension and compression, should invari
ably be balanced in respect to the line of action of the stress.

Hip verticals should be made similar to the posts in section so as to 
add to the rigidity of the structure and afford a substantial attachment fur 
the floor-beams.

In narrow bridges—say those under eighteen feet clear roadway—the 
bottom chords in the end panels should be made capable of resisting com
pression, otherwise they will tend to buckle under wind pressure.

Stay plates at the ends of a system of lacing should he made square, 
and the rivets in them should he spaced nearly as closely as allowable. 
Their thickness should never be less than one-fiftieth of the distance 
between opposite rows of rivets. This rule is nearly always neglected in 
designing highway bridges. The sections of the lacing bars should be of 
the sizes specified.

When cylinder piers are used, the floor-beams at the ends of spans 
should rest on the pedestals, and under no circumstances should they he 
riveted to the shells of the cylinders. The reason is that these shells max 
in time rnst out. for there is no way of painting their interior.

Sizes of pins should receive careful attention, and the bars upon them 
should be packed scientifically so as to reduce the bending to légitimât* 
limits. Every pin bearing should be proportioned to resist properly the
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greatest stress in the member, and there should always be enough rivets 
to develop the full capacity of the reinforcing plates.

The standard rules for riveting should be closely followed, large rivets 
being used when practicable.

Under no circumstances whatsoever should any rivet be used in direct 
tension ; it is always possible to design details that will avoid the use of 
this most objectionable but too common practice.

The limiting sizes of sections given in Chapter VII. should invariably 
be adhered to, as the use of smaller sections would tend to produce 
injurious vibrations.

The best style of trestle is that which consists of alternate short and 
long deck spans, say twenty and forty or fifty feet, the girders being of 
the plate girder or triangular riveted type (one system of triangulation 
only). The economic lengths of span will of course depend upon the 
height of the columns. The latter under the short spans should be braced 
so as to form towers, provision being made for expansion and contraction 
both longitudinally and transversely. The long spans should also be ar
ranged for expansion at one end. The angle-iron diagonals of the girders 
should be attached to the flanges at each end of both legs by means of 
auxiliary pieces of angle-iron, and great care should be used in determin
ing the number and size of rivets required for each connection.

When alternately short and long spans cannot be employed, provision 
must be made to compensate for the absence of the braced towers, bv using 
either rocker bents or some equally efficient arrangement.

Pin-connected trusses for trestles arc inferior to the triangular riveted 
girders, owing to their lightness and want of rigidity. When properly 
proportioned they are also more expensive. Deck girders for trestles are 
more economical than through ones, and are much better also, if the struc
ture have sidewalks.

CHAPTER VI.

A PROPOSED ASSOCIATION OF HIGHWAY BRIDGE BUILDERS.

In Chapter III. it was stated that the pooling system is a necessary evil, 
and that bridge companies must sooner or later, in some way or other, be 
paid by the public for all the expenses incurred in preparing for and 
attending lettings. As matters stand, this tax is very unequally divided, 
because when work is let “ on a fight,” the buyers get their bridges for 
about cost or even less ; consequently in case of a pool being formed, the 
buyers will often have to pay for all the expenses of all the bidders, not
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only at their own letting, but also at several other lettings where the con
tractors were unsuccessful in forming a pool. Such a division is most 
decidedly unfair, therefore the author will endeavor to show in this 
chapter how the tax for legitimate expenses may he equitably divided 
among all the buyers, and how the amount of this tax may be reduced to 
proper limits by forcing out of the business all irresponsible contractors.

As stated in Chapter I., the author some five or six years ago en
deavored to accomplish this purpose, not only by publishing a description 
of the method to be employed, but also by forming an association of West
ern highway bridge builders.

As the paper referred to is pretty complete, it will be reproduced here 
in full and afterwards supplemented. It reads as follows :

“ That such an organization as the one above mentioned is really 
needed is apparent to every reasonable man who travels to any extent in 
the Western country.

“ Not more than ten or fifteen per cent, of the highway bridges in 
the West are built upon sound specifications, and of these many are not 
as strong as they are claimed to be. This is proved by the number of 
bridge failures of which one reads from time to time in the newspaper-., 
though, if the truth were told, such matters are very often hushed up. or 
the failure is attributed to a washout, a tornado, or some other cause which 
man is supposed to be powerless to resist. It is true that once in a while 
there does come a hurricane powerful enough to overturn the best of 
bridges, but such storms are few and far between.

“ Every bridge should be built so as to resist, without injury to any of 
its parts, the highest wind pressure observed in heavy gales. As for 
washouts, they are usually due to the short-sighted policy of the super
visors, to whom is entrusted the responsibility of directing how the bridge?* 
shall be built. Rather than make the spans a little longer and raise them a 
little higher, thus increasing their cost and that of the piers and approaches, 
they prefer to restrict the stream with the foundations and to run the risk 
of high water reaching the bridge. There is really no excuse for a 
washout except a gorge of ice or timber, and even this can. in most cases, 
be avoided. Ilut washouts and tornadoes are not the true causes of must 
of the bridge failures, for many structures succumb without the assist
ance of either high wind or high water ; they fail simply by reason "i 
faulty design, which makes them unable to withstand the stresses devel
oped in them by passing loads. Worse than this—many of them are 
scarcely fit to sustain their own weight !

“ This is a pretty bad state of affairs, and what has been done to 
ameliorate it? Very little.

“ About a year ago Prof. Vose issued a pamphlet entitled, ‘ Bridge 
Disasters in America : The Cause and Remedy,’ which should have d■-in
considerable toward raising the standard of American bridges. Unfortu
nately the work has not met with the reception it deserves, and bridges 
are built in about the same style as they were before its appearance.

“ The ‘ remedy ’ suggested by Prof. Vose is the appointment of Suite 
engineers, whose duty it would be to examine, before erection, the :i*



HIGHWAY HIHDGI.S. 235

grams of stresses and sections of all bridges to be built in their States, 
and inspect at least twice a year all the existing bridges.

“ The pamphlet concludes as follows :
“ ‘ Thirty bridges on an average break down in the United States every year. 

No system of inspection or control at present existing Ini' been able to detect 
in advance the detects in these structures or to prevent the disasters. A system, 
practical, simple, and inexpensive, can be had, which, if properly carried out. 
will insure in nearly all cases, if not all. the public safety. It lies with the public 
to say whether or not it will have such a system.’

“ Well, the public, by the indifference it has shown, has clearly indi
cated that it does not deem such a system necessary : and nothing but a 
long series of bridge disasters involving great loss of human life will ever 
awaken it to the fact that something must be done to prevent such acci
dents.

“ Now, why can not the bridge companies themselves undertake the 
duty that the public refuses to assume ?

“ Every first-class bridge company recognizes the fact that it is to its 
interest to build good, substantial structures, but many of them are forced 
by the closeness of competition with inferior companies and local bidders 
to erect bridges that are not approved of by their engineers. They would, 
probably, very gladly do what they could to improve the bridge business, 
but are restrained by force of circumstances.

“ To show how the difficulty may be overcome is the object of this 
paper.

“ Let there be formed during the coming winter, when bridge builders 
and engineers will he comparatively at leisure, an association of all the 
principal bridge companies of the West, the object of which shall be to 
enforce the building of firm, substantial structures.

“ The word ‘ enforce ’ is used advisedly, for such an organization 
would, on account of the standing of its members and the praiseworthy 
object of its existence, wield great power. It could dictate to county com
missioners what quality of bridges they should build, and could prevent 
the erection of all bridges not up to a certain standard, By taking into 
the association the manufacturers of bridge material, an arrangement 
could he made by which local bidders would he unable to obtain iron for 
doing inferior work. This would soon render the existence of that genus 
a thing of the past.

“ By the term local bidder is meant an individual residing in the 
county where the bridge under consideration is to be built, who has assisted 
in some capacity >r other at the raising of two or three structures or has 
been practicing the trade of carpenter or blacksmith, and who, with no 
knowledge whatsoever of mathematics or the laws of mechanics, gets 
into his head the insane idea that he can design and build bridges and 
proceeds to put that idea into practice. Nearly every county contains one 
specimen of this kind. It is to these men as well as to inferior companies 
that are due the low standard of American highway bridges, and the 
numerous disasters which occur every year.

" The organization of the association proposed would be a simple 
matter : the first step to be taken at the meeting of the representatives 
after choosing a chairman, would be the appointing of a committee to 
draw up a constitution and by-laws, and another, composed of the best
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engineers, to prepare specifications and tables regulating the style and 
strength of bridges to be built in future. Sufficient time should Ik 
allowed these committees in which to report, as there would undoubted!;* 
be a good deal of discussion before all the various theoretical and technica! 
points could be satisfactorily settled.

“ The general scheme of the association should be that each compam 
deposit with the treasurer a certain sum of money, say one thousand 
dollars, to be held by him as long as the company is represented in tin 
association as a guarantee that it will comply with all the rules and reg:i 
lations of the association. Should at any time the company, or any of n> 
authorized agents, fail to do so, a standing committee of three to ad i- 
judges should decide as to how much of the deposit shall be forfeited 
for the offense, and the company should be deprived of all the rights and 
privileges of membership until such time as the amount forfeited be re
placed. In order to insure its speedy replacement, a further fine of s-i 
much per month, after the first month, should he added until the deposit i< 
brought up to its original amount.

“ With the money accumulated from jfines, interest on guarantee de
posits and, if necessary, annual dues, the association could make mam 
needed experiments upon resistance of bridge materials, and could haw 
the results printed in a publication of its own. Discussions in the papers 
of the association from time to time would originate new rules, and thus 
elevate the standard for bridges. Rut—some one tnav say—suppose tv\ 
or three companies refuse to enter the association, will not this he suffi
cient to prevent its organization? Not at all. Should any company refu>v 
to join the association and continue to build inferior bridges, it would soon 
be forced either into the association or out of the business.

“ This statement may sound a little like an infringement of the priv
ilege that every American has to do as he pleases and may seem like coer
cion of the weak by the strong, of the few bv the many ; but such need not 
he the case. The privilege of membership would not be withheld from 
anyone willing to deposit the guarantee and to comply with the regulations 
of the association.

“ Some one may suggest that, if all the bridges in the country be 
built upon one set of specifications, there would be no chance for improve
ment by variation in design. By no means: the specifications of the asso
ciation would limit the weakness of bridges, not their strength, and any
one would he at liberty to make all the improvements he might desire, 
and ought to he encouraged to do so by the association as a body.

“ Some one may observe that, if all bridges are to be built upon scien
tific principles, it would be a little hard upon those who have not receiveil 
a scientific education. All very true, yet such persons have three courses to 
choose from: first, to post themselves; second, to employ skilled labor; 
third, to build after the model of some one who is better instructed. 
Besides, the tables, etc., of the association would he of great assistance to 
such persons, enabling them to make good designs with very little calcu
lation.

“ But then—some one may object—this association would he a mon
opoly. In one sense perhaps it would, in that it would prevent ignorant 
men from doing work which ought to be left to those who have spent 
years in educating themselves for the purpose.
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“ In short, there can he no reasonable objection to the proposed asso
ciation, and not only would it he a benefit to the bridge companies, but 
would be also a great boon to the country at large."

The additions to the preceding which the author would now make are 
as follows : In the first place, let it be understood that the main object 
of the association is the insuring to its members a fair profit on every 
contract which is taken, and that the secondary object is the improvement 
uf bridge designing. On no other basis can bridgemen be induced to 
torm such an association.

Let a certain tax he levied on each bridge built by any member of the 
association, the amount of the tax being a function of the length of span, 
total live and dead load per lineal foot and intensity of working tensile 
stress for bottom chords. Moreover let the association announce in the 
newspapers and bv circular to county commissioners not only its existence, 
but the reasons therefor, the tax to he levied, its rules and regulations, etc., 
in short, let everything connected with the organization he fair and above 
board.

Let the specifications of this treatise, or others very similar to them in 
both character and scope, be adopted by the association and adhered to 
most strictly.

Let the association guarantee to buyers that any structure sold by 
any of its members shall be in every particular up to these specifications, 
and that, if not so, the structure shall he replaced at the expense of the 
association. In case of such replacement of any structure, the contractor 
responsible for same should not only be made to refund to the association 
its entire expenditure, hut should be fined besides.

For repeated infraction of rules, or non-payment of fines, any member 
of the association should he suspended or expelled.

The association should he managed on a purely business basis, a com
petent engineer and business man being made manager, paid a high salary, 
and furnished with all the necessary clerical assistance. A good deal of 
power should he granted him, but any member differing with him in 
respect to a decision should have the option of an appeal to a standing 
committee composed of three of the leading engineers and business men 
of the association. The decision of this committee should be final.

The main requisite for the success of such an organization is good 
faith hacked by a heavy forfeit.

The laws of the association should be well considered, just, and very 
stringent.

The revenue from the tax should be used to pay all expenses, and the 
remainder should be divided annually among the members in direct pro
portion to the total value of the contracts which each has taken during
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The results of the formation of such an organization would he tli.. 
very soon no bridge supervisors would dare to let a contract to anyone n ' 
a member of the association, that the total cost of bridges would be r 
duced, that the profits to responsible contractors would be increased, ami 
last, but not least, that every highway bridge erected would be a creditable 
piece of engineering work instead of a vile death-trap, as is too often tin- 
case under the existing order of affairs.

CHAPTER VIII*

REMARKS CONCERNING THE APPLICATION OF THE SPECIFICATIONS.

»

The object of this chapter is to explain to those who have not made a 
special study of bridge designing, the reason for some of the requirements 
given in the preceding chapter, and to expand a little some of the direc
tions that were of necessity in the specifications made rather concise. The 
various points to be treated will be taken up, as nearly as may be, in tin- 
order in which they occur in the specifications.

The reason why the live load for trusses of long spans is less than 
that for the floor system of the same structure is because it is possible to 
load a panel length to the maximum several times a day, while the whole 
span would probably never be subjected to that load.

The cost of a bridge is increased considerably by specifying that tin- 
floor and primary truss members must be proportioned to carry a road 
roller. So unless it is probable that a road roller will cross the bridge- 
several times a year, it would be advisable not to figure thereon : but to 
insist that the roller be disconnected and transferred a piece at a time in 
a wagon.

The wind pressure adopted in the specifications is a trifle lower than 
that usually called for. The reason is that the author prefers to specify 
a fair wind pressure and proportion the whole structure throughout for 
the effects of same, rather than to insist upon a higher one and neglect 
the effects of all the induced stresses that it may cause.

The reason why joists are proportioned by the deflection formula fof 
uniformly distributed loads, and by the extreme fibre stress formula for 
concentrated loads, is that the uniformly distributed loads may pass 
rapidly and tend to set up vibration, unless the joists have the requisite 
stiffness, while the heavy concentrated loads will be applied very slowly, 
necessitating ample strength, but not great stiffness.

* Chapter VII has been omitted, for the reasons given on pages 205 and 208.
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Wearing floors will be necessary only on bridges where the traffic is 
great. In other eases they would involve a useless expenditure of money.

Shims under guard rails are to facilitate the escape of water and thus 
lengthen the life of the floor and guards.

Angle iron facings on guard rails are used where the structure is upon 
a heavy grade, because teamsters with heavily laden wagons are apt to 
brake their vehicles going down grade by keeping the wheels against the 
guard timber, t’nder these circumstances without some protection the 
guards would soon wear out.

The peculiar section for the wooden hand-railing, i. c., one 2x6 inches 
on flat and another timber of the same section directly under it on edge, 
is employed to provide for a row of men seated on the railing; a condi
tion by no means unusual.

The reason why there is an inferior limit to the use of the double
intersection or Whipple truss is to avoid very small sections, consequently 
this limit should vary with the carrying capacity of the bridge and with 
the “ factor ’’ for the trusses.

Pony truss spans are limited in length on account of the unknown 
carrying capacity of the top chord, which is only at best partially stayed 
against lateral motion.

The principal objection to the use of continuous spans is that if one 
of the piers should settle a little—no uncommon occurrence—the assumed 
conditions affecting stress distribution would no longer hold, and certain 
parts of the trusses would be badly overstrained. Moreover, continuous 
spans involve reversing stresses, a condition of affairs to be avoided when
ever practicable.

It is only in unusually deep and narrow bridges, or in bridges for 
localities where the wind pressure is liable to be excessive, that it will be 
necessary to figure upon the bending effect of wind pressure on posts and 
halter braces, or the direct wind stresses in chords.

Stiffened end panels will, in general, be required for bridges having 
less than eighteen feet clear roadway ; but if the assumed wind pressure 
be higher than usual, this limiting width will be increased.

Alternating stresses occur in the case of bridges with wide projecting 
sidewalks, especially if the main roadway be narrow: in some of the 
primary inclined struts of trusses with halved panels; and in brackets 
under single portal struts and upper lateral struts without vertical sway 
bracing. They occur also in the truss members of swing bridges, and, as 
before stated, in those of continuous spans.

End stiffeners of plate girders resting on supports will have to carry 
the total shear, because the web does not touch the supports, hence they 
must be proportioned to resist the total reaction : but when the end 
stiffeners act as connecting pieces to other members, there is no correct
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way of determining their sections, except to provide ample hearing for 
the rivets and to make the metal not less than one-quarter of an inch thick. 
An approximate method of finding the sectional area of these stiffeners 
is to divide the end shear by an intensity fifty per cent, greater than that 
used for the case of girders resting on supports.

The Manufacturers’ Standard Specifications for Material, etc., have 
been adopted not because they are the most rigid used, but because the 
metal therein specified is the best that can be had for the money, and at the 
same time good enough for all practical purposes—in fact far superior to 
that commonly used in highway bridges.

CHAPTER IX.

DISCUSSION BY ENGINEERS.

In this chapter there is given a large portion of the discussion by 
prominent engineers and bridge builders, referred to in the Preface, 
together with a portion of the author's reply thereto.

It was published in full in the “ Journal of the Association of Enginet r- 
ing Societies” for November, 1888.

Those portions of the discussion relating to purely technical matters 
have been omitted, for the reason that they are of interest only to bridge 
engineers, nevertheless the said portions have been useful to the author 
in the preparation of this second edition.

DISCUSSION.

By Samuel G. Artingstall.

I think there can be no difference of opinion as to the necessity for im
provement both in the way of awarding contracts for these works and in tne 
design and construction, so as to secure at least a safe structure for the use 
of the public. The difficulty seems to me to be how this can best be accom
plished. A combination of bridge builders does not appear to me as prac
ticable, for the reason that there are too many who would try to take ad
vantage of this combination by underbidding and building a structure which 
would not strictly be in accordance with the specifications, and I do not 
clearly see how this can be avoided unless the trustees employ a competent 
expert to advise, not only on the merits of the different designs submitted 
in competition, but also to see that the structure is built with members of
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suitable scantling, and that the workmanship is good throughout. In my 
opinion the way to get substantial highway bridges is for the legislatures of 
the several states to insist upon minimum strength in the several classes of 
bridges, and to appoint an expert engineer with such assistants as may be 
necessary, to whom all designs for highway bridges must be submitted and 
receive his approval before being built, and after erection to be examined 
and accepted before being allowed to be used for public use. If some such 
law could be faithfully executed in any state, contractors will soon improve 
the character of their designs, and while competition would not be restricted, 
bridges would be safe and the public would soon gain confidence in their 
security.

By Q. Bouscaren.

This movement against unscrupulous highway bridge builders is highly 
commended, but should be extended, I think, to the same class of dealers in 
railroad bridges.

I have very recently completed the inspection of some 600 miles of rail
road, equipped with a variety of wooden and iron bridges, and with the fresh 
evidences of sinful designing collected thereby, I am more than ever im
pressed with the necessity of protective regulations broad enough to cover 
all classes of bridges. In fact, if any distinction were to be made in that 
respect as between highway and railroad bridges, it is quite clear to my 
mind that the latter’s interest is by far the more important of the two.

First—Because the public has some means of redress against careless or 
fraudulent awards of defective highway bridges, but it has none against 
railroad managers or construction companies.

Second—Because a highway bridge can be seen and criticised by any one 
passing over it, and attention may thus be called to glaring defects in its 
construction, while the true character of a railroad bridge must remain 
hidden to all but the inspector, if there be one.

Third—Because the number of people who risk their lives and limbs daily 
on dangerous railroad bridges is tenfold that who do the same on highway 
bridges.

The necessity for placing all classes of public work under the super
vision of a competent expert who is not himself a contractor is universally 
admitted. Unfortunately there is no law making such employment man
datory, and if there was, it is likely that the same parties who award their 
work to the lowest bidder regardless of quality and quantity would also 
select the cheapest “expert” regardless of quality.

A law regulating the construction of bridges should therefore provide 
general specifications for the same, and a competent expert should be ap
pointed by the Governor of the State to inspect and verify the work done 
under these specifications.

The uniformity of specifications for all the states, although desirable, is 
not a matter of prime importance. I think that all engineers engaged in the 
independent practice of their profession agree now practically as to the main 
points, and the differences to be found in their specifications are but different 
modes of arriving at the same results.
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But I consider it essential that the specifications, no matter by whom 
prepared, should be the work of an engineer entirely free of attachment 
with any manufacturing or contracting firm, otherwise the very object which 
they have in view would be defeated.

You will pardon me for saying that the manufacturers’ and contractors 
specifications, which you have made an adjunct to your own specifications, 
is the best example I can give of what I mean to convey.

As long as the object of the profession will be to do the most with the 
least money, and at the same time to place safety before cheapness, the 
engineer must aim to raise the quality of materials as well as the perfection 
of workmanship, because in doing this he eliminates many of the unknown 
elements which necessitate the so-called “factor of safety.” Now, the manu
facturers’ and contractors’ specifications do precisely the reverse of this.

By lowering the grades of materials and discouraging the thorough 
testing of the same, they introduce new elements of uncertainty, and make 
it necessary to increase the factor of safety, thus increasing the weight of 
material used and rendering their plea for economy an illusory one, if the 
same measure of safety is to be retained.

These specifications were condemned by all independent engineers present 
at the convention where they were discussed, and the only reason which I 
can ascribe for the persistent effort made in favor of their adoption is to 
allow manufacturers who cannot produce the best grades of iron and steel 
to compete with those who can.

I hope that I may win you to my side in this question; but if I fail to do 
so, you will understand my reasons for not endorsing your circular.

I am ready and would be glad to join in any action tending to the 
effective protection of the public in the matter of bridges. So many of our 
most able men are personally interested in the question as contractors or 
manufacturers that unity of action in that direction cannot be accomplished 
without some sacrifice on their part, which, unfortunately, they do not 
appear, as yet, ready to make.

To the above, which was written as a letter to Mr. Waddell, I add noth
ing, excepting to emphasize my objections to the “contractors’ specifications,” 
which are made a part of Mr. Waddell’s. I should very much regret to see 
them endorsed generally, for the reason given in my letter, and do not think 
that any unity of action tending to their support could be secured. I think 
it would be an easy matter for engineers to arrive at an understanding as to 
general specifications for highway and railroad bridges, which could serve 
as a standard for the regulation of that class of construction; but specifica
tions, however carefully drawn, are of little value without proper supervision 
to interpret and enforce them. Hence the necessity of legislative action to 
give them force of law.

By W. H. Breithaupt.

Mr. Waddell’s paper is most timely. Such a reform is particularly needed 
in the building of highway bridges in the West. Our immediate field of 
action is to agitate for an improvement in this Statu. By the laws of Mis
souri, county bridges are now let by public outcry to the lowest bidder. That
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this is not a good method of obtaining efficient work and of obtaining it at 
its true value has been sufficiently proved. Letting by tender is much the 
better way. Awarding of contract should be dependent on some one not in 
any way interested in any of the tenders; and to this there should be state 
officers as outlined in the pamphlet under discussion. The remedy there 
given appears to me to be much more feasible and leading to more reliable 
results than could be obtained by the proposed association of highway bridge 
builders. Right of inspection certainly belongs to the purchaser; and if he 
wants advice as to the article to be bought, he will go to some one inde
pendent of the seller. So in the case of the buying of bridges the purchaser 
would want to rely on the judgment of an outside engineer.

A scheme for state supervision might be generally outlined as follows: 
First, there should be a state engineer of bridges, or state bridge inspector. 
His holding of office, whether by appointment or election, and the former 
would seem much the better, should be dependent on his having had a cer
tain number of years’ experience in bridge work, and at least two years’ 
experience in designing and in actual charge of work; and of his having 
successfully passed an examination, technical and practical, by competent 
engineering authority, state or national, the former for some reasons 
preferable.

The engineer should have the appointment of assistants, after they 
had passed a prescribed examination and otherwise proved their fitness. All 
biidges of any importance, say of span beyond n certain length, in public 
use, both highway and railroad, should then be subject to being passed on 
by the state engineer of bridges, either on his personal investigation or 
investigation by one of his assistant engineers. The qualification as as
sistant state bridge inspector might be given to any engineer proving his 
fitness. ******

By W. H. Burr.

Probably no one will dispute the statement of Mr. Waddell which he has 
so forcibly supported, to the effect that much of the highway bridge business 
of the country is productive of most dangerous structures, which would not 
be tolerated under intelligent and honest supervision on the part of the 
proper county, town or city authorities; but personal examination of a large 
amount of highway work during the past two or three years leads me to 
believe that at least some highway bridge builders are doing fairly good 
work, and are entitled to the confidence of the public. Such builders would 
doubtless be glad of any movement that has for its objects the improvement 
of highway bridges and the extraction of good work from the unscrupulous 
builders or else their extinction.

So far as the flimsy and dangerous bridges are concerned, I believe it 
may be confidently stated that two causes render their existence possible; 
one is the combined ignorance and unscrupulousness of their builders, and the 
other, the ignorance and possible or probable corruption of a large number 
of the highway commissioners in many places, both evils being aggravated 
by the culpable apathy of the general public. The failures occurring every 
month demonstrate the existence of hundreds of miserable structures, and the
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widest possible publicity given them is the most potent factor in dissipating 
the indifference of the public. Interested engineers, as well as other inter 
ested and public spirited men, should have some concerted system by which 
every bridge failure would receive such attention that all essential details 
regarding previous condition and causes would be collected and permanently 
preserved, together with the name of the builder and date of erection or time 
of duration of the structure. The amount of loss of both money and life 
entailed by the wreck should also be ascertained. A careful and accurate 
account of the failure based upon the data thus obtained should then be 
written and given the widest publicity both in all the engineering papers ot 
the country and the principal dailies. By such means the general public 
would be brought to realize not only the great losses caused by such inferior 
structures, but also the imminent danger in which a large portion of the 
community daily traverses the highway bridges of the country. The wide 
publication of the names of the builders of these tumble-down bridges would 
be an excellent advertisement of the dangerous character of their miserable 
wares, and would serve to notify the public that they and their business 
agents should be avoided. The constantly recurring notices of these disas
ters and their destructive consequences would stimulate in the public mind 
a growth of the right kind of interest in the matter of highway bridges, and 
would soon effectually dissipate the existing apathy and indifference. Such 
a constantly educating influence would soon induce or force the appointment 
of capable highway bridge commissioners with at least some integrity, who 
would not allow those builders to bid whose names become prominent through 
failures.

In this or some similar manner only, I believe, can public apathy be 
removed and a correct public sentiment be created. Unsupported by public 
sentiment, license, legal enactment or commissioners appointed by the Amer
ican Society of Civil Engineers or any other body will be certain td result 
in vain efforts, whose failures will leave the evils more firmly fixed than 
before. With it, however, the County Commissioners will need no extraneous 
impulse to seek tenders from either honest or honorable and competent 
builders, or the services of a consulting engineer who will furnish them such 
advice as will lead to the purchase of a substantial bridge.

The benefits of a pool are, to my mind, not by any means clear, although 
I do not doubt that which Mr. Waddell proposes, if conducted in the manner 
he indicates, would serve to remedy many existing evils. Whether the 
organization could be kept in the original channels seems to me. in the light 
of human experience, somewhat doubtful.

One thing is clear, however, in fact two things are clear, the present 
system of unlimited and indiscriminate invitations to tender for highway 
work breeds most pernicious evils and is most extravagant and expensive to 
counties, cities and towns. Such a comprehensive method induces bids from 
the good, bad and indifferent, with the first in a very small minority. Good 
designs are thus put alongside of the most wretched clap trap, which appears 
under a correspondingly low figure and is usually accepted. This is the first 
step toward a subsequent failure near at hand. Again, traveling and other 
expenses and “boodle” must, of course, be paid by the public who buy the 
bridges, and the greater the number of bidders, correspondingly greater 
must be the amount of expenses and “boodle.” If the wise and discreet 
officers of town, city or county were to put their heads together to deliberately
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discover a method by which their constituents should pay the greatest pos
sible price for the poorest and most dangerous bridge that would stand up in 
a presentable manner long enough for the builders to get their pay, they could 
scarcely succeed better than to advertise their bridge lettings in the local 
papers in the usual manner.

Invitations should be extended to a few responsible builders only, whose 
reputations and known competence and honesty would be a guarantee for 
satisfactory designs and substantial work as well as proper methods, whether 
bids are mailed or submitted in person. Highway commissioners utterly 
unfamiliar with the first principles of engineering and an easy prey to the 
devices of sharp and unscrupulous bidders can ill afford to have any con
ference with them, and should not venture to do so; but an open advertise
ment brings in a swarm of such parties and generally repels the best builders, 
since they know that honest structures cannot be furnished at the prices of 
their unscrupulous competitors. Whenever highway commissioners follow 
the example of the railroads, and invite a small number of bids from 
reputable parties, they will get good work and safe structures at economical 
prices, and not till then. Such conditions only will reduce expenses, and 
eliminate “boodle.”

Little need be said regarding the specifications submitted by Mr. Waddell. 
They are admirable, and no exception can be taken to them. The most com
petent engineers may differ in opinion over points of detail, but such dif
ferences are quite unimportant and of no consequence.

By C. E. H. Campbell.

Professor Waddell very truly states that the average iron highway 
bridge as built in the West to-day is in many respects inferior to that built 
five years ago. As to the causes of this state of affairs, they are many and 
complicated. Eight years ago the average number of bidders found at a 
bridge letting was six, and every one of them was capable of designing and 
constructing a fairly decent structure ; to-day the average number of bidders 
is fourteen, consisting of the following variety of talent: Seven representa
tives of companies owning shops, and competent to turn out good work; two 
contractors of reliability who do not operate shops; five incompetent hangers- 
on who follow the legitimate contractors from place to place for the purpose 
of getting money enough from them in the way of pools to live on without 
working for it, and who generally have more to say and more advice to give 
the officials who have the business in charge than the legitimate bidders 
have. This is the genius who is known by the honorable and appropriate 
title of Scalper.

This term should apply to any man who, after receiving a contract to 
construct a bridge upon a certain plan and specification, wilfully and pur
posely cuts down the sizes of materials in such a manner as to render the 
structure unsafe; and as has often been done, mutilates it to such an extent 
that some parts are only half as strong as others. This mutilation generally 
occurs in the rolled channel bars, lateral systems, floor beams and small de
tails. The sizes of bar iron are seldom if ever changed, because even a
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County Commissioner can measure them and discover the shortage. The 
diagrams of stresses which are submitted by the majority of bidders and the 
sizes of materials specified are generally correct, but a comparison of this 
diagram with the structure as built is what will tell the tale. This is rarely, 
if ever, made.

It may be asked how are communities going to avoid the existing state 
of affairs. It seems to me that one of the easiest methods would be to refuse 
to entertain a bid from any person who is not prepared to demonstrate his 
ability (theoretically, practically and financially) to build the bridge desired. 
Then to control the proclivities of those who may be called competent builders 
would not be such a difficult matter. A community could either employ an 
expert engineer to make designs for their work to suit their requirements 
and means, then invite bids on said designs, and retain their engineer to see 
that the contract was carried out in every particular, or, if they accept the 
tender and designs of any bidder, require him to furnish copies of his work
ing drawings to submit to the inspection of an expert, or if they cannot 
afford to do all this, let them accept what appears to them the best plan and 
specification and bid, from one of the bidders, then place the county seal on 
all papers, and not permit them to pass out of their hands or to be changed, 
and when the bridge is complete to take these specifications and go ovei 
every part of the structure and measure the sizes, and if they find any varia
tion from the specifications that upon investigation diminishes the capacity 
of the structure from that represented by the contractor, refuse to accept or 
pay for the bridge until the scant parts are made good. There is no honest or 
responsible contractor who will be afraid to accept these conditions, and any 
man who would not agree to the same should not be awarded a contract. The 
contractor should also be held accountable for any and all defects of construc
tion that might be discovered even after the bridge had been accepted and 
paid for.

From the foregoing remarks it may appear that I have taken sides with 
the public against the highway bridge builders of the country. This is not 
my intention by any means. It may not oe anVss to state that I have had 
an experience in building bridges in the West that covers a period of eighteen 
years, and have in that time come in contact with a great variety of public 
officials, and while I have many pleasant recollections of honorable and fair 
treatment from this class, I have also many of the opposite.

That close and niggardly dealing with contractors by the public occurs 
in many instances is a fact. That favoritism and prejudice have cheated 
many a contractor out of his just dues after being invited to bid on the work 
is another fact. That the unfair treatment of responsible contractors by 
public officials was the principal cause that produced the method of business 
known as pooling is another fact.

I believe it was my privilege to attend the first bridge lettings in the 
West where pools were formed, and the bidders present resorted to this 
method as a meant of self-protection, for the reason that we could discover 
in a majority of cases a predisposition on the part of the officials of various 
counties to give their work to certain individuals, regardless of the cl ni ms 
or rights of the lowest responsible bidder. This would not have hurt so 
badly if they had sent for their favorite and given him their work to do, but 
they would send out invitations to every bidder in the country that they 
could hear of, and after the bidders had gone to considerable expense in
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preparing, perhaps, special designs for the work and traveling two or three 
hundred miles to the place where the contract was to be let, they would find 
upon investigation that a certain company had the “inside track" and would 
get the work if it were possible for the officials to give it to them. This was 
not a very pleasant matter to discover, and naturally led the contractors to 
devise some means of getting their expenses out of the community who had 
trifled with them. This method of doing business served its purpose as long 
ns it was not abused, but in time it degenerated, and the fruit it bore was 
the “scalper," and the modern bridge-letting illustrates how the business has 
been carried on up to 1887. At the present time pooling is rather the excep
tion than the rule.

The professor proposes an association of highway bridge builders for the 
purpose of advancing the stnndaid of work, and at the same time securing 
n fair remuneration for same. This is very desirable, but to form such an 
association is a difficult matter, owing to the jealousy existing between 
manufacturers, before mentioned. But should such a thing be attempted, it 
seems to me that the first order of business should be to compile and unani
mously adopt a complete set of specifications that would cover every possible 
case in the highway bridge business. This being done it might not be pos
sible to arrange the financial part of the matter, but if every company would 
agree to stand by the adopted specifications and put up a money forfeit as a 
guarantee of good faith, the bridges of the country would be well built, and 
contractors would certainly make as much money as they now do.

An association was formed a few years ago in which some twenty com
panies were interested; it was conducted in a first-class businesslike manner, 
nnd was a financial success to all parties who stood by their obligations. The 
bridges were very fairly built. One of the largest companies in the country 
started to abuse its privileges, and get all the contracts; others followed, and 
the association was dissolved at the expiration of the year, much to the 
1 egret of many companies who had endeavored to live up to their agreement.

I will not attempt to review or criticise the specifications in detail to any 
extent. That they are exhaustive, no one can deny. That they treat of every 
necessary condition and case in the detailing of iron highway structures is 
npparent, as far as my knowledge goes. That they are rather voluminous 
may be an objection raised by some bridge designers, but I look at such 
matters in the light that when a man undertakes to write on such a subject 
he does not want to leave anything out. And designers who may make use 
of these specifications can allow themselves such latitude as their individual
ity suggests, without violating mechanical laws to any great extent, and 
their bridges will be practically perfect.

In conclusion, I may add that thus far I have had in view the well- 
settled and comparatively independent parts of the Western country, whose 
people and traffic demand structures that are unquestionable in their capac
ity. But let us move farther west to the frontiers of civilization, if you 
please. Here we find new counties but lately organized. People are com
paratively poor, but they have to travel, and the streams are in many cases 
just as important as in this part of the country. The people can ford these 
streams when the water is low, but do not want to run the risk of doing so 
when they have floods. They have a limited amount of money; they want a 
bridge. Materials are expensive on account of the distance from point of 
production. They call on an engineer to help them out by designing a
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bridge that can be built for the money they have. The engineer finds that he 
cannot do it and conform to standard specifications. What is he to do in such 
a case? It is quite a problem for him to solve, in which the element of 
chance plays the most important part; and the result to be determined is the 
difference between the chances of fording a dangerous stream or crossing a 
weak structure. I think the most of us would take the chances of crossing a 
weak structure, and would build it for them too. But in such cases the neces
sity of employing the skilled engineer who is master of his profession is 
apparent.

By W. L. Cowles.

I have read the specifications carefully, and am glad to say that, as a 
whole, they are calculated to insure work of the very best quality. They are 
very complete and cover all the details of design and construction fully 
There are, however, a few points which, it appears to me, might be modified 
with profit. ******

With the exception of these points the specifications seem to me to be as 
peculiarly well adapted to their purpose, viz.: as a guide and a standard for 
those who are compelled to rely on the manufacturer through entire lack of 
knowledge on their own part as well as to those manufacturers themselves 
who are deficient in technical knowledge.

It is certainly very desirable that there should be a recognized standard, 
but still more necessary that there should be some authority to compel the 
use of the standard. It will be useless for engineers and bridge builders to 
agree upon a standard unless the buyers of bridges are obliged to purchase 
such only as conform to this standard. Ann this must be effected through 
the legislature directly, for the people are indifferent, trusting confidingly 
in those of their number who are selected to buy the bridges; and it is im
possible to convince these latter that they can be deceived in the charactei 
of the structure procured—for is it not warranted?

But those having the power must be convinced of the necessity of ap 
pointing a state engineer, or of licensing a certain number of engineers, from 
one of whom a certificate of the quality of every bridge must be obtained 
and deposited with the state.

The confidence of county commissioners in themselves is illustrated by 
an incident which recently came under my notice. A city having a large 
number of bridges to build let contracts for some of them, and afterwards 
discovered that they had paid much more than they ought in the shape ot 
pool. The commissioners claimed that profiting by experience they could not 
again be taken in in this way, and proceeded to let some more contracts Tim 
result was that they again furnished a large amount of pool, but I doubt 
whether they are aware of the fact to-day.

As is very ably shown in the preliminary chapters of the “Specifications." 
all this would be avoided, and much money be saved to the purchasers, if 
excessive pooling on inferior bridges were abolished, as it would be naturally 
if all bidding were upon standard specifications, and the plans were subject 
to the inspection of a state engineer.



HIGHWAY BRIDGLS. *49

By Palmer C. Ricketts.

Any one who has had experience as an engineer in highway bridge 
building must recognize the force of the statements made in that pamphlet 
as to the quality of the majority of them and the questionable methods often 
employed to secure contracts.

As to improvements in the quality of these bridges, the only method, in 
my opinion, is the employment of competent engineers to supervise then- 
design and construction; but when it is remembered that the number of rail
road companies in this country which have their bridges so supervised is in 
the minority, the average highway commissioner can hardly be expected to 
be more wise.

When the use of questionable methods to secure contracts is considered, 
the old saying that “It takes two to make a bargain” should be remembered, 
and the consideration of a general method for the improvement of the morals 
of highway commissioners in connection with those of highway bridge 
builders would be appropriate.

In the opinion of the writer, competition will always prevent an efficient 
combination of any class of bridge builders, especially of highway bridge 
builders, as it has always prevented in the past efficient combinations of 
makers of unprotected articles which require for their manufacture com
paratively inexpensive plants.

It is unnecessary to say that Mr. Waddell’s specifications are first-rate, 
and that a bridge built under them would be a first-class structure.

By C. L. St robe 1.

I am heartily in sympathy with any effort to improve the present practice 
of highway bridge construction, but I attach little importance to general 
specifications for the accomplishment of this end, and I think an association 
of highway bridge builders on the plan and for the purpose outlined im
practicable.

I hold that good results cannot be obtained by the system now in vogue, 
of receiving bids accompanied by designs under general specifications. Under 
this system the plans are competitive, and it is left to the engineer in charge 
to decide which is the best plan for the least money. This is a difficult task. 
He is expected to throw out inferior plans, even though they do not conflict 
with the specifications, if hf finds that these plans do not furnish the most 
suitable bridge or the best in ultimate economy. Even if it were easy to 
decide this question, the duty is a most disagreeable one. It requires con
siderable force of character, and it subjects the engineer to the suspicion of 
favoritism. If he holds a position of public trust, he cannot well afford to 
incur this. Assuming, however, that he is competent and ready to make the 
proper decision, has he the power to carry it into effect? Often not. In 
most cases the contractor whose bid is the lowest will get the work, even if 
his design is faulty. In other words, contractors receive no encouragement 
to design work to the best of their ability. They very seldom get more than 
thanks for their trouble.
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Another difficulty is this: General specifications permit of different inter
pretations. By adopting certain refinements of calculation, such, for instance, 
as the consideration of secondary stresses, a bridge can be made to cost much 
more than the contractor estimated. Under the usual form of contract the 
contractor depends upon the fairness of the engineer to a great extent as to 
what interpretation shall be placed upon the specifications. This is not busi
nesslike. To protect themselves in cases where engineers in charge are 
known to be unreasonable and one-sided, contractors are sometimes obliged 
to increase their prices to cover such contingencies, or they do not bid at all 
If the engineer in charge is a bridge expert, and he ought to be, he will be 
competent to prepare his own specifications. He ought not only to do this; 
he ought also to prepare complete detail plans, and bids should be received 
on these. Cities and counties should be encouraged to engage bridge experts 
for this purpose. The question of compensation can be regulated in the same 
manner as done by architects. Rates should be established graded for dif
ferent classes of work, and an understanding reached among engineers that 
charges shall not be less than these rates, though they may be more, subject 
to special agreement. The main reason why it is so difficult to get pay for 
engineering work is that there are no established rates.

Lastly, some pressure must be brought to bear upon county commis 
sioners, and this can only be done by the appointment of state engineers, 
whose duty it shall be to examine and report upon bridges, to whom plans of 
public works shall be sent for record, and who will be expected to recommend 
to the legislature measures governing the construction of public works.

By Edwin Thacher.

Mr. Waddell’s general specifications for highway bridges appear to be 
very complete, and if generally adopted would undoubtedly result in giving 
us much better and safer bridges, as a rule, than we now have. It will not 
be necessary to mention in detail the many good points in the specifications, 
as I suppose the Engineers’ Club is more desirous of obtaining criticisms than 
commendations.

The greatest objection I have to the specifications is their great length, 
occupying twenty-four pages of closely printed matter, while it appears to me 
that all necessary directions could be easily condensed into one-third of this 
space. Unless a specification is reasonably brief a busy calculator cannot 
take time to read it understandingly, and many provisions are liable to be 
overlooked. I would prefer to have general directions sufficient to insure a 
first-class bridge and leave most of the details to the designer. * * *

A sample strain sheet and specifications would be as satisfactory to an 
expert as anything further, and if not submitted to an expert, it matters 
little how much is shown. It should be sufficient if full detail drawings are 
submitted for approval before work is commenced.

So long as time lasts many good engineers will honestly differ regarding 
many points in a specification. Indeed, he would be a poor engineer who 
had no preferences. It appears to me hardly possible for all to agree on any 
one specification for highway bridges any more than has proved to be the 
case for railroad bridges.
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Almost any of the specifications used by bridge companies are safe 
enough, and those are the best which give the greatest strength for the least 
money. The trouble is not so much in the specifications as in seeing that 
they are faithfully carried out. This can be accomplished at a small expense 
by employing an expert of known ability to examine plans and strain sheets, 
and a competent inspector to examine sections, material and workmanship.

By A. J. Tullock.

I fully appreciate the difficulties we have to contend with in the present 
methods of letting contracts for public bridges. Owing to the fact that these 
lettings are in the hands of public officers, who are not familiar with the 
nature of the work to be done, nor able to discriminate as to the merits of 
proposals for doing it, I do not see any practical way of improving it, except 
by advocating the employment of proper consulting engineers, to take charge 
of such lettings.

If this can be accomplished. I would be very glad to co-operate with 
your Society, in any effort they see fit to make in that direction, and I think 
that most contractors, who have met with these difficulties, will gladly assist

By George L. Vose.

I hardly see how the proposed association is to be carried out. It is very 
easy to define what a good bridge is, and the good companies would be quite 
willing to agree to build nothing not up to the mark. Indeed, they have 
virtually done it already. But the trouble, it seems to me, will be to make 
the dishonest concerns that do so very large a part of this work, and who 
make their money by using an insufficient amount of poor material, agree to 
running the risk of losing their occupation. If the bad companies are forced 
to work up to good specifications their work will cost so much as to spoil 
their present profit, and they know it. If the bad companies cannot say to the 
town and county officers, “We will make you a cheaper bridge than the good 
companies will,” their occupation will be gone. The bad companies care a 
good deal more about this kind of work than the good companies do, and I 
should think would be very apt to combine among themselves to keep it in 
their hands. I doubt very much if any organization can dictate to county 
commissioners what quality of bridges they shall build. The means used by 
the disreputable concerns to influence town and county officers are very 
potent. These officers, in most cases, don’t want to be convinced, as far as 
I have known them. The fact that one concern offers to build their bridge 
for less money than another one is very apt to overbalance all other considera
tions. It is very hard to make a public officer understand that a factor of 
safety of two is not just as good as one of four. If one of these agents, with
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n good “gift of gab,” tells them that the greatest possible load they can ever 
put on their bridge is not a half of what would break it down, they regard it 
as a wonderfully strong bridge, and as everything they need.

While I should welcome an association, or any other method of cor
recting the present evil, I hardly see how the plan of Professor Waddell is to 
effect the needed reform. There is, however, a power behind town and county 
officers, viz., public opinion; and, although the method is a slow one, I be
lieve that a persistent endeavor to enlighten the public, and a timely sermon 
whenever a disaster furnishes a text, is about the only way to improve 
matters.

By De Volson Wood.

Having had no experience in “bridge letting,” I am not qualified to enter 
minutely into the details of the subject, and will only make one or two brief 
observations.

The evils of a community or of society are not removed by merely chang
ing a system, and much less by shifting an organization. Any particulai 
evil may be greatly modified and substantially removed by either of those 
methods, but new evils are liable to spring up which may be more burden
some and more difficult to remove than the former. Evils grow out of the 
selfishness of men, and the desire to make profits will be just as strong witn 
an “association of bridge builders” as without, and if such an organization 
becomes successful it may be used to secure an unjust profit.

The evils complained of in Chap. III., bridge letting, exist, and their 
excessive abuse lies partly in the fact that the commissioners who are to let 
the contract are ignorant of the "ways that are dark.” I think that the 
evils complained of would be modified, if not entirely corrected, if commis
sioners were thoroughly acquainted with the fact that they are made to pay 
all those expenses in some way. For then some way would be devised by 
which they could be properly estimated and justly allowed. I am aware that 
even in this case there would be difficulty in managing the matter, but the 
“inevitable” would compel some kind of an arrangement. Would not the 
evils complained of be avoided if the commissioners would “buy” thei 
bridges as a man buys what he wants by going into the market? In this 
case the commissioners would go to the builders and would see the necessity 
of being paid for time and expenses, and it would save certain expenses of 
the builders.

Again, let the commissioners employ an engineer to make a design and 
specification, and get estimates on these of such builders ns the,' might select. 
(Would such an engineer be so selfish ns to tax the builder a commission?)

It would not remove the evil by the commissioners agreeing to pay a 
certain amount for these expenses, for the “bidders” would probably tie 
this ns so much clear profit, and make their “pool” as before. It won I - 
probably work like the “tipping” system in England. Formerly the servant - 
in hotels, etc., depended upon gifts from patrons, but the patrons proposed 
to the proprietor to include the servants’ fee in their bill and give nothing 
to the servants, and they do now include servants’ attendance in their bill;
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but the custom of “tips" was so strong it was not banished, and now the 
traveler pays both the ‘‘bill" and “tips."

I trust that the agitation of this subject will result in a proper adjust
ment of these expenses, and so make them legitimate in form as well as in 
fact.

By Octave Chanute.

Of the number of remedies proposed for improvements in the present 
system of letting the construction of bridges, the one most advocated seems 
to be legislative action, and I will submit the following resolutions which 
have been suggested to me by this discussion. 1

Upon the main question and the statement of facts there is no divergence 
of opinion among those we have heard from. The ignorance of the county 
commissioners is the main difficulty, and this we must accept as it is.

It is an irremediable trouble. They desire to save money, and fear public 
opinion, and the result is an unsafe structure. I believe there are within 
ten miles of this city a number of bridges which invite collapse.

The bridge builders would prefer to put up good bridges rather than 
poor ones, but their interest in the profits is such that there are many of 
them who will supply any demand, even if it be for a poor bridge. It follows, 
therefore, that any reform which is to be supported by the bridge companies 
must be compulsory on all of them. Of course, it is desirable that the county 
commissioners should employ experts to aid them in the inspection and 
selection of the plans submitted; but the effort to accomplish this has proven 
so futile that I believe it is useless. This adoption of any uniform specifica
tions has also been impossible, although tried. In 1873, after a fatal bridge 
catastrophe in Illinois, the American Society of Civil Engineers appointed a 
committee to determine the best means of averting such disasters in the 
future. The committee was in existence four years and finally dissolved 
without reaching any conclusion, the various members having disagreed on 
numerous points. The public naturally concluded that if engineers could 
not describe accurately the difference between a good and a bad bridge, there 
probably was not very much difference anyway.

The objection to the appointment of a state officer to inspect bridges is 
that such office may become a political engine, and perhaps even defeat the 
object for which it was created; but this I think can be avoided by the adop
tion of suitable means tor the selection of this officer.

Another objection is, that the creation of the office might tend to divide 
the responsibility, which is now entirely with the bridge company. The 
endangering of life under the present system ought to have much more con
sideration than the fact that the responsibility for accidents might be divided 
under another system. Another objection which might be raised is the cost 
of supporting the office of state bridge inspector. I think that the office 
might be made self-supporting by having suitable fees allowed the officer 
for bridges inspected.

* These resolutions arc given in the preface.
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The discussion of the appointment of a state officer is in such shap» 
now in various clubs that if the members of this club take action so as to 
bring the matter before the Legislature of this State next winter they will not 
be alone; for similar action will be taken simultaneously in other states, and 
the public discussion thus provoked would undoubtedly aid in the passage ot 
the various acts.

By J. A. L. Waddell.

When advocating a very general discussion of my specifications, I did 
so with the hope of discovering points to lie modified, corrected, or omitted 
in the second edition of the work, which edition will soon be issued. M\ 
desire has been gratified, and 1 think it will be found that the second edition 
will be an improvement upon the first. ( )f course it has been impossible 
for me to adopt the opinion of every engineer who has discussed tin 
specifications, for no two engineers will agree exactly upon everything; 
besides if I tried to do so, the specifications would lose their individuality 
and would of necessity conflict in different parts. Nevertheless, 1 haw 
considered carefully each point that has been raised, adopting some sug 
gestions, modifying and partially adopting others, and rejecting the 
remainder. . . .

In reply to Mr. Thacher's remarks I would state as follows:

i. That the specifications are made of unusual length for the reason 
that they are intended mainly as a safeguard against dishonesty and incom
petency on the part of bidders. If commissioners were to state that they 
require bids upon these specifications and upon these only, and that they 
intend to submit all the designs to a competent engineer, highway bridge 
builders would soon become accustomed to designing bridges according 
to these specifications; and as the latter are very complete in detail, tin 
consulting engineer, with very little labor, by beginning with the lowest bid 
and working upward, could readily determine which is the lowest bidder 
who complies with the specifications. Then, when working drawings are 
submitted, the engineer could hold the contractor strictly to specifications, 
for every detail is covered.

If for even- bridge letting it were necessary to have an engineer prepare 
special specifications, a great deal of useless labor would he involved, and 
the majority of the specifications would be incomplete ; for it costs mom v 
to get up specifications such as mine.

******
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It is very gratifying, indeed, to me to have the matter of reform in 
highway bridge building taken up in such a thorough and earnest manner 
bv the Engineers' Club of Kansas City, and to sec that the move which they 
are making is being followed by many of the local engineering societies 
throughout the country.

Concerted action on the part of these societies, tending toward legisla
tive action, ought eventually, if continued long enough, to accomplish the 
much needed reform to which my efforts have for many years been 
devoted.
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INTRODUCTORY NOTES.

Some Disputed l’oints in Railway Bridge Designing was written in the 
winter of 1891-1892 and published in the Transactions of the American 
Society pf Civil Engineers for February and Mardi, 1892. The author 
wrote personal letters, soliciting criticism, to more than one hundred mem
bers of the society, and thus obtained an exceedingly thorough discussion 
of the paper. More than forty prominent engineers presented their views 
upon the various points relating to railway bridge design ; consequently, the 
discussions contain the gist of the then current practice of the majority of 
America's leading bridge engineers.

Before this discussion each engineer conducted his practice in his own 
way and with only a limited knowledge of what other engineers were doing. 
The results of experiments and investigations were available only to those 
who made them and to a limited number of their acquaintances. New 
features of design were developed by two or more engineers independently 
at needless expense of thought and labor, and many unsatisfactory details 
and methods were continued from force of habit. The railway engineers 
prepared specifications which commonly required that all calculations for 
bridges Ik* made with the engine diagram, and in place of determining 
which of several engines would produce stresses large enough to ensure a 
structure of ample capacity, they followed the penny-wise plan of requiring 
the bridge to Ik? proportioned for the maximum stresses produced by two 
or more typical loadings. The absurdity of this procedure was made 
manifest both in Dr. Waddell's paper and in the discussions upon it. 
Specifications still demand that structures shall be calculated to carry 
typical train loads, but no railway engineer now specifies more than one; 
and so many roads have adopted the same loading that it is economical for 
the bridge companies to prepare diagrams, tables of moments and shears, 
and curves of equivalent loads, all of which greatly reduce the labor of 
computation.

The single-excess and the double-excess methods, which consisted of 
the employment of a uniform live load preceded by one or two additional 
or excess loads, have been entirely abandoned. The fatigue formula1 have 
almost become a thing of the past ; in fact, only one prominent railroad 
uses one, and that is simplified in form. The consensus of opinion among 
able engineers regarding loads and methods of calculation and construction 
make it very unsafe for any engineer to resort to antiquated and unscien
tific practice.
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Dr. Waddell’s paper and the discussions it evoked contributed very 
largely to these results. The use of carbon steel has become universal, and 
that of nickel steel has begun ; railway rolling stock has greatly increased, 
almost doubled, in weight ; the use of impact formulae has become common : 
hut the fundamental principles of railway bridge design remain much 
were stated by Dr. Waddell and his fellow bridge engineers twelve year.- 
since.



RAILWAY HR!DUE DES1GX1NG.

AMERICAN SOCIETY OF CIVIL ENGINEERS.
INSTITUTED l8$l.

TRANSACTIONS.
Noth.—This Society is not responsible, as a body, for the facts and opinions advanced in 

any of its publications

522.
(Vol. XXVI.—February and March, 1891.)

SOME DISPUTED POINTS IN RAILWAY BRIDGE DESIGNING.

By J A. L. Waddell, M. Am. Soc. C. E.

WITH DISCUSSION.

The object of this paper is to induce those members of the American 
Society of Civil Engineers who have made a special study of bridge super
structure to enter into an exhaustive discussion of a number of important 
points in bridge designing whereon authorities differ. The end to be 
attained by such discussion is the reconciliation of conflicting opinions, the 
simplification of bridge specifications, and the consequent improvement of 
designs. Such an object cannot, of course, be attained at once, but must 
be approached, so to speak, by an asymptotic curve.

That there are decided differences of opinion among experts as to what 
constitutes a good structure, and how a bridge should be proportioned, no 
one who has had much to do with bridge work will be disposed to deny. 
Some years ago there was hardly any uniformity whatever either in the 
detailing, or in the types and general outlines of bridges. To-day. how
ever. by a process of elimination based upon the principle of the survival 
of the fittest, certain types of bridges for the different governing condi
tions have almost become standard, and the details of construction are 
gradually being reduced to a system. For instance, in railroad bridges, 
of which structures, by the way, this paper will treat exclusively, experi
ence has shown that plate girder spans should be used up to a limit of 
ninety or one hundred feet, and that single intersection trusses with 
vertical intermediate and inclined end posts are preferable to other types of 
trusses. Nevertheless, certain well-known engineers are still employing
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the Whipple truss with its double system of cancellation ; and pony truss, 
pin-connected bridges are still being built for short spans. Again, in 
respect to detailing, certain antiquated and very objectionable practices, 
such as the use of suspended floor beams with adjustable hangers, are, to 
a certain extent, still in vogue.

All this is sufficient reason for the opening of an extended discussion 
in which every one will be given an opportunity to put himself on record 
either in defense of peculiar personal practice or in objection to the 
practice of others ; and it is the earnest wish of the writer that every 
prominent bridge specialist will take advantage of the opportunity offered, 
and thus do his share toward the attainment of a more satisfactory state 
of affairs in the specialty of bridge superstructure, and toward the placing 
of that specialty upon a still higher plane than it occupies to-day in the 
United States.

In order to systematize the contents of this paper it will he advisable 
to group as follows the disputed points, and to treat each group separately :

A. Live Loads.
B. Wind Pressure.
C. Styles and Proportions of Bridges.
D. Intensities of Working Stresses.
E. Combined Stresses.
F. Plate Girder Proportioning.
(7. General Details of Construction.

In group A will be considered :
First.—The subject of Uniform Loads vs. Engine Concentrations, and 

second, The Proper Live Loads for Modern Bridge Specifications.
Several years ago two or three American engineers evolved inde

pendently the theory of engine concentrations for the finding of stresses in 
bridge members. No doubt these gentlemen at that time considered, and 
perhaps even yet think, that they were conferring a great boon upon the 
engineering profession ; but. instead of this, they were really hampering 
it with a burden grievous to be borne. That such is the case every pro
fessional bridge computer, whose business it is day after day. month 
after month, and year after year, to calculate the stresses in bridge trusses, 
will readily and sadly acknowledge. The plea that this method is more 
accurate than the old one involving uniform loads, either with or without 
engine excesses at panel points, and that the calculations of stresses made 
thereby are just as simple and easy, is a fallacy. Of course, for any 
particular engine and train, the former method will give slightly more 
accurate results than will the latter. But there are never two trains 
alike in respect to amount and distribution of load, for the engines on
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any railroad vary greatly in weight and wheel distribution ; and the 
weights on the cars are extremely irregular. It must he acknowledged, 
therefore, that all assumed loads for computing stresses in bridges are 
merely typical ; consequently, when assuming a typical load, would it not 
be well to adopt one that will reduce the labor of the computer to a 
minimum, provided, of course, that it will give just as correct results 
as would one consisting of engine concentrations followed by a uniform 
car load?

That such an assumption is practicable the writer will show presently.
Now as to simplicity and ease of calculation : even in the most favor

able case, viz., that where the chords are parallel, the panels of equal 
length, the structure rectangular, and the span comparatively short, it 
will take fully twice as much time to compute the stresses by concentra
tions as it will to find them by the old method. But when the span is 
long, the top chord broken, the panel lengths unequal, or the structure 
on a skew, the amount of labor involved by the concentration method is 
simply discouraging. How many engineers are there who make or have 
made a practice of computing the exact stresses in Whipple trusses by 
engine concentrations?

Not content with burdening computers to the extent of at least doub
ling their labor by enforced calculations involving engine concentra
tions, certain writers of bridge specifications have “ added insult to injury ” 
by specifying that each structure must be designed throughout for two 
and even three fundamentally different live loads, each involving a pecu
liar type of engine.

Let us for an instant consider the designing in competition of either a 
draw-span or a cantilever bridge according to one of these modern speci
fications and see what work there is involved. To begin with, there will 
be, say, six competing bridge companies, each employing for this work, on 
an average, two computers. Although these gentlemen may be firmly 
convinced that the requirements of the specifications in respect to live 
load are mere humbug and nonsense, and that they could obtain practically 
correct results with one-tenth of the amount of figuring by assuming 
equivalent uniformly distributed loads, they dare not shorten their work 
in this way for fear that some captious critic in checking their papers 
might find a variation in the stresses of 1 or 2 per cent. : consequently, all 
twelve of them set to work, with more or less ill grace, to calculate the 
exact maximum and sometimes also the exact minimum stress for each 
member of the bridge. It was discovered not long ago, that when the 
top chord is inclined to the horizontal, the maximum stresses do not 
occur with the same position of wheel loads as they would were the top 
chord horizontal. Hence it was sometimes necessary to make for each 
truss member three or four trials, each involving considerable figuring,
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before ascertaining the exact position of wheel load that would give abso
lutely the greatest stress.

Since then, however, the true theory of maximum stresses for engine 
concentrations in cases of inclined top chords has been worked up by tine 
of our clever mathematicians, consequently it will no longer be necessary 
to use the “ cut and try ” method ; but merely to employ the following 
simple little equation:

Shear M,(d+np) I i
y> _!</+(« H)/

after having found, by trial, which wheel load should be over the panel 
point under consideration, by means of another pretty little equation, viz. :

-y->F' u
It must he borne in mind, too, that </ has to be cither calculated nr 

scaled for each panel point, and that M will have to be computed even 
time that it is used, unless—which is highly improbable—a wheel load 
will come directly over the end of the span.

After having worked out all the maximum stresses by this method 
our twelve computers have accomplished only one-third of their task ; 
for they must twice more attack the same problem but with different 
wheel concentrations.

After finding all of the live load stresses in the manner called for b\ 
the specifications, the remainder of the computations for the six design> 
will be of a comparatively simple character; hence let us suppose that 
all the papers of the six competing companies have been handed in. ( hit- 
company only can secure the contract ; consequently, the work of at least 
ten men has been entirely wasted: and in fact there is often a strong 
probability of the work of all twelve being useless or at least unrewarded 
for some other bridge company may have “an inside track” and build 
the bridge upon the set of papers which appears to be most satisfactory 
to the parties purchasing: or these parties may conclude that the pro
posed bridge is too expensive, and that they will build either a combina
tion or a wooden structure. How much better off all six companies 
would have been had the calculations been made for an equivalent uni
formly distributed live load, either with or without engine excesses, by 
the quick and elegant graphic method!

If one considers that the proper intensities of working stresses are to 
a great extent a matter of opinion, and that engineers often differ thereon 
as much as 20 per cent., he ought to be very quickly convinced that an 
endeavor to obtain stresses with extreme accuracy is nothing more nor
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less than hair splitting. Hut the best possible argument that anyone can 
advance against the use of engine diagrams in computing bridge stresses 
is a simple reference to Professor Eddy’s elaborate paper entitled, “ A 
New Graphical Solution of the Problem : What Position a Train of Con
centrated Loads must have in order to cause the Greatest Stresses in any 
given part of a Bridge Truss or Girder,” published in the Transactions 
of the American Society of Civil Engineers for May, i8<jo. Ye gods! 
what a mass of complicated mathematical formulae that paper contains, 
and all to settle such a trivial little point! It needed not such an elabo
rate investigation as this to attest to Professor Eddy's great mathemati
cal ability, consequently it seems a pity to have wasted so much valuable 
time. However, it may not prove to be time wasted after all ; for 
Professor Eddy’s paper may be the means of proving to the profession 
that in computing stresses by engine diagrams and proportioning parts 
by assumed intensities which do not provide adequately for the effect 
of impact, they have been “ straining at a gnat and swallowing a camel.”

In order to demonstrate the writer’s assertion that practically exact 
stresses can be found by the assumption of equivalent uniformly distrib
uted loads, let us take as a standard for comparison Mr. Theodore 
Cooper's engine diagram denominated “ Class A,” viz.,

as it is undoubtedly the diagram that has been most widely used since 
calculations by means of such diagrams came into vogue. By its use 
the bending moments and shears in the following tables have been calcu
lated.

Those for stringers and plate girders have been computed for span 
lengths varying by 2/ feet up to a length of 25 feet, by 5 feet between 
the limits of 25 and 60 feet, and by 10 feet between 60 and 100 feet. In 
the case of truss spans, the smallest length has been taken equal to 100 
feet, and the greatest equal to 300 feet, the intermediate spans varying 
in length by 50 feet ; all of which is merely for convenience. For the same 
reason a single panel length (25 feet) has been adopted for all cases, and 
the chords have been assumed to he parallel and the trusses to he of the 
'impie Pratt type. Although these conditions would not all he realized 
in modern practice, the assumptions cannot in any way vitiate the results 
of the investigation.

It will he observed that there are hut two cases of loading to he used 
in the proposed simple method of making computations, viz., equivalent
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uniformly distributed loads for the chords and webs of all girders and 
trusses, and an additional load for testing the shearing resistance of the 
webs of plate girders at the ends of the spans. In reality the last load 
will be found to be needed only in cases of very shallow girders; conse
quently, we may say that the proposed method for all cases of ordinary 
practice reduces to the use of equivalent uniformly distributed live loads. 
That these equivalent loads can be used in finding the reactions or con
centration over floor beams, the writer has just ascertained while pre
paring a summary of the results of the calculations that were made in 
compiling the tables in this paper.

The rule for finding a floor beam concentration is to multiply the 
equivalent uniformly distributed live load per lineal foot for a span of 
two panel lengths by the length of one panel. If the equivalent load 
was determined for the mid span bending moment, the result will be 
mathematically correct; but if it were determined for the absolutely 
greatest bending moment at any part of the span, the result will give a 
very small error on the side of safety.

That the principle involved was unknown to the engineering profes
sion only two years since is evident from a perusal of Mr. Theodore 
Cooper's paper on “ American Railroad Bridges,” published in the July, 
1889, number of the Transactions of the American Society of Civil Engi
neers; for on page 2\: he says: “ To represent the action of a train load 
properly by this method, we should need four different series of equiva
lent loads, all varying for each span.

“ The apparent simplicity, therefore, of using equivalent uniform 
loads for proportioning our structures is a tailacious one; when applied 
to partial loads it becomes far more confusing and untrustworthy.

“ The old method of computing strains by use of panel loads and 
equivalent uniform loads (and too often using only the one derived 
from the moments) has gradually given way to a system much simpler, 
more accurate, and also as easy of application.”

Again, referring to the table at the top of page 26 of the same paper, 
drawing lines from the loads in the “ Double Shear ” column to the load* 
for twice their span lengths in the “ Moment ” column, and allowing for 
slight inaccuracies of calculation, or for the fact that the absolute maxi 
mum moments rather than moments at mid span were adopted in eompu 
ting, what do we find? Not a confirmation of the mathematical theory 
herein given, for mathematical work needs no confirmation ; but a sure 
proof that not one of us at that time knew the existence of the principle 
that will lie demonstrated presently.

Referring to the quotation from Mr. Cooper’s paper, it can be con
cluded that that gentleman is not only strongly in favor of the continued
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use of engine diagrams, but, also, that he is just as strongly opposed to 
the use of equivalent uniform loads. Consequently it is fair to presume 
that, after reading what precedes and follows this, he will give the matter 
a thorough discussion.

The following is a mathematical proof of the rule previously stated, 
and it is so simple that the writer is amazed that the principle was not 
discovered long ago :

Let P be any load, L the double panel length, x the distance from 
the nearer end of the span to the point of application of P, R the reac
tion or concentration over fk )r beam, and tv the equivalent uniformly 
distributed load per lineal foot of span that will produce at the middle 
of the span the same bending moment as that due to P.

Flu. 1. Fig. 2.

In Fig. 1 we have R Eq. I.

PxIn Fig. 2 we have the mome it at mid span M = —

Equating this to the moment at the same point caused by the equiva
lent uniformly distributed load, we have

Px , 4 Px
T=T” /•• •'•”'= r-

Xow multiplying tv by the panel length, we have

1 / 4 Px 2 Px
2 “ — 2 P — l

Comparing equations I and 2, we have R = tv/.

Eq. 2.

Now, as this is true for any single load, it holds good for any summa
tion of loads, consequently the statement is proved.

To the writer’s assistants, Mr. A. C. Stites, Assoc. Mem. Am. Soc. 
C. E., and Mr. Lee Treadwell, Jun. Am. Soc. C. E., is due the credit for 
making the numerical calculations before referred to and upon which 
the treatment of this whole subject of equivalent loads vs. engine con
centrations is based. These gentlemen figured independently while some 
300 miles apart, then compared results: consequently their results can 
be accepted as reliable.
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Equivalent Uniformly Distributed Live Loads for Plate Girder 
Spans, computed for the Greatest P>exdix<; Moment at any 
Point of Span.

Span. Equivalent Uniform Load. Span. Equivalent Uniform Load

1 - f,„ 5 760 pounds. 45 Let. 3 995 pounds.
1754 " 5 407 ” .50 " 3 8(0
20 5 040 •* 55 " 3 7-f> "
22' 1 " 4 993 <K) " 3 952 “
-*5 4S04 70 " 3 490 "
30 4 573 So ” 3 379 "
35 4 327 “ 3 310 1
40 4164 !» 3 22b

It is not necessary to prove here that such a table as the foregoing can 
be used legitimately in designing plate girder spans, for the reason that 
for five years past bridge computers have been using Thacher's tables of 
equivalent uniformly distributed live loads in plate girder designing, 
even if they have not been able to use them in computing stresses in 
trusses.

It may be possible that if the parabola of moments due to the equiv
alent uniform load, and a number of moments from concentrations at 
intermediate points, were platted on the same sheet, some of the latter 
would pass a trifle outside of the curve; but if so. this would cut m 
figure, because the maximum bending moment is in most cases tlu 
quantity sought in proportioning such structures; and in determining 
lengths for cover plates, a good designer will always add 2 or 3 feet to tin 
length required by theory. The moment parabola referred to affonb 
a very expeditious method of ascertaining the proper lengths of cover 
plates.

If we plot oti cross-section paper the loads given in the table, ami 
draw, as nearly as is practicable, a shapely curve through the points indi 
eating the loads, we shall find that one or two of the points will not lie 
therein. This is due to some peculiar relation between the wheel spacing 
and the span length, and would not occur for the same span with tin 
slightly different wheel spacing of some other similar locomotive ; cotise 
quently, it would be proper, in preparing tables of equivalent uniform!v 
distributed loads for actual use, to ignore such variations from uniformity 
and fill out the tabic from the ordinates to the curve.

A strong point that can be raised in favor of using equivalent un 
form 1 y distributed loads for finding bending moments in plate girder 
spans is that the ordinary engine diagram cannot be employed, for t 
reason that the greatest bending will nearly always occur when some 1 
the wheels at the head of the train have passed off the span. In 0
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sequence one would either need to have at hand a moment diagram with 
each wheel leading in turn for each standard loading, or would have to 
discard all diagrams and make a special investigation of moments for 
each case as it arises, determining each time by experience or by trial 
which of several wheels placed at mid span will give the greatest 
moment. It is the latter method that the writer has used for years 
when forced into figuring by the concentration method because of com
petition.

As we have been dealing thus far with plate girder spans exclusively, 
we will now treat of the end shears on these before passing to trusses. 
Investigation shows that the amount to be added to the half of the total 
uniform load on any span in order to equal approximately the end shear 
is given by the equation—

ll’ = A + BL

where IT is the additional load. L the span length, and A and B are con
stants that will differ for different engine and car loads.

For the engines used in these calculations A = 8000 and B= too.
I11 the following table are given the results of the calculations :

Span S.
Uniform Half Load 

IVS
a

Additional 
Load by 
Formula.

Summa- Calculated 
End Shear

Percentage
Variation.

1;-foot..

..

43 400 0 500 52 700 50880 3 5 Safety.
ir/i" ... 5 40/ 47311 0 750 57 o()i 57 325 0.5 Danger.
JO “ ... 5040 50 400 to 400 2.8 Danger.
u'A “ ... 4 993 56177 66 447 0.8 Safety.

4X04 70 550 70448 0.4 Safety.
to “ ... 4 573 68 595 70 505 77 447 2.8 Safety.
35 “ ... •'» 3-27 75 743 87 44.1 8s 402 2.1 Safety.
40 “ ... 4 K>4 83 280 95 48o 93 129 2.3 Safety.
45 ... 3 995 80887 12 500 102 387 2.3 Safety.

3 860 106843 2.5 Safety.
55 “ ... .4746 13 500 115965 113 49 5 2.4 Safety.
'•0 “ ... .1054 IOQ()JO 14000 14.16» no 030 3.1 Safety.
70 “ ... 3 400 137 «50 136 310 0.6 Safety.
80 “ ... 3 370 135 l60 151 160 153 307 1.4 Danger.

3 310 14# 050 1Û5 950 1 to 685 2.2 Danger.
100 “ ... .1426 l6l 300 18000 179 300 185 622 3.4 Danger.

By consulting the last column it will be seen that the formula assumed 
will give in most cases a small error on the side of safety. It is really 

nly in the spans exceeding 70 feet that the error is on the danger side, 
for the value of W in the 20-foot span would in practice be increased by 
the " of a uniform curve of loads, as before mentioned.

Moreover, the end shear on plate girder spans is by no means an impor- 
1 nt factor in designing, for two reasons, viz. :

2539
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Lirst.—There is nearh always an excess of section in the web of a 
well proportioned plate girder.

Second.—The intensity of shearing stress is always taken very low, 
being 4 000 pounds for iron and 5 000 pounds for steel.

The main object in inserting the last table is to show that it is prac
ticable to establish, for any system of live loads, a simple formula for 
determining readily within a small limit of error the end shears on plate 
girder spans.

Passing now to truss spans, the following table gives the uniformly 
distributed load at each panel point of each span considered, which will 
produce the same bending moment as will the loads for the engine dia
gram. The averages are for the loads at all the panel points of a span, 
not the averages of those given in the table.

Panel Point. ■sir T,f.r aco-foot
Spun "’Spin01

No. i 3.1ÜJ 3 a 3 420 3 179 3 151
3 157 3 145 3 1-20 3098 3 083

" 3...................................... 3 -'07 3 137 3 no 3094
" 4...................................... 3084 3 068
“ 5...................................... 3056 3 047“ 6...................... 3 043

Average............................. 3308 3415 3 151 3 114 3085

Greatest Safety Error by 
using the Average....... 4-77% 2.23% 1.45% 1.83% 1.38%

Greatest Danger Error by 
using the Average....... 2.21% 2.07% 2. 14% 2.10% 2.0Q%

It will be observed that the greatest error on the side of danger in 
any span is very little over 2 per cent., and that with the exception of 
the ioo-foot span the greatest error on the side of safety is a little less 
than 2 per cent. The fact that the uniform load gives in general a small 
error on the side of safety for the chord members, except at the ends 1 f 
span, is a good feature ; because by placing cars ahead of the locomotive . 
greater chord stresses can often be found than those obtained by the use 
of the ordinary engine diagram.

As for the 2 per cent, error on the side of danger at the ends of span, 
it will cut but little figure even if it really affect the sections, which it 
generallv will not. because in single track bridges the two panels of bot
tom chord at each end of span, being stiffened for wind pressure, have
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always a slight excess of metal; ami tile inclined end posts, being pro
portioned foi bending, have a great excess of metal, as far as the direct 
stress is concerned.

Adopting for the web members the same uniform load as the avenge 
determined in the last table for the chords, and computing the web 
stresses from it, also computing the stresses for the same members by 
means of the engine diagram, we shall obtain the results given in the 
following table ;

Sp*° Member.
Shear in Pounds.

Percentage 
of Error.By Diagram. By Uniform

loo-foot . j End Post...........................
First M. Diagonal............
First Counter...................

126881
59 4>9
17247

124050
62025
20675

2.23 Danger.
4 40 Safety. 
19.9 Safety.

150-foot . .
End Post...........................
First M. Diagonal............
Second M. Diagonal.... 
First Counter...................

205285 
>34 585
78 142 
36576

200 745
133 830
80 298
40 149

2.21 Danger. 
0.5O Danger. 
2.76 Safety.
977 Safety.

200-foot . . | End Post...........................
First M. Diagonal............
Second M. Diagonal....
Third M. Diagonal..........
First Counter...................
Second Counter................

281 874 
209992 
148784
97 484
55 768

275 716
206 787
147 70S 
98470 
59082
29541

2.18 Danger. 
1.53 Danger. 
0.72 Danger.
1.01 Safety. 
5.94 Safety. 

12.66 Safety.

250-foot . .

End Post...........................
First M. Diagonal............
Second M. Diagonal-----
Third M. Diagonal..........
Fourth M. Diagonal........
First Counter...................
Second Counter................

357668
285 278

164804

75 887 
43645

349875
279 900
217 700
J 63 275

77 750 
46650

2.18 Danger. 
1.88 Danger. 
1.42 Danger. 
0.93 Danger. 
0.31 Safety. 
2.45 Safety. 
6.85 Safety.

300-foot . .

End Post...........................
First M. Diagonal............
Second M. Diagonal-----
Third M. Diagonal..........
Fourth M. Diagonal........
Fifth M. Diagonal............
First Counter...................
Second Counter................

433 260
360 438
293 893 
234684 
'81 734 
>35 034
95 206
62431

424182
353 485
289215
231372 
179956 
>34 967 
96405 
64270

2. to Danger. 
1.93 Danger. 
1-59 Danger.
1.41 Danger. 
0.97 Danger. 
0.05 Danger. 
1.26 Safety. 
2.95 Safety.

The results of this investigation cannot he considered anything but 
satisfactory, for the “ Danger ” percentages of error are all small ( never 
exceeding 2]4 per cent. ) and affect the heavier members, while the
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“ Safety " percentages of error affect principally the counters. Setting 
aside the consideration of the inclined end posts for the reason mentioned 
previously, we find that the uniform load stresses for main diagonals 
coincide very closely indeed with the engine diagram stresses for the 
same members, the variation being hardly worth mentioning. As for the 
counter stresses, impact and oftentimes adjustment render an error on the 
side of safety a very good thing. Moreover, the method of proportioning 
counters is very variable. Some computers deduct the dead load stress 
of the panel, and others do not, while every conscientious designer always 
adds something to the section required for small counters in order to pro
vide for uncertainties.

In concluding the subject of Concentrated r.v. Uniform Loads, the 
writer wishes to urge each engineer who discusses this paper to give his 
opinion concerning the advisability of continuing to use the present labo
rious method of computing stresses in railway bridges, or of abandon
ing it and adopting instead tables of equivalent uniformly distributed 
loads for certain standard locomotive and car loads, to be chosen by the 
profession and similar to those hereinafter indicated. Only an array of 
opinions of authorities will induce railroad engineers to depart from the 
established custom to such an extent as to specify uniform loads when 
calling for bids on their proposed bridges ; and it is. undoubtedly, these 
gentlemen who keep up the fashion in bridge specifications after it has 
once been set by specialists.

Taking up now the second division of “ Grot A,” viz., “ The Proper 
Live Loads for Modern Bridge Specifications e writer would suggest 
the following (see plate XVI.):

Class Z of this series corresponds practically to Cooper’s “ Class A,” 
and Class V to his ** Lehigh Heavy Grade Engines.” It will be observed, 
however, that there are but two wheel spacings employed, and that these 
are in even feet. This is merely for the sake of simplifying calculations ; 
and any one who has for years struggled with Cooper’s spacing of feet 
and odd inches when reduced to decimals of a foot will agree with the 
writer that the change is an improvement.

If the general sentiment of the profession prove to be in favor of tin 
preceding standard loads, the writer will see that all of the necessan 
“ equivalents ” in accordance with his proposed system shall be calcu 
lated, tabulated, and presented to the American Society of Civil Engi 
neers within a reasonable time. The regularity of increase of loads fur 
the various proposed classes can be seen by inspection, therefore, if in 
the future heavier loads than the “ Lehigh Heavy Grade Engine " with 
its car load of 4000 pounds per foot be employed, it will be a simp! 
matter to extend the series.
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Cooper's specifications provide alternative engine loads consisting of 
100000 pounds equally distributed on two pairs of drivers, 7 feet center 
to center, for his heaviest load, and reduced proportionately for his 
lighter loads. As these must he supposed to act without any other live 
load, it is evident that they can affect only certain bridge members for 
very short panels. But as the tendency of modern bridge designing is 
toward the use of longer and longer panels, it is evident that these alter
native loads are unnecessary, unless it he for the wooden ties, in the 
proportioning of which judgment rather than figuring ought to govern. 
If we were to compare the moments found by Mr. Cooper's alternative 
live load for Class A with those obtained from our previously found 
equivalent uniformly distributed loads after tlicir adjustment by the curve, 
we would see that there is only one case where the former would exceed 
the latter, and that by only 1.4 per cent., hence it is reasonable to conclude 
that, for spans and panels exceeding 15 feet, the alternative load is un
necessary.

Passing to “ Group I»," which relates to “ Wind Pressure,” we will 
divide the subject into two parts, viz., “ Amounts " and “ Effects.” In 
respect to the former the practice has of late years changed somewhat, 
the tendency being to reduce the intensities specified and to provide more 
thoroughly for the effects. For instance, many of the older specifications 
called for a pressure of 50 pounds to the square foot of surface on both 
sides of the span, when the bridge is empty, while in fact nearly every 
structure designed according to those specifications would double up like 
a jack-knife under such a pressure. In most of the modern specifications, 
instead of stating the amount of wind pressure per square foot of sur
face. the amount per lineal foot for each chord is given, that for the 
loaded chord being 450 pounds, and that for the unloaded chord 150 
pounds. For short spans this method is all right, in that it prevents the 
use of too light lateral rods and struts, but for long spans the amounts 
are too small. The writer has verified this statement a number of times 
lately in the designing of unusually long spans, more especially in struc
tures which carry both railway and highway traffic. In one case, for a 
span of 500 feet, the total pressure, figured for an intensity of 30 pounds 
per square foot, ran as high as r>oo pounds per lineal foot, and in another 
case, for a 5fx>foot span, figured for an intensity of only 25 pounds per 
square foot, it ran as high as 1 too pounds per lineal foot. It is true that 
these spans were intended to carry both railway and highway loads; but 
even had they been intended for railway traffic only, the total pressure 
p<-r lineal foot would have overrun considerably the fSoo pounds ordi
narily specified. In the writer’s opinion, the best specification for wind 
pressure would embody both methods, using the standard 600 pounds as
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a minimum, and calling fur intensities on the empty structures varying 
between 40 pounds for very short spans and viaducts and 25 pounds for 
very long spans, those on the loaded structures varying from 30 to 25 
pounds. •

In respect to areas opposed to wind pressure, it is the writer's prac
tice to double the area of the vertical projection of one truss, deduct 
therefrom the area of the leeward web protected by the train, and add to 
the difference the area of the floor system found by multiplying the span 
length by the vertical distance from the top of the guard rail to the bot
tom of the stringer. If the lower lateral diagonals be not protected by 
the windward chord or by the stringers, their area is to be included 
also.

Now as for the “ Effects *' of the specified wind loads, the most im
portant of these are too often entirely ignored by computers, especially 
in competition ; for it does not suffice to calculate the stresses in the 
lateral diagonals and stop there. In good practice the effects of the wind 
loads are followed from the points of application until the masonry i> 
reached, and both the direct and indirect effects are considered. 13} 
direct effects are meant stresses which come directly from the loads, 
such, for instance, as the tension on the leeward bottom chord front tin 
loads of the lower lateral system. By indirect effects are meant those 
which do not come so directly (and are. therefore, too often ignored), 
such, for instance, as the increase in the tension of the leeward bottom 
chord due to the load that is transferred from the windward to the lee 
ward side in resisting the overturning moment of the wind loads of tin 
upper lateral system, or the somewhat complicated wind stresses in tin 
inclined end posts of through bridges. The latter subject will be treated 
under “ Group E,” but the former might as well be taken up here.

The amounts for the transferred load stresses cannot be determined 
with accuracy, but as they are large, it is not proper to ignore them f< r 
such a reason, because by making certain assumptions they can be found 
approximately. If. for instance, there were no upper lateral diagonals 
and the wind loads on the top chords were therefore carried to the lower 
lateral system by means of the overhead transverse bracing, there would 
be transferred front the windward to the leeward truss at each panel point 
a load equal to the product of the wind load at the top chord panel point 
and the truss depth, divided bv the perpendicular distance between trusses 
The resulting tensions on the leeward bottom chord (which are the onl\ 
stresses from this source that are of any importance) could be readilx 
calculated, and would be found to increase from end to middle of span 
But. «again, if there were no overhead vertical bracing, the wind load* 
applied at the panel points of the top chord would be carried entirely 1 
the upper lateral system to the upper ends of the inclined end posts., ai i
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thence down the same to the piers, producing a release of load on the 
windward pedestal and an increased load on the leeward pedestal. The 
latter, if the chords were parallel, would produce a tension on the leeward 
bottom chord that would be constant from end to end of span ; or, if the 
top chord were broken, one that would decrease from end to middle of 
span.

Now, as in general the upper lateral system has, or ought to have, 
much more rigidity than the overhead transverse bracing, the probability 
is that most of the upper wind loads will travel by the former; so cer
tain engineers, and of late the writer, among others, have been in the 
habit of assuming, for convenience, that they travel entirely in that way, 
and that in consequence the stresses from transferred loads in both lee
ward and windward bottom chords arc constant from end to end of span, 
provided the top and bottom chords be parallel. The writer has gone a 
step farther by assuming that this holds good even when the top chord 
is broken ; and. perhaps, here he is nearer the mark than in the case of 
parallel chords, for on one account the stresses tend to decrease from end 
to middle, and on another account they tend to increase in the same 
direction.

The released loads on the windward pedestals cause a decrease in 
the dead load tensions of the windward bottom chord, and this effect 
should be added invariably to the compressions in that chord from the 
wind loads of the lower lateral system when testing for reversing bottom 
chord stresses with empty structure. Too often this is ignored by com
puters, especially when competing for contracts.

We will now pass to “ Group C," viz., “ Styles and Proportions of 
Bridges.'* As before stated, these, by a process of elimination, are being 
gradually reduced to a system, although certain well-known engineers 
persist in adhering to antiquated types. Experience has shown that for 
spans up to 90 or too feet plate girders are the proper thing to use. 
They should, however, he built in one piece at the shops and never 
spliced in the field. This will limit the span for such structures to three 
car lengths, the weight during shipment being carried entirely by the 
outer cars, the intermediate one being an idler.

O11 account of the unavoidable uncertainty concerning stress distri
bution that exists in riveted connections, plate girders whenever they 
can be used are preferable to lattice girders. The latter, however, as 
through bridges, for single track spans between too feet and 150 feet in 
length, and for double track spans between too feet and 125 feet, are the 
proper style of structure to adopt. However, thev should invariably be 
built upon the single cancellation principle instead of, as ordinarily, with 
several systems of intersection. The latter method is not onlv unscicn-
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titic. but also extravagant in the use of metal ; and the claims of its ad
vocates that it is superior to the Warren type are imaginary and un
founded. Here is a fine opportunity to discuss the much-vexed question 
of multiple intersection versus single intersection riveted girders, and it 
is to be hoped that it will be taken advantage of by those interested in 
both sides of the topic.

It is evident from the preceding that the writer would rule out en
tirely the pony truss bridge. His reason for this is the uncertainty in 
computing the strength of the top chord. In the first place, its length 
as a strut is indeterminate ; and in the second place, the side bracing, when 
attached to shallow floor beams, as is often likely to be the case, is liable 
to do more harm than good by forcing the panel points of the top chord 
out of line. The only satisfactory method of determining how to build 
good pony truss bridges would be to construct a number of them and 
load them to destruction, thus ascertain their weak points, and make, if 
practicable, the necessary corrections. But would not this be a case 
where " le jeu n’en vaut pas la cliaiulcllc " ?

For spans exceeding 150 feet for single track bridges and 125 feet for 
double track bridges, the Pratt truss with its vertical intermediate and 
inclined end posts has proved to be the most satisfactory structure, al
though one of our prominent bridge engineers is advocating a truss with 
posts of varying inclination to the vertical. His principal claim for supe
riority for this truss is economy of material : but in the writer's opinion 
this is much more than offset by several inferior details, prominent among 
which is the suspended floor beam. It is hoped by the writer that the 
gentleman referred to, a good friend of his, by the way, will consider tin 
foregoing as a sufficiently severe attack upon his pet truss to warrant 
him in bringing up the subject for a thon nigh discussion by the pro
fession.

The principal objections to suspended floor beams are their lack of 
rigidity and their inefficiency as lower lateral struts. It has been whis
pered that riveted connections of floor beams to posts are not as perfect 
as they are held to be, but the writer has yet to hear of the first case of 
failure of the rivets in this connection when the beams were well pro 
portioned and of the proper depth, although he has himself seen ease- 
where extremely shallow and weak floor beams could not be retained v- 
the post by any practicable means. He would like to hear the experience 
of other engineers on this point.

Beyond the limit of about 250 feet (more or less, according to the 
smaller or greater load carried) it is well to economize metal by adopting 
what is termed by some engineers the “ Pettit ” truss and by others tin 
“ subdivided Pratt truss." inclining the top chord as may seem advisable 
—in fact, the top chord may be inclined or broken to advantage in Pratt
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truss spans exceeding say 175 or 200 feet. In the Pettit truss the writer 
has become convinced that, in dividing the panels, it is much better to 
carry the intermediate panel load by a strut toward the pier than to take 
it by a tie toward the center of the span, even if the former method re
quire, as it often will, more metal ; because the rigidity of the truss as a 
whole is thereby increased, and the top chord sections are much more 
perfectly supported at mid length.

The inclination of the top chord to the horizontal is a feature that 
can be and is sometimes carried to excess. Its effect is undoubtedly to 
economize in metal ; but at the same time its excessive use will throw too 
much work upon the top chord and leave very little to be done by the 
web, which, therefore, becomes light and vibratory. Again, with excess
ive curvature of top chord, the stresses in web diagonals are liable to re
verse. If such reversion or tendency toward reversion be provided for 
adequately by stiffening the diagonals, it is true that the objection vanishes, 
but at the same time so does the economy. In the extreme case of the 
parabolic top chord, toward which some of our latest long spans approach 
closely, every panel would need counterbracing in order to transfer the 
advancing live load ; and surely no well-posted engineer will claim that 
the parabolic truss bridge is a good structure to adopt.

It is the writer's practice when designing a bridge with inclined top 
chords to figure the advancing live load stresses for both tension and 
compression upon each web member in the truss from pedestal to 
pedestal, then, after allowing whatever seems advisable for impact, de
termine what diagonals will need stiffening and what will not. The 
percentage to be allowed for impact is a matter of judgment, and will 
depend largely upon the character and velocity of the advancing 
load.

The proper minimum distance between central planes of trusses for 
long through spans is still an undetermined point ; some engineers make 
it one-twentieth and others one-eighteenth of the span. The writer is 
now inclined to adopt a middle course by calling it one-nineteenth of the 
span, although he once designed some 500 foot spans with a perpendicular 
distance between trusses of 25 feet. It is hoped that those engineers who 
think that the smaller limit will induce too much vibration will, in the 
discussion of this paper, give their reasons for so thinking. In case of 
deck structures, either the limit for the perpendicular distance between 
trusses must be increased or the truss depth must be decreased in com
parison with the same dimensions for through bridges, on account of 
the greater overturning moment of the wind pressure ; and for through 
spans of medium length, say 250 feet, the perpendicular distance between 
ventral planes of trusses should be much more than one-nineteenth of the
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span. The writer would suggest the following table for through spans 
of railway bridges:

sP.n. Least Perpendicular Distance between 
Centers of Trusses.

250 feet aiv! under. IS feet.
.too " 10 "
350 " 21 “

23 "
450 " 25 “
500 ••
550 " 20 "
600 31 "

The writer is an earnest advocate of the increasing of clear roadways 
from 14 to 16 feet for single track through bridges and from 27 to 29 
feet for double track through bridges. The extra 2 feet of width thus 
gained, together with a properly designed floor system and efficient pro
tection and rerailing apparatus at each end of the bridge, would do away 
with fully 90 per cent, of the bridge accidents caused by derailments, and 
thus deprive the opponents of pin-connected bridges of their sole argu
ment that is worthy of consideration.

The maximum allowable truss depth, except for draw bridges, in 
the writer's opinion, should never exceed three times the perpendicular 
distance between central planes of trusses ; and when the extreme depth i> 
used at mid-span it should be reduced toward the ends considerably.

For several years past the writer has held the opinion that in impor
tant bridges the lower lateral systems should be rigid, and he has now 
about come to the conclusion that an adjustable member is better out of 
any railway bridge than in it. I lowever. he is not yet prepared to abandon 
entirely the use of adjustable members until such time as the profession 
will begin to agree with him substantially in this opinion.

In regard to the proper panel length for any truss bridge, the tend 
enev of late years has been to increase this length for the purpose <>f 
saving metal not only in the eye-bars but in nearly all the other member» 
of the structure ; but. while saving metal, some designers have gone a 
little too far by using eye-bars too shallow for their lengths. Such pro 
portions as 30 feet length and 4 inches depth are not unknown : but 
what the sag of these bars is the writer cannot say. Although not en 
tirely guiltless himself in this particular, he has for several years been 
endeavoring to reform by adopting the following table, occasionally, how 
ever, departing from it slightly, but in all such cases compensative
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or endeavoring to compensate by the use of extra section in the 
member :

Unsupported Horizontal Length of Bar.

15 feet. 
Id "

18 "

24 " 
27 “
.30 “ 
.3.3 “ 
40 -

Minimum Depth of Bar.

.3
3/ “
4
4'4 "
56
7
8

The theory has been advocated by a prominent engineer that the use 
of shallow bars for long panels can do no harm, for by the formation of 
a catenary in the bar the metal is not overstrained; hut such a theory 
does not appear to the writer to be tenable. Long panels for wide bridges 
are ail right, but for single track spans of short and medium lengths 
extraordinarily long panels cause the lateral diagonals to act with too small 
an inclination to the planes of the trusses, and thus lessen their power to 
check vibration.

In respect to the spacing of stringers there seems to he considerable 
difference of opinion among engineers. Some say that they should be 
placed exactly under the rails in order that the load may be applied 
directly, while others space them as much as 9 feet and even 10 feet apart 
so as to economize on metal in floor beams. If the former method he 
adopted, outer stringers should be used so as to support the ends of the 
ties in case of derailment. This, of course, increases the weight of metal, 
and is, therefore, objectionable, if a more economical and equally effect
ive system can be designed. As a matter of fact, can any one point to a 
case where metal stringers have been injured by the bending down of 
the horizontal legs of inner upper flange angles, and if there be such a 
case, was there not some glaring weakness in the floor system proper ? 
Statistics on this subject would be valuable.

For several years the writer has adopted the following floor system : 
Metal stringers spaced 8 feet between centers; pine ties. 8x12 inches on 
edge, and dapped 1 inch onto stringers, each tic being bolted at each end 
through the stringer flanges and outer guard timbers with M-inch bolts 
daggered in respect to the flange angles ; outer guard timbers, 6x10 
inches, or 8 x 10 inches, dapped 2 inches onto the ties, which are spaced, 
as nearly as may be. 13 inches between centers, leaving openings of 5



z8o RAILWAY BRIDGE DESIGMXG.

inches ; and inner guards either of 5 x 4 x J^-inch angle iron, or of 6 x fl
inch timber dapped 2 inches onto the ties and faced on the sides next to the 
rails with 3 x 3 x %-inch angle iron, screw-bolted to the timber, the guard 
timbers being bolted to alternate ties with *)4"iucli bolts. Certain rail
road engineers have objected to this system because of the difficulty of 
replacing ties. They say that only every third or fourth tie should be 
bolted, and that the bolts should not go through the stringer flanges, 
but should grip the same by one-sided heads. The writer’s reply to this 
criticism is that the system was designed not to make it easy of replace
ment. but to make it difficult to break up or remove in case of derailment ; 
for a floor system should be so built that it will carry a train entirely de
railed across the structure without injury to the latter. The writer thinks 
that this floor system <>n bridges having 16 or 29 feet clear roadway, and 
provided with proper rerailing devices and collision piles in the embank
ment near the ends, will afford the best possible protection against failure 
of the structure by derailment.

If any one has a better floor system than this, let him describe it in 
his discussion and show why it is superior, after which the writer will 
be only too happy to abandon his system and adopt the better one.

Opinions differ concerning the use of pine and oak for floor timber. 
The writer's preference for the former is due to the fact that oak is un
satisfactory because of its warping and splitting. Moreover, when it 
gets old, dry-rot sets in and forms a punky material that is easily ignited. 
Good pine is decidedly superior to oak ; but one should not economize 
on the depth of the ties when the stringers are much spread, for the 
strength of timber is usually overrated.

We will now pass to “ Group D," viz., “ Intensities of Working 
Stresses," and will take the bold step of assuming that in the near future 
the material for the metal portions of railway bridges will be exclusively 
steel. This step is warranted by the fact that to-day mild steel is prac
tically as cheap as iron, and that it is fully as reliable.

There is no portion of bridge designing in which there is greater 
diversity of opinion among authorities than this matter of intensities of 
working stresses. For this there are two reasons: First, the problem of 
what is the relation between statically applied loads and the same loads 
applied with different velocities, is practically unsolved ; second, the 
effect on metal of oft-repeated loads has been experimented upon verv 
extensively, but not in a manner that makes the deductions from the 
experiments applicable to bridge designing.

The subject of the relation between statically and dynamically ap
plied loads has for years been occupying the writer’s mind ; and at oik- 
time, when in Japan, he went so far as to design and build an apparati>
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for measuring the extensions of bridge members under loads. Unfor
tunately, either the design or the manufacture was defective (possibly 
both), for the instrument failed to give any record of value ; and since 
then no opportunity has been found to continue the investigation. The 
French technical papers have lately stated that there has been designed 
in Europe an apparatus for making such measurements by means of 
water pressure of cylinders of widely varying diameters, and that the 
apparatus is a success. Here is a fine opening for a few energetic engi
neers and professors of civil engineering to make a series of experiments 
of the greatest value ; and it is not unlikely that, were the experiments 
made under the auspices of the American Society of Civil Engineers, 
an appropriation to defray the expenses could be obtained from the 
United States Government. The results of a proper series of tests of 
this kind would be of incalculable value to the engineering profession, 
and, consequently, also to the general public. It is probable that the 
railroad companies would lend their assistance to the extent, at least, of 
furnishing trains and bridges for the experiments. The series of tests 
should cover spans of all kinds and lengths, and should be applied also 
to all the different members of the spans.

Now, as to the wearing effect of oft-repeated loads : a number of Ger
man scientists have devoted several years to an elaborate series of experi
ments upon the effect of loading and unloading quite rapidly test pieces 
of iron and steel beyond the elastic limit. The effect of these tests upon 
American bridge specifications has been to introduce a somewhat bur
densome formula, which is generally of the form:

.)minimum stress' 
maximum stress,Intensity = constant

If the live loads on bridges were applied every two or three minutes, 
such a formula would be applicable ; but in most cases the metal in 
bridges has time to recover itself between the applications of the live 
loads ; consequently, the adoption of a “ fatigue " formula would appear 
to he unnecessary, involving as it does the use of extra metal.

The adoption of a modification of this “ fatigue " formula to cover the 
effects of both impact and fatigue is probably, in the present state of 
our knowledge, the best compromise that can he made : and the writer 
would consequently suggest that of

1 minimum stress '
2 maximum stress,

Intensity = constant fi-j-L . 1111

This form of the equation (by no means original with the writer) 
accords very well with his ideas of what the extreme limits of stress on 
metal should be. It must be observed, though, that the “ constant ” in
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tlie equation must be changed fur the different kinds of bridge members, 
as it would be obviously incorrect to make it the same for primary truss 
members and for the chords of long spans. Moreover, it is scarcely 
worth while to apply the formula to primary truss members, stringers, 
floor beams and plate-girder spans under say 50 feet in length ; for in 
these the item of impact is so much more important than that of 
fatigue that, in the limited state of our knowledge, it is well to adopt in
tensities which we know by experience will be low enough.

min. #
The adoption of the formula involving the factor 1 -f- - is surelv

incorrect, for it implies that a live load is twice as destructive as a dead 
load. If this were so for one member, it would not be so for another ; 
or, if it were true for short spans, it would not be true for long ones. 
Let us take, for instance, an extreme case and assume that there are, side 
by side, two very long duplicate suspension bridges whose cables are 
iron eye-bars. I11 one bridge, the dead load strains these bars 40000 
pounds per square inch, while in the other the dead load strains them 
to only 20 000 pounds ; but once a day there passes slowly over the struc
ture a live load that strains them 10000 pounds more, making a maxi
mum intensity of 30000 pounds. Now, which of these structures would 
fail first? Surely it would be that which is loaded constantly to 40000 
pounds ; but the theory would indicate that the two structures under 
the different loads are of the same strength. Some engineers have even 
been known to contend that were the live load in the second bridge- 
increased so as to produce a tension of 20000 pounds per square inch, 
making the maximum intensity 40000 pounds, the other bridge would 
stifl be the one to fail first. This, perhaps, is an extreme view to take; 
but it would be interesting to try a similar experiment upon a small 
scale by loading a vertical tension member with a constant dead load 
that we know, if left on a certain length of time, will surely cause rupture, 
and loading other similar pieces periodically by loads applied and re
moved very gradually, producing a series of maximum intensities vary
ing uniformly. If it be desired to obtain results for combined live and 
dead loads, certain of the test pieces could have dead loads attached 
that would differ uniformly. To obtain results with any pretension to 
authenticity, the test pieces should be made alike with the greatest care 
and of the most uniform metal obtainable ; and there should be not less 
than three pieces used for each different kind of load. The writer would 
suggest that some energetic young professor of civil engineering, who 
has time to spare, undertake this series of experiments, and communi
cate the results to the American Society of Civil Engineers.

Mr. Cooper, in his specifications for both railway and highway bridges, 
effectively makes the broad statement that a live load in all cases is just



RAILWAY BRIDGE PliSIGXlXG. 283

twice as destructive as a dead load. If this be true for a railroad bridge 
where the moving load is applied rapidly and with impact, would it also 
he true in a highway bridge where the load n. applied slowly and quietly ? 
He may reply that he has increased the intensities for highway bridges : 
but this would be begging the question ; for, surely, the dead load in a 
railway bridge is no more destructive than an equal dead load in a high
way bridge.

The writer would suggest the following for intensities of working 
tensile stresses :

Bottom chords and main diagonals (eye-bars),
12000 (i + l . ”!!nimum stress X 

\ 2 maximum stress /
Bottom chords and main diagonals (plates or shapes) net section,

11 000 ( 1 + . minimum s_tress\
X 2 maximum stress /

Long verticals (eye-bars).............................  10,000 pounds
(plates or shapes) net section 9000 “

Short “ (eye-bars ) ........................... 9000 “
( plates or shapes ) net section 8 000 “

Plate hangers ................................................. 7000 “
Bottom flanges of riveted cross-girders and 

stringers and longitudinal plate girders
over 20 feet long.....................................  10000 “

Bottom flanges of stringers and longitudinal
plate girders of 20 feet length and less.. 9000 “

The principal object in reducing the intensity for flanges of girders 
not exceeding 20 feet in length is to discourage the use of short panels.

It is proper to use the same formula for bottom chords and main 
diagonals, because the minimum stress in the former is the dead load 
stress, while in the latter it is the dead load stress less the live load stress 
that tends to put the diagonal in compression. When counter ties are 
used, of course there can be no such reversing stress in excess of the 
dead load stress, hence the minimum stress will be zero, and the proper 
intensity of working tensile strength will be 12000 pounds for eye-bars 
and 11 000 pounds for plates and shapes. For counter rods, the writer, 
when he cannot avoid adopting them, still prefers to use iron, and to 
strain them 8000 pounds to the square inch.

Some engineers contend that, for steel, tension members built of 
plates and shapes are as strong, per square inch of net section. as are 
eve-hars ; but until ample experiments prove this to be a fact, the writer 
prrfcrs to make a difference for the two cases, although not so great a
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difference as he would adopt were the metal iron. Discussion on this 
point would he valuable.

For top chords the intensity recommended would be

)II ooo
minimum stress 
maximum stress

unless the ratio of unsupported length to least radius of gyration exceed 
fifty, in which case the intensity given by the formula is to he multiplied

50
ratio of / to r

In most cases of well-designed railwayby the quantity -

bridges the ratio of l and r is less than fifty. Some engineers are of 
the opinion that top and bottom chords can he strained alike, especially 
if a slightly higher grade of steel be adopted for the former, but tin 
writer will he averse to this until experiments upon full-sized com
pression members prove it to be legitimate.

For inclined end posts the intensity of working stress should be 
found by the same formula as used for top chords ; but in nearly every 
design for through bridges it will he found that the bending effect of Un
wind pressure will necessitate an increase of section. For vertical posts, 
which should always be hinged, the intensity can be found by the for 
mula,

ft = 12 000 — 601 r
This formula was given to the writer some five years ago bv Mr. 

Edwin Thacher, who established it in an eminently practical manner 
by plotting the results of a large number of experiments, inclosing the 
points by an oval and drawing an axis through the latter. The equation 
to this straight line, divided throughout by a certain factor for safety, 
will give the last equation. The writer wishes to protest here against

the further use of in formulae for compression members, for the 

reason that it involves unnecessary labor and gives results that are no 
more nearly correct than those obtained from formulae involving ^ to

the first power. The general use of the second power is due to its having 
occurred in Euler's formula, which was established upon an assumption 
that does not hold good for compression members of bridges. Some

engineers may contend that it is immaterial whether — be used to the

second or first power, as the results are always tabulated ; hut there arc
/2

so many slightly different formulae specified which involve ^ that one 

often finds that the tables he has at hand will not apply.
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For lateral struts, the ends of which should always be fixed, the for
mula will he

/P= 17000 — 55 -

This formula may appear to give too great intensities ; but it will be 
found that the limiting sizes of sections and limiting ratio of length to 
least dimension, which are given in good specifications, will overrule the 
objection ; and when designing the lateral systems of large and impor
tant bridges, the computer who tries it will become convinced that this 
formula is just what lie needs.

In cases of very great wind pressures for long spans, where it takes a 
large amount of metal to provide for wind stresses, the writer con
siders it legitimate to adopt a double system of triangulation for the 
lateral system, and to assume that each half carries one-half of all the 
wind pressure allotted to the entire system ; and in so doing he is not 
inconsistent, although condemning multiple systems for vertical trusses ; 
because maximum wind loads are of rare occurrence, while the maxi
mum loads for vertical trusses are liable to occur frequently.

Referring to the latest edition of Mr. Theodore Cooper's specifica
tions, the writer wishes to take exception to two points relating to strut 
formulae. First, the intensities specified for posts are excessive ; for 
instance, in the case of a long span where, on account of the inclined 
top chords, the dead load stresses in posts are so small that we may 
here ignore them (if in fact they do not reverse), his formula for steel

would be about 8 400 48 ^. If y be assumed equal to 80. which is

allowable, the intensity of working stress would be only 45^)0 pounds. 
Surely this is too small for such a large and important member as a ver

tical post. Or. if we assume - = 50. the intensity will be 6000 pounds,

while according to Mr. Bouscaren’s specifications it would be 12000 
pounds. Surely when two such high authorities differ to such an ex
tent. some explanation is needed. The writer’s proposed formula would 
give an intensity of 9000 pounds, which is exactly a mean between the 
two.

Second, the writer considers it to be incorrect to treat a batter brace 
or inclined end post in the same way as a vertical post is treated ; for 
the batter brace is in some extreme cases merely a continuation of the 
top chord, and in all cases resembles it in respect to stress and sectional 
area, therefore it ought to be treated as such. It is hoped that Mr. 
Cooper will explain in the discussion his reasons for specifying such 
peculiar intensities of working compressive stresses as those referred to.
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Finally, a word in regard to the use of the formula for reversing

1 minimum stress \
2 maximum stress z

This should be employed where the reversion is of common occur
rence, as in web diagonals, and not where it is unusual, as in the flanges 
of floor beams where the stresses are liable to be reversed once in a great 
while by highway loads carried on cantilever brackets.

We will now pass to “ Group E," viz., “Combined Stresses,*' and 
will divide it into two parts: ist, Longitudinal stresses only; and 2d. 
Co-existent longitudinal and bending stresses.

Part No. l relates principally to bottom chord proportioning when 
the wind stresses arc taken into account. One authority stipulates fur 
this, that when the wind stress exceeds one-quarter of the sum of tin 
live load and dead load stresses, the section shall he increased until tin 
total stress per square inch will not exceed by more than one-quarter 
the maximum fixed for the live and dead loads only. The writer would 
prefer, after figuring the direct and indirect wind stresses as explained 
previously in this paper, and adding them to the sum of the live load 
and dead load stresses, to use an intensity 40 per cent, greater than that 
adopted for the live and dead load stresses only. provided the intensity 
never exceed 21 000 pounds for eye-bars, or 19000 pounds for tension 
members built of plates and shapes. It is better to take into account 
all possible stresses when finding the maximum total, and to use a high 
intensity, than to ignore certain important stresses and use a lower 
intensity.

Part No. 2 relates principally to the proportioning of batter hraw- 
or inclined end posts; and it is a peculiar fact that no railway bridge 
specification yet written begins to cover the ground of designing prop
erly this important member of a through bridge ; and, moreover, the 
matter is seldom given the importance it deserves, even in large bridges 
designed by our leading bridge companies and by expert engineers

There are three vital considerations in the correct proportioning of 
batter braces, viz. :

A. What are all the direct stresses and how are they to he found ?
B. What is the greatest bending moment, and how should it he 

computed ?
C. What are the proper intensities to he used, and upon what should 

they be figured ?

The answers to these questions are as follows :
A. Live load, dead load and transferred load stresses, the latter be

ing computed as indicated previously in this paper.

stresses, viz., /> — constant fi-
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B. The greatest bending moment is found by assuming a division
( usually equal ) of the total wind pressure upon the structure between 
the four pedestals, and multiplying the thrust on the leeward pedestal 
by the distance between the center of the end pin and the section of the 
batter brace under consideration. Some engineers, in order to reduce 
the bending moment thus found, which is undoubtedly very great, 
assume a fixedness of the batter brace at the pedestal, thus cutting 
down the length of the lever arm, and consequently the amount of the 
bending moment, by 50 per cent. Although the writer some seven 
years ago computed in this way, he is now convinced that the method 
is wrong ; for the end of the piece cannot possibly be fixed or held in
any way that even approaches fixedness. At the moving end of the
span there is certainly enough play between the bottom of the pedestal 
and the holding down members, whatever they may be, to nullify all 
assumptions of rigidity ; while at the other end of the span, even if 
there were no play in the end pin-hole, the anchor bolts and the details 
affected by the stresses therein are by no means strong enough to war
rant one in assuming the connection to constitute a fixed end.

C. The intensity of working stress is the total intensity on the ex
treme fibre of the section considered, and is equal to the sum of the
total direct stress divided by the sectional area of the member at the
place considered, and the intensity of extreme fibre stress on the com
pression side, due to the bending moment of the horizontal reaction at 
the foot of the member. The value of this total intensity should lie 
between 20000 pounds for short spans and 24000 pounds for very long 
ones. Even these apparently high values will often make the sectional 
area of the batter brace appear excessive.

The most effective way to strengthen the batter brace against bend
ing is to add metal in the form of heavy angle irons just outside of the 
webs of the built or rolled channels. A number of the latest Missouri 
River bridges, all built by the same engineer, show a quite unnecessary 
defect in the design for the reinforcement of the batter brace : for all of 
the reinforcing metal is placed upon the inside in the form of a built 
I beam, thus making the section of the member decidedly un symmetrical, 
and weakening instead of strengthening it.

In one of these cases which the writer has checked, the addition of 
16.85 square inches of section in the form of a built I beam increases 
the intensity of working stress for combined live and dead loads about 
18 per cent. ; while, if the same area had been added symmetrically, 
the intensity of working stress would have been reduced about 26 per 
cent. It is true that the member as it stands is all right) for bending, 
even with the worst combinations of stresses, and the metal under live
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and dead bad stresses is not dangerously overstrained ; nevertheless, 
there seems to be no good reason for disposing of extra metal so un
scientifically as to make it do more harm than good, when it could easih 
have been distributed advantageously. Possibly the reason is that if 
the extra metal were divided equally between the two sides of the mem
ber. the leeward batter brace would, for combined direct stress and 
bending, he strained about 10 per cent, higher than the windward batter 
brace with all of the metal on the inside ; hut even then the extreme fibre 
would still he strained within legitimate limits. Moreover, is it not 
better practice to overstrain metal once in a great while, say once in 
ten years, by 10 per cent, than to overstrain it 18 per cent, every time 
that the structure receives its full live load ?

We will now pass to “ Group F," viz., “ Plate Girder Proportioning." 
I11 this matter there is quite a little difference of opinion among bridge 
designers, probably owing to the necessarily unsatisfactory character of 
all investigations concerning stress distribution in this style of girder. 
Plate girder proportioning amounts to but little more than rule-of- 
thumb practice ; hence it would be well for us all to acknowledge the fact 
at once, and by a series of experiments to destruction, ascertain how 
satisfactory are our present methods of design, then, if necessary, modify 
them.

The questions of how the shear on the web travels, and how the 
stress on a flange distributes itself over the section, can never he deter
mined analytically except upon assumptions that cannot be verified 
even approximately, nor can we tell by theoretical investigation what 
should be the proper thickness for a web ; consequently, it would be well 
to drop these investigations at once and for all time, and content our
selves with ascertaining whether our present methods of proportion
ing will hear the searching investigation and criticism attendant on ex
haustive experiments. In the writer’s opinion any web of an economic
ally designed plate girder, if properly stiffened by angle irons, will have 
sufficient sectional area as far as strength is concerned, consequently there 
is no use in adopting webs thicker than three-eighths of an inch for long, 
deep, single track girders, provided that that thickness give ample bear
ing for flange rivets near the ends of span, which in most cases it will

As a matter of precaution, the writer is averse to making webs <>f 
stringers less than three-eighths of an inch thick, although he believes 
that five-sixteenths inch plate, when effectively stiffened and kept well 
painted, will do its work just as well. Does any one know of a case 
where the five-sixteenths inch web of a well-designed plate girder was 
the cause of even symptoms of failure? Some statistics on this point 
and on points of actual weakness of plate girders under traffic would he
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very interesting, and it is hoped that the discussion on this paper will 
bring such matters to light.

The clause in Mr. Cooper’s specifications which stipulates that 
whenever practicable, one-half of the sectional area of any flange should 
lie in the two angle irons, is a very good one. and in the writer's opinion 
the number of cover plates used for a flange should be restricted to 
three, or preferably to two.

There is an important matter neglected in most railway bridge speci
fications. viz., the proportioning of end stiffeners where the plate girders 
rest on masonry or other supports. The intensity to use for the steel 
end stiffening angles should he 8000 pounds; and the filling plates, if 
there be any, should not be counted upon as aiding the stiffeners. 
Both ends of such end stiffeners, and the upper ends of all intermediate 
stiffeners of deck girders, should be cut so as to bear against the hori
zontal legs of the flange angles. This is a point often overlooked in 
manufacturing.

There is some difference of opinion among experts as to the greatest 
allowable length of unsupported compression flanges of plate girders, 
Mr. Cooper placing it at thirty, and others as low as twenty times the 
width of the flange. The writer thinks that with the style of floor sys
tem described in this paper, where the track ties provide great lateral 
stiffness for the flanges, the limit of thirty is correct.

It is his firm opinion that the proper way to proportion the section 
of a plate girder for a given bending moment is to count in the web as 
aiding to resist bending. It surely does aid in resisting, so why not 
allow for its resistance? There is no need for going into burdensome 
calculations involving moment of inertia of cross-section, when the 
method of assuming that one-sixth of the area of the web is concentrated 
ai the center of gravity of each flange will give almost identical results. 
Of course, if the web be counted in, the intensities of working stresses 
for the flanges will have to be decreased accordingly. While it is true 
that for girders of ordinary proportions it is immaterial whether the 
flange section be proportioned by one formula, ignoring the web, or by 
another equivalent formula involving it. it is evident that in girders of 
unusual proportions, for instance, very deep floor beams where the 
bending moments are comparatively small, the ignoring of the aid of the 
\ub in resisting bending causes a waste of metal in the flanges.

We will now pass to the next “ group." and the last, viz., “ Group 
G. which includes “General Details of Construction;” but on account 
of the large field that it covers, we will have to confine our attention to 
the salient points of design whereon engineers differ, taking up first
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those relating to general features and afterwards those that may be more 
properly termed “details.”

The question as to how far the riveting of stringers to floor beams 
should be carried is still an undecided point. This method of con
struction has decidedly great advantages in respect to both rigidity and 
economy of material, hut would be objectionable for very long spans for 
two reasons; tirst, the stringers have a tendency to do some of the work 
that belongs to the bottom chords, for which the connections of tin 
former are unfit; and, second, there is a horizontal bending induced in 
the floor beams, especially in those near the ends of the span. The 
writer never hesitates about riveting stringers to beams in ordinary spans 
up to 175 feet in length, or in any draw span whatsoever; and he has 
lately concluded to adopt this construction for spans of any length by in
serting sliding points in the floor system at distances of about 150 feet. 
Stringers riveted to beams really aid the bottom chords in resisting re
versed stresses, but upon this fact the writer never relies, preferring in 
stiffen the bottom chords, although the practice of some bridge builders 
is to omit the stiffening.

The use of end floor beams for all spans is still an undetermined 
matter. The old practice was to let the stringers of the end panels bear 
upon the masonry, and to run a light strut between pedestals; but for 
several years the writer has invariably used end floor beams with stringers 
riveted to them, and is well satisfied with the results of the practice 
The advantages of the detail are a homogeneous motion of contraction 
and expansion for all the metal in the structure with only two places 
for sliding or rolling motion, a greater rigidity of floor system in tin 
end panels, and a very satisfactory end lower lateral strut. The only 
disadvantage is a slight one, viz., the necessity for using a little more 
metal.

The intersection at a point of all the axes of bridge members coming 
together at any panel point of a structure has for years been a deside
ratum, but as far as the writer knows has never been attained for any 
structure yet built. The writer, after seven years of trial, has at last 
solved the problem for large structures, and has applied the method i<- 
two <>r three large bridges that he is now preparing to build. The 
method, of course, could be applied to short and light spans also: but 
it would require an amount of extra metal that it does not seem advisable 
to employ, considering the fact that the objectionable results of eccentric 
connection can generally be provided for legitimately, either by strain
ing the metal higher or by reinforcing. Unfortunately, however, the 
injurious effect of eccentric connections is too often ignored in bridge 
designs.

The connection of an end lower lateral diagonal to the pedestal
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plate instead of to the chord and end floor beam is a very faulty detail. 
To begin with, the connection is made generally a foot below the center 
line of the chord, producing a bending moment that, when expressed in 
inch pounds, seems enormous. At the fixed end of the bridge no special 
barm is done ; but at the roller end the uniformity of the pressure on 
the rollers is seriously interfered with, and a bending moment is thrown 
upon the end diagonal, if it be a stiff member. In short, it is not a 
scientifically designed connection : and there is no need whatsoever for 
adopting it under any circumstances.

Of late years floor beams for large bridges have been designed with 
incomplete lower flanges for reasons with which all bridge builders are 
acquainted ; but in such cases it is better to use an intermediate flange 
running the entire length of the beam rather than to carry the shear to 
the posts by patch-work. A few tests on full-sized specimens of floor 
beams with incomplete bottom flanges and patched ends would afford 
considerable information of value, and if the experiments were extended 
so as to show the effect on the strength of beams of beveling or fish-belly
ing their ends, the results would be still more valuable.

There is a very common connection for lateral rods that is quite 
faulty, yet is used at the present time. It is the one where the rod 
passes between the vertical legs of two short pieces of angle iron and 
through either a plate or another piece of angle iron for the adjusting 
nut to turn up against. It is faulty because the rivets connecting the 
angles to the main member are proportioned for a shear equal to the 
tension on the rod, while, in reality, there is a neglected bending moment 
equal in amount to the tension on the rod multiplied by the perpendicu
lar distance between its axis and the main member. This bending 
moment must be resisted by an equal one, one of the forces of which is 
a direct tension on some of the rivets. If the length of the connecting- 
angles were made sufficiently great, the detail would not be so objection
able : although rivets should not be subjected to direct tension. The 
tension, perhaps, might he considered indirect in that it comes from an 
induced bending moment ; moreover, it may be made is small as we 
please by simply lengthening the angle irons.

rhe writer has designed and adopted a similar detail for making the 
end of a column truly fixed, running the anchor bolts two feet or more 
above the pedestal, each between two angle irons riveted to the member 
and through a very thick plate resting on top of the angle irons. In 
this case the tension on the rivets is a bagatelle. The ordinary fixed ends 
for columns, even when the anchor bolts are figured strong enough, are 
weak in detail on account of assumptions, made to save metal, which 
would never be realized were the column bent by the assumed transverse 
load. One favorable feature of the detail just described is that the pull
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from the anchor holts is carried directly into the body of the column, 
passing by without straining the bed plate and its connecting angles and 
rivets.

Beam hangers with screw ends ought to he no longer countenanced, 
for they are in many respects inferior to plate hangers; and, in fact, sus 
pended beams themselves should be ruled out. except for subdivided 
panels, in which case they should be stayed effectively against all motion 
in the bridge specifications of the Atchison, Topeka and Santa I't* Rail
way Company ( i88q) there is a clause requiring that in double track 
bridges the floor beams be invariably suspended. The writer is desirous 
of knowing what is the reason for this requirement. If there he a good 
reason, the general practice of bridge designers should conform with 
the requirement ; but if not, that clause of those specifications should he 
changed.

The minimum thickness of metal permitted in certain bridge spcci 
fications (filling plates, of course, excepted) is one-quarter inch ; hut in 
the writer’s opinion this ought t<> be increased to five-sixteenths, and for 
all horizontal plates ( that do not let the water drain off readily ) to three 
eighths of an inch. Metal that is exposed very much to smoke from 
locomotives, especially where the smoke can collect and hang, ought to 
have a thickness of three-eighths of an inch and be painted frequently

In the writer’s opinion, any mild or medium steel that will withstand 
the standard drift test, viz., the enlarging of a rivet hole 25 per cent, 
without cracking, will not require reaming of rivet holes.

The lengths of stay-plates for compression members are a matter of 
dispute among bridge builders, some requiring twice the lengths spcci 
fied by others. The writer thinks that no hard and fast rule will answer, 
but that each stay-plate should have as many rivets to connect it to the 
main member as its importance of position demands. For instance, at 
the hips, the top chord and batter brace stay-plates should be long, whil« 
at the main intermediate panel points they should he shorter, and at sub- 
panel points they might be reduced to 12 inches in length, so as to pr 
vide four rivets in each line. As no experiments have ever been ma<U 
upon the requisite sizes of stay-plates, there is nothing for the designer 
to do hut to fall back on his past experience and common sense when 
proportioning these details.

Finally, there is an important item in detailing that seldom seems t" 
receive proper attention : it is the effect of an eccentric stress upon a 
group of rivets. Designers do not appear to recognize the fact that tlv 1 
is, under such a condition, an immense bending moment that can on!\ 
be resisted by an equal bending moment due to the shearing resistan e 
of the rivets in a circular direction about the center of gravity of ; 1 
group. How often we see a lower lateral rod of say \x/\ inch diamc r
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connected to the flange of a floor beam by a pin through a plate that is 
attached to the angles by four seven-eighths inch rivets, the perpendic
ular distance of the center line of the lateral rod front the center of grav
ity of the group of rivets being, say, f> inches, and that from the center 
of gravity to a rivet being, say, 3 inches. If T be the tension on the 
lateral rod, one-quarter T will be the direct shear on one rivet, and one- 
half T the indirect shear on same ; and as one-quarter T is all that the 
rivet under the assumed conditions ought to stand, it is evident that the 
total shear on the rivet is three times as great as it ought to be. This 
is, of course, an extreme case, but it serves to demonstrate the point at 
issue.

The extent of this paper having far surpassed the limit set by the 
writer at the outset, he will now close with an earnest request that all 
those who are especially interested in bridge building discuss thoroughly 
not only the questions raised herein, but also other disputed points raised 
by themselves or by others in the discussion ; for it is intended to sub
mit all discussions for still further consideration until there shall be prac
tically no more to be said on the entire subject.
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DISCUSSION.

By Thomas H. Johnson, M. Am. Soc. C. E.

Mr. Waddell treats us to a bit of very pungent satire in his opening 
paragraph, when, after stating the object to be attained, he leaves us to 
infer, from his figurative reference to the asymptote, that he has no hope 
of accomplishing the object sought until the finite shall pass into the in 
finite, and “time shall be no more.” And therein he is, no doubt, correct. So 
long as there are differences in the attendant conditions; so long as men 
see through their own eyes, instead of their neighbors'; so long as materials, 
and our knowledge of them are both in a state of evolution; so long as the 
engines, the cars and their lading, which our bridges are to support, are 
undergoing change—so long will men differ in opinion on many of the points 
raised in this paper.

To notice all the points raised by Mr. Waddell would practically amount 
to writing a full treatise on “Bridge Designing,” for which I have neither 
time nor inclination. I will, therefore, only touch upon a few salient points. 
First of these is the subject of “Concentrated Loads vs. Uniform Loads." I 
have always been in favor of the concentration load method, because it in
volves more simplicity, greater accuracy and less labor. I am fully in 
accord with the quotation from Mr. Cooper which Mr. Waddell gives us on 
that subject; and while fully appreciating the beauty of his new method of 
finding the equivalent loads, it fails to convince me that the former method 
should be abandoned. The new method still requires separately determined 
uniform loads for moments, and for shear, each variable for different spans, 
The amount of labor necessary to calculate the equivalent loads, for each 
type of engine, would have served to make tables of moments and shears, 
for that engine loading, which would be far more serviceable than the uni
form load, in reducing the labor of subsequent calculations; and the result 
would not vary “20 per cent.” from the correct amount, as Mr. Waddell 
shows may be the case with the uniform load method.

Next, as to the types of loading proposed. Turning to Mr. Waddell's 
diagram, I note that he shows his heavy train loads with his heavy engine 
loads, and vice versa. The developments of the engine and train now in 
progress, and the future of which it is the bridge engineer’s duty and aim 
to anticipate, are not being carried along on parallel lines. The growth of 
the engine results from the effort to increase the gross load hauled : the 
growth of the train load results from the effort to make the paying load a 
larger proportion of the gross load hauled. For instance, but a few years 
ago railroads were hauling 10-ton loads in cars weighing 8 tons; now they 
are hauling 30 and 40-ton loads in cars weighing 13 tons. And these - us, 
so loaded, go anywhere and everywhere; giving a condition of uniformity to 
the service on all roads that renders more than one, or at the most two types 
of train load, unnecessary. But with the engine the case is different. The 
type of engine used will depend upon the steepness of the grades to be er- 
come; and different roads, and different divisions of the same rood, will 
require engines of different class; hence, all of the engine types shown will 
be needed. I would, therefore, suggest that the diagrams propos- be
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amended to show a uniform following load of 4,000 pounds per foot in all 
cases. The 40-ton car loads before alluded to bring the actual loads of the 
present day up to 3,000 pounds per foot, as a general every-day load; while 
special loads are frequently handled that far exceed this figure. It seems 
to me, therefore, that allowing for future development of the carrying capac
ity of the cars. 4,000 pounds is not too high a figure. I would suggest fur
ther that Mr. WaddelVs engine diagrams will be more in accord with the 
actual dimensions which the engine builders are following if he reduces 
the driver spaces to 4 1-2 feet, instead of 5 feet, and increases the distance 
from rear drivers to tender wheel to 11 feet, leaving other dimensions as 
proposed. This will more nearly conform to actual fact, without sacrificing 
the simplicity aimed at.

I cannot agree with the author in his wholesale condemnation of the 
pony truss. There are certain situations in which this form of truss cannot 
well be dispensed with; and, notwithstanding the apparent ambiguity in 
the effective column length of the top chord, I have yet to see a pony truss 
bridge showing signs of failure on account of weakness in the top 
chord. I have known several such structures, some of which were 
built in the early days of iron bridges, and for light loads; and I 
have known them to show signs of failure in the floor beams, hang
ers, counters, etc., but never in the top chord. In the matter of sub
divided panels, I must express myself in favor of carrying the inter
mediate panel load to the top panel points, which Mr. Waddell condemns. 
I fail, too, to see how the other method adds to the general stiffness of the 
truss ns a whole, or how the mid-length of the top chord can be better sup
ported than by the King post type of trussing. Furthermore, the form 
which Mr. Waddell advocates is open to the serious objection that in those 
panels having cou iters there can be no assurance that the load does not 
follow the counter instead of the brace. When the counter is in action from 
the advancing load it becomes certain that the load must follow the counter, 
because a tie and a strut, lying in the same axis, cannot both be in service 
at the same time.

Passing to group D, it strikes me that, after spending so much time 
pleading for uniform loads, for the express purpose, as alleged, of diminish
ing the drudgery of calculation, the author becomes inconsistent when he 
advocates a complex formula for determining unit stresses, with a so-called 
“constant” which must have different values for each class of truss members. 
The labor supposed to be saved by the uniform load will be more than lost in 
finding the unit stresses. And to what endP How much better will be the 
result than if we follow the simpler method of using a definite unit strain 
for each class of members, varied, if you please, by different unit strains for 
live load and for dead load? Touching upon the proper allowed stress for 
“tension members built of plates and shapes” calls to mind the growing 
practice of using built sections for the end panels of lower chords, and for 
the end suspender. The compression strains in these members are more or 
less remote contingencies, while the normal strains are those of tension. A 
due regard for the “eternal fitness of things” requires that these members 
present to the eye the forms of tension members, and the change from the 
eyi--bar to the built form is an offense to the eye, which cannot be too severely 
condemned and frowned upon. Engineering structures are, as a rule, not 
aesthetic structures; but they have a beauty of their own, due partly to a
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certain grace of outline and proportion, but most of all because of a higher 
and more subtle beauty, born of an inherent expression of massive strength 
and fitness for their work. We can ill afford to sacrifice this beauty; and, 
so far as pin-connected trusses are concerned, I would make the allowed 
unit strain for built members in tension so low that the resulting quantity 
of metal required would more than balance the slight difference in cost as 
between angles and eye-bars, and thus remove all temptations to the use of 
this form of ugliness.

As to the unit strains on columns, it has been my lot to appear in print 
on that subject several times in the last few years, and I would not enter 
upon it now were it not that I believe I can add something to what has 
been said before. In Engineering News of December 22, 1888, I pointed out 
the fact that many of those who are adopting the straight line formula,

P = K — c —, give the numerical constants arbitrary values without re
gard to the relation which should exist between them, which relation had 
been established in a paper on the subject, read by me at the Deer Park 
Convention, in 1885, and published in the Transactions of the Society for 
1886. I now submit two plates, on which are plotted the lines representing 
all the straight line formulas now in use, which I have been able to collect 
those for iron being on sheet No. 1, and those for steel on sheet No. 2. (See 
Plates XVII, XVIII.)

A glance at these diagrams would indicate that the profession at large 
has become convinced, not that the law of the column is correctly represented 
by a straight line, but that any straight line may represent that law. On 
Plate XVII, line No. 3 is for L. L. on chords, and line No. 8 is for initial 
strains on lateral struts, and both are taken from one and the same specifi
cation. Please note that these lines cross each other at * = 50, which means 

that for greater lengths than * 50 he would require relatively more metal

in a lateral strut than in a top chord. I cannot think that this was the au
thor’s meaning, but rather that it results from the determination of the value 
of c by “judgment” or “guess,” rather than by the mathematical relation 
heretofore mentioned. On Plate XVIII, line No. 2 represents the equation 
for steel top chords, as used on the railroad lines with which the writei is 
connected. It has been established with due regard to the law of the column 
and correctly represents it. Line No. 16 represents the formulas which M

. 60 
Waddell recommends, viz., 11,000 pounds up to 1 50, and 11,000 X l

for greater lengths. I trust Mr. Waddell will not take offense if I ventuv- 
to point out that this formula is utterly without support in reason or ex
perience, and is a purely arbitrary assumption in every particular. It 
simply a guess and a very poor one at that, for, comparing the two lines 
the diagram, it will be seen that Mr. Waddell’s method gives results that
y = 50 are 27 per cent, too high, and at * 120 are 16 per cent, too le v.

The diagrams speak for themselves and farther comment thereon is 
necessary.

In the paper before referred to it was shown that the correct law of : e 
column is represented by a straight line, tangent to the curve of Eul* s 
equation. It was also shown, or stated, that this curve and its tang t
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possess the peculiar property that the ordinate at the point of tangency is 
always one-third of the ordinate at 0 of abscissas. I wish now to call especial 
attention to this property, as it contains the guiding principle which will 
enable us to find the proper value of c, for any assumed working strain value 
of K, in a simpler way than by the formula given in the original paper. In 
the working formulas, whatever value of K be assumed for the different 
classes of members, and kinds of stress, the value of c should be so taken 

that for -- point of tangency, P -- $ K.

It was also shown that for different forms or end bearings the points of 
tangency are as follows:

Square ends at * =......................................218

Hinged ends “ =...................................... 178

Steel.
0.12 Carbon. 

105 
159

To which I now add—

Square ends at * — 

Hinged ends “ =

Steel.
0.16 Carbon.

........ 191
. ... 156

Calling this distance to point of tangency m, then equation P K — c ^ 

becomes P K — cm, when r m.
But by the foregoing condition, we also have for that particular case, 

P = 1 K. Hence,
K

cm 3 
2K

or, c m g 

2 K
From which C ” m.............................................. (a)

Giving to m successively the values just stated, we have the following 
values of c, in terms of K:

Iron. Steel 0.12. Steel 0.16.
K K K

326 292 286
K K K

267 239 234

This will afford a simple, direct and ready method of fixing the proper 
value of c in any working formula for column strains. I give the formula 
for square ends and hinged ends both. It is my practice, however, to use 
only the hinged end formula for the compression members of bridges. There
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is no member in a pin-connected truss so fixed in direction at the ends as to 
warrant the use of the square end formula.

In regard to girder work, I wish to call attention to a practice which I 
believe is almost, if not quite, universal in the offices of the bridge com
panies. Notwithstanding the urgent advocacy of uniform loads, because the 
results are “near enough,” they will carry calculation to ultra refinement in 
the weights of angles; making the top and bottom angle of a girder, floor 
beam or stringer to differ by 0.1 or 0.2 pounds per foot. I have even seen 
these weights written to two decimals. This practice becomes absurd, if we 
stop to consider that all that the rolling mills undertake to do is to get 
within 2£ per cent, of the weights ordered; that is to say, in a 10-pound 
angle the allowed variation is 0.25 pound, and on a 25-pound angle it is 
0.6 pound. These are the limits of accuracy in Ailing the order, and any 
greater nicety in the weights ordered is worse than useless, for it introduces 
shades of difference which cannot be detected by the shop foreman or the 
inspector with the calipers and foot-rule which they carry. I would like to 
see a clause in every bridge specification prohibiting the use of any weights 
of shape iron, except those corresponding to regular intervals of j1, inch. It 
would then be possible to know that in assembling the right piece had gotten 
to the right place.

In “half through” plate girders, I notice that designers tend to the use 
of long panels with deep floor beams. This I regard as bad practice, because 
the lack of head room which prevents the use of deck girders also restricts 
the depth of floor ; and, besides, the plate girder type always seems to me 
adapted to receiving small loads at many points, rather than large loads 
at few points. It will also be found, in most cases, that the greater concen
tration of loads on a few points results in larger flange strains than with 
the more uniform distribution due to shorter panels.

By T. C. Clarke, M. Am. Soc. C. E.

Mathematics is defined as the science which draws necessary conclusions. 
Such as the premises are. so will the conclusions be. Hence we should avoid 
the error of the young engineer, described by John Phoenix, who paced off 
the diameter of his circle, and then calculated its circumference to six places 
of decimals. Professor Waddell is doing good service in trying to show that 
the simpler method of uniform loads gives results as accurate as the as
sumption of loads headed by heavier engines can do, which is more complex 
to calculate. Certainly this is a matter of proof, and it can be shown whether 
he is right or wrong. In regard to usual pressures, it is a sad thing to reflect 
that a violent gale which would unroof houses, blow down chimneys and gen
erally wreck any exposed structure presenting a solid surface will not injure 
any kind of steel or iron bridge unless already tottering to its fall like the old 
Tay bridge in Scotland. But, on the other hand, the most carefully designed 
steel bridge will be sheared in two by a tornado, as if made of rotten pint 
We must take every possible precaution to give strength, by making the 
bridge wide enough and not too high in proportion to width, and then—trub 
in Providence that the tornado will go somewhere else.

For a wood floor, that described by Professor Waddell is good; but the 
time will come, we hope, when a steel bridge without a steel floor of plates
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and gravel filling will be looked upon as an imperfect structure, except in 
long spans where a reduction of speed generally takes place. The assump
tion that a live load is twice as destructive as a dead load is a safe one, and 
should not be changed until we get more light upon the subject. Engineers, 
in calling for tenders, would do better, instead of giving a formula, to work 
out the results, and give the maximum allowable strain upon each part of 
the bridge in detail, so much for top chords, so much for end posts, etc., etc. 
There would be no misunderstanding then. I agree with all the writer says 
about the proportioning of plate girders.

GENERAL DETAILS OF CONSTRUCTION.—The best rule I know of is 
to connect the chords, posts and diagonals with pins, and rivet all other 
connections. Also in spans of less than 150 feet, rivet all connections. 
The weak point in most bridges is the riveting of floor beams to posts. This 
should be carefully looked to, to see that the maximum shear is not exceeded. 
This is a very interesting and suggestive paper, and it is to be hoped that it 
will be the means of calling forth much useful information in the form of 
discussion by those actively engaged in designing bridges.

By George F. Swain, M. Am. Soc. C. E.

The writer has been accustomed for a number of years to compute bridges 
for a uniform load, together with a locomotive excess, believing that such 
an assumed load will give results that are practically as correct as those 
which may be obtained by the use of actual wheel loads. In a paper which 
he presented to this Society in 1887,* he referred to this matter, and ad
vanced in favor of the use of uniform loads almost identically the same rea
sons which are now urged with such force by Mr. Waddell. At the same 
time, Mr. Waddell exaggerates very much the labor involved in computing 
with the actual loads, and his remarks on this point will not be concurred 
in by many engineers of experience, who have discovered the short cuts and 
simplifications that are possible in the use of the moment diagram. For in
stance, on page 9 of this paper, Mr. Waddell says: "A strong point that can 
be raised in favor of using equivalent uniformly distributed loads for finding 
bending moments in plate girder spans is that the ordinary engine diagram 
cannot be* employed, for the reason that the greatest bending will nearly 
always occur when some of the wheels at the head of the train have passed 
off the span. In consequence, one would either need to have at hand a 
moment diagram with each wheel leading in turn for each standard loading, 
or would have to discard all diagrams and make a special investigation of 
moments for each case as it arises.” Mr. Waddell has fallen into error here, 
for if some of the forward wheels pass off the span, this fact may be allowed 
for in a very simple and expeditious manner, and the advantageous use of 
the moment diagram is not in the least interfered with. The principal argu
ment in favor of using uniform loads with a locomotive excess, it seems to 
me, is that it is simpler; and that by properly choosing the loads, the re-

* “On the Calculation of the Stresses in Bridges for the Actual Concen
trated Loads.”—Transactions Am. Soc. C. E., July, 1887.
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suits will be practically as correct as those obtained with a system of con
centrated loads. The use, however, of a concentrated load system involving' 
wheel spacings with fractions of an inch is a totally unnecessary waste of 
labor, and cannot be too strongly objected to. Most engineers will cordially 
agree with Mr. Waddell upon this point.

Mr. Waddell’s remarks upon the subject of wind pressure are interesting 
and valuable. No doubt the actual amount of wind pressure to which 
bridges are subjected is very uncertain, but this is no excuse for neglecting 
to compute and to take due account of all the effects, having once decided 
what pressure per square foot to allow for.

The writer cannot agree with Mr. Waddell in his unqualified condemna
tion of double system riveted trusses. The general principle of adhering 
to structures in which the stresses are as nearly as possible determinate is 
undoubtedly sound, and will be conceded by most American engineers. No 
structure, however, not even the pin bridge with one web system, is per
fectly determinate, on account of the continuity of the top chord, the friction 
on the pins, and other circumstances; and when, as in a riveted truss, the 
joints are firmly connected, and both chords are continuous, the amount of 
uncertainty in the stresses is quite considerable, and the secondary stresses 
very appreciable. Under these circumstances, which are well understood, 
the additional uncertainty introduced by using two systems instead of one 
is small in comparison, and the advantages of the double system certainly 
deserve consideration. These advantages are principally the simplification 
of the details of the connections—an advantage which will be fully appre
ciated by any one who has attempted to design a single system riveted truss 
of considerable span, and the further fact that the destruction of one web 
member of the truss does not necessarily mean the collapse of the span. The 
terms “imaginary” and “unfounded” will have to be applied to Mr. Wad
dell’s claims in favor of the single system truss and his unqualified con
demnation of anything else, until he advances arguments and facts instead 
of simple statements in favor of his position. While most engineers will 
probably prefer single system riveted trusses in general, they will admit that 
the use of double systems under certain circumstances is not without 
justification.

Neither can the writer agree with Mr. Waddell in his unqualified con
demnation of suspended floor beams. The arguments on both sides of this 
question deserve consideration; and if it is objected that suspended floor 
beams lack rigidity, it may be replied that this objection may frequently 
be overcome, while the method of riveting the floor beams to the posts intro
duces objectionable features which cannot be remedied, namely, the bending 
of the posts, the twisting of the chords, and the consequent unequal distribu
tion of stress upon the diagonal bars, the inside bars of any one diagonal 
carrying a greater load than the outside bars. Added to this is the fact 
that the upper rivets in the floor beam connection are exposed to tension 
If Mr. Waddell considers that these objections are met by the statement 
that he has never heard of the failure of rivets in this connection, we may 
ask him if he has ever heard of any practical disadvantage arising from the 
use of a properly constructed plate hanger. No doubt suspended floor beams 
with adjustable hangers are objectionable, but a single plate hanger, riveted 
to the floor beam, transfers the load centrally to the pin, and when combined 
with proper details with reference to the lateral bracing, such a construction
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certainly has a great deal in its favor, and is not to be condemned without 
qualification.

The matter of the stresses in eye-bars due to their own weight is an 
interesting and important one, but there is not space to discuss it thoroughly 
here. The writer long ago came to the conclusion that the additional stress 
due to the weight was largely counterbalanced by the effect of the pull in 
the bar acting with a lever arm equal to the deflection. The precise condi
tion of things may be found mathematically.

Mr. Waddell's floor system is a good one, though the writer much prefers 
to have the stringers under the rails, and safety stringers outside. The dis
tance of the inside guard rails from the track rails, where re-railing devices 
are not used, is a matter regarding which there is much bad practice; and 
the writer has seen, on some important lines of railroad, these inside guard 
rails within 2 inches of the track rails. In such case they would be worse 
than useless, since a wheel could not run between the two rails, and even 
a 6-inch space, which would allow a wheel to enter, is not sufficient, since 
the opposite wheel would even then cramp the track rail, especially in the 
case of a narrow-gauged pair of wheels. With regard to the collision posts, 
the writer must confess that he doubts their value, and cannot but feel that 
they may, in many cases, do harm instead of good.

Mr. Waddell apparently considers the “fatigue formula" for determining 
dimensions to be unnecessary and burdensome, yet he proposes a form of 
it which is in principle the same thing. The difficulty which he encounters, 
in considering this matter, appears to arise from the fact that he does not 
separate the effect of impact from the effect of repeated stress. The matter 
of repeated stress is simply this: if a load of 55,000 pounds, applied grad
ually and once, is required to break a bar, then any less load will not break 
it, if applied once, and allowed to remain ; but if the load is varied between, 
say, 45,000 and 30,000 pounds, rupture will finally occur; or if the variation 
is from 40,000 to 20,000 pounds, or from 30,000 pounds to zero, rupture will 
in time occur. Now, those who use the repeated stress formula believe that in 
each case, for a given ratio of maximum to minimum stress, the factor of 
safety should be allowed on the ultimate strength for this same ratio of 
maximum to minimum. That is to say. using the above figures simply for 
illustration, if the factor of safety is five we should allow:

11,000 pounds per square inch for a bar in which max. min.
9,000 “ “ “ “ max. 1.5 min.
8,000 “ “ “ “ max. = 2 min.
6,000 “ “ “ “ min. — 0.

These results are unquestioned, although the effect of time—both during 
the application of the load and between loads—has not, until very recently, 
been carefully studied. Now the effect of impact is a separate matter, and 
the writer can see no correct method of allowing for this except by adding a 
certain percentage to the live load stress, adding to this the dead load, and 
treating the whole as a dead load. If this method is used, all difficulty 
vanishes. The percentage to be added should be assumed by the engineer 
according to a sliding scale, using judgment and experience in default of 
accurate experiments; then the factor of safety for a dead load must be de-
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cided upon, and used on the ultimate strength according to one of the re
peated stress formulas, or used on the elastic limit, to suit the opinion of 
the designer. Mr. Waddell’s formula will not suit all cases, highway as well 
as railway bridges, simply because the impact is different in these cases. 
And, in this connection, the importance of using a sliding scale in varying 
the unit stresses may well be again urged. Surely it is unscientific to allow 
10,000 pounds per square inch for bottom flanges of plate girders over 20 feet 
long, and 9,000 pounds when they are under 20 feet long. This practice will 
result in giving heavier flanges for a girder slightly under 20 feet in span 
than for a girder slightly over 20 feet span. And surely the allowable stress 
for chords in a truss 500 feet long could be greater than for chords in a 
truss 100 feet long, on account of the difference in impact, although by Mr. 
Waddell’s formulas the same would be allowed in both cases. The writer 
may add here that personally he believes the use of a repeated stress formula 
unnecessary, on account of the fact that no load below the elastic limit will 
produce rupture of a sound bar, however often applied. He advocates using 
a factor of safety for dead load, based upon the elastic limit, and allowing for 
impact by a sliding scale of percentages.

Mr. Waddell advocates the straight line formula for posts, and protests 
against the use of * „ for compression members, claiming that it involves un

necessary labor. The difference of labor between using the ordinary formula 

with and that with is very slight, and it may not be out of place to 

point out here that the straight line formula, such as p = 12,000 — 60

is incorrect in form, and cannot possibly be a correct formula, though it may 
give results practically close enough. The correct principle to follow in de
ciding upon a formula for proportioning members would seem to be to find 
first the correct form for the formula, and then to determine the constants 
according to the results of experiments on materials. These constants will 
be subject to modification as our knowledge of the strength of materials in
creases, but the formula will retain the same form. To use a formula whose 
form is incorrect is a step towards empirical and rule-of-thumb methods, 
which Mr. Waddell and many others who advocate the straight line formula 
would in general be quick to deprecate.

A strut is exposed, in any cross-section, to a uniform compression over 

the entire area, equal to and to a bending moment due to the fact

that the strut deflects and the load does not act along the axis, this axis being 
curved. The maximum fiber stress f will be the sum of the compression and 
of the bending stress, which last we may call s. Then,

and must equal the allowable stress per square inch. Then we have,

In the straight line formula,

P = 12,000 — 60 y.

The reason why this formula is incorrect in form is that the term s is 
made constant, and independent of the load P. That is to say, the fiber
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stress, due to bending, produced by the load P is independent of that load, 
an obviously absurd statement. In the usual formula with s is made to 

vary with P, as it must, being equal to

Pll*

F * « r* *

Then we obtain,
P f

F 1 1-’
1 + — • •

The only argument that can be advanced in favor of the straight line 
formula is that it is slightly simpler. It is no more accurate, and is not as 
reliable when applied to cases beyond the range of actual experiment, because 
of its incorrect form, and there appears to the writer to be on the whole no 
sufficient justification for its use.

Mr. Waddell’s formula for wind struts appears to be proposed because in 
most cases empirical rules will make it unnecessary to use it, and for other 
cases it is “just what the computer needs.” Surely scientific method and a 
due consideration of the proper factor of safety should rule in deciding upon 
even a formula for wind struts. As regards the proportioning of inclined 
end posts for bending, due to wind pressure, it is certainly incorrect to as
sume that the post is hinged at its lower end, and that the moment at any 
point is that due to the total wind reaction acting at the foot of the post. 
Whether it is correct to assume the post as absolutely fixed at the bottom 
will depend upon the ratio between the wind pressure and the vertical load 
upon the bridge; but in most cases it is, in the writer’s opinion, much more 
nearly correct to assume the end fixed than to assume it hinged. The writer 
cordially agrees with Mr. Waddell’s remarks as to allowing, in plate girders, 
for the bending borne by the web. One point, however, Mr. Waddell does 
not refer to, namely, that where the web is not considered as resisting bend
ing, the web splices are proportioned for the shear simply, and the number of 
rivets in such splices is often so small as to render it certain that those near 
the top and bottom are much overstrained by the bending. In the writer’s 
opinion, every web splice should have two rows of rivets on each side, the 
rivets spaced about 3 inches apart vertically in each row.

Mr. Waddell’s paper abounds in sensible remarks, which have not been 
referred to, and the principal points selected for discussion have naturally 
been those in which the writer’s views differ from his.

By J. M. Johnson, M. Am. Soc. C. E.

The use of equivalent uniform loads in place of wheel concentration for 
the calculation of the stresses in bridge members would undoubtedly greatly 
lessen the labor of bridge computations, and, as Mr. Waddell points out, give 
results differing but slightly from those obtained by the method of wheel 
loads. I would be very much In favor of any plan having for its object the
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abolition of the various so-called standard engine loads, and the substitution 
of uniform loads equivalent to some such series of wheel concentrations as 
proposed by the author. However, if any uniform system of loading could 
be agreed upon by engineers, whether uniform loads or engine concentrations 
be adopted, a great step forward would be made, and the styles and propor
tions of bridges and general details of construction might safely be left to 
individual preference.

I imagine that substantial agreement among engineers can only be ob
tained upon the following points, viz.:

First.—The loads to which structures should be subjected.
Second.—Intensities of working stresses.
Third.—Kind and quality of material.

With these points definitely settled and adopted, a partial uniformity 
of detailing might in time be brought about, although it is probable that 
personal bias and differences of shop practice will continue largely to in
fluence such matters.

The loads prepared by Mr. Waddell seem suitable, and I would suggest 
no change. Although the author has developed a set of working stresses, I 
fail to find in his paper a statement of the ultimate strength and other 
physical data concerning the material proposed for general use, and in con
sequence the formulas could not well be criticised. In my judgment all 
specifications should contain requirements, stating under what conditions 
both iron and steel could be used, leaving it to the engineer to determine 
which would be the more suitable in any given case. The author leans very 
strongly toward steel, and perhaps with reason; but I would not be inclined 
to accept, as he does, the drift test as indicating where steel could be sub
stituted for iron. A quality of steel that could be subjected in thin sheets 
to any sort of rough usage without perceptible injury would probably have 
its strength seriously impaired if treated in the same way, the thickness 
being increased to the maximum of the rolls. When steel is used in lieu of 
iron, in addition to the general physical and chemical requirements, the 
specifications should, in my opinion, contain a clause limiting the maximum 
thickness of metal.

By Carl Gayler, M. Am. Soc. C. E.

The question of minimum thickness of metal in bridge work is impor
tant, and from my own experience I would strongly advocate three-eighths 
of an inch throughout. Mr. Waddell is willing to stop at five-sixteenths of 
an inch, except where the metal is very much exposed to the smoke of loco
motives, or for horizontal plates that do not drain the water off readily; he 
therefore concedes that a minimum thickness of three-eighths of an inch is 
desirable wherever smoke or rust is likely to act on the material. Now in 
most cases it is impossible to say beforehand which particular portion of ■ 
bridge will or will not be exposed to abuse. If we could be sure that the 
metal work of bridges would receive the proper care, be regularly clean* 
scraped and painted, the case would be different; but the fact is, that aft 
completion of a bridge a careful attention to its proper maintenance, ye
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after year, is the exception, not the rule. There are besides in every bridge 
some joints which are hard to reach by the painter. Right here might be the 
proper place to call attention to one feature of our pin-connected bridges in 
which they are at a disadvantage compared with riveted structures. At 
every pin joint we have a number of members- bar heads, ends of posts, chord 
sections, etc.—which are close to each other without being tight together; toe 
close to allow painting and not sufficiently close to prevent rusting. In some 
bridges these interstices have been filled with impervious material, but in 
ninety-nine cases out of a hundred this is not done. The use of packing 
rings is for this reason also objectionable, as they prevent painting of the 
pins, without being water-tight enclosures.

As far as the additional cost is concerned, the following argument seems 
to be very forcible: Any company or corporation or municipality (for I in
clude highway bridges as well) which is able and willing to keep a bridge 
in good condition is also able and willing to incur the small extra expense 
implied in the three-eighth inch limit; where, however, the available funds 
for a new bridge are limited, it becomes doubly important for the engineer 
to insist on the same, as then it is more than likely that the bridge after 
completion will not receive the necessary attention. For the above reasons, 
and taking also into consideration the effect of handling of the material in 
the shop and during shipping and erection, and the slight increase of the 
cost, we are justified in insisting on a minimum thickness of metal of three- 
eighths of an inch in all bridge work.

By Gustav Lindenthal, M. Am. Soc. C. E.

With increasing experience the disagreement among experts on the sub
ject of uniform live loads, vice engine concentrations, will probably disap
pear. Mr. Waddell makes a timely and effective appeal for a simplification 
in the computation of stresses in bridges, and I wish to endorse the reasons 
he gives on this point. In my own practice, if not otherwise obliged, I have 
for years used an uniform live load expressed by a certain number of pounds 
per lineal foot, according to the class of bridge required, and in addition a 
concentrated load rolled over the entire span. For instance, for a heavy 
railroad bridge, I assume a rolling load of 4,000 pounds per lineal 
foot, and one additional concentrated load of 40,000 pounds on one axle, and 
the combination of these stresses would give the maximum strains from live 
load, including the effect of impact. For lighter structures I use 3,500 and 
35,000 pounds respectively, and for the lightest railroad bridges of normal 
gauge 3,000 and 30,000 pounds respectively. My assumptions give much 
heavier loads for short spans. This is as it should be. Although we assume 
static conditions of loading, the swiftly moving loads at the rate of 60 to 80 
feet per second cannot be without dynamic effects, which we have at present 
no means of estimating. They are more severe on short spans, but the above 
load assumptions give safe and durable structures.

While it is highly desirable in the study of bridge strains to have a 
clear conception of the action of engine wheel loads, and that the computer 
be fully disciplined in the calculation of their effects, the practicing bridge 
engineer may well dispense with time and energy wasting methods, which 
in no wise furnish safer results in the dimensioning of a bridge. It is one
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thing to have the mathematical ability to analyze strains with great accuracy 
if necessary, and another thing to have the good judgment to avoid unneces
sary work, when simpler methods give results just as reliable, more easily 
comprehended, freer from possible mistakes in calculation, easier of check
ing, and more promising of agreement by different computers in the com
petition for work. Besides, the assumption of engine concentrations is not 
even true as representing the actual facts, since the load from the wheels is 
distributed through stiff rails and through the ties upon the stringers and 
floor beams in a more or less uncertain manner. The wheel loads, by the 
time they have reached the stringers and floor beams, are distributed, and 
are not the single loads assumed to rest on knife edges, and at the same time 
moving at the rate of possibly 80 feet per second. I agree with Mr. Waddell, 
that such nice methods, contrasted with the great variations in unit strains, 
resemble very much the “straining at a gnat and swallowing a camel.” 
When this is better understood by railroad engineers who order bridges, the 
method of computation by engine concentrations will in practice become 
obsolete.

WIND PRESSURE.—I should like to add to Mr. Waddell's remarks on 
this subject, that the lateral bracing of the bridge is more often and more 
severely strained by the lateral blows from swiftly moving engines and cars, 
causing lateral vibration, than from the wind itself. Wind force acting on 
the bridge through an elastic medium cannot be said to cause impact strains, 
but the lateral bracing is nevertheless subject to the impact strains from 
railroad trains, causing violent lateral vibration. We have no experiments 
on the force of such lateral blows from trains, but that they are compara 
tively severe will not be disputed by any one who has had the experience 
of standing on a bridge with a fast train rolling over it. In the propor
tioning of bracing for wind strains, it is probably one of the rarest things 
to calculate the lateral deflection resulting therefrom. It would show that 
most bridges of spans over 100 feet would deflect sideways several inches. 
The difficulty of making proper connections for the lateral bracing in a pin- 
connected bridge has also not yet been satisfactorily solved. As a general 
rule, the bracing ought to be made of rigid members, taking compression as 
well as tension, and thoroughly connecting and riveting up with the stringers 
and floor beams to add to its rigidity.

Regarding “Group C," namely, “The Styles and Proportions of Bridges." 
the observations of Mr. Waddell point out the advantages and disadvantages 
of certain types, although the improvements made in this respect cannot yet 
be regarded as final. Formerly the bottom chord of framed trusses was made 
of eyebars from end to end; for short spans these members were very light, 
and a great many bridges exist of 100-foot spans with six light eyebars v. 
the middle panels of the trusses. After a while the end panels were made 
of stiffened eyebars or of riveted members, and in several notable instances 
about one-quarter of the length of the bottom chord at each end was made 
of rigid members, and there is observable a general tendency to use heavier 
eyebars, fewer of them and heavier pins. In larger spans this tendency may 
be carried to a greater extent than is now the practice. It is obvious that 
it would be better to have two eyebars, 12x3 inches, than six eyeba- . 
8 x 1A inches. The former would require heavier pins, but would permit 
of more satisfactory details in the connections, the strains would be concen
trated into bulkier and stiffer members, the surface for rusting would he
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very much reduced. Long vibrating diagonals should be avoided, and in 
important bridge structures all eyebar diagonals should be stiffened by 
bracing between them.

The time is fast approaching when buckle-plate floors with stone ballast 
will be used in place of the present floor system, consisting of oak ties and 
wooden guard rails. The buckle-plate floor and stone ballast need not 
weigh more than the oak ties and wooden guard rails. It would add greatly 
to the lateral rigidity of the bridge, the gravel on top taking the noise out of 
the structure. The rails could be put in iron troughs to effectually prevent 
derailment. Re-railing devices and collision piles near the end of the bridge 
should be added ns an effectual protection against failure by derailment.

On the subject of ‘‘Intensities of Working Stresses,” which is “Group D” 
of Mr. Waddell's paper, agreement may not easily be reached. Mr. Waddell 
maintains that mild steel will in the future be used exclusively for all metal 
railway bridges, because it is practically ns cheap ns wrought iron, and fully 
ns, or more reliable. In this respect the bridge engineer is dependent on the 
progress in the metallurgical arts of making wrought iron and steel. The 
improvements of the last ten years were altogether in the manufacture of 
steel, and none in that of wrought iron, which is still made by the old 
laborious and costly process of hand puddling. But the time does not seem 
to be far distant when wrought iron will be made by some improved metal
lurgical process in larger masses and at a great deal cheapened cost, and it 
would not be difficult now to predict whether wrought iron or mild steel in 
that case would be more largely used. In the use of steel for structural 
purposes, the preponderance is that made by the Siemens-Martin open hearth 
process as against the Bessemer made steel. The mild steels will probably 
always be used for plates and for heavy members made of large single pieces 
of metal.

Mr. Waddell speaks of fatigue in metal and of the wearing effect of oft- 
repeated loads. I believe that this theory is based on tests which have no 
relation to the nature of strains in a bridge. Particularly the theory of 
fatigue in metal seems to be more romantic than true. If bridges were 
built to be overstrained, we could with some show of reason speak of physical 
changes as likely to result, from the overstraining of metal. But I cannot 
see how metal can be fatigued, or in any way affected by strains so far 
within the elastic limit. There is so far not the slightest evidence for it. 
With ample allowance for impact in certain bridge members. I believe that 
uniform unit strains can safely be used throughout for members of ordinary 
spans and modified, respectively, for tension or for compression. It simplifies 
the method of dimensioning very much. All compression members in a 
bridge should be assumed pin bearing at both ends, because in practice the 
conditions for fixed end bearings cannot be realized with certainty. The 
formula, for compression, based on the equation of a straight line, is all- 
sufficient for bridge work, ns most practicing engineers will acknowledge.

I firmly believe, that if ever breaking tests were made with full-sized 
pin-connected trusses, failure would result from the collapse of the com
pression members long before any tension member would fail. In other 
words, the factor of safety (to use this convenient if incorrect term) would 
be found to be less in compression members than in the tension members.
This ought to caution us not to go beyond a moderate ratio of * . It should 

not exceed 50. It always seemed to me. that in many of the high trestle
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viaducts, the long slender columns are of meagre safety, although we may 
show a theoretical justification for so scantily dimensioning these structures. 
We are taking chances, perhaps not big chances, but still chances, that we 
do not take with tension members. A slight lateral force from wind, from 
a flying tree branch, or slight defects in riveting up the composite pieces of 
a column, may reduce the safety in such a member far beyond what it is 
calculated for. For this reason I should, as mentioned before, make it a 
rule to use as low a ratio of j. as possible. In regard to other unit strains, 

the designer will find it necessary and proper in longer span bridges, say 
over 400 feet, to deviate from hard and fast rules of dimensioning and to 
exercise his best judgment for the sake of economizing metal. The differ
ence between members having to sustain large dead load strains and others 
with no such strains, or between members with cumulative strains and 
members subject to sudden strains, cannot be expressed by any arbitrary 
rule or formula for dimensioning. In larger structures it is necessary to 
discriminate and to use skilled judgment for that purpose. In this, as well 
as in the designing of details and connections, the aptitude of the best de
signers will gradually bring about a certain uniform practice which at 
present does not exist, although we are approaching it.

By William H. Burr, M. Am. Soc. C. E.

Mr. Waddell’s adverse criticism of the use of engine concentrations in 
the calculation of stresses in bridge trusses is, I think, well grounded. The 
amount of labor involved in the determination of stresses, with the almost 
infinite number of different sets of concentrations and wheel spacings which 
are used in the formation of the diagrams usually prescribed by railroad 
engineers for the governing of their bridge designs, is certainly most exces
sive for even the best of computers, except, possibly, now and then one with 
a most rare mental equipment. Even this requirement of excessive labor 
might be borne with some patience and equanimity if the resulting com 
putations were entitled to any greater degree of confidence; but as a matter 
of fact, every engineer knows that locomotive concentrations and wheel spac
ings for the engines actually constructed upon any one given road will vary 
from season to season, or even perhaps in the same season; hence if any 
standard engine or set of standard engines be prescribed with wheel weights 
to the pound and wheel concentrations to the hundredth of a foot, it is al 
most a certainty that no locomotive will ever pass over that road and pro 
duce the same stresses as that shown with such extraordinary accuracy in 
the specifications. It is extremely probable that within a short time after 
the issue of the specifications the load shown will be considerably exceeded 
and just why stresses which are absolutely certain to be considerably in 
error should be computed with such distressing accuracy is not very clear.

Again, if it were among the possibilities that the bridges of any road 
should carry precisely the locomotives prescribed in the specifications, it is 
an absolute certainty that the variations in track conditions from one por 
tion of a season to another portion of the same season, under the rapid pas
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sage of trains, will produce vastly greater variations from the stresses so 
accurately demanded than those computed from a simple uniform load or 
from the latter, headed by a single concentration. Again, the sections of 
members designed to meet the requirements of a given stress diagram are 
never mathematically equal to the total stresses divided by the unit stress; 
nor is it of the slightest consequence that they do so vary ; and it is not infre
quent that the percentages of such variations are considerably greater than 
the variations of stresses due to a uniform load from those produced by con
centrations. It is therefore most unreasonable and most unscientific that 
such refined and determined efforts should be made to secure extraordinary 
accuracy in one direction, only to be completely obliterated and displaced by 
very considerable but absolutely unavoidable errors or inconsistencies in 
other directions.

It is to be hoped that the observations of Mr. Waddell will induce en
gineers to give this matter of bridge loading that thorough and common- 
sense treatment which it has never yet received, and without which numbers 
of long-suffering bridge companies’ offices have endured untold torments of 
excessive computation. Nothing is to be gained by this figment of ridiculous 
lefinement; in fact, much is to be gained by its relegation to obscurity. A 
solacing memory will always be preserved for its admirers by the awe
inspiring literature which Mr. Waddell has pointed out, and which has been 
written to show what splendid mathematical gymnastics can be performed in 
its treatment. But it can be confidently asserted that no single structure 
has ever been made a shade better for its purpose, or more creditable in its 
design by the use of the method.

I do not concur with Mr Waddell in his suggestion of displacing this 
overrefinement by what seems to me to be another almost if not quite as 
bad If equivalent uniform loads are to be used, then some established posi
tion or condition of the engine concentrations must be assumed in reference 
to the trusses to which they are to be applied, and the load equivalent to them 
thus placed be found; or else there will be numberless equivalent uniform 
loads to be determined for each locomotive system. As a matter of fact, there 
is no such thing as an equivalent uniform load for a given system of loco
motive concentrations followed by a uniform train load. Every position of 
the latter load for every different shear and every different chord stress in a 
given structure has its corresponding load; that is, such a uniform load as 
will produce the same shear or the same bending moment as the system of 
engine concentrations for the position in question. It is true, as Mr. Wad
dell observes, that such an equivalent uniform load may be found as will 
make all the truss stresses for a given bridge vary not more than 2 or 3 
per cent, from those caused by the concentrated load, but a simple uniform 
load with a single weight at its head equivalent to the engine excess or 
excesses will produce a system of stresses with at least the same degree of 
accuracy, and will thus avoid the tedious computation of an equivalent 
uniform load.

I see no reason why Mr. Waddell should not go one step further and abol
ish the equivalent uniform load at the same time that he relegates the engine 
concentrations to uselessness. The engine or engines which are taken at the 
head of any prescribed moving load will give a certain excess over an equiva
lent length of uniform train load. Now, if this excess, considered as a single 
weight, be placed at the center of gravity of the locomotive or locomotives,
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the resulting truss stresses will be essentially identical with those caused 
by the actual prescribed locomotives and train. But if, instead of taking the 
trouble to find by computation the center of gravity of the locomotive or 
locomotives, we place this excess as a single weight at the head of the train, 
we shall make a very slight error only on the side of safety for all the web 
members, and an equally small error also on the side of safety for the choid 
members, if we place the uniform load over the whole bridge and then place 
the single weight in succession at all the panel points of the span. I say 
place this excess at “all the panel points of the span," for the reason that in 
all cases the locomotives ought to be preceded and followed by the uniform 
train load, although this is not often done. If it is not done, an actual condi
tion of loading is ignored, and the resulting error is on the side of danger.

All the computations required for the truss stresses with such a uniform 
load and a single excess, ns is here advocated, involve only the simplest 
possible stress computations, which can be done with great rapidity by any 
one who has even a slight knowledge of the rudiments only of the theory. 
It is rational and scientific, in that the locomotive excess is recognized and 
provided for in its proper position; at the same time, every possible degree 
of accuracy which can be attained by any system of computation is also 
secured. Finally, it avoids entirely the necessity of computing the purely 
imaginary quantity called the “equivalent uniform load." If there is any 
valid objection to the uniform load with a single excess found in the man
ner indicated, I have not yet been able to discover it, and I have never 
heard it advanced.

In the preceding discussion I have confined myself to truss stresses only, 
as it seems to me that a system of concentrations should be provided for the 
design of the stringers and floor beams of a railway bridge. I do not be
lieve it is necessary to prescribe actual locomotive diagrams for such a pur
pose, although even such a diagram does not involve an unreasonable amount 
of labor for the purposes of the short plate girders of a railway bridge floor 
system. I should say that the essential purposes of any system of locomo
tive concentrations can be secured by a set of weights, three or four in num
ber, as the case may be, which, while arbitrary to a certain extent, can be 
made easily equivalent to the general type of locomotives in use on any 
given road. I do not, however, consider this feature of bridge computations 
a very important one. The calculations involved for a floor system under any 
system of locomotive concentrations may be considered as too small in 
amount to merit any very serious discussion. It would simply render com
plete any simplification for bridge loads by using some such arbitrary sys
tem of weights as I have just indicated.

I heartily endorse all that Mr. Waddell states in regard to the use of steel. 
Whether it will be the material to be used in all bridge spans, both short 
and long, is simply a question of cost. Whenever a short span steel bridge 
can be produced at the same or less cost than one of wrought iron, the steel 
will certainly displace the latter. I am aware that my confidence in the us. 
of steel is not shared by many members of the Society, but I am forced to my 
convictions by my experience with the metal. I have frequently subjected 
steel plates and rivets to almost every conceivable manner of abuse by ham 
mering at blue heat and when cold, with the invariable result of increasii 
my confidence in and respect for the metal. I am now speaking of steel with 
an ultimate resistance of not over 65.300 pounds per square-inch, produce!
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by the open hearth process, and with phosphorus not more than about six or 
seven hundredths per cent. It is true that I have seen countersunk heads 
torn off by a very dull flogging chisel under the blows of heavy sledges, but 
I have also seen the best wrought-iron rivets torn off in the same way with a 
considerably less number of blows from the same sledges.

The processes for producing structural steel are now so completely under 
control that it may be produced with the some uniformity ns, or greater than, 
that of wrought iron in the same shapes or bars. The effects that are liable 
to be produced by the various stages of shop processes, and their influences, 
are so well understood at the present time that I know of no reason why steel 
members should suffer under them any more than those of wrought iron; 
and numberless experiments upon the effect of punching have shown that 
structural steel of the grade described is less injured than the best of 
wrought iron used for structural purposes. It is true that cracks must be 
guarded against, for when once started, if they receive no further attention, 
their limits are indeterminate; but it is quite true that no process of shear
ing or punching with tools in anything like respectable condition will start 
such cracks, and it is not by any means difficult to discover them, even when 
punching or shearing abuse has brought one into existence.

In the miscellaneous exigencies of railway and machinery practice it has 
been found that when a metal is demanded that shall possess the longest life 
under the most severe loading and use wrought iron must be displaced and 
steel used; and the results of my experience have convinced me that resort 
may be wisely made to the same material of proper grade in bridge construc
tion. If the so-called mysterious fractures which occur in wrought iron, and 
in the best grades of that material, were as much talked about and as thor
oughly written up as those occasional ones in steel, I have no doubt that gen
eral confidence in the latter material would be much less impaired than it is 
at present. I have known so many failures of wrought-iron members for 
various purposes which certainly ought to be put in the same category as 
those so-called “mysterious failures” in steel that I think fibrous wrought 
iron must be classed as at least as uncertain as homogeneous steel. It mat
ters little whether from the producer or the puddling furnaces to the fin
ished bridge member, steel or iron requires the greater amount of inspection; 
in either case only the most ordinary and reasonable scrutiny is required.

The subject of permissible working stresses for steel is one which can 
scarcely be properly covered within the limits of this discussion; but I would 
say approximately that for the grade of structural steel under consideration 
the working stresses should not be more than 20 to 25 per cent, in excess of 
those for wrought iron. The views of wind pressure and resulting stresses 
taken by Mr. Waddell strike me as being a little too severe. Strictly speak
ing, we know actually nothing of the quantitative characteristics of wind 
pressure on large surfaces, but we have every reason to believe that they 
are much less than ordinarily assumed in bridge specifications. The only 
possible exception to this statement is that of the pressure of the most in
tense cyclones; and even in such cases the highest pressures probably do not 
cover more than a portion of the surface enclosed in the outline of a truss 
500 feet in length.

I think the suggestion to stiffen the two lower chord end panels at each 
end of a span is one that should be followed; but I do not believe it is cor
rect to consider the end post in the computation of portal stresses as resting
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upon a pin at its lower end. It may not be, and probably is not, strictly a flat 
end column, but it is quite certain that it is not a pin end column. I believe 
it to be much nearer the former than the latter, and would so consider it in 
all cases, as being a sufficiently close approximation. I believe also that so 
long as the wind stresses in the lower chords of bridges do not exceed three- 
eighths of those caused by the fixed and moving load, they may be neglected. 
In computing these stresses, however, for the reasons already given, it does 
not seem to me essential to consider the transferred truss and moving loads, 
either for the stringers or the lower chords. The ordinary method of de
signing stringers and floor beams gives a sufficient margin of safety over 
and above the nominal working stresses to provide for any excess due to 
transferred loads from wind pressures; and although the method is not 
strictly scientific, it involves no appreciable waste of metal, is sufficiently 
near for practical purposes and avoids useless refinement and complication. 
Regarding the wind loads in the upper chords or trusses, I can see no im
provement over considering them carried by the upper lateral bracing 
directly to the portals, and through the portal posts to the wall plates.

By L. L. Buck, M. Am. Soc. C. E.

The title of Mr. Waddell's paper is somewhat of a misnomer, inasmuch as 
many of the points considered are not disputed. I intend, only in discussion, 
to briefly state my own opinion regarding a few of those points upon which 
I do not agree with him. The question of using equivalent live loads, con
sidered as uniformly distributed, might, in some cases, simplify computa
tions; and might not be objectionable if we were sure that the computation 
of stresses would always be performed by competent men, who would care
fully watch all changes in distribution of live loads and estimate the proper 
uniform equivalents. But much of the success which has attended American 
bridge engineering has been due to men who were willing to devote the 
labor necessary to following through, in detail, the stresses produced by the 
various distributions of the live loads; and it will be an unfortunate condi
tion which shall drive such men from this work until we have arrived at 
more permanence in the various classes of loads, and construction has reached 
a point at which further improvement is not needed. That point is not yet in 
sight, and more hard work will be necessary before we reach it. When Mr. 
Waddell comes to the subject of “wind pressure,” he appears to have adopted 
a more complex treatment. Here we are dealing with a force whose effect 
upon surfaces of large extent we have no means of accurately gauging, and 
it is difficult to see how a suitable gauge can be constructed. But it is safe 
to assume that rules regarding it which have proved safe during the years 
that they have been in use will continue to be so in the future.

As to the styles and proportions of bridges, there are several forms of 
truss which have given good results. The riveted lattice can be made very 
efficient, and in its construction there appears to be no objection to multiple 
triangulation. The Pratt truss, with vertical intermediate and inclined 
end posts, has undoubtedly met with the greatest favor for railroad bridge?
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It gives reasonable simplicity of construction and promptness of erection. 
In arranging the trusses my preference is for single triangulation, and, 
within reasonable limits, to use as long panels as the length and depth of 
span and proper inclination of the diagonals will allow. In this connec
tion it does not appear clear why Mr. Waddell proposes to increase the width 
of the body of the lower chord eyebar, as he increases the length of the 
panel. As the span is increased it is necessary to use larger bars to avoid too 
great length, in proportion to diameter, of pin. But there is no economy in at
tempting to make the bar act as a beam in sustaining its own weight. The 
nearer it can come to assuming the catenary due to its own weight and the 
tensile stress upon it, without acting as a beam, the better. Stiff lateral diag
onals doubtless give greater lateral rigidity to the track floor, and if secured 
to the lower flanges of the track stringers where they intersect them, are 
economical. It is desirable, as far as possible, to have the lines of the diag
onals pass through the intersections of the axes of posts and chords. But it 
is difficult to accomplish this where eyebar chords are used—practically, it is 
apparently impossible. Stiff or riveted-up chords lend themselves to this 
purpose more readily, and in spans up to 175 feet, where often the end panel 
and that next to it are made stiff, it might be well to consider the advisability 
of making the chord stiff throughout.

The suspending of the floor beams of iron truss bridges under the lower 
chord is objectionable generally, though in the case of drawbridges it has 
the advantage of allowing the lower chords to have nearly as great expo
sure to the direct rays of the sun as the upper, and thus, in a measure, pre
venting the diurnal fluctuations of the elevations of the ends. The spaces be
tween center lines of iron or steel track stringers is important. If too near 
together, they are not only dangerous in case of derailment, but the rolling 
tendency of the locomotive when laboring, and of the cars from wind pres
sure, subjects them to a greater stress than is often taken into account. My 
own practice is to place them 7 feet apart. Regarding their fastening to the 
beams, I have never known any to get loose when secured to the beam webs 
in the usual manner with a sufficient number of rivets. If the stringers 
have a sufficient depth, the curvature of their deflection will not exceed that 
of the span sufficiently to produce any serious stress upon the connecting 
angles.

In re-enforcing the upper flanges of transverse beams, where the tops 
of the stringers are below the tops of the beams, I have sometimes used a 
piece of channel with trough side up, and its web riveted to the beam flange, 
instead of a cover plate, and laid a piece of timber in the trough, with its 
upper surface level with that of the cross-ties. This gives less thickness to 
rivet through, gives greater lateral stiffness to the flange, and permits of 
leaving a space between the beam and the nearest cross-tie on each side.

The intensity of unit stresses is an important one. It would be still more 
so if we had arrived at a maximum intensity of live load, but at present a 
small unit stress for the live load appears desirable, for the reason that we 
may reasonably anticipate that increasing intensity of the live loading will 
make its unit stress large enough in the near future; and if we can deceive 
ourselves into the belief that a very small unit stress for the live load in 
proportion to that for the dead load is necessary, our bridges will last the 
longer for it.

All these questions are so interesting, and so many of us have learned
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to look forward to continued growth in knowledge regarding them, that we 
cannot avoid hoping that their final settlement for all time may not be so 
near as the final clause of Mr. Waddell's paper appears to indicate.

By J. B. Johnson, M. Am. Soc. C. E.

It would seem that Mr. Waddell has made out a satisfactory case against 
the further use of wheel load systems in the designing of simple railway truss 
bridges. Although the technical schools have not in any way been respon
sible for the introduction of these laborious methods, they have tried faith
fully to adapt the instruction in this branch of engineering to the require
ments of actual shop practice, and are therefore largely responsible for the 
great elaboration of many of the details and graphical expedients which now 
are recognized as essential features of them. The professors in these schools 
will, however, welcome a return to shorter and simpler processes if they can 
be shown to give satisfactory results. The two years which our engineering 
schools can give to imparting strictly professional instruction should be 
reserved, ns far as possible, for the teaching of principles, and as little time 
given to methods as is consistent with a fair degree of efficiency in field and 
office on graduation.

An entire abandonment of the concentrated wheel loads processes would 
result in a considerable saving of time, which might be more profitably spent 
in the further study of principles. It has been the writer’s custom to prove 
theoretically to his classes that if a uniform loading be taken, giving the 
same bending moment as the wheel loads at the “quarter point,” or at the 
joint nearest to this point, the resulting stresses in all members will very 
closely approximate to those from the actual wheel loads moved across the 
bridge. Mr. Waddell’s table on page 270 is a further proof of this fact. 
Omitting his 100-foot truss span, of four panel lengths, a.3 being too short 
for such a comparison of methods, but taking his other lengths up to 300 
feet, we have:

■„.d.
150-foot 1 200-foot | 250-foot | •£-

Mr. WhiIiJpII’h average unit loud. .....................1 321ft MM 3112
Unit luiicl nt cjuiirt«*r point............... 3214 1 3107

Pereentoge of difference».............. .....................| 0 0 percent, j l.o percent. j 0.2 per cent.

It would appear, therefore, that the “quarter point” might well be taken 
as the point at which to compute an equivalent uniform load, giving the 
same bending moment ns the maximum moment from concentrated or wheel 
loads. The equivalent uniform load per foot for this position is

32 M

where m maximum moment at the exact quarter point for wheel loads. 
This equation to be used where the number of panels is a multiple of four. 

If the quarter point does not fall at a panel point, or when the number
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of panels is not a multiple of four, then take the nearest panel point, prefer
ably that one towards the center from the quarter point, and use the fol
lowing equation:

2
(2)

m (n—m) p*

where w equivalent uniform load per foot.
n number of panels in bridge.
m the number of the panel point taken, counting from the near 

end and calling the end support zero.
Mm maximum moment at the mth joint for the concentrated wheel

p panel length in feet.
Equation (2) reduces to the form given in (1) when n is a multiple of 

four.
FLOOR BEAM CONCENTRATIONS - Mr. Waddell seems to have never 

read Professor Swain’s paper on “Stresses in Bridges” in the Transactions 
Am. Soc. C. E., Vol. XVII, where, on page 37, the method of finding floor 
beam concentrations from the equivalent uniform loads, rediscovered by 
Mr. Waddell, is fully explained.

FIBER STRESS IN EYEBARS FROM THEIR OWN WEIGHT —Mr.
Waddell, in common with many other bridge engineers, opposes the 
use of long shallow bars because of the unknown fiber stresses caused 
by the dead weight of the bar. This is an interesting question, and 
so far as the writer is aware it has not been investigated. When an eyebar 
is pulled to its working limit, it is still bent downwards by the full force of 
gravity upon it. But when it sags from a straight line, the pull on the 
bar, as well as the bending stresses, tend to hold it straight. There are, 
therefore, two external forces acting on the bar, one tending to deflect it and 
the other tending to hold it straight. The residual bending moment is held 
in equilibrium by the resulting moment of resistance in the bar.

If a section be taken at the center of the bar, we have—

where w — weight of bar per inch.
1 - length in inches.

P - total pull on bar. 
v deflection of bar at center, 
f fiber stress due to this deflection, 
b breadth of bar. 
h height of bar.

But w = 28 bh.
P pbh, where p = working tensile stress on eyebar.

5 fl»
V=— —— where E modulus of elasticity = 28,000,000; whence we

24 Eh

4,700,000 h

22.400.000
(4)
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If, in this equation, the first differential co-efficient of f with respect to h 
be put equal to zero, we obtain, for the depth of bar giving maximum fiber 
stresses—

h = (5)

If this value of h be substituted in Equation (4) we have, for the maxi
mum fiber stresses for those depths given in Equation (5)—

500 1
f max. ................................................................. (6)

V P
From Equations (5) and (6) the following table of depths giving maxi

mum fiber stresses, and the corresponding stresses per square inch on the 
extreme fiber, due to bending only, has been computed:

Table of Depths and Maximum Fiber Stresses.

Wnrltln
Lb.mith ok Eykbabh in Feet.

Strf'HHCH 20 10

|MT Hl|llliri>
Fiber

i Kt” i straw £ 1 Straw 3
f "‘r— Straw

l.lm , | | I,b».. I Lb*., I.,.» 11..
In. Si|. Ihr. III. Sq. Ins. In. .......... -

i oui 4.:> | 1 :i4o
«. :i 1 iVMi 1 sou

r».ii 1 1 mu <1.7 1 :I70 2 1!"'
7.5 I 1 270 10 5

4.8 720 «.« | »» *•* I 131,1 *'• i 440 11.11 1 INI 12.» Ï 92"

For other depths, lengths, or tensile stresses, use Equation (4).
From this table it is evident that the depths producing maximum bend

ing fiber stresses are in general those in common use. Also that the bending 
stresses in the extreme lower fibers, which are to be added to the working 
stresses, are not inconsiderable, but will vary between 10 and 20 per cent, 
of the working stresses in lengths of from 15 to 30 feet.

By Henry T. Eddy, C. E.

This paper is a move in the right direction. If an agreement can be 
secured among bridge experts as to the various points noticed in this paper, 
it will, I am sure, mark a distinct advance in bridge designing. I am espe- 
cially interested in that part of the paper which relates to computation and 
to the adoption of some limited list of typical loads. An agreement as to the 
amount and distribution of the wheel concentrations which bridges shall be 
designed to carry is wanted by those who advocate the employment of 
equivalent uniform loads, as much if not more than by those who propose 
to compute directly from the wheel loads themselves; for the only basis for 
these equivalent loads is the amount and distribution of wheel concentrn- 
tions in place of which they are taken.
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It seems to me that Mr. Waddell’s reference to my paper is based upon 
a misconception which I desire to remove, and at the same time assist, if 
possible, in deciding the question whether computations may be best based 
upon assumed wheel concentrations or upon so-called equivalent uniform 
loads. The sole advantage of employing uniform loads is found, I 
take it, in the ease and simplicity of computation. The disadvan
tages are, that the equivalent load is only approximately equivalent, and 
owing to the way it is found, the degree of approximation and amount of 
the error are unknown and, in fact, vary from point to point of the span. 
Furthermore, the magnitude of the equivalent load varies for a given train 
with the length of the span. The general opinion at present is, that the 
principal members of long span bridges can be computed satisfactorily from 
equivalent uniform loads; but in short spans and in stringers and other 
details of long spans, where the wheel concentrations exert a more prepon
derating influence, I am led to believe that it will still continue to be re
quired that the designer and computer shall take account of the wheel con
centrations, however much he may dislike the work, or however certain he 
may be in his own mind that it involves unnecessary labor.

It was in view of a probable continued use of concentrated loads that I 
attempted’ to explain graphical methods of treating such loads, methods 
which I think I am justified in saying are as simple and as expeditious as 
that of equivalent uniform loads, but which involve no approximation what
ever. If I have succeeded in doing this, then the whole burden of objection 
urged against employing concentrated loads vanishes. As I understand it, 
computers would gladly use concentrated loads in case the labor were no 
greater than in using uniform loads. Now I distinctly claim that the meth
ods proposed in my paper enable the computer to do this, and I have only 
to refer in corroboration to those who have tried both methods. Notice, how
ever, that I do not claim at all that the algebraic proofs which I have given 
of these methods are in any sense simple or expeditious. In all candor I 
must acknowledge that I could wish these were less tedious, and I am sorry 
that I have been unable to discover less intricate demonstrations of these 
simple and convenient processes. I am well aware that such demonstrations 
are likely to stand in the way of the ready diffusion of a knowledge of the 
methods proposed, for no engineer will be willing to adopt methods of whose 
truth he is not satisfied. I trust that more simple demonstrations will in 
time be found, or that the ability to read mathematics will become so gen
eral as to do away with this obstacle.

The misconception into which I think Mr. Waddell has fallen respecting 
ni y paper is in supposing that the formulas I have used were intended for 
computation. Such is not the case; they are simply used, most of them, to 
convince the reader once for all of the correctness of the process he is di
rected to use, otherwise they might have been omitted. There are, however, 
certain side developments in my paper, intended specially for those who wish 
to compute by the method of equivalent uniform loads. The developments 
I refer to are simple approximate formulas for finding equivalent uniform 
loads and the approximate maximum shears at the head of a train. These 
formulas derived on mathematical principles permit us for the first time, 
so far as I am aware, to do the very things which Mr. Waddell desires to

Transactions Am. Soc. C. E., May, 1890.
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do, and to do it in some other way than by “cut and try.” It may become 
possible to gain some idea how closely the results of such a formula ap
proximate to those obtained from the concentrations themselves.

By Edwin Thacher. M. Am. Soc. C. E.

A.—I fully agree with the author, that the substitution of equivalent 
uniform loads for wheel concentrations in bridge calculations is a great 
saving of labor, and also that the results are practically as accurate. I have 
calculated stresses both ways, for hundreds of bridges with all the aids to 
calculation that are available, and I should judge that the time required 
for the calculation of stresses, using uniform loads, does not exceed one- 
tenth the time required if wheel loads are used; in fact, with a good slide 
rule the stresses can be found, using uniform loads, while one is getting 
ready to make a start with wheel loads. It may be asked, if the results are 
practically as accurate by uniform loads, why not always use them? One 
reason for not doing so is that an engineer naturally has a pride in having 
his strain sheet conform strictly to specifications; but another and the prin
cipal reason is that wheel loads give somewhat less material in the chords 
and counters, and under close competition economy is necessary. For spans 
up to 150 feet the difference is not very important, but for long spans it is 
quite considerable. If the train load precedes as well as follows the engines, 
however, which is not uncommon, the stresses by uniform and wheel loads 
for spans of any length, including cantilevers, give results almost identical

As I have already in previous discussions given my views quite fully on 
the question of uniform vs. wheel loads (see “Specifications for Strength 
of Iron Bridges,” by Joseph M. Wilson, M. Am. Soc. C. E., 1886, and 
“Stresses in Railway Bridges on Curves,” by Ward Baldwin, M. Am. Soc 
C. E., 1891), I do not wish to make any repetitions here. In finding the 
stresses by wheel loads or in making a table of equivalent uniform loads, 
the first thing to do is to prepare a moment table, viz., a table giving the 
moment about each wheel of all preceding wheels. With such moment table 
at hand, it is a matter of only two or three minutes to find the maximum end 
shear on a stringer or plate girder, and I have never felt any great need for 
a table to cover this case. It would be well, however, when preparing tables 
of uniform loads corresponding to maximum moments, to make one also cor
responding to maximum shears, and thus dispense with moment tables alto
gether. The method given by the author for finding the concentrated load 
on floor beams and suspenders by using the equivalent load corresponding to 
a length of two panels, is not new. It has been used extensively by me foi 
eight or ten years. An example of such application may be found in my 
paper, Transactions Am. Soc. C. E., May, 1884.

The author appears to have based his equivalent loads for all spans upon 
the maximum bending moment. I do not think it advisable to do this foi 
spans exceeding 90 to 100 feet in length, or for spans greater than the loin 
est plate girder used. A latticed girder I would never use unless forced * 
do so, and for trussed spans I consider it preferable to base the equivalent
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load on the maximum shear, in which case the stress in end brace and end 
chord by uniform load and by wheel loads will be identical, the stresses at 
center of chords and in counters being slightly in excess by uniform loads. 
The results will vary somewhat with the number of panels used, so that in 
preparing a table for spans of 100 feet and upwards it would be advisable 
to give a choice in a number of panels.

In the general specifications of the Keystone Bridge Company are given 
diagrams and equivalent uniform loads for ten different classes of engines. 
For spans up to 70 feet, the loads correspond to maximum moments; and 
for spans of 75 feet and upwards, to maximum shears. Since this table was 
prepared (1887), some of these loads have dropped out of specifications, and 
others have come in, and the table could be profitably revised accordingly; 
but a choice of ten different and well-selected classes of loading, it appears to 
me, ought to satisfy any railway company. I consider that the calculation 
of stresses by uniform load is really better practice than by wheel load; for it 
not only saves nine-tenths of the time in calculation, but is always safe, and 
provides, ns before noted, for a possible condition of loading not usually 
provided for when wheel loads are used. When required to make a large 
number of estimates in a very limited time, as all bridge calculators fre
quently ave, I always use uniform loads, let the specifications be what they 
may, ns it becomes simply a matter of choice to do this or not to bid on the 
work. There is no question, in my mind, but what uniform loads could be 
adopted in railway bridge specifications with great profit to the bridge com
panies and without injury to the railway companies.

I do not think the typical live loads proposed by the author the best se
lection that could be made. I would prefer to take the actual engines and 
loads in use nnd specified by railroad companies ns far ns possible, say the 
following selections:

1. —Erie. 2-80.75 ton consolidation engines followed by 2,240 pounds per
lineal foot.

2. —B. & 0. 2-86.0 ton consolidation engines followed by 3,000 pounds per
lineal foot.

3. —P. C. & St. L. 2-92.3 ton consolidation engines followed by 3,000
pounds per lineal foot.

4. —L. & N. 2-97.75 ton consolidation engines followed by 3,500 pounds
per lineal foot.

5. —Penn. 2-100.0 ton consolidation engines followed by 4,000 pounds per
lineal foot.

6. —E. T. V. & Q. 2-105.0 ton consolidation engines followed by 4,000
pounds per lineal foot.

7. —B-. & D.—2-112.0 ton consolidation decapod engines followed by 4,000
pounds per lineal foot.

8. —Lehigh. 2-126.0 ton consolidation engines followed by 4,000 pounds
per lineal foot.

9 —L. & N. 1-80.5 ton, 8-wheel engine, 68,000 pounds on drivers, 9 feet
centers.

10.—Penn. 1-89.0 ton, 8-wheel engine, 80,000 pounds on drivers, 8 feet
centers.

Loads 9-10 apply only to cross-ties and short spans.
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Railroad companies are not likely to change their specified loads unless 
they find it to their interest and advantage to do so; neither do they care 
how much work and expense is borne by a bridge company in estimating on 
their work, so long as they do not have the bill to pay. For these reasons I 
do not think it probable that the author’s proposed loads will be adopted 
to any great extent, and if not adopted the tables prepared therefrom would 
be useless. On the other hand, tables of equivalent uniform loads, corre
sponding to the engine and train loads above given, would be very useful 
to all calculators and a valuable contribution to bridge builders, indepen
dent of any action that may be taken by the railroad companies; for they 
could be safely and profitably adopted by the calculators in all cases for 
spans up to 150 feet; and if railroad companies would provide (as does 
Mr. Bouscaren in his specifications) for a train load to precede as well as to 
follow the engines, they would get a better bridge, and calculators would 
be relieved of a great burden, as uniform loads can then be adopted in cal
culation for spans of any length. Railroad companies can then continue 
to specify wheel loads if they prefer to do so, and all parties will be satisfied.

B. —For wind pressure, I believe an allowance of 150 pounds per lineal 
foot for unloaded chords, and 450 pounds per lineal foot for loaded chords 
for spans up to 200 feet, is ample for ordinary cases. For longer spans 
greater allowance should be made, and for special cases of double decks, 
high fences, etc., 30 pounds per square foot of exposed surface appear to 
me sufficient. To resist these forces, I would allow 20,000 pounds per square 
inch on iron lateral rods. It is not likely that one bridge in ten thousand is 
ever exposed to a wind force of 30 pounds per square foot, or one bridge in 
a thousand to a force of 10 pounds per square foot. Even if it should be 
exposed to a force greater than 30 pounds, the bottom chords of the great 
majority of trussed bridges would be buckled before the stress in the rods 
reached the elastic limit. My ideas on the wind question are given quite 
fully in discussions of Paper No. 335, Volume XV, wherein is given an ex
ample of a 200-foot span through bridge. In this example, the trusses are 
17 feet 9 inches center to center, better designed than the average through 
bridge and far better than the average deck bridge to resist wind; yet it 
is found that a force of 20 pounds per square foot will buckle the second 
panel of the bottom chord; a force of 23 pounds, the third panel ; a force of 
31 pounds, the fourth panel ; a force of 35 pounds, the fifth panel; and a 
force of 39 pounds, the center panel.

Specifications frequently make excessive provision for wind and initial 
stress, which, if observed, leads to much waste of material. Mr. Cooper, 
who is entitled to much credit for originality, and whose specifications bear 
evidence of careful study, makes a very wild provision for the force of wind 
on iron trestles, and if any trestle has ever been built to conform therewith. 
I would be glad to make a note of it. Applied to a recent estimate for a 
trestle 60 feet high, with alternate 30 and 37.5 feet spans, the bents should 
have a width at base of about 109 feet to prevent tension; or, allowing the 
usual batter of one horizontal to six vertical, the tension will be sufficient 
to lift 280 cubic feet of masonrj —an absurd result in either case.

C. —I would leave the style of bridge to the designer, as nearly any style 
can be made to do its work well. Plate girders much exceeding 90 feet in 
length are troublesome in most shops and liable to injury in transportation 
and erection. Pony truss railroad bridges are not called for of late years
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to my knowledge, and many of the old ones have fallen down. They may be 
considered structures of the past. I prefer to have floor beams riveted to 
vertical posts in through bridges, provided the rivets are in double shear; 
but floor beams suspended by plate hangers admit of good details and a quite 
rigid lateral system. I do not see the force of the author’s remarks that, in 
the subdivided Pratt truss, rigidity is increased and the top chord sections 
are more perfectly supported by sub-strut than by sub-tie. I prefer the tie 
for appearance sake, though in all comparisons made the strut is least ex
pensive, as stress travels in a much more direct route to the supports.

If the width between centers of trusses in long span bridges is one- 
twentieth of the span, the span becomes practically a trussed column of 20 
diameters, and the top chord sections (whatever their dimensions) should 
not be proportioned for a less number of diameters. This consideration 
alone is sufficient to govern the width between trusses after obtaining the 
necessary clearances. No doubt an increase of minimum clear width from 14 
to 16 feet would make a safer bridge, but it rests with the railroad com
panies to decide whether the extra safety is worth the extra cost. I prefer 
a space of 9 feet between centers of track stringers. This allows guard rail, 
cross-tie, and stringer to be connected conveniently by the same bolt; it is 
cheaper than any less width, and less effect or inequality of stress is pro
duced by train oscillation. It requires a heavy timber floor, which is an 
advantage and materially assists the bottom chord to resist reverse stress 
from wind, and we have found this needed if only 30 pounds per square 
foot pressure is specified.

D.—I doubt whether steel will ever be used in bridge work more exten
sively than it now is. There is no economy in reamed steel for small trussed 
spans. Steel of the mildest grades is less reliable than iron. In the drop
ping or overturning of girders in wrecks, careless handling, or abuse of 
any kind, steel suffers much more severely than iron. Steel is unquestion
ably safe under ordinary conditions of stress, but I do not believe it can 
ever be made the equal of iron under all conditions.

As remarked by the author, the intensities of working stresses that 
should be used on bridge material remains much a matter of individual 
judgment on the part of the engineer. The author appears to have adopted 
for tension members the fatigue formula recommended by Launhardt, instead 
of a modification providing for impact, and asserts that a formula involving

maximum

minimum
the factor surely incorrect. I do not agree with him.

Whether bridge material does or does not suffer fatigue is a matter of no 
great consequence. All engineers are agreed, that greater provision should 
be made for a live load than for a dead load, and my own opinion is that 
about double provision should be made; as, for example, I consider a mem
ber subjected to a constant stress of 15,000 pounds per square inch as safe 
as a counter rod in a bridge figured for 7,500 pounds per square inch. Hav
ing fixed on the minimum and maximum limits of stress, it appears to me 
reasonable to draw a straight line between them, and let all intermediate

values of be found on this line; the formula does this and nothing

If an engineer considers that members subject to dead loads should be
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allowed only 25 per cent, greater stress than for live load, he can use the

formula at 1 + -

If he wishes to allow 50 per cent, greater stress for dead than for live

)load, then he can use « 11 +

If 100 per cent, appears correct, he can use «11 H--------- 1, as I make

a practice of doing.
These formulas recognize fatigue only to a small extent. The formula

7.500 for iron tension members appears to me good enough.

Mr. Cooper allows 8.000 pounds for all'live load and 16,000 pounds for all 
dead load, which gives a variation from the formula of 6 per cent, at ex
treme limits and less than this at all other points. The application of Mi 
Cooper’s specifications in their present form is burdensome to computers, 
owing to the necessity of finding the stress for dead and live load separately 
for ench individual member. This may be avoided, using only maximum 
stresses, and the same results be obtained by stating the requirements as 
follows:

liye load
16.000

max. load.
P

(live load x 
1 -+ ---------------------1

max. load/

(live load
1 -l-----------------------max. load.

live load
P = (14,000

max. load
All posts

The above modification will be found to save considerable labor. The 
liVe load

ratio of----------—- for web members may be taken from the shears: and for
max. load

chords from the assumed dead and live load per lineal foot. If the views 
of S. W. Robinson, M. Am. Soc. C. E., in regard to the effects of cumulative 
vibrations be accepted as facts, all of our specification will need material re
vision. The example given by the author of two long duplicate suspension 
bridges does not sustain his point. The formula which will allow a stress of

(min. v
1 -+------------ 1 ,

max. '
which for the second case allows 33,333 pounds per square inch, or practi
cally, if 15.000 pounds is allowed in the first case, 12,500 pounds will be 
allowed in the second, which appears to me about right. As the second case 
requires but nine-tenths as much material as the first, it is of course the 
stronger under the assumed condition of loading. In discussion of Paper 
335, Vol. XV, previously mentioned, I proposed the following formula for 
the ultimate strength of iron columns:

Flat ends P45,000-150+, Pin ends P 45,000—200 J,.
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these formulas representing nearly mean results of all experiments re
corded and plotted up to that time. I do not think there have been a suffi
cient number of tests made of the compressive strength of steel bridge mem
bers upon which to base formulas, but if we assume that for short blocks 
the strength is in proportion to the tensile strength of the material, and 
agree witli Mr. James Christie, M. Am. Soc. C. E., that mild or medium
steel has the same strength as iron when j, 200, we readily derive the 

following formulas for steel columns:

Ultimate strength, 60,000 to 68,000 pounds per square inch or 64,000 
pounds per square inch mean:

Flat ends P = 67.500—215 j. , Pin ends P = 57.500 260 j..

Ultimate strength, 68,000 to 75,000 pounds per square inch or 72,000 
pounds per square inch mean :

Flat ends P = 65,000 — 250 J . Pin ends P = 65,000 300 1

The above formulas both for iron and steel err on the side of safety for 
very long columns, but as the effect of the weight of the column itself is 
not always considered in calculation this is desirable.

E. —I do not consider it necessary to add to the section of bridge mem
bers on account of wind stresses unless they exceed the amount due to dead 
and live loads; for not only is the bridge very unlikely ever to be subject 
to anything approaching the wind Assumed, but should this happen the 
stress would still be well within the elastic limit, and safe. I have made a 
practice of adding to the sections of trestle legs when the combined stress 
exceeded by 50 per cent, that due to dead and live loads only, but believe that 
100 per cent, would be better in this case, as there is no merit in wasting 
good bridge material. In my paper, Vol. XIII, Plate I, Transactions Am. 
Soc. C. E., are given the stresses in three varieties of bridge portals. I in
vestigated the subject at that time and have used the results since. They 
are correct according to my views, and as I have not seen them in print else
where they may be of some service to bridge designers.

F. —I do not agree with the author that plate girder proportioning 
amounts to but little more than rule-of-thumb. To be sure, some peculiar 
and untenable theory is occasionally advanced, but in all important particu
lars I believe the stresses in plate girders are as well known, and admit of 
as clear demonstration, as in other structures.

Q.—I would never use unreamed compression steel of any grade under 
any circumstances. It may stand the drift test and bend double upon itself, 
yet, in the careless upsetting of a girder, crack like glass. As regards the 
use of steel, the question as to the most desirable grade to use has more 
interest to me than any other; if very mild steel is used in compression, the 
cost of reaming prevents in a great measure its economic use as compared 
with iron, and unless some very decided saving can be effected by its use 
I would much prefer iron. I have favored, both for tension and compres
sion, a steel having a mean ultimate strength of about 70,000 pounds, al
though I believe a majority of engineers favor a lower grade. I am in 
favor of the grade mentioned for several reasons; its use effects a material 
saving in the cost of structures; it can be furnished of uniform quality; its 
elastic limit and reduction of area are superior to iron, and in cold bending
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it is nearly or quite the equal of iron, and when annealed after forging and 
when reamed after punching, it appears to me to be as safe as the milder 
grades. If this is true, why throw away a strength of 10,000 pounds per 
square inchP and if not true, I would be glad to hear some good and substan
tial reasons why. I w'ould be glad to hear an expression of opinion on this 
important question of economy.

By C. L. Gates, M. Am. Soc. C. E.

In the discussion on the valuable paper entitled “On Specifications and 
Strength of Iron Bridges,” read by J. M. Wilson, M. A. S. C. E., in Trans
actions, Vol. XV. 1886, the fact was forcibly brought before the Society by 
several of our more prominent and well-known bridge engineers, that in 
preparing strain sheets for bridge trusses a great amount of practically use
less labor was imposed upon the contracting engineer to provide for the 
maximum strain caused by any one of the various engine wheel loads 
specified; and I am glad that Mr. Waddell at this time has again taken the 
initiative to bring this matter before the Society. Ever since the matter of 
engine concentration from wheel loads was considered in connection with 
iron bridge building, it looks as though it had been the ambition of railway 
engineers in writing up a bridge specificatioii to adopt an actual or typical 
engine load differing in wheel base and load from previously accepted ones, 
and yet in its resulting strains varying but slightly from the engine load of 
the rival railroad. Yet this slight variation requires an amount of labor not 
appreciated and hardly compensating for the accuracy in result, all of which 
Mr. Waddell clearly points out and proposes to remedy in substituting arbi
trary formulas closely approaching correct results.

To me it seems we might at this time agree upon three or four typical 
engines or equivalent concentrated loads covering nearly all cases of load
ings, and I should be pleased did Mr. Cooper so modify his standard wheel 
load to approach those of Mr. Waddell’s proposition, Mr. Cooper’s specifi
cations having ! ready so wide a reputation and having been adopted exten
sively by railroad engineers as a standard. Very likely the gentleman has 
already anticipated this necessity. 1 have for the past six or seven years 
slightly modified such wheel distances and loads for personal convenience 
in computation without varying from the general result except on the safe 
side.

Similar conditions of things at present exist in the various compression 
formulas. Without further touching upon the great divergency of estab
lished rules, I simply mention that Cooper’s formulas for steel compression 
members in long length columns give smaller resulting unit strains than for 
precisely equivalent iron sections, and to this time I have never been able 
to fully explain the very small unit strain allowed for long posts compared 
with the large unit strains permitted for end chord sections by the above- 
mentioned author.

With regard to requirements of stiffeners in plate girders it has been my 
habit to formulate for distances between stiffeners, also for the required area 
of the same and the number of rivets per stiffener, providing for the in
tensity of shear at the point in question compared with the ratio between 
the web depth and web thickness and total net web area, disregarding the
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usual clause in specifications to space stiffeners at distances equal to the 
depth of girders and never less than 5 feet apart. I believe, however, that 
not much is gained by hair-splitting diffeiences in discussion, if we at the 
same time in designing and building diverge widely from good accepted prac
tice and standard. I am surprised to find at this date in one of our large 
cities a long three and four track railway viaduct in process of construction, 
consisting of 30 feet, 40 feet and longer deck-plate girder spans designed 
for very heavy traffic and engine load, in which vertical web stiffeners for 
4j foot depths have been placed at the certainly extraordinary distance 
of 15 feet from the end stiffeners. If this viaduct is being built in accord
ance with modern practice I should like to know it, and have the engineer 
and designer, a member of our Society, to inform us; and if it is not, discus
sion on the subject would be beneficial and perhaps remedy such incongruity 
in details in an otherwise careful and skilful design.

Another point I wish to bring up is this: Why are hip joints at interme
diate panel points (between the inclined and horizontal top chord sections) 
in some of our most important long span struc
tures designed as though the transferred strain 
were through the “inclined” bearing surfaces in
stead of through the medium of properly propor
tioned riveted reinforcement plates and the pin 
such as we all very properly design for the end hip joint? With reference 
to general details of construction, it has been the writer's favorite custom to 
connect four beams to 2 (zee) iron posts as per sketch; this connection hav
ing the advantage that the beam is attached to the post through its neutral 
axis, doing away with the diaphragm plate ordinarily used for the purpose 
of equalizing the load over the two channels of the post. In conclusion, I 
would suggest that when Mr. Waddell establishes a formula for unit strain 
in steel under compression he should at the same time specify the grade of 
steel proposed to be used, a matter of the utmost importance.

By Charles S. Churchill, M. Am. Soc. C. E.

I am much interested in the paper under discussion for the following 
reasons :

FIRST.- There is certainly entirely too much variation in the specifica
tions of live loads for new bridges.

SECOND.—There are no good grounds for this great variation.
THIRD.—I think that the present varied practice will soon be simplified 

by the suggested discussion.
FOURTH.—This subject has been one of very great interest to me and 

to all the members of the Engineering Department of the Norfolk and West
ern Railroad for over three years.

In 1888 it was found necessary to make some very radical changes in our 
bridge specifications, principally on account of the adoption of heavier en
gines and cars, and, further, from the discovery that we had ahead of us an 
extremely large amount of bridge work. At the outset it was found that we 
could not adopt any special type of engine for a maximum live load, because 
many changes were probable, and, indeed, were made, before any specifica
tions were completed. It was also thought that the weights of our engines



326 RAILWAY HR!DUR DESIGXIXG

might be further increased in a few years. It was determined, therefore, to 
adopt the simplest plan of typical loading we could devise, that would secure 
to us bridges having a proper per cent, of excess strength; and to arrange 
that loading so that a change in the wheel base of any of our engines or the 
weight on any wheel would not destroy the adopted per cent, of excess 
strength of our bridges. The problem was very soon found to be a very diffi
cult one and months were spent upon it.

The attempt was made at first to use a single concentrated head load, 
followed by a uniformly distributed train load. This plan, when adjusted 
to give the proper excess strength to bridge members governed by the 
maximum bending moments, would give entirely too small an excess to the 
strength of members governed by the maximum shearing forces. The con
clusion was reached, therefore, that the proper plan of loading is a series of 
concentrated loads, followed by a uniformly distributed train load, and it 
was determined to make this arrangement of concentrated loads as simple ns
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possible. To this end, diagrams were made up showing the equivalent uni
formly distributed load per foot for various spans, that would produce the 
same maximum bending moments and shearing forces as our heaviest 
engines and train. Engines used by other roads were diagrammed in the 
same manner, also the typical loadings of various bridge specifications. 
The resulting diagrams were like Plates XIX, XX attached to this paper, 
which are copies of the Norfolk and Western Railroad standards. Such dia
grams not only furnished a means to the making of our conclusions; but, 
also, means of properly presenting the matter to the management of this

On May 1, 1889, standard specifications were adopted having a very sim
ple type of loading, in form like those of our specifications dated January !, 
1891, but a trifle lighter. On January 1, 1891, specifications wer*» adopted, 
having a loading as follows:

All bridges shall be designed to carry (in addition to the dead load) 
a live load of 4,000 pounds per lineal foot of track, of which 136,000 pounds 
is liable to be concentrated on four axles, as in Fig. 1, or 80.000 pounds to 
be concentrated on two axles, as in Fig. 2.

Plates XIX, XX clearly show to the eye what a uniform excess of 
strength we secure by this type of loading; in fact, for all spans the excess 
strength is practically 20 per cent. A large amount of bridge work has 
been erected by various bridge companies for the Norfolk and Western Rail
road Company under this form ot specifications during the last two and one-
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half years. All the bridge people have expressed themselves as pleased with 
the simplification secured by this loading; and, I think, we have taken a 
very long step in the right direction. Although the great simplification 
gained by doing away with the tender wheel load and adopting a uniform 
spacing of the four concentrated loads employed makes the direct calcula
tion of the truss strains a comparatively easy matter, still further simplicity 
is gained in the calculation of all short spans and plate girders by the use 
of the equivalent loads appropriate for each particular span as given by the 
diagrams; and these diagrams having once been plotted, it has been our 
practice to use the equivalent uniform loads in this manner, with the result 
of a great saving in time.

The advisability of removing the tender wheels of the typical loading 
was made evident from the fact that the weights on tender wheels are no 
greater than the weights on wheels of loaded freight cars; and that the 
increased train load per foot, which it is now found necessary to adopt gen
erally, more than covers any concentration to be found under our tenders. 
This plan of forming diagrams like the preceding originated with my princi
pal Assistant Engineer, Mr. Morgan E. Yeatman. The requirements of the 
problem at hand speedily showed to us its uses and brought about the above 
results. There is no reason why, by the use of such diagrams, a simple type 
of loading, like that of our specifications, cannot be adopted by every rail
road company to suit the requirements of their traffic. These diagrams are 
simply graphical representations of the tables of Mr. Waddell, and show the 
same result. I know it is the practice of several bridge companies to make 
just such tables as those of Mr. Waddell to conform to a given specification; 
in fact, the above-mentioned diagrams have been checked partly by a table 
from the Edgemoor Bridge Works. The rule mentioned by Mr. Waddell for 
finding floor beam concentrations has been used on this road for the last 
three years, and, like many other points, the proof of it was discovered 
through the use in bridge calculations of diagrams like those heretofore re
ferred to.

I trust this discussion may be continued until it results in the entire 
abandonment of a multiple form of engines for use in bridge specifications; 
and 1 hope that the above statement will indicate the uselessness even of the 
six types of locomotives proposed by Mr. Waddell for this purpose. I would 
recommend rather the use of a uniform load with concentrations at not more 
than four points, which can be so selected as to cover the present and future 
requirements of the traffic of any railroad. The loading having been adopted, 
it is a simple matter to prepare diagrams to expedite the practical work of 
calculation of bridge strains.

By Robert Moore, M. Am. Soc. C. E.

Professor Waddell’s remarks upon the unwisdom of adhering to the de
tails of some actual or typical engine in determining the loads and stresses 
in railway bridges meets the writer’s most hearty approval. The actual en
gine loads must, of course, be the ultimate standard of reference; but this is 
no reason for declining to use in all ordinary work a simple system of equiv
alent uniform loads; we might ns well insist that all measurements must be 
made with the official standard yard.

When pressed for time in which to work out the proper equivalents the
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writer has specified the loads given by a particular engine; but when he 
had not this excuse he has specified a uniform load per foot with a single 
concentrated load to represent the excess weight of the locomotive, using one 
standard for the floor system which receives its full load with every locomo
tive; a second for the web system, in which the maximum stresses are de
veloped by a partial load, and a third for the chord members, in which the 
maximum stresses are developed only by the full loading of the entire span. 
If Professor Waddell, or other parties interested, will work out a complete 
system of uniform loads equivalent to various actual or typical engines, to be 
selected or approved by a committee appointed by the American Society of 
Civil Engineers, the writer, with many others, will take great pleasure in 
abandoning the use of engine concentrations altogether. The writer also 
agrees quite fully with Professor Waddell’s remarks upon suspended floors, 
and when, some years ago, a railway manager gave the writer for revision 
a bridge specification in which suspended floors were required in all cases, he 
amended it by forbidding their use in any case. This rule he has since had 
occasion to relax in but a single instance, and then for reasons purely local 
and special. The gain in lateral stiffness by the rigid attachment of the 
cross girders to the posts is so great as to justify this method, even at the 
cost of a good deal of attention to the connecting rivets, which, however, in 
the writer’s experience, is not required. And if the attachment be made, as is 
now frequently done, by extending the web of the cross girder through a 
post made of Z bars, he sees nothing further to be desired.

As regards the spacing of the stringers, the writer very strongly prefers 
to place them exactly 61 feet between centers. With this spacing the 
outer guard rail can be fastened by hook bolts to the outer flange of the 
stringers at such a distance from the track rail (12} inches from the 
gauge side) as to insure that a derailed wheel will drop on the ties without 
climbing the guard rail, and yet keep at the greatest possible distance from 
the truss. By this arrangement the wider spacing of the trusses recom
mended by Professor Waddell is not required.

Referring to Professor Waddell’s remarks upon the use of steel in bridge 
work, the writer fully agrees with him that, except for screw bolts and 
minor members, it should be insisted upon for all first-class work. When the 
utmost economy of time and money is demanded, the writer is sometimes 
forced to allow the use of iron-excepting for eyebars, pins, rivets and con 
necting angles—but he does it with great reluctance. But in using steel he 
differs from Professor Waddell in believing that the reaming, or, still better, 
the drilling of rivet holes after the parts are assembled, is something that 
ought always to be required. This should be done not only as a precaution 
against injury to the metal and consequent fracture, but more as a means or' 
securing smooth and closely matched holes which the rivets can completely 
fill. In holes for field rivets, where tight work is so hard to get, the ream
ing is a matter of much importance, for iron no less than for steel.

By Mansfield Merriman, M. Am. Soc. C. E.

I agree with Mr. Waddell that the specification of typical locomotives 
with wheels whose distances apart are expressed in inches and fractions, or 
even in whole inches, is unprofitable. It is like computing the area of a 
circle with the value of n expressed to ten or more decimals when two or
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three would answer every purpose; indeed, it is worse than this, for in figur
ing on the circle a true result is obtained, whereas the typical locomotive 
gives stresses that can never exist. When, however, such locomotives are 
specified, it is the duty of the bridge designer to use them in his computa
tions, and it is my opinion that usually it will be better to do this directly 
according to methods which are well known to be logical and accurate, rather 
than obtain equivalent uniform loads and then find the stresses due to 
these. Of course, errors of two per cent., or thereabouts, on the side of 
danger are not important, and I would not oppose the method proposed on 
this account, but there appears to be little gained in simplicity by its use. 
Computers should adopt the method which suits them best, regarding not 
merely saving in time, but also simplicity in the logical understanding of 
the processes. I should judge that most students would find the theory of 
concentrated loads easièr to understand than that of computing and using 
several uniform “equivalent” loads to attain the same results. Those who 
write specifications and invent typical locomotives should be strongly urged 
to express the distances between the wheels in feet, or at the most in feet 
nnd half feet. This was done in Wilson’s specifications for the bridges on 
the Pennsylvania Railroad published and discussed in Transactions for 
1886, and if such were the case with all typical locomotives, most of the 
difficulty in computing stresses would disappear.

In the “Annales des Ponts et Chausses” for September, 1891, is promul
gated a new order concerning the computation, design and testing of rail
road bridges in France. It specifies a typical train load, consisting of two 
locomotives and two tenders, followed by loaded cars. Each locomotive 
weighs 56 tonnes on a wheel base of 8.60 meters, there being 4 axles equally 
loaded and equally spaced. Each tender weighs 24 tonnes on a wheel base of 
2.50 meters, there being two axles equally loaded. Each car weighs 16 
tonnes on a wheel base of 3.00 meters, on two axles. This is a very simple 
arrangement, and it is particularly praiseworthy in having no uniform load 
following the locomotives, all the cars being on wheels, as they certainly 
ought to be. “Logic is logic,” and those who persist in specifying typical 
locomotives ought not to rest content unless the entire rolling load is con
centrated on wheels. However, if a uniform load and a single concentrated 
load be specified instead of typical locomotive wheels, simplicity in every 
direction would be attained. The uniform load would range from 5.000 
pounds per foot, per track, for short spans, down to 3,000 for long spans. 
The single concentrated load might be the same for all spans, say 100,000 
pounds, and it should be given any position, either at the head of the uniform 
load, or elsewhere. I trust that the paper before us will lead to the adoption 
of such simple methods of loading.

By A. J. Du Bois, Jun. Am. Soc. C. E.

Mr. Waddell gives us a rule for finding floor beam concentrations directly 
from the equivalent uniform live load. For this rule he claims that “the 
piinciple involved was unknown to the engineering profession only two 
years since.” and he declares that he is “amazed that the principle was not 
discovered long ago.” The rule is thus put forward and emphasized by him 
as the statement of a new principle and a noteworthy addition to engineer-
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ing knowledge. Mr. Waddell is an expert bridge engineer, and his record 
shows that he understands his business. To make a slip occasionally in a 
paper written under pressure is no disgrace to such a one; and if, therefore. 
I venture to point out a slip in this case, it is simply in the interests of 
accuracy. No one, I am sure, will be more ready to candidly acknowledge 
such a slip than the author of the paper under discussion, and few can 
better afford to.

Let me say then, that after careful examination of Mr. Waddell’s demon
stration of the rule in question, I fail to find any addition to our knowledge 
or any new principle. I do not even find any principle stated at all, but 
only the statement of a rule. Now a rule is not a principle, but the result 
of the application of a principle. The principle which lies back of Mr. 
Waddell’s rule is apparently not recognized by him at all. Yet it is well 
known to him and to all of us. If it had only occurred to him, he could 
never have written about it or its consequences as he has. The application 
of this principle gives us immediately without the least algebraic work Mr. 
Waddell’s rule, and in a move general form than he puts it himself.

By the expression “equivalent uniform load for a point,” is always 
meant that uniform load which causes at that point the same moment as n 
given system of concentrated loads, to which the uniform load is thus 
“equivalent.” Premising this, the principle which is really involved in Mr. 
Waddell's rule, which he has failed to use, but which is, however, long 
known to him and to all of us, is simply as follows: A uniform load 
causes the same moment at any point of a horizontal beam supported at the 
ends as half that load concentrated at the point. Mr. Waddell knows 
this as well as all the rest of us, and if it had only happened to occur to 
him, he would have saved not only all his algebraic work, but also his re
marks about his rule, the ignorance of the profession up to that time of 
writing, the newness of his principle, and no little unnecessary amazement. 
He would have simply stated his result as a directly obvious conclusion, and 
made no further comment. For of course it follows at once, that if any given 
uniform load is the equivalent uniform load for any point of a span, half of it 
concentrated at that point and acting down, gives the same moment at that 
point as the given system of concentrated loads to which it is equivalent. 
If, however, it acts up, and the given system also acts, the moment at the 
point will be zero. In other words, the original span is now converted into 
two adjacent, independent spans, with intermediate support at the point, 
and the reaction at the point is equal to half the equivalent uniform load 
for that point for a span equal to the original span.

Here, then, is the rule more generally stated than Mr. Waddell himself 
gives it. He take his point in the center or supposes equal panels. This is 
not necessary. The result and principle hold good for any point, and are the 
direct and immediate result of a well-known principle.

When Mr. Waddell reflects that this is really the principle at the bot
tom of his unnecessary algebraic work, that he has actually gone through 
that work without recognizing it as an old friend, that it is really this 
principle which he claims the entire engineering profession were ignorant 
of two years ago—it is, I think, simple justice to him to say that his amaze
ment will be no less than ours, and no less than it was before, although the 
grounds for it may be changed. It is indeed true that, so far as I know, his 
rule has never been explicitly stated before. But then, since equivalent loads
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can only be found when the reactions are already known, it naturally enough 
has not seemed worth while to any one to state how to reverse the process. 
If, however, the equivalent loads are given, it would indeed be a source of 
legitimate amazement to find any engineer at a loss to reverse the process, 
and I am sure it will now seem equally surprising to Mr. Waddell himself, 
that having thus reversed it, he should have for an instant thought that any 
new principle was necessarily involved in working a problem backward 
which was not already involved in working it forward, or that he was mak
ing any noteworthy contribution to engineering knowledge in so doing. It 
must also now seem equally surprising to him, how he could write that he 
had “just ascertained” that “equivalent loads can be used in finding the 
reaction”—knowing as he did that they can be found from reactions—and 
not at once see that it should have taken no time worth speaking of to ascer
tain that the reverse was also possible.

As to the use of uniform loading, with or without engine excess, in place 
of the present laborious, heart-breaking method of computing stresses, I 
wish to agree most emphatically with Mr. Waddell, and I sincerely hope 
that this discussion may lead to such reform. Nothing is more certain than 
that the stresses ns now found for a specified wheel load system are not the 
exact stresses even for the system specified, and still less for other systems 
for which the structure must also be adapted. Any specified system is thus 
only typical, and intended at best to give stresses greater than any actual 
loading, present or future, which the structure may have to carry. Impact 
has to be allowed for even then, and thus the apparent accuracy is a delu
sion. It is also certain that uniform loadings, with or without engine ex
cess, can be easily chosen so ns to give always a very close approximation to 
the stresses due to any assumed system as at present found, and in nearly 
every case somewhat in excess, as they ought to be. Scientifically, there is 
no reason for preferring one method to the other. Both are approximations, 
both are in error for the same reasons, and both give essentially the same 
stresses. Ease of calculation should therefore decide the matter. The pres
ent method can claim no advantage over the other, and is incomparably more 
laborious and time wasting. The writer has been obliged to teach and use it 
simply because it is in vogue. But he still retains and teaches the other 
also, believing firmly, as he has long since stated, that sooner or later en
gineering practice will return to it. May the day be hastened! The present 
tedious method is not so new as seems to be supposed. It may be that when 
those responsible for it find that they have been anticipated, so far as dis
covery and introduction is concerned, they may be less interested in their 
fad.

Long before 1879, Professor Asimont, of the Munich Polytechnic, taught, 
and in 1879 he published the identical method which was worked out inde
pendently here in 1880. Professor Asimont’s diagram is in a different and 
much less convenient shape from that usually employed here, but the method 
is precisely the same. So far as priority of discovery and publication is con
cerned the method is his and should bear his name. I received Professor 
Asimont’s method in July, 1879, and after examining it laid it aside as a 
defective refinement, offering only apparent accuracy at the expense of un
necessary labor. Such I still consider it, under whatever name it goes. If 
I had been told in July, 1879, that in a few years it would be specified here 
by our railroad companies and advocated by our most eminent builders and
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designers, I would have listened in utter incredulity. I would have replied 
that our designers have left that sort of investigation exclusively in the 
hands of “theorizers,” the ••mathematicians,” the “x, y. z engineers.” That 
in America that sort of thing wouldn’t ••go.” That our ••practical” men 
would regard such investigations as an outcome from that scholastic Naza
reth out of which in their opinion cometh no good thing. That they were the 
last men in the world to look with favor upon scrupulous refinement in cal
culation, the accuracy of which was neutralized by fundamental ignorance of 
the actual conditions. That, in short, they would care little for a laborious 
method of calculation, the validity of which was impaired in the start ay 
unknown factors not accounted for. And yet since then that very* metho,1. 
has become the fad of the day. If to get up an elaborate mathematical 
treatment which goes farther than actual conditions warrant is to theorize, 
then the theorizer leads the crowd to-day. The method “goes.” and, ns in 
duty bound, I have had to teach and use it but always under protest. I 
have never had a student whom I have not encouraged to do his best to show 
it up. I am rejoiced that at last the time seems getting ripe for a general 
protest all along the line. I hope it may be so general that it will have to 
be regarded, and so forcible that it will be effectual.

Gentlemen of the Asimont method, the present paper makes a square 
issue. It has been made before and lias been ignored every time. Mr. Wad
dell is not the first by any means to show and prove that for any given 
wheel load system you please uniform loads, or uniform loads and the engine 
excesses, can be specified, which will in all coses give stresses almost iden
tical. That, considering the necessary inaccuracy of the present method, no 
man can say that these stresses are not every whit ns accurate. They mny 
even be more so. They are in general slightly greater, and they ought to 
be. I object to Mr. Waddell denoting errors on the wrong side of the pres
ent method by the word “danger.” It is an unnecessary concession. It 
would be ns just to make the other method the standard, and to denote errors 
on the wrong side of it by “danger.”

Here, then, is the square issue which has been so persistently ignored. 
Are those deviations from the results of the present method, small ns they 
are, on the “danger” side or not, and are they worth the drudgery of their 
evaluation? If so, your reasons, gentlemen of the Asimont method! If they 
are not, why in the name of common sense must we continue to submit to 
such drudgeryP

By J. P. Snow, M. Am. Soc. C. E.

I am glad that the subject of bridge designing is again before the Society 
for discussion. I consider Mr. J. M. Wilson’s paper on “Specifications fur 
Strength of Iron Bridges” and its discussion, published in Vol. XV of “Tran 
actions,” page 389, the best treatise on details of bridge design that lms 
been published in the English language. A full discussion of the presen' 
paper will be of great value as supplementing that and bringing it to dnv 
The practice of using uniform loads for calculating strains seems to be mak
ing substantial progress. This is as it should be, and is a natural result 
the fact that bridge buyers are getting more and more to make their ov 
designs. Calculating by wheel concentrations was a great step in advance 
the old method of using a certain uniform load per foot for all spans, an !
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it still gives the chief engineer or manager, who does not know how to design 
his bridge, and who does not employ an assistant who does know how, an 
easy and precise way to specify for the bridge that he wants.

It is really more complex to specify how a bridge shall be designed for 
uniform loads than it is to say, “All parts of the structure shall be calcu
lated to resist the maximum strains produced by a string of class so and so 
engines.” On the other hand, in designing the bridge, it is much simpler 
to use uniform loading, that is, the bridge buyer who does not know how to 
design his bridge had best specify the engine diagram. If he attempts to 
specify uniform loading he must state carefully how it is to be used for 
chords, shears, stringers, floor beams, etc., and the chances are that he will 
either make a botch of it or leave bidders much to assume at their individual 
convenience. In the nature of things, typical engine diagrams and standard 
specifications, so-called, are not for engineers who know how to design a 
good bridge in their own right.

For the past seven or eight years, that is, since I have been a bridge 
buyer, I have used uniform loading exclusively, and see no reason now for 
doing otherwise. I do not object to the amount of labor per se involved in 
calculating by wheel concentrations, but it violates one of the fundamental 
precepts of good engineering to put so much more precise and laborious work 
into one part of the design than into another; that is, the labor of making a 
strain sheet ought not to overshadow the using of it. At present I am using 
a live load curve giving loads as below:

Span Spa p.rV.M.t Span p*rfoot

It is based on a string of consolidation engines with 35,000 pounds on 
each driving axle and a tender with 20,000 pounds per axle; to this is added 
25,000

to cover the imperfections of track, wheels, etc., generally denomi

nated impact. The short span end of the curve is touched up with a pair of
30,000

axles 8 feet centers, with 45,000 pounds each plus span~- 1 take issue with

the author in thinking this latter engine should be used, as more than half 
the bridges with which I have to deal have spans less than 20 feet. To 
state how the above loads are used for moments, shears, floor beams, string
ers, reactions, etc., would be too long for this place; but if the author of the 
paper will look up a communication from me published in Railroad Gazette, 
December 10, 1886, he will see that his claim that no one knew of the prin
ciple which demonstrates that the floor beam load is equal to the panel length 
multiplied by the load per foot, corresponding to a span of twice the panel 
imigtli, is a bad one. I there say, “For floor beams use 1 x load per foot cor- 
i-spending to span —2 1, where 1 is the panel length.” The editor of the 
Gazette volunteered a parenthesis which marred the sense, but the above are 
the words as written. I have used this “principle,” constantly, since 1884.
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A bridge that is unsatisfactory to the trainmen who use it and the bridge 
crew who take care of it is not a good bridge, although it may satisfy the 
engineer who computes it. The converse of this statement, however, does not 
always hold; that is, a bridge may be satisfactory to the men who use it 
and take care of it, and still may have some glaring fault of design that 
causes some part to have but a fraction of the strength of the other parts. 
Still, the bridge engineer, if he wishes to escape being called a crank, must 
be very cautious in condemning a bridge on the score of unscientific design, 
that is doing its work in a satisfactory manner; especially if he be not the 
possessor of a gray head. Riveted pony trusses of 90 feet span can be made 
perfectly satisfactory, and careful study of many of them under the action 
of trains convinces me that if properly designed they make good bridges. 
I prefer them to through plate girders of that length, from the fact that such 
heavy girders are very likely to get badly abused in getting them into place. 
For deck spans the whole can be riveted at the shop, and the handling is 
then a simple matter and can be done without injury to the iron work. 
The very best form, in my opinion, in which metal can be put to make a 
bridge, is a deck plate girder with cross floor beams and stringers; the 
stringers to be under the rails and their tops to be level with the tops of 
the girders; the girders to be spaced as wide as can be shipped on cars. I 
have no trouble in getting them 9 feet on centers. In this form of bridge 
the girders support the ends of the ties and the latter project outside of the

girders sufficiently to allow convenient 
bolting of the guard timbers. I have 
designed very many multiple system 
riveted trusses, and the only substan-
tial objection to them is that symmetn 
cal chords with channel-shaped sidesAAAAAA

Flo. 1.

cannot be used. I have dropped them 
for this reason. For a web system sim
ply the double cancellation is far prefer
able to the pure Warren type, and

Fio. 1.

more economical. Do we not use it continually as the best lateral bracing 
that we can devise?

In the six-panel truss shown above, the double system has the same num
ber of web members as the Warren, and the shear in each of the former is 
but approximately half what it is in the latter. The inclination and length 
is greater, to be sure, but it will work up more economically if five-sided 
chords can be tolerated. The ambiguity as to which system the one-sixth 
of an end panel load travels over to get to the farther abutment is of but 
little moment. If the designer is very thin-skinned he can allow for it on 
both systems. A modified Warren, as shown below, has many advantages, 
and I am now using it exclusively on short spans.

I would use pin connections for shorter spans than the author names 
A double track span of 100 feet makes a good solid pin bridge. I agree with

the author in his condemnation of sus 
pended floor beams and concerning rigid 
bracing. The specification under which 
I am now working says: “Floor ben

hangers free on the pin will not be allowed;” and “The laterals in the load 
chord shall in all cases be rigid bracing.” Regarding bridge floors, the pm.
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tice on the system with which I am connected is to use flat ties 6x8 inches on 
wooden bridges, and 7x8 inches flat notched one-haif to three-quarter inch 
over the stringers on iron bridges. These ties are 12 feet long and laid 12 
inches on centers; guard timbers 6x8, notched 1 inch over the ends of the 
ties and bolted to every fourth tie. Our main stringers are 5 feet on centers, 
without outside stringers in through bridges 10 feet wide. I prefer South
ern long leaf pine for bridge ties. It outlasts the hard woods and shows 
plainly when it is decayed. I object strongly to the wide spacing of string
ers advocated by the author. If we are building an iron or steel bridge, let 
us moke it complete in itself, and leave the ties to do only their legitimate 
duty of holding the rails to gauge and line. The idea that some engineers 
seem to have that the wheels should be cushioned by the spring of the ties 
between the stringers belongs on the shelf alongside of the old idea that 
iron bridges must be set on wooden wall blocks, that they would be shattered 
like glass bends if they rested directly on the unyielding masonry. I know 
of no instance where the flange angles of stringers have been bent down 
from the deflection of the ties, but can remember two bridges where ties 
have been found broken on account of the wide spacing of the stringers, and 
this by trains on the rails. No doubt the ties mentioned were cross-grained 
and not large enough, but the design is poor that looks to the rapidly decay
ing ties to help out a floor beam of scant dimensions. In New England a 
great majority of the bridges are limited in the matter of depth of floor, and 
the necessity of using a deep tie would often interfere with making a good 
design. The thickness of tie named above is sufficient to take the spikes, 
and experience shows that they last as long as larger sticks. Personally, I 
should place the ties farther apart, say 11 or 16 inches. I have known many 
instances of derailed cars crossing bridges with the latter spacing and there 
was no bunching of ties. I abandoned the practice some years ago of bolting 
the tie floor to the iron work. If the ties are notched over the stringers and 
the guard timbers over the ties, there need be no fear that the floor and 
bridge will part company, unless it be in a cyclone region, with which I con
fess I have had no experience. On our wooden bridges the ties are not 
notched, but are planed one side to even thickness and spike bolted to the 
stringers.

“Impact” and “fatigue” measure the bulk of our modern ignorance in 
iron bridge designing; they are the present-day representative of the old 
bugbear that used to be downed by the “factor of safety.” It seems reason
able that “impact” should be covered in the loading, and the addition to the 
engine loads previously mentioned is my attempt to do this. As a matter 
of fact, the deflection of a bridge, even though it be of very short span, is but 
slightly more under fast speeds than it is if the engine stands on it at rest; 
this depends, however, on the condition of the track surface and also on 
the wheels. I have known freight cars at speed to deflect a bridge more than 
the engine, evidently on account of wheels which were worn out of a true 
circle. “Fatigue,” if we believe in it, should be covered in the unit strains. 
That the deductions from the German experiments on the effect of oft- 
vepeated strains on metals are not applicable to bridge designing as stated by 
the author I thoroughly believe. Still, supposing our strain sheet to show 
the true relation between the strains in all parts of a structure, it does not 
seem satisfactory to use a constant unit for both those parts which are loaded
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to their calculated maximum at every passage of a train and other parts 
which get their maximum only under the unusual circumstance of two typical 
trains meeting. Nor does it seem just right to use the same tension unit for 
parts which are strained from zero to the calculated maximum many times 
a day, and other parts in which the varying load is no more than perhaps 
50 per cent, of the total. That oft-repeated strains within the elastic limit 
hurt a member in compression, I do not believe. My practice is to use 10 
per cent, greater unit strains on the middle truss of a three-truss bridge than 
on the side trusses, and for general tension a curve the ordinates of which

give tension units, the abscissas being values of —. This curve might as

well have been sketched by eye through certain p. ints that were assumed as 
satisfactory as to have been constructed from an equation. It seems to me 
that a curve should be more satisfactory to use than a list as suggested by 
the author, which jumps 1,000 pounds per inch between long and short 
members.

I see no sound reason for assessing plate girders below 20 feet span, as 
recommended by the author. His desire to discourage the use of short panels 
by so doing is hardly good engineering; the panel length, unless governed by 
head room considerations, should be a function of the truss depth and dis 
tance between trusses. In short spans we are right in using short panels: 
and as stated before, more than half the bridges under my care are less than 
20 feet span. We cannot discourage these legitimately by such units. The 
practice with us is to use one-sixth of the web as flange section in plate gird
ers when the web is in one sheet without splice; but if the web is in several 
sections and the splice plates are proportioned only for shear, it seems hardly 
justifiable to count much on it to resist deflection. I do not understand the 
reason for the author’s statement: “Of course if the web be counted in. the 
intensities of working stresses of the flanges will have to be decreased ac
cordingly.” In my judgment the plate girder is the best form in which 
we can build up metal to carry a load across an opening, and I allow the 
same tension units in them that I do in eyebar members of a truss. I find 
that nothing less than three-eighth webs in stringers will give proper bear
ing for rivets. The wheel load cannot be reckoned ns producing less than 
about 2,500 pounds vertical pressure on a single rivet, and this, combined 
with the horizontal pressure from the flange strain, will call for a thm 
eighth-inch web, at least, in the majority of cases. The fact is, good 
machine-driven rivets are worth more than we generally allow, but if 
have a set of bearing units we should take account of all the loads coming 
on our connections and stick to them. End floor beams are a good detail if 1 he 
stringers are extended beyond the beam enough to take one tie; otherwi e 
the distance between the last bridge tie and the first ground tie will be too

In calculating pin moments I think the load delivered to the pin l-y 
each member should be considered as distributed over its thickness. It 
surely is so distributed in fact. If the maximum moment occurs at the m 
die of the pin the result will be the same whether the load is so considei 
or concentrated at the center of the member, but if the maximum oc< > 
under some particular bar, the above consideration reduces the moment soi 
times quite materially.
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In the moment curves sketched below, the full vertical lines represent 
the sides of members packed on a pin, the full broken line the moments 
calculated with all load concentrated at centers of members, and the dotted 
curves the allowable change if the loads are considered distributed. It will 
be seen that the reduction is one-half the distance from the vertex to the line

joining the intersections of the sides of the bar with the moment line. In 
some cases this perfectly legitimate consideration will materially help out 
on the size of the pin.

It is not likely that the discussion of Mr. Waddell’s paper will exhaust 
the subject so that there can be no more said. Each one can state his opin
ions and beliefs, but it is not good manners to insist that others shall be
lieve our creeds. My rules and methods are for my office; I will not at
tempt to force them on brother engineers. If they like them they are at 
liberty to use them. If they do not believe as I do, I dare not say they 
are wrong.

By W. R. Hutton, M. Am. Soc. C. E.

On the resistance to bending of the web of a plate girder.
FIRST.—First as to our author: He proposes to odd one-sixth the area 

of the web to each flange, and to decrease “accordingly” (i. e., proportion
ately) the intensity of working stress. As the result in this case will be 
the same as if the web were neglected, it is difficult to see a reason for it.

SECOND.—It is well known that in a rectangular beam the maximum 
shearing stress is about the neutral axis, diminishing to zero at the top and 
bottom fibers. In an I beam it is more nearly uniform throughout the web; 
still almost nothing in the flanges. Beyond question, then, the web must 
take the entire shearing stress.

THIRD.—As to the bending stresses in the web, they exist and cannot 
be got rid of. Their intensity may be reduced by increasing the area of the 
flange, and this, in fact, is the practical effect of neglecting the web in com
puting the resistance of the beam. It would seem to be more rational as 
well as more exact to consider the entire section and proportion it for such 
intensity of bending stress as may be best for the particular case. The 
former method is an additional factor of safety, of variable, and, perhaps, 
uncertain value in ordinary practice, but there are cases, as mentioned by 
our author, in which it cannot be applied.

FOURTH.—The progress of exact methods is well exemplified in our 
nuthor, who, a few years ago, was a partisan of the flange-only-for-bending 
theory in its most extreme applications. We welcome his change of mind.
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FIFTH.—The proportioning of flanges to take the whole bending stress, 
while the web takes the shear, is not uncommon with French contractors 
The following line of reasoning in support of the practice is from one of 
their authors. The moment of inertia of the beam enters into the formula 
tor maximum shear. Now, if we use the moment of inertia of the flanges 
alone, neglecting the web, it results that the shear is evenly distributed over 
the section of the web. In other words, if we assume the bending stresses 
to be borne entirely by the flanges, it follows that the shear is uniform 
throughout the web.

By W. L. Cowles, M. Am. Soc. C. E.

There are a few portions of Mr. Waddell's paper to which I would like 
to add emphasis while heartily approving nearly all the suggestions made. 
With regard to the using of uniform live loads, there can hardly be any 
question that any provision whereby the labor of computation can be de
creased, while at the same time a satisfactory approximation to accuracy is 
reached, will meet with the approval of all engineers; as the only result will 
be to lighten labor, and thereby decrease cost. This is a matter of more im
portance to the computing engineer of a bridge company than to the en
gineer of the railroad for whom a design may be prepared, as the direct cost 
to the railroad company is not affected materially by the difficulty of making 
the computations after a specification which may be new to the designer, ami 
the engineer of the railroad having always to use the same specification, can 
prepare tables which will make the work of checking and designing simple 
for himself; but there would be an indirect gain to the railroad company 
through the decreasing of the cost of designing, which must in the end be 
paid for by those who buy the bridges. It is impracticable for the computer 
of a bridge company to make tables which will fully cover all the different 
specifications now in use by different railroad companies, although some of 
the most common can be provided for in this way. It certainly can occasion 
no additional labor on the part of the railroad engineer, and will surely 
lighten the labor of the computer, if a system of uniform live loads such 
as suggested can be universally or even widely adopted. When it is con
sidered that the engine and train loads on any given road differ very widely, 
and that the specifications for bridges are, or should be, so written as to 
provide for the very heaviest, load, with something of a margin for possible 
increase in the future, it seems that there should be no objection to adopt
ing a uniform load which will give strains within a reasonable per cent, of 
those caused by the heavy typical load, and the result of Mr. Waddell’s in
vestigations seems to indicate very plainly that such loads can be deter
mined and used without the large number of different assumptions which 
have been considered necessary.

In the tables presented on pages 269, 270 and 271, it will be observed that 
the error on the side of danger is rarely much over 2 per cent., and it may 
be well to call attention to the fact that as this is for the live load simply, 
the actual error on the side of danger in the resulting section will only be 
from 60 to 70 per cent, of this amount, or 1.2 to 1.4 per cent, altogether, 
since the dead load can be calculated accurately. In case it were deemed
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essential that there should not be even this per cent, of danger, it would be 
easy to estimate the percentage to be added to different members of spans of 
varying numbers of panels which would make the strains right, as these 
percentages would be practically constant for spans of the same number of 
panels, and they could be easily applied. This, however, would be in the di
rection of additional work which it is sought to avoid, and an easier method 
would be to make such an addition to the assumed uniform load as would 
cause all results to be on the side of safety as referred to that load, which 
would be equivalent to a satisfactory concentrated loading. It may be ob
jected that this would add materially to the cost of the bridge, but upon 
investigation it will be found that the difference is not great. In tension 
members, where the area cannot be provided for exactly by ordinary regular 
sizes of bars, the difference arising from using an extra 2 per cent, is rarely 
such as to cause a difference in the size, and will sometimes be provided for 
by the excess of section used, and generally will not increase the section 
enough to add to the thickness of the bar, although in a few cases it may 
have this effect. In compression members where it is customary to make the 
sections exact by varying the weight of channels or angles, there will be 
some increase of section, but the amount is indicated by the result of a cal
culation on the 300-foot span mentioned on pages 270 and 271, where the 
total additional cost was less than $40, an amount which a railroad engineer 
might be willing to pay in one or two cases for the advantage of a uniform 
system of loads.

I cannot pass the section concerning forms of trusses without expressing 
my thorough approval of Mr. Waddell's objection to pony trusses. The un
certainty with regard to the strength of the top chord and the lack of -igidity 
in the structure should cause every engineer to discountenance its use. I 
cannot quite agree with the writer in his opinion that it is better to carry the 
intermediate panel load of a Pettit truss by a strut toward the pier instead 
of a tie toward the center, although I am willing to admit that the former 
method will give somewhat more of inertia and consequent rigidity to the 
truss, for the reason that in the center panels the dead load strain, carried 
to the top of a post by the tie referred to, is generally necessary to prevent 
reversal of strain on the post at a point where the line of the top chord is 
broken. This I consider is essential to avoid if possible, and I think this is 
more important than the slight additional rigidity afforded by the strut.

I am glad to notice that the question of unit strains on end posts is 
mentioned, as it has always seemed to me that it should be regarded as a 
continuation of the top chord system rather than as an intermediate post. 
The reason for Mr. Cooper’s specifications for this member, I have under
stood, was to provide additional section and weight as a means of resisting 
any possible shock or blow from a passing train which might be derailed 
at that point; but this can be much more effectually provided for, if, indeed, 
a bridge should be designed to resist such a shock, by adding a collision strut 
running from the center of the end post to the second bottom chord panel 
point; and this construction, in addition to providing for this contingency, 
assists the end post by decreasing its effective length, and thereby stiffening 
it and decreasing its section. Another consideration against using so small 
a unit strain in designing the end post is that, as fully shown by Mr. Wad
dell, the end post should have ample provision for carrying the bending 
strains induced by wind pressure, and if designed with this in view, will
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certainly be heavy enough to satisfy any feeling that it should have exces
sive strength to provide for such a shock or blow as suggested. I believe 
that the end post should always be calculated to resist the bending moment 
referred to, although I cannot say that ' has been my practice tv do so, ex
cept where such provision is called for uefinitely in specifications.

I do not consider that a bridge is in danger if the end post is not thus 
designed, except for especially long spans, and it will hardly be expected that 
such a large amount of extra material as is required in such a design will be 
provided by a bidder in competition where it is not called for, unless in a 
bridge where its omission amounts to a danger. I think bridge builders 
would prefer to build work designed in this way than to build a lighter sec
tion, and this is therefore a matter for the railroad engineer who prepares the 
specifications, and I would be pleased to see such a specification become uni
versal. The general specification that all wind strains shall be provided 
for is not sufficient to cover this point under the present practice in designing, 
and it should be made a special point. One difficulty which competitors 
have to meet is the uncertainty as to whether the engineer who compares 
their plans and checks them over is sufficient of an expert in bridge work 
to notice defects of this kind in any designs when such points are not par
ticularly noted in the specifications. It is well understood that while many 
railroad engineers may have the highest ability in many directions, they are 
not necessarily experts in this line, although many are, and it is therefore 
extremely desirable that there should be confidence on the part of bidders 
that all plans would be examined by some engineer thoroughly competent to 
examine into all details of the designs and form an accurate opinion as to 
their relative merits.

The question of connection of stringers to floor beams is an important 
one, and the objection to riveted connections is a valid one, both on account 
of the horizontal bending induced in the floor beams, and also the tendency 
to cause the stringers to act as continuous girders, producing tension on the 
rivets at the top of the connection. The point in some specifications requir
ing that the connecting rivets shall all be included in the lower two-thirds 
of the beam avoids this danger largely, and is a good rule, although some
times difficult to follow unless the stringers have considerable depth. The 
same objection applies to stringers resting on the top of the beam, where 
they should be braced in some effective manner, and where, if both stringers 
are attached to the same brace, there is a similar strain on the rivets at the 
top of the beam. In such a case each stringer should be separately braced, 
so that there may be no pulling apart at the tops.

By Paul L. Wolfel, Assoc. M. Am. Soc. C. E.

Professor Waddell objects to the use of concentrated loads for computing 
the live load strains in bridges, and prefers to use uniform loads per linen! 
foot, changing with the length of spans. While I can see no practical ob
jection to this, I must object to his reason, viz.: that the use of concentrate ! 
loads involves a larger amount of labor and complications than uniforr 
loads. By applying the modern graphical methods (moment curve, shea
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curve nnd secondary shear curve), such as have been in use in the Engineers' 
Office of the Pencoyd Bridge and Construction Company for many years, there 
is practically hardly any difference whether we figure with concentrated or 
uniform loads, and we can use them in all cases, as it makes no difference 
how many wheel loads may leave the bridge. With a little practice one can 
easily get all the live load strains for a six or eight panel bridge with 
straight cord in about one-half hour; for a curved chord, single intersection 
bridge in, say, one and one-half to two hours. I admit that there are a few 
cases, like draw-bridges and arched ribs, where we save time by using uni
form loads, and where we are the more justified in doing so, as the assump
tions upon which our calculations are based are more or less arbitrary. The 
proof given, that the equivalent uniform load for floor beams is the same as 
that for the center moment of a span equal to twice the panel length, is 
mathematically very interesting. This fact, though, has been known and 
taught in our engineering schools for many years; anybody familiar with 
the use of curves of influence must know it. As the floor beam reaction and 
the center moment of the above spans have the very identical curve of in
fluence, the equivalent uniform load in both cases cannot help but be the

I cannot agree with what is said in the paper in reference to plate girder 
webs. I admit that it will be hard to prove that the failure has been caused 
by using too thin webs. The working stresses in our structures are in 
general so far below the elastic limit that those cases where a bridge fails 
by the weakness of the body of the member are very rare, and eventual 
failures cun usually be traced to faulty construction of details and weak
ness of the connections. The shear in the web of plate girders, however, 
is just ns much there as the strr..n in the web system of a pin or lattice 
bridge. Very often, though, it is misunderstood, as we see clearly in 
some specifications, like those of the Pennsylvania Lines west of Pitts
burgh, which allow 4,000 pounds shear when the fibers are vertical and 
5,000 pounds when they are horizontal. This ought to be just the reverse. 
If we say that the shear is transferred by the web only, we give an empiri
cal rule, nothing else. This shear, as vertical shear in the web only, does 
not exist; it is taken up by the flanges just as well; but a shear equal to 
this exists in the middle of the web as horizontal shear, as we can easily 
prove theoretically. If we put two beams loose on top of each other, and 
let them deflect under a load, they will slide on each other. To make them 
work as one beam we have to apply horizontal tensile and compressive 
strains, which are nothing else but the horizontal shear in our girders. In 
plate girders not too deep I very often prefer even to use a heavier web 
and leave the intermediate stiffeners out altogether. In many cases this 
will not only simplify the shop work without weakening the structure, 
but also give a lighter and stiller structure. The heavy web will help 
diminish the deflection; the stiffeners will not.

I heartily approve of what Professor Waddell says in reference to end 
stiffeners, as I know from my own experience that this is a point which is 
very often not called for in the specifications; and thanks to the customary 
lump sum bidding, is therefore often not considered by competing bridge 
companies. I also thoroughly agree with what is said on wind pressure, 
as Mr. Cooper’s specification gives for long spans decidedly too low figures. 
The author states that the fatigue formula for bridge members is unneces-
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sary, because the metal in bridge members has time to recover itself be
tween the applications of live load. It may be worth while to draw atten
tion to the fact that Professor Bauscliinger's experiments have clearly 
proved that there is no such thing as fatigue of metal within the elastic 
limit; that you can load and unload a piece of metal below the elastic limit 
as often as you want without being able to break it. As all our working 
strains are below this limit, we can see that we need not consider fatigue 
of metal ns such at nil. Nevertheless, the fatigue formula, as Mr. Wilson 
has used it, for example, for the Pennsylvania Railroad Company's specifi
cation, is a very practical formula, and gives very good proportions, allow
ing higher strains for long spans and lower strains for shorter ones.

We determine our sections usually by the dead and live load strains 
only. The impact strain is just as important. It is usually only con
sidered indirectly in most specifications. These impact strains will occur 
in the structure whenever at in goes over, and yet I am sorry to say that 
we know very little about them. The fatigue formula partly provides for 
it, as does Mr. Cooper in his specification, by allowing twice the permissi
ble strain per square inch for dead load he allows for live load, or, in 
other words, by adding 100 per cent, of impact to the live load through
out. It is generally known that a short span, or a member whose maximum 
strain is produced when only a short distance is loaded, must get more 
impact than the long span or corresponding member. The load comes on 
more suddenly, and will in its effect be nearer a fully dynamically applied 
load. The vibrations, horizontal and vertical, while the load goes over, are 
more likely to add together for a few wheel loads than they will for a very 
long train, where probably quite a number will compensate each other. 
Mr. C. C. Schneider, in his specifications written for the Pencoyd Bridge 
and Construction Company, provides for that by allowing different per
centages of impact for different lengths of loading. This seems to me a 
step in the only right direction. We can only determine the exact propor
tion of the impact for different lengths of loading by a series of experi
ments. which could be made without too much difficulty.

Prof. Dr. Fraenkel, of the Royal Polytechnicum in Dresden, has con
structed a very ingenious instrument with which we can measure fiber 
strains down to 85 pounds per square inch, and which draws out a complete 
diagram of the strain in the fibèr. Let us now figure the strain in a 
member for the most unfavorable position of a given load. Let us then 
apply this loading statically in the same position on the bridge, and meas
ure the strain. Let us further run it over the bridge with different veloci
ties and measure the strains again, and I think we would have no difficulty 
in getting at a fair average for impact and vibration for different spans and 
velocities, upon which, undoubtedly, the condition of the track and the 
rolling stock would have some influence. We could even go further than 
that. Let us measure the fiber strains in four points of a chord or post, 
and we can find out at the same time what bending stress our chord or post 
got from eccentricity and stiffness of the connections. Connecting our in 
strument with the lateral system, we can see what lateral stress the train 
produced in our structure. I have used these instruments with great sue 
cess in many cases, and am convinced that we should see a great deni 
clearer in regard to many important and doubtful points, if some prominent 
bridge company or railroad company would take up a series of experiment
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in a systematic and scientific way. The question of impact settled, a great 
deal would be gained. If we knew from our dead load, live load and impact 
the greatest direct strain a member could get, we should surely much 
sooner be able to settle on a uniform permissible strain with a fair allow
ance tor secondary stresses and safety; not for main members only, but also 
for the connections; for if we allow different working stresses in different 
members, we should surely do the same in our connections.

We could make, then, such assumptions for the lateral forces that we 
could use the same permissible strains also for our lateral system; and in 
this way surely simplify our calculations, and come nearer the ideal struc
ture, in which all parts and connections are uniformly strong. Mr. Cooper 
says in his specifications that the rive'- shear shall not exceed 7,500 pounds 
per square inch, or three-quarters ot the allowed strain per square inch 
upon the member; the pressure on rivet and pin bearing not to ex :eed 
12,000 pounds per square inch, or one and one-half times the allowed strain 
per square inch un the member. According to this, 7,500 and 12,000 
pounds would be the upper limits, and the second conditions would only be 
used whenever they would give smaller values. I do not think that this is 
quite the intention of the author. A member strained with 10,000 pounds 
per square inch corresponding to the maximum shear of 7,500 pounds surely 
ought to have its connections designed with a smaller permissible shearing 
stress than a member strained with 15,000 pounds (laterals and members 
strained by dead load only). Why should ten rivets in single shear in one 
case be equivalent to 4£ square inches of metal, in the other case only 
to 3P Another disadvantage is that we mak< our calculations unnecessarily 
complicated by introducing two conditions. Very often we have to con
sider two cases, and must, besides this, figure out the average stress per 
square inch in the member especially for the purpose, as the section of the 
member is determined by the different strains for dead and live load.

For pin bending. Mr. Cooper allows 15,000 pounds all the way through. 
A 3 x 1-inch eyebar as a member of the lateral system is worth 45,000 
pounds. In a short truss where we would get about 10,000 pounds per 
square inch, we have to use a 5 x |-inch bar for the same stress; the same 
pin would, under the same circumstances, otherwise do for both these bars. 
Mr. Wilson determines his shear and bearing stress in proportion to the 
compressive unit stress in the members, at the same time allowing a con
stant fiber stress for bending on pins. This somewhat complicates the cal
culations, and is under the same disadvantage in so far as pin bending is 
concerned as Mr. Cooper’s method. As soon as we make our bearing and 
shear dependent on the varying unit stresses in the members, we give up 
the great advantage of tabulating our shear and bearing values of rivets 
and pins, and have a great deal of mechanical work to do over and over 
again. All this is avoided in Mr. C. C. Schneider’s (Pencoyd) specifica
tions, where we figure with a maximum stress containing different amounts 
of impact for different lengths of loading, and use constant unit stresses 
throughout for main sections and connections. This is a point in saving 
time which, I think, is more important than the introduction of equiva
lent uniform loads as proposed by Professor Waddell.

Professor Waddell declares himself for figuring with high permissible 
strains, at the same time assuming the highest possible load a structure 
can get. I thoroughly agree with him on that. As the impact, however,
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is one of these strains, let us try to find out something more about this yet 
unknown quantity, introduce it in a scientific and yet practical way in our 
calculations, and by thus reducing our factor of ignorance allow higher 
strains. In determining our permissible unit strains, we ought tv consider 
the secondary bending strains our members may get from the stiffness, and 
eventually from the eccentricity, of our connections. Even with central 
connections these secondary strains may be very considerable. We can re
duce them to a minimum by proper designing ar.d by selecting the proper 
systems. Prof. Dr. E. Winkler (“Theory of Bridges—II,” Vienna, 1881) 
investigates a double intersection lattice girder of about 90 feet with a 
maximum eccentricity of only three-sixteenths inch for a load in every 
other panel point. Although this extreme case is not likely to happen in 
practice, we may draw some conclusions as to the relative value of differ
ent systems from his figures. He gives us the additional secondary bending 
stresses expressed in percentages of the direct stress, as follows:

1. Girder without verticals, diagonals connected at intersections:
chords, maximum 113 per cent., average 65 per cent. ; web 
members, maximum 90 per cent., average 36 per cent.; total 
average 51 per cent.

2. Girder without verticals, diagonals not connected: chords, maxi
mum 88 per cent., average 68 per cent. ; web members, maximum 
25 per cent., average 18 per cent.; total average, 45 per cent.

3. Girder with verticals, diagonals not connected: chords, maximum 19
per cent., average 12 per cent.; web members, maximum 30 per 
cent., average 13 per cent. ; total average, 13 per cent.

Even for all panel points loaded, these additional strains average about 
12 per cent, in the first case. In a trestle bent I found the same figures 
for some members to be as large as 200 per cent, for central connections 
and nearly 300 per cent, with eccentricity. (“Civil Ingénieur,” 1887.)

These secondary strains often cause quite peculiar effects. I remember 
the case of a suspension bridge, where the cables were made of pins and 
eyebars. Experimenting on them with Professor Fraenkel’s instrument, 
we found compression in some of these bars when a heavy street roller 
passed over. A second instrument applied to the other side of the bar 
showed the tension, which we had figured, proportionately increased. We 
had a clear case of bending in our cable, caused by the friction of the pins 
in the pinholes. The whole cable, from the abutment over the piers to the 
other abutment, worked not only as a tension member, but at the same 
time as a continuous girder; so that while the additional strains produced 
by the street roller in the upper and lower fibers of the eyebars in the 
middle of the span were compression and tension, our instruments showed 
them to be tension and compression at the piers.

The question whether it is correct to apply different formulas for 
buckling for fixed and hinged ends, is a very difficult one to decide. A; 
our buckling theories and experiments are more or less uncertain. All 
experiments refer to the ultimate strength. It would have been of much 
more value to us in those experiments had we known any fibers wer- 
strained beyond their elastic limit. Experiments of this kind could be 
made with the same instruments I spoke of in connection with the impact.
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But even supposing we had derived a really perfect formula from our ex
periments, is there not quite a difference between the member with fixed 
ends in our testing machine and the same member in a bridge, where the 
stiff connections may not only not prevent the buckling, but where the sec
ondary bending stresses, which are caused by these stiff connections, may 
even start the same? I think it hardly worth while, therefore, to make a 
distinction between fixed and hinged ends. Mr. Cooper gives different 
formulas for chords and posts, as I understand, to provide for the strains 
the posts may get in case of derailments. Do we not waste, then, a lot of 
metal in all those cases where we have, foi example, deck bridges with ties 
resting on the top chord and where the posts are at least just as much 
protected against these strains as the chords? It also seems to me that by 
applying this formula, we make in a long span bridge with heavy posts a 
much more ample provision for these accidental stresses than we do in a 
short bridge with a very light post. I should think it more advisable to 
figure with one formula for posts and chords, but make the posts in through 
bridges strong enough to withstand a bending moment in case of an acci
dent. This moment would naturally be the same in long and short spans, 
though it might be advisable to fix on a higher moment for the end posts, 
ns these are more liable to get a square shock, while intermediate posts 
would probably get it under a flat angle.

I do not see that the danger of the top chords sideways buckling in 
pony lattice girders is so very great, if the girders are properly designed. 
These girders ought to have wide chords with double webs, and corre
spondingly wide posts with a solid web, well connected to the chord. It 
requires very little strain to prevent a member from buckling, and we can 
easily make the posts strong enough to do this work; they naturally will 
bend over when the floor deflects and tend to distort the chords; but I very 
much doubt that these additional strains will be more than the additional 
strains in the posts of through bridges from the same cause. For single 
track spans from 80 to 110 feet I prefer a lattice pony truss to a through 
bridge. The latter always has a more or less flimsy appearance, and has 
hardly sufficient lateral stiffness in its main members unless we throw in 
a great deal of extra metal. In reference to combining stresses, it is un
doubtedly correct to allow higher permissible strains for the combination 
of dead and live load with wind and momentum. I do not think it 
right, however, to allow higher strains for the combination of dead 
and live loads with the centrifugal force corresponding to an aver
age speed, as the horizontal centrifugal force is just as much of a regular 
load in our bridges as the vertical dead and live load.

By Palmer C. Ricketts, M. Am. Soc. C. E.

Mr. Waddell has brought out in a very interesting manner some of 
the disputed points in bridge design, and it seems to me advisable that 
every member of the Society who is particularly interested in this branch 
of the profession should at least express an opinion on the questions con
sidered in his paper.
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I have always thought that the method of wheel concentrations, as used 
in calculating the stresses in single system truss bridges, would sooner or 
later pass into disuse, not so much on account of the increased labor in
volved in the calculations, which I do not think is great, as because it would 
finally be realized that the accuracy attained by its use is more apparent 
than real. Who would venture to say that the stresses actually induced, by 
the varying loads of ordinary traffic in the‘members of any railroad bridge 
designed with typical engines, even closely approximating those in actual 
use, would be identical with those shown on the stress sheet of the original 
design; or that they would generally come within a considerable percentage 
of those given by the stress sheet?—and ns a matter of fact no engineer is 
justified in specifying loads which do not considerably exceed those in 
general use on the road for which the bridge is designed. That :s, he must 
assume a load which will make provision for unknown increments due to 
future traffic. The methou looks and is what may be called elegant, but 
whether the metal is more properly placed by its use is entirely questionable.

I have considerable sympathy also for those who object to the use of 
an equivalent uniform load, namely, because there is no such thing. Mr. 
Waddell has made out n very good case for the average equivalent uniform 
load obtained from the bending moments due to typical engines and theii 
following load, but it seems to me that the use of a uniform load made 
heavy enough to cover a certain probable future increase in car weights with 
uniform excesses taken large enough to cover a certain probable future 
increase in engine weights, is a more simple and all things considered 
more rational method of providing for the proper distribution of the metal 
in the V-usses, than the utte of an assumed typical engine or two followed 
by a uniform load, or than *tn assumed equivalent of this assumed load. 
In any case, as long as so little is known of the dynamic effect of the mov
ing train on the various pieces of the structure, I believe that it is not 
scientific to split hairs on either the relative position or the magnitude of 
loads which are only assumed anyway, and which, in view of the future, 
never should be assumed to give the same stresses as those induced by 
existing traffic even when statically considered.

In specifying wind pressure for large spans, it is well to remember that 
observations so far made show that very great wind pressures occur only 
over very restricted areas; and that such great pressures are extremely 
unlikely to be found distributed over areas as large as the vertical pro
jection of the longest spans now being built.

I am glad to see the opinion expressed that lattice bridges longer than 
100 feet should be used. It was, perhaps, natural that the reaction from 
tubular and long lattice bridges should carry the advocates of pin bridges 
in the opposite direction to such an extent as to cause the writer of a well- 
known set of specifications in a former edition to require all through 
structures of more than 90 feet in span to be pin-connected. In a later 
edition he has raised this limit to 100 feet, and I think it should be still 
further raised, though, perhaps, not to the extent indicated by Mr. Wml 
dell. For a single track, I think that all bridges over, say, 140 feet in 
span should be pin-connected; and for a double track, all over, say, 120 feet 
Pin bridges may be preferable for somewhat shorter spans, and for longer 
ones, I think, they certainly are so, for well-known reasons—because the 
ratio of dead to live load becomes more considerable and the members
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larger, while in lattice bridges of longer spans the difficulty in making 
proper connections becomes greater and the loss of material becomes 
considerable.

The spindly, four-paneled, pin-connected through bridges 100 feet long, 
which have been turned out in the past even from the best shops, have not 
been admirable specimens of design ; and though present practice has modi
fied some of their defects, they are still not by any means the best that can 
be used. Of course there is ambiguity in the determination of the stresses 
in bridges of more than one system, and it is more rational, as far as the 
determination of these stresses is concerned, to use one system only: but 
since the best bridge is that one which carries a given load most safely 
and economically, it is most rational to use for any span that kind of a 
bridge which most nearly satisfies this definition; and as in all other en
gineering work, observation of existing structures may modify theoretical 
conclusions. Observation of well-designed and well-constructed lattice 
bridges 100 feet long has shown them to be stiffer and safer structures 
than pin bridges of the same length, and it lias yet to be shown that the 
best designed bridges of this character cost more for maintenance, or need 
renewal sooner than pin bridges. Because lattice bridges as they used to 
be built, with webs connected by one leg, no angles on the lower sides of the 
top chord webs, etc., are not good bridges, it does not follow that those of 
the best present designers should not be used. The writer does not mean 
it to be inferred that he does not consider single systems advisable in most 
cases, but only that the use of multiple systems is excusable in certain

As to the use of pony trusses, the increase in the length of plate gir
ders, rendered commercially possible by advancements in mill and shop 
practice, will probably soon do away with them to a great extent.

There seems to be no question of the correctness of the present ten
dency toward riveted instead of hung floor beam connections, that is, 
when these connections are so made that both channels of the post act to
gether or nearly together; and as giving greater rigidity, riveted, instead 
of adjustable lateral connections, seem generally preferable. So long as 
stringers are spaced so that the inside of the guard timbers are outside 
their webs, I can see no sufficient reason, as far as safety is concerned, for 
spreading them further apart; for the flaring of the guard timbers at the 
ends of the bridge should bring any train off the track inside these timbers, 
and the wheels will then be inside the stringers also. If the train is so 
far off the track that it cannot be brought inside the guards before it 
reaches the bridge or if it mounts the guards while it is on the bridge, an 
accident is almost sure to result, whatever the flooring may be. The floor 
system adopted by Mr. Waddell is certainly a safe one, but it seems to 
me to be unnecessarily expensive. As a matter of fact, with ordinary 6x8- 
inch guard timbers, flared at the ends of the bridge, notched 1 inch over 
closely spaced ties and bolted to them and to the stringers at frequent 
intervals by hook bolts, there seem to be few cases of derailment in which 
the train could not be safely guided over the bridge, that is, of those 
derailments which could be taken care of by any floor. Most engineers 
know of cases in which derailed trains have been kept between such guards 
on such a floor for great distances.

I do not doubt that the time will soon come when steel will wholly re-
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place wrought iron, not only in bridge work, but in almost all structuiea 
and machines in which such iron is now used. It seems to me, though, 
that there are few engineers who would care at present to use this material 
only in bridges, in exactly the same way that wrought iron is used -with 
holes punched and not reamed in tension as well as compression members - 
and unless it is so used it cannot be said that it is practically as cheap 
as iron, for spans of ordinary lengths at least. But even though wrought 
iron should not be ruled out by the specifications, there hardly seems to 
be much doubt about the advisability of using steel properly throughout, 
even at an increased price.

I think Mr. Waddell’s allowed unit stresses good ones for this ma
terial, and agree with him in believing that it is irrational to double the 
allowed live load unit stresses for the dead load. The theoretic deduction 
as t°> the effect of a suddenly applied load cannot, I believe, be properly 
applied in this way, as the application of a train to a bridge is not sudden 
in the sense above used, and the induced stress even in the floor system 
cannot be said to be due to a suddenly applied load.

By G Bouscaren, M. Am. Soc. C. E.

LIVE LOAD.—In the light of past experience, the proper live load 
to be assumed in the computation of railway bridges is a matter w worth 
considering. The old practice was a uniform load of 1 ton per I near foot 
of single track; this, with the short panels commonly used then <ave very 
weak primary members and floor connections, even for the t engines 
and cars of the time. The breaking of floor beam hangers of common 
occurrence in those days.

The substitution of a train diagram composed of one or two typical 
locomotives followed by a uniform load was an improvement on the old 
method. The writer introduced it, he believes, for the first time in the 
specification for bridges on the Cincinnati Southern Railway in 1874. The 
engines of the diagram were the heaviest which were expected to be used 
on the road at that time.

With the past now before us, it may be said that it was a mistake not 
to provide for the future by a heavier load; this necessity was not as evi
dent then as now; besides, it has ever been a popular principle with a cer
tain class of wise managers to “take care of the present and let the future 
take care of itself.” The outcome of this policy has been the renewal of a 
large number of iron bridges, which had their life—supposed to be eternal 
- shortened to that of wooden structures, by the evolution of American 
locomotives and rolling stock; a great many more only owe their prolonged 
existence to a depleted condition of the company’s treasury.

It seems to be a matter of common sense that the live load assumed i 
calculations should not be exceeded in its effect on the different membeis 
by any actual load ever likely to come upon the structure. In this respect 
the usual arrangement of two typical locomotives followed by a uniform 
train load is defective, inasmuch as it does not give the greatest stret -
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in all cases. For instance, the chord stresses will be materially increased 
in long spans if the locomotives are supposed to be preceded as well as 
followed by the uniform load; again, in iron bridges, cantilever bridges 
and continuous girders, larger stresses will occur at certain points of the 
web and chords when the live load is supposed to be distributed in a dis
continuous manner over the bridge. This condition is liable to occur, and 
does occur quite frequently, on br'dges where trains follow each other 
closely, and when, from their position in proximity to a yard, switching has 
to be done over them. The arrangement and distribution of the load 
should therefore be prescribed as that giving the greatest result in each

The distinction between engines and train in the load diagram is not 
as important now as it was, for the reason that the train weight per linear 
foot has increased more rapidly than the engine weight per linear foot, the 
excess of the latter over the former having been reduced from 40 or 50 
per cent, to 20 or 25 per cent. The fact remains, however, that the present 
form of load diagram is the most convenient to represent the intensity of 
the load desired, and it is not likely to be abandoned by railroad engi
neers except for a train of typical engines, which is being done in some 
specifications.

As regards the use of equivalent uniform loads for the purpose of com
putation, it is simply a matter of choice with engineers. The particular 
method of calculation employed is immaterial, provided it leads to correct 
results, and no reasonable man will object to the use of equivalent uniform 
loads or to graphical construction, if the stresses are accurately determined 
thereby. It is always well, however, to check one method of calculation 
by another; an exact coincidence of result is unnecessary, a variation of 
2 or 3 per cent, is quite admissible, but it is advisable to keep on the safe 
side by adopting the larger figure in every case. Uniform loads are gen
erally used in the computation on arch ribs to save labor, but the advan
tage to be gained in the case of ordinary trusses is much less. The writer 
must take exception to Mr. Waddell’s remarks to the effect that the ordinary 
engine diagram cannot be used conveniently for finding bending moments 
in plate girders; he has used this method for many years. The weight and 
moment diagrams, such as given by Mr. Ward Baldwin in a recent paper 
read before the Society, having been once constructed, can be used very 
expeditiously to determine, not only the maximum moment at any point 
of a stringer, but the stress as well, and the maximum reaction on floor 
beams for any length of stringers. These diagrams, which need not be so 
elaborate as shown by Mr. Baldwin, can be readily drawn in a very short 
time, and their usage reduces very much the labor complained of.

The avoidance of the great variety of engine loads now being used in 
specifications is a great desideratum; a great number of them differ only 
slightly, but require, nevertheless, the construction of independent weight 
and moment diagrams, which is an unnecessary burden and annoyance. 
Five or six typical engine loads would cover the range of requirements 
for all classes of roads. The writer’s criticism of the series of types pro
posed by Mr. Waddell is- 1st. That it starts with too heavy engines for the 
lightest load, and ends with too light engines for the heaviest load. 2d. 
That all his engines are given the same length, whereas, as a rule, actual 
lengths increase with the weight. 3d. That his driving wheel-box is some-
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what longer than obtains in actual practice. The addition of a heavy pas 
senger engine to the ordinary load diagram is a good provision which 
should be retained in the specifications. In spite of the tendency to long 
panels, short ones will occur occasionally, when the greater weight on a 
single pair of drivers will be the ruling factor. The application of this 
wheel load as a check in special cases is certainly no great burden on 
the computer.

WIND PRESSURE.—American practice with regard to wind pressure 
was pretty clearly shown by C. Shaler Smith's paper on that subject and 
the discussion thereof published in the Transactions of the Society for 1881

The practice is about the same now as it was then, viz., 30 pounds per 
square foot on the loaded structure, the pressure on the train being con
sidered as a moving load; 50 pounds per square foot on the empty structure, 
the greatest result to rule in every case. No new facts have come to light 
since then warranting a decrease in these pressures; on the contrary, bridges 
continue to fall down from time to time in the track of tornadoes. The in
creased weights of trains and engines have increased the pressure of wind 
necessary to overturn them. If the pressure of 30 pounds on the loaded 
structure has not been increased to meet this altered condition, it has been. 
I suppose, on the ground that no train would be likely to venture on a bridge 
in such a hurricane; still it might be caught there, which would be a reason 
for assuming a heavier pressure than 30 pounds for small spans at least.

After all that has been said on the subject there seems to be no good 
reason for reducing the pressures. The fixed amount per linear foot given 
in certain specifications is based on the pressure of 30 pounds, and is un
derstood to apply only to small spans. As the actual surface exposed to 
the wind is not proportional to the length of spans, and will vary quite 
materially with the design for the same span, the writer has always pre
ferred to compute the surface for each case; it requires but little time to

There is no longer any doubt that a pressure of 50 pounds and over is 
frequently reached by wind storms in this country. Shaler Smith, in his 
paper, gave several instances of well-observed facts to prove this, and no 
one would be disposed to question the results of his observations who has 
seen the effect of some tornadoes which have swept over different parts of 
the country within the last few years. The width of zone of greatest in
tensity in such storms is admitted to be small; but surely this is not a 
sufficient reason for omitting altogether the consideration of the effect of 
these great pressures on empty structures, especially when it is known that 
they are often accompanied by a lifting force of unknown power which 
tends to increase their effect on the stability of the structure. In the 
writer’s opinion it is certainly risky to assume less than 50 pounds per 
square foot on an entire empty span, whatever may be its length. In 
France and England, where the intensity of the wind is not likely to be 
greater than it is here, the pressure assumed on empty structures is gen
erally above 50 pounds. With regard to the effective areas for wind pro- 
sure, the writer’s method of computing them concurs with Mr. Waddell’s

In the computation of wind stresses the principal points of difSerem e 
seem to be: 1st. Whether the transmission of effects in the upper half of 
the truss should be considered as going through the top lateral bracing r 
through the vertical transverse bracing. 2d. Whether the bottom of e i
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posts in through bridges should be considered as fixed or hinged laterally. 
The writer’s practice is to consider the transmission to the abutments or 
piers as taking place exclusively through the top lateral system, this being 
the most direct course, and to consider the end posts as hinged at the bot
tom, there being always enough play on the pins to allow free elastic 
deflexions laterally. These assumptions are on the safe side.

As stated in the paper, the effects of the wind on the chords are often 
a disagreeable surprise to bidders who neglect to take it into account in 
the first place, on the assumption that with the larger working stress 
allowable for the wind, no addition to the sectional area will be required. 
For large spans the necessary increase of section may be very material. 
It is well also to test the effect of the lateral pressure of the wind on long 
and slim struts; the bending moment due to the wind may require an in
crease of sectional area or the remodeling of the section.

STYLES AND PROPORTION OF BRIDGES.—The writer agrees with 
Mr. Waddell, that for small spans which can be shipped whole riveted gird
ers are preferable to pin-connected trusses; they contain more material, but 
this is more than compensated by their staunchness, and the fact that they 
can better stand neglect, a point which, unfortunately, should always be 
taken in consideration.

Pony trusses should not be condemned without reserve ; there are cases 
where their adoption is dictated by circumstances and a proper regard for 
economy, as, for instance, where the crossings of several small streams occur 
on a stretch of le/el grade, with a small elevation of grade above high 
water which does not afford the necessary room for deck girders. Raising 
the grade for its entire length might be too costly; on the other hand, 
short approaches to each bridge, introducing several humps on the level 
stretch, would be very objectionable, especially on a road where fast trains 
are to run. Pony trusses are the best solution in such cases; they can 
always be made entirely safe by a liberal treatment of the top chord.

The Pratt and Whipple systems of web bracing, with vertical inter
mediate and inclined end posts and an inclination of diagonals approximat
ing 45 degrees, are probably the best forms of trussing for economy and 
simplicity of connections with the floor system. In his later practice the 
writer has avoided the use of the Whipple form on account of the theoreti
cal uncertainty of even distribution of strains between the two sets of web 
bracing, although he believer this objection to be more specious than real. 
Beyond 200 feet the Petit truss is advisable, to reduce the length of string
ers and maintain the proper inclination of diagonals.

The writer agrees with Mr. Waddell in giving preferences to the strut 
over the ties in subdividing the panels; although it is done at the expense 
of more metal, the use of the strut avoids all ambiguity as to the distribu
tion of the load and adds to the rigidity of the structure. The fact that 
one-half of the floor beams are suspended in the Petit truss is not an ob
jection if they are properly connected to the chord.

Beyond 250 feet a polygonal shape of the top chord is advisable on the 
ground of economy. To better accomplish this object the angles should 
be suitably selected to maintain a continued increase in the stresses of the 
web members from the center to the ends of the span. Polygonal top chords 
when properly designed are, in the opinion of the writer, more pleasing to 
the eye than straight chords in long spans. The ordinary rule of 14 feet
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clearance between trusses will generally give a ratio between distance from 
center to center of trusses and length of spans greater than ; this ratio 
can safely be reduced to for long spans; beyond this the working stress 
per square inch in the top chord should be reduced in proportion to said 
ratio by the formula for compression members.

The proportion between the depth and the distance from center to center 
of trusses cannot be formulated by a fixed rule; the economy, stability and 
rigidity of the structure are the principal elements of the question, which 
should all be duly considered. The limit of 3 to 1 seems high enough; with 
a width equal to one-twentieth of the span, this would lead to a depth of 
truss equal to three-twentieths of the span, which is not generally exceeded 
for long spans.

The necessity of properly designed guard rails and rerailing devices is 
universally recognized, but the advantage of increasing the clearance from 
14 to 16 feet on spans of moderate length is questionable. Such increase 
would add materially to the cost of the lateral and floor systems, and would 
not be likely to prevent the class of accidents against which guard rails 
and rerailing devices are ineffective, such as collisions, broken axles and 
broken tracks.

In deck spans it is very desirable, when practicable, to carry the 
masonry to the top chord, to secure greater stability and rigidity.

All adjustable parts in a bridge should be avoided, if possible, for the 
reasons that they seldom stay in adjustment, that they are consequently 
a source of expense in maintenance and that they are often overstrained 
by incompetent men. The writer has seen the end bars of the bottom 
chord in a 150-foot span buckled by the overstraining of the end lateral 
rods; he makes it a rule now to use riveted stiff diagonals in the bottom 
lateral system of through bridges and the top lateral system of deck 
bridges; he also avoids adjustable counter rods by making all the web 
members, where a reversion of stress is liable to occur, able to resist ten
sion and compression.

The riveted connection of floor beams to posts is open to the objection 
of inducing tension in the upper rivets and a bending moment in the post. 
On the shore spans of the Ohio River Bridge and on the Kentucky River 
Bridge, on the Cincinnati Southern Railway, where this form of connection 
was adopted, the top rivets get loose and have to be renewed from time to 
time. This can be avoided by a top tension bolt of sufficient strength to 
resist the flange stress of the beam considered as fixed at the ends to be on 
the safe side; the bending moment induced from the beam should also be 
duly considered in proportioning the post. Unsupported tension rods or 
bars of great length are injurious to the rigidity of the structure and 
should be avoided. It is not always convenient to preserve a fixed propor
tion between the length of bars and their depth of section, and there seems 
to be no necessity for doing so if the fiber stress induced by the weight of 
long bars is taken into account in proportioning the bars; the best plan, 
however, is to support the bars properly.

The first requisite of a safe deck is to be impenetrable to a derailed 
train. The ties should be strong enough to resist individually the impact 
from the heaviest wheel load; they should be firmly fixed in position and 
spaced close enough to prevent bunching under the raking of the derailed 
wheels The writer uses a 4-inch space between ties; every tie is locked

i
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laterally by the stringer web projecting 1 inch above the flange angles; 
this is better than dapping the ties on the stringers, it requires less labor 
and avoids the danger of splitting the ties at the shoulder; every tie is 
fastened to the outside timber guard by a five-eighths-inch lag screw and 
every third or fourth tie is bolted to the stringers. Lag screws are prefer
able to bolts, which will lose their nuts and drop off.

On the Cincinnati Southern Railway bridges the inside faces of the tim
ber guards were all lined with 3 x 3-inch angles; these angles had to be 
taken off; they got loose in time by the effect of temperature, curving 
up and out of line at the ends, and becoming a source of danger instead of 
a safeguard. In addition to the outside timber guard, the writer uses an 
inside guard rail made of old or second-class rails laid with inside shoulder 
braces. Both guards are 7 inches from the head of the track rail, a suffi
cient space for wheels to run in without skewing. It is safer to use long 
ties with auxiliary side stringers, the main stringers being placed directly 
under the rails. Where this is not allowable on the ground of economy 
the main stringers are spaced from 6 to 8 feet, according to length of floor 
beams, and the ties proportioned accordingly with a minimum depth of 8 
inches. When practicable the deck should be of hard timber. For the 
reasons given by Mr. Waddell, long leaf yellow pine is perhaps preferable 
to oak, but the objectionable features of oak are very much lessened if care 
is taken to lay every stick with the heart side down; in that position it 
will not split and check under the action of the sun, and will last much 
longer.

INTENSITY OF WORKING STRESSES.—There seems to exist with
out sufficient reason therefor a great diversity of opinion among American 
engineers with regard to the proper limits of working stresses.

The experiments made by Woehler and Spangenberg, under the auspices 
of the Prussian Government, and the Launhardt’s formulas which have 
been deduced therefrom by a generalization extending beyond the scope of 
the experiments, seem to be responsible, in a large measure, for this state of 
things. We have apparently been too hasty in adopting these formulas 
without sufficient investigation. The engineers of England, France, Bel
gium, Holland and Prussia, who follow very closely what is being done by 
their neighbors, have, as a rule, left these formulas severely alone. All 
that can be claimed as legitimate conclusions from Woehler’s experiments 
are the facts, heretofore suspected but not proven :

FIRST.—That an intensity of stress intermediate between the ultimate 
strength of the metal (as measured by a single application of load) and its 
limit of elasticity will always produce rupture, provided the number of 
applications is sufficiently great.

SECOND.—That within the limit of elasticity the metal will stand, 
without breaking or being injured in any way, an indefinite number of 
applications, whether the stress be always in the same direction or be 
alternately in tension and compression.

If the writer is correct in this statement, he is forced to the conclusion 
that Launhardt’s formulas deduced from experiments on crippling stresses 
cannot apply by any scientific process of reasoning to elastic stresses, the 
only ones with which we are concerned. The single teaching of the German 
experiments is that the working stress should never exceed the elastic
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limit. Now comes the question: If the elastic limit is the theoretical 
maximum of working stresses, how near to this limit can we come ir. prac 
ticeP The question can only be answered by practice itself, of which we 
have to guide us a length of thirty or forty years in the construction of 
metallic framework for bridges and buildings, and a great deal more in the 
construction of machinery.

Before going further, it is well to have a clear understanding as to the 
precise meaning of the term “working stress.” Where there is no motion 
the effect of the external forces is entirely static; where motion exists, a 
dynamic effect is added which is due to vibration and impact.

Impact itself is due directly to shock or to the rapidity with which the 
force is applied. We have, unfortunately, no accurate method of equating 
dynamic into static effects as occurring in bridge members, but we know 
that the maximum effect of impact, leaving out shocks, is to double the 
static stress, and we know that the effect of vibration increases as the mass 
of the strained member decreases, and is also affected by the length of the 
member. With this information and the result of observation and experi
ence to guide us. we can always approximate for each particular case the 
equivalence of dynamic into static effect and deal finally with the resultant 
static stress. This resultant is what we shall call the “working stress." 
With this understanding, it can safely be assumed that a working stress 
equal to one-half of the elastic limit will always give ample security. This 
assumption is justified by the writer’s own experience and that of others, 
as far as he is informed. Who has ever heard of a sound piece of metal, 
working ordinarily within that limit, giving awayP

In a paper read recently (September, 1891) before the French Society 
of Civil Engineers, M. Contomin, Engineer for the Northern Railway, gives 
some reliable instances of iron and steel working successfully for a number 
of years under these conditions:

FIRST.—In the case of two iron bridges built in 1854 and 1855, and 
recently renewed on account of increase in the rolling load, tests on speci
mens taken from the principal members of the old structures showed that 
the iron had preserved all its original qualities after a service of thirty-five 
years under a working stress of a little more than one-half of the elastic 
limit.

SECOND.—Similar tests made on specimens cut out of the heads and 
flanges of old rails which had been twenty-three years in the track, and 
finally taken out on account of wear, showed that the steel (60,000 pounds 
elastic limit) had preserved in every particular all the qualities required 
of it in the specifications for those rails; its working stress in service had 
been 30,000 pounds.

THIRD.—By a careful calculation, taking into account all the elements 
tending to increase internal stresses beyond what they would be under a 
static load, M. Contomin shows that the working stress in locomotive axl^s 
on the Northern Railway exceeds but slightly one-half of the elastic limit 
of the steel, which in this case is 39,000 pounds, the steel being of about 
the same grade as our medium structural steel. This metal in ordinary 
service is subjected to nineteen reversions of stress per second, passing from 
zero to equal tension and compression. These axles never break, being 
always finally condemned on account of wear.
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If one-half of the elastic limit may be considered as a safe maximum 
for the working stress in practice, on the other hand the margin which 
it gives to the theoretical maximum is not too much to cover the probable 
errors made in converting the dynamic effects of the rolling load into static 
values- the secondary stresses due to the deformation under load, the un
equal distribution of stress through large sections, the possible hidden 
defects of material, and other accidental causes of increase of stress. 
Therefore, in the writer’s opinion, one-half of the elastic limit is the proper 
working stress to adopt, and he hopes to see Launhardt’s formulas and their 
derivations dropped by every one concerned or interested in bridge building, 
because they are not only burdensome in application, but lead to incorrect 
proportionings which, in extreme cases, amount to absurdities.

The assumption, made by some engineers, that the effect of the rolling 
load on all parts of a railway bridge is twice as great as that of an equal 
dead load, is manifestly erroneous, and the assumption that the effect of 
the live load in highway bridges is the same as that of an equal dead load, 
excepting the variations due to the transient nature of the load, is equally 
incorrect. It is evident that the effect of impact and vibration must vary 
with the rapidity of application of the load; that it must be greater on the 
floor members and on the primary web members, and decrease for every 
member as the stress in that member is composed of a greater number of 
accumulative pails from different panels. The writer’s assumption in his 
specifications is that the dynamic effect of the load in railway bridges will 
exceed the static effect of the same load by 100 per cent, on the riveted 
connections of stringers and floor beams, that this excess will be reduced 
to 50 per cent, on the primary members, and will decrease to zero at the 
end of a 500-foot span. The percentage to be added for impact can then 
be readily found for each member by the formula for interpolation,

where d is the distance of the members under consideration from the center
of the span. If the formula 12,000— 60 J used by Mr. Waddell for hinged

vertical posts represents fairly the results of actual tests, it would be more 
convenient to apply it than Rankine’s formula. This is a matter of in
vestigation. We now have a sufficient number of tests on record of full 
size parts of different shapes to verify the formula.

We should not lose sight of the fact, however, that no reliable formula 
for the working stress of compression members can be deduced from past 
experiments, for the reason that all these experiments have been made to 
determine the ultimate strength of the struts experimented upon; less care 
and uniformity of method having been used to determine their elastic 
limit, which should be the proper basis for the working stress. There is no 
greater desideratum at the present time for engineers interested in metallic 
construction than an exhaustive and systematic set of experiments on the 
clastic limit of large compression members, where the influence of the four 
principal factors, viz., quality of material, shape of cross-section, ratio 
between length and radius of gyration and nature of end attachments, 
would be correctly determined.

With regard to Mr. Waddell’s reference to the value of the working 
stress for a steel post, deduced from the writer’s specifications, which he
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considers ns excessive, it seems sufficient to say that this value is wel, 
within one-half of the limit of elasticity of the metal, and therefore en
tirely safe; considering that the ratio ^ being supposed to be less than

50, the flexion formula for posts does not apply. It is also well to bear in 
mind, in comparing values of working stresses of different specifications, 
that where they include the effect of impact reduced to static value they 
must necessarily be greater than where they do not.

COMBINED STRESSES. For wind stresses or a combination of wind 
and other stresses, the writer specifies a maximum working stress of 25 
per cent, in excess of the working stresses without wind, which is equiva
lent to five-eighths instead of one-half of the elastic limit. This is con
sidered allowable on account of the rare occurrence of winds of such in
tensity as are assumed in the calculation. Formerly this working stress was 
taken as three-fourths of the elastic limit; it has been reduced by the writer 
to five-eighths, in consideration of the rhythmic action of the wind, which 
causes a certain amount of impact and considerable vibration.

The writer concurs with Mr. Waddell’s method of treatment of the end 
posts in through bridges, excepting as to the maximum value of the work
ing stress under the combined effect of the wind and other loads, which he 
thinks should not exceed five-eighths of the elastic limit as explained 
above. It seems inconsistent to admit 20,000 and 24,000 pounds for the 
combined action of the wind, when the working stress without wind is 
limited to 9,000 pounds. I hope Mr. Waddell will give us his reason for 
doing so.

Referring to the subject of plate girders, the web, if made thick enough 
to give sufficient bearing for the flange rivets, will generally with proper 
stiffening be found to be of ample strength. The only point likely to be 
weak is at the ends, especially if the height there has been reduced for 
a shallow seat; it may be necessary to reinforce the web with thickening 
plates in addition to the stiffeners. Deep plate girders with thin webs, 
properly stiffened, act more like trusses than solid beams; although the 
web plate participates to a small extent in resisting the bendings, it is 
safer to assume that the whole duty falls on the flanges. The web is gen
erally spliced with regard to shearing only; if it is relied upon to resist any 
part of the bending moment, it should be spliced accordingly, and wider 
plates and a greater number of rivets will be required than are generally 
used. When flange plates have to be used, it is important to have as much 
metal as practicable in the flange angles, as they are certainly strained 
more than the plates, owing to the eccentricity of the web attachment and 
the unequal distribution of stresses.

GENERAL DETAILS OF CONSTRUCTION—In the writer’s opinion, 
the details and the general design are of equal importance, because all the 
advantages of a good design may be lost through faulty details. Greater 
progress has been made perhaps in the design of details than in any other 
branch of the art. If we are yet too far from perfection to rest on fixed 
standards, even for ordinary spans, we should, for the purpose of criticising 
our own work, keep in mind the principal characteristics of good details, 
viz.: 1st. An arrangement such as will secure the independent action ot 
the several parts, as intended in the general design, and prevent one class 
of members from sharing in the duties of another, or doing work which it
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was not designed to do. 2d. The avoidance, as far as practicable, of sec
ondary stresses, such as bending moments in tension and compression mem
bers, which are liable to be overlooked, causing an excess of working stress 
in these members, or, if properly considered, leading to an expensive increase 
of sections. 3d. A form and disposition of parts that will insure as nearly 
as possible a uniform distribution of stress through the sections, which 
requires a close coincidence of the resultant lines of stresses with the centers 
of gravity of sections. 4th. If the above conditions cannot be entirely ful
filled, the details should be such at least as to permit a correct analysis, 
that will leave no ambiguity as to the distribution of stresses. 5th. Ten
sion in rivets should be entirely prohibited, and the position of field rivets 
should be such as to give ample room for good work.

The 1st and 5th conditions should prohibit the riveting of both ends 
of stringers to floor beams, excepting for very short spans. It is best to 
have a riveted connection at one end only of each stringer, with a slip joint 
at the other. This is in no way prejudicial to the rigidity of the structure, 
which is entirely secured by the horizontal lateral system. A continuous 
length of 150 feet of rigidly connected stringers is too great; the elastic 
elongation of the chord for that length due to the live load would be in 
the neighborhood of one-third inch, which is sufficient to create a very ob
jectionable tension in the riveted connections and undue stresses in the 
stringers and floor beams.

The writer agrees with Mr. Waddell in condemning beam hangers, with 
screw ends, but does not see any objection to the suspended floor beam if 
properly connected otherwise with the chord to transmit the wind stress; 
it secures a better distribution of the panel load at the panel point than a 
riveted side connection of the beam with the post. In double track bridges 
the riveted connections to posts are open to the further objection of unduly 
straining the rivets and causing undue bending moments in beams and 
posts, owing to the unequal deflexion of the two trusses when one track 
only is loaded ; this is probably the reason for prescribing suspended floor 
beams in double track bridges on the Atchison, Topeka and Santa Fe road.

The writer would not dispense with the reaming of rivet holes in mild 
steel, and believes in reaming iron as well when a full duty is expected 
from the rivets. Reaming is the only sure way of securing an exact coin
cidence of rivet holes, which is an essential condition for good work. An
other reason for not dispensing with reaming in steel plates is the well- 
known fact that hard spots are of frequent occurrence in the softest steel.

The length of stay-plates at the ends of compression members is a very 
important item; their function is to distribute the stress uniformly through 
the section; and they should be long enough and have a sufficient number 
of rivets to do so in the most unfavorable case that can and does happen, 
where tha bearing is altogether on one side of the post. The influence of 
the end plate on the carrying capacity of built posts was clearly illustrated 
in several instances of column tests made by the writer.

The latticing between posts should also be made stronger and more 
substantial than is generally done; it should be proportioned to the weight 
of the post, and the lattice bars made stiff enough to preserve their shape 
in handling members before erection. Bent lattice bars are a noticeable 
feature in nearly every bridge through the country; this is proof enough 
that they are generally made too weak.



358 RAILWAY ItRWCli PLSIGXIXG.

By H. H. Filley, M. Am. Soc. C. E.

Although bridge designing lias been one of the leading subjects of 
investigation among the engineers of this country for a generation past, the 
subject is by no means worn threadbare, and from this resume of disputed 
points by Mr. Waddell, the conviction is strengthened that enough still 
remains to keep the subject well to the front for a long time yet. There is 
one fact which the author states concerning live loads in bridge calcula
tions that should not be lost sight of in considering different methods of 
calculation, viz., “It must be acknowledged, therefore, that all assumed 
loads for computing stresses in bridges are merely typical.” The engine 
diagram nicely drawn to scale, with its careful spacing, its large driving 
wheels and its small leading and tender wheels, looks so rational and real 
that it is little wonder that we find ourselves looking upon it as showing 
the exact loads to be taken care of; but it is, in fact, only an approximation. 
Probably the nearest approximr tion in use, and yet not near enough to 
warrant the condemning of a simpler substitute on account of discrepancies 
of 2 or 3 per cent, in the results.

I am not disposed to the extreme views entertained by some, that the 
use of engine concentrations has been an unmixed evil in this country, but 
am strongly of the opinion that the average railroad bridge built during 
the past ten years is better proportioned on account of it. The results 
obtained from its use seem to give satisfaction, and are what the advocates 
of uniform loads are trying to obtain, and they are willing to accept them 
as the standard for checking their shorter methods. For that purpose, I 
believe this method should still be retained; but for the every-day work 
of the engineer in dealing with ordinary girders and trusses it seems 
analogous to the taking of ground readings to the nearest hundredth of a 
foot in ordinary earthwork cross-sectioning. The result is a vast amount 
of office work with quantities carried out to three or four places of decimals, 
but actually no nearer the true volume than could have been obtained from 
half the work. If to the expert, who from continuous practice is enabled to 
apply numerous short-cut rules in his computations, the engine concentra
tion method is a “burden grievous to be borne,” what is it relatively to tin- 
railway engineer, who, in addition to his other manifold duties, is called 
upon to check the calculations of half a dozen bridge companies every time 
he is allowed to replace an old wooden with a new metal bridge—this 
permission usually occurring at such rare intervals that at each “letting" 
he finds himself as rusty on the subject as he was at the former. The re
sults which Mr. Waddell has obtained for truss spans are especially grati
fying. If the variation is found to be no greater with different panel 
lengths, ranging from 20 to 30 feet, it would seem amply accurate for 
ordinary use.

Much routine labor may also be saved to both the railroad and bridge 
engineer by the more extensive adoption of standards. There are, of course, 
cases on every railway system of any considerable extent where the most 
complete set of standards must, from local considerations, be discarded, but 
such cases are not numerous. In preparing such standards no attempt 
should be made to include skew and such other exceptional structures as 
bridges for spanning large navigable rivers, but all ordinary cases may be 
fully covered. The length should vary by not more than 5 or 6 feet up to
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clear spans of 30 or 40 feet; by not more than 10 or 12 feet to spans of 
150 or 160 feet, and for longer spans by not more than 15 to 20 feet. Some 
engineers have adopted standards, good so far as they go, but varying by 
so great a length that in too many cases they lead either to useless ex
travagance or dangerous economy. With spans varying by 30 feet, there is, 
perhaps, as much danger of making, in any particular location, the open
ing 15 feet too short as 15 feet too long, depending, of course, somewhat 
on how prominently the economic needs of the company are impressed upon 
the mind of the engineer. The proposed increase of clear roadway for 
through bridges would doubtless give additional security, and may well be 
carefully considered by engineers in preparing standards. Where piers 
or abutments are high, the increased roadway, of course, adds quite an item 
to the cost of substructure.

Probably the next consideration in order of importance, after determin
ing lengths of spans and widths of roadway, is depth of floor system and 
number and spacing of track stringers. These dimensions should all be 
fixed before proceeding to design standards for substructures. There should 
also be standard designs for the flanges of stringers, to facilitate the sizing 
and framing of cross-ties in the shop. This is especially desirable where 
timber is to be creosoted. Where roads pass through thickly settled dis
tricts. it will be well to design a special floor system of the least practicable 
depth for overhead crossings. With our present knowledge and experience, 
the standardizing of bridge superstructure need not stop with the four or 
five sets of dimensions already mentioned. Before commencing the per
manent bridging of a line, the chief engineer, together with an expert, if 
necessary, should take up the subject systematically and prepare complete 
designs for standard spans. Avoid such unusual shapes and details as 
cannot readily be produced at any well-equipped bridge shop.

In any such set of standards there will, of course, be defects, and it will 
be found in time that the designs are behind the times and a revision is 
necessary. In the meantime the engineer will, however, have gained an 
experience from the use of several bridges of a kind under identical condi
tions of service which will enable him to determine whether the defects 
developed are faults of material, workmanship, or design with much more 
certainty than he possibly could if each structure was made from a separate 
design. He would also avoid the unsatisfactory task of wading through a 
half dozen or more sets of plans and checking as many sets of calculations 
for every bridge contract let (usually in a great hurry, as, when an iron
bridge is decided upon, it is wanted right away), and finally adopting, on
account of price, a bridge less desirable than he intended, because some 
bridge company had taken advantage of some loophole in the specifications 
and “skimped” in places without actually violating their requirements. 
That our American method of bridge letting, which has stimulated com
petition in designing, as well as workmanship and prices, has been a potent 
factor in bringing the American railway bridge to its present state of ex
cellence, is doubtless true; but it is also equally evident that in very many 
cases this competition in design has been carried too far. There seems 
now to be sufficient uniformity in the designing of ordinary spans to justify 
the calling of a halt in this branch of the competition. Let the railroad
companies spend some of the money which such designing costs in more
liberal details and better floor systems.
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A rational formula for the “intensities of working stresses,” it seems 
to me, should begin with strictly static loads. Starting from this basis, the 
effect of impact and vibration caused by different kinds of variable or 
moving loads may be provided for, either by additions to calculated stresses, 
or by subtractions from dead load intensities. By comparing several sets 
of specifications in common use, I find the ordinary intensities, in tension 
members, of railway bridges, to be, for “eyebars" about 54 to 64 per cent., 
and for “plates and shapes" about 46 to 56 per cent, of the specified mini
mum elastic limit of the metal. By comparing specifications for iron work 
only, the deviations of practic are found to be somewhat less; with long 
compression members, of course, practice differs by a much greater amount, 
yet very rarely to the extent shown by the author in comparing Mr. Cooper's 
with Mr. Bouscaren’s specifications, in the rather exceptional case of a post 
which carries no dead load. But even in that case, as I read Mr. Bouscaren's 
specification (1890 Edition), the actual working intensity would be reduced 
(from the 12,000 pounds per square inch as stated) by his addition to 
calculated live load stresses, to provide for impact and vibration, viz.:

of trusses cent., where d dis-“For web members

tance of member from center of truss.” If, therefore, the post under con
sideration is at the third panel point of a 250-foot span with 25-foot panels, 
or 50 feet from the center of the truss, the added allowance is 40 per cent, 
of the live load stress and the actual intensity becomes 12,000 -f- 1.4 = 8,571 
pounds per square inch, or about 43 per cent., instead of 100 per cent., over 
that obtained by Mr. Cooper’s specifications- still, however, quite a serious 
discrepancy. We can hardly hope that all differences of opinion concerning 
“intensities of working stresses” will be reconciled in the near future; at 
least, till there is more uniformity in the quantity of metal used as well as 
workmanship in construction, followed by a systematic series of tests on 
full size members to establish a safe mean for all desirable lengths and 
shapes. But if all bridge engineers could agree to begin the solution of the 
problem at tl.e same end, and consider the strains from each kind of loading 
separately throughout, as Mr. Cooper is now doing in truss members, it 
seems more than probable that many of the present differences, which are 
often more the result of individual taste in the use of formulas than of 
evidence obtained from independent investigations or experience, would 
gradually disappear.

If any part of a bridge must be skimped, it certainly should not be the 
floor system, and this should apply to ties and guard rails as well as the 
stringers and cross-beams. The author’s practice of bolting down through 
the stringer flanges instead of using hook bolts is good; not that the hook 
bolts are inefficient, but one of the important features of a floor should be 
the absence of bolt ends, nuts and other projections which would catch any
thing sliding over it, as a brake beam or broken-down truck or car; there 
fore the bolt should pass down through the flange, with nut on the lower 
end, while the head and upper washer should be countersunk into the tie or 
guard rail whenever the stringer spacing will permit. The bolting of even- 
tie to the stringer seems unnecessary, especially with stringers 8 feet apau 
or more. The dapping of guard rails 2 inches over ties with only 5-inch 
spaces between daps is objectionable, al .hough the 2-inch projection, acting
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as a separating block, gets a better hold on the tie than a less depth would; 
but it is more likely to split off and be lost entirely. Probably the surest 
way to prevent the bunching of ties on a bridge is by means of separating 
blocks securely fastened between the ties. Where the stringer spacing is 
wide, as on long deck girder bridges and viaducts, requiring a tie of con
siderably more depth than breadth, very satisfactory results have been 
obtained by uniting them in pairs by means of a bolt and separating block 
at each end, with separating blocks also between the pairs.

Oak timber is more apt to warp and check in seasoning than pine. 
These defects can, to a great extent, be obviated by a little attention to 
the felling of trees at the proper time and protecting the timber from sun 
and wind while seasoning. Oak ties should be nearly square in section 
up to 9 or 10 inches, as the timber warps less than when one dimension is 
much greater than the other. Oak holds a track spike better than pine, 
which is a desirable quality, for, besides the danger of the track spreading 
when spikes get loose, water follows them into the wood and decay begins.
I do not understand that pine is exempt from dry rot; at least some kinds 
of mountain pine are so affected.

If rerailing devices and collision piles are used, they should be placed 
so far away that whatever of good or evil they do to a derailed car may 
be fully accomplished before the car reaches the bridge. Neither the num
ber nor efficiency of guard rails should be reduced on account of such de
vices, for it sometimes happens that a truck is so slewed that it will not 
keep the track for any distance, even if effectually replaced by such means.

Bridge ties should be ample in dimensions and closely spaced, with at 
least inside and outside guard rails made smooth and continuous the full 
length of the structure—for the same reason that bolt ends, nuts, etc., should 
not be allowed to project above them. When ties are close spread, 12 or 
more feet in length, of suitable, well seasoned or chemically prepared tim
ber, they aggregate a considerable item of expense, and their preservation 
becomes a subject worth careful consideration. Bolt and spike holes are 
doors for the admission of moisture and their number should be reduced to 
a minimum. The cuts and bruises from the flanges of a single pair of 
wheels off the track may reduce the life of a set of ties by one-half. This 
tact, together with the desirability of reducing the shocks produced by de
railed wheels, has led to the consideration of this proposed plan (Plate XXI), 
which is, for the most part, a combination of several well-tried features 
picked up from the practice of different railways. The separating blocks of 
cast-iron for 4-inch clear spacing will weigh about 7 pounds each, and may 
be secured to each tie with a wood screw, or in pairs to each alternate tie, 
with a machine bolt. If ties are to be creosoted these holes may be bored 
before treatment. Where separating blocks are used and stringer spacing 
will permit, the holding down bolts may merely pass between the ties, en
gaging only the guard rail and stringer flange.

The turning of the horizontal edge of the angle iron used for the inside 
guard rail toward the rail, providing a smooth path for the flange of a 
derailed wheel, is not new; but the addition of a plate for the same purpose 
outside the rail and riveting both to angle-iron crossbars instead of bolting 
or spiking to the ties, are only the propositions for the consideration of 
those who may be interested in the improvement of bridge floors. If the
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company can afford old or light rails for additional inside guards, as shown 
on the left half of the plan, the security will be increased. Longitudinal 
planks covering the ends of the ties may also be of service.

By John Sterling Deans, M. Am. Soc. C. E.

The paper recently presented to the Society by Mr. J. A. L. Waddell 
embraces subjects of the greatest interest in an important branch of en
gineering and as such should be thoroughly discussed, as requested by the 
author. The first point in the paper on which there is certainly great dif
ference of opinion is in fixing the limit at which plate girder construction 
shall be used, at 100 feet. In the opinion of the writer, this limit is much 
too great and it is not a wise expenditure of money to pay for the extra 
cost of construction in spans of over 75 feet. Above this length the chords 
and diagonals of a well-designed lattice girder are necessarily of such a size 
as to admit of a satisfactory arrangement of rivet spacing at important 
connections, and also to make it possible to have the centers of gravity of 
the various members intersect at one point, so that the question of second
ary stresses is reduced to one of little practical importance. An engineer 
with the latest improved system of power riveting at his command does not 
seem warranted in adopting plate girder construction of over 75 feet 
lengths. This extra expense is not one simply of extra metal, but of extra 
shop cost, handling and erection in the field. Again, in a lattice girder 
internal forces act along well-defined lines, and in this respect it more 
nearly approaches the perfect “American” pin-connected truss and differs 
materially from the plate girder, in which, as Mr. Waddell suggests, the 
exact manner of stress distribution is an open question. The lattice girder 
design can be economically and satisfactorily used up to spans of 135 feet ; 
beyond this the sections become unwieldy for riveted connections and the 
pin style of truss should be used. At this day, with so many numerous 
examples about him, no engineer should be upheld in using anything but a 
single intersection main web system for the longest and heaviest truss

LIVE LOADS.—Under this heading, Mr. Waddell strongly advocates the 
adoption of standard uniform live loads, as against wheel concentrations: 
not that it is the more exact method, but in order to relieve the burden of 
the bridge computer. The writer is well aware of the character of such 
computations and of the really enormous amount of unnecessary work put 
on the bridge engineer, but thinks it is not caused, as Mr. Waddell inti
mates, by simply being called upon to use wheel concentrations in detei- 
mining the stresses in various members, but by the innumerable kinds of 
loading, differing by an inch or two in wheel spacing and by a few pounds 
in weight on axles. That computations by wheel concentrations for a fixed 
load give the more exact result is not disputed, and it is certainly the mar
ner in which loading is applied to a railway structure. It would seem to 
be more logical to adopt certain standard engine and train loads, and wheel 
spacing.
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By adopting a heavy and light type for the “Consolidation,” “Mogul,” 
and “Passenger” engines, and light and heavy train loads, all cases would 
be covered. With these two types settled upon and moment tables figured, 
the computer would soon be familiar with the loading which would give 
maximum results without trial, and it is a question whether it would not 
be the easier method, as it is certainly the better one to present to the 
average railroad officer. The latter would always question the propriety of 
using a uniform load, even though it might really closely approximate to 
an equivalent load, when he is aware that his bridge is subjected to the 
action of loads placed on it through axles and wheels. The writer believes 
that much more can be said against the ridiculous variety of types than 
against the method of computing stresses; he also believes that the great 
number of specifications which every railroad consulting engineer and 
inspection bureau seem to think it is absolutely essential should be used in 
designing their particular structures are the cause of much the greater 
part of the bridge engineer's work. No one not actually engaged in the 
designing and constructing of bridges has any conception of the mental 
labor involved nor the wearing effect of being compelled to work with 
these myriad specifications, differing often in really minor particulars; but 
these differences must not be overlooked, as they are each and all considered 
of vital importance by the author of the specifications. As a sample of 
these differences, a prominent railroad company calls for its steel eyebars to 
fill the following specifications:

Ultimate strength at least 56,000 pounds per square inch.
Elastic limit at least 33,000 pounds per square inch.
Minimum stretch of 10 per cent.

While another equally prominent company believes it is essential in order 
to secure first-class work to have its eyebars, having precisely the same 
duty to perform as those first mentioned, manufactured according to the 
following specifications:

Ultimate strength at least 60,000 pounds per square inch.
Elastic limit at least 30,000 pounds per square inch.
Minimum stretch of 15 per cent.

This is only one instance out of hundreds of the differences met with, 
and in fact is hardly a fair sample in order to make my point, for in such 
an important member as an eyebar there may be some excuse for great dif
ference of opinion as to the best specifications and best mode of manufacture 
to follow. There are many cases known in which there appears to be not 
the slightest reason or excuse for differing from the regularly accepted prac
tice. The parties or society that are instrumental in securing a standard 
bridge specification, or say two or thiee standards (as it would probably be 
well to provide for first, second or even third class construction and loads), 
would indeed be entitled to the gratitude of not only the bridge engineers 
of the country, but that sorely burdened class, the bridge constructors. It 
is next to impossible for these constructors to so arrange their shop practice 
and mill processes as to meet the various whims of all authors of specifica
tions. It would seem as if this matter of a standard specification could 
be settled upon much easier than a standard uniform loading, and in fact, 
if specifications continue to be added to the present long list, the question
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must be met. As long as engines and cars are used to load structures, it 
will always be more rational to use typical engines and cars in designing 
them, and in the opinion of the writer we must look to the “Standard Specifi
cation” to relie/e the sorely tried computer in whose interest Mr. Waddell 
has taken up the subject.

By Frederick H. Smith, M. Am. Soc. C. E.

In discussion of Mr. Waddell's timely paper, I would say that his re
marks on the flimsiness of web systems resulting from excessive curvature 
of top chords recalls the controversy on this subject which raged in the 
early fifties. The builders of arched or bowstring bridges thought the world 
could get along with spider-web systems in bridges; the Howe truss men 
admitted that arches had their uses occasionally, but only as auxiliaries to 
trusses with heavy web systems, and McCallum combined the two plans by 
mounting an arched top chord on end arched braces, and lightened up his 
web system about proportionally. In 1852 a committee of engineers exam
ined and reported on a McCallum bridge of 200 feet span over the Susque 
hanna River at Lanesboro, Pa., and in 1852-53 much of our engineering 
class-work at Pittsburgh was devoted to the discussion of this subject. In the 
fulness of our wisdom we decided that McCallum’s combination of the two 
plans was worthy of our valuable commendation, but that he was not the 
first to build bridges embodying such combination; as we measured, illus
trated, computed and discussed several small bridges in Allegheny County 
which had laminated curved top chords, vertical end posts, and variously 
inclined braces and rods, all reported by the neighbors to have been built 
by “Jim Finley,” the man who first built iron suspension bridges in this 
country.

Some of the Howe truss men were so impressed by McCallum’s business 
success (if not by his arguments) that they began arching their top chords, 
and a notable example of this practice was the Rock Island Bridge over the 
Mississippi River, which was removed when the present iron bridge was 
built by the late Baltimore Bridge Company in 1871-72. In the Rock 
Island Howe truss the web systems were ns heavy as they would have been 
had the chords been parallel, and this is also the case in the curved top- 
chord bridge built in 1 £07-69 over the Missouri River at Kansas City, by 
President Clianute. The practical aspects of such curvature were carefully 
looked into in 1869-70 by the late C. Shaler Smith, M. Am. Soc. C. E.. and 
myself in the Western office of the Baltimore Bridge Company, in cornier 
tion with plans for a proposed tripartite bridge at Pittsburgh; and we 
found that a double intersection truss with radial posts and parabolic top 
chord required theoretically the least material. The attenuated web system 
however, seemed to us to need the addition of about as much gratuitous 
metal as would wipe out this advantage, and as the shop and erection costs 
were excessive and the raking posts necessitated a suspended floor system, 
we dropped the subject in a business way, although I patented the 
radial posts as being the only feature that had not been anticipated by the 
Jim Finley and other curved-top bridges. The radial posts, by the way,
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had been first used by me in designs for a canal bridge to be manufactured 
by the Treù.gar Works in Richmond, for Shaler and Fred. Smith, and this 
bridge, together with three 100-foot spans of Fink truss, which we had in 
hand for Chief Engineer H. D. Whitcomb, M. Am. Soc. C. E., for Jackson 
River, Virginia Central Railroad, were stopped by the outbreak of war in 
1861.

In the matter of suspended floor systems, I note that some men who 
advocate this practice for modern beam trusses have omitted the “saving 
clause,” so to speak, which was used by the builders of the old suspension 
trusses and the earlier beam trusses, viz., the use of a compensating suspen
sion link and of longitudinal strut-ties between the ends of the floor beams, 
all so fixed that the lateral vibration was carried directly to the masonry 
without affecting the truss, and the truss could expand without affecting 
the floor system. In the absence of compensating suspension links, a sus
pended floor system, if bolted up tightly against the bottoms of the posts, 
will develop sooner or later some openings between the ends of stringers, 
and such openings had best be included in the design, as Mr. Waddell states. 
This is equally true when the floor beams are riveted in between the posts, 
either above or below the chords, unless indeed they should be on the neutral 
line of the truss; but trouble from such openings between stringers need 
not be looked for except in very long spans.

The north span, 255 feet long, in the Susquehanna Bridge of the P. W. 
& B. R. R., at Havre de Grace, designed and built in 1873-74 by the late 
Baltimore Bridge Co. (the shop-work being the first output of the Edge- 
moor Iron Co.), has floor beams riveted or bolted in between the posts 
above the chords, with stringers between the floor beams fished to each 
other over the beams, and resting on and bolted to end floor beams which 
ride on the end post shoes. This north span flattened its rollers somewhat, 
but the remaining eleven spans of this bridge built subsequently with the 
same floor details by the Baltimore Bridge Company and the Phoenix 
Bridge Company rolled freely, and I have never seen or heard of any serious 
distortion or other trouble arising from differences of expansion or con
traction between the floor system and the chords. These stringers, how
ever, are bolted (not riveted) together, the purpose being to allow for ex
pansion at each joint. I have always used the above-described end floor 
beams riding on the end shoe, and fully agree with Mr. Waddell that it is 
very necessary. When the conditions are such that a suspended floor beam 
is necessary, I rivet it to extensions of the posts below the chords and rest 
the stringers on sliding shoes on the wall, and attach them and the lateral 
rods to struts which move with the end shoes, and thus keep everything 
drawn taut.

Mr. Waddell is undoubtedly right in advocating long panels and sin
gle intersections, and in subdividing these panels in long spans, but I am 
not at all convinced that by carrying the sub-panel load to the rear, or by 
any other device, he can effectually support his top chord with a sub-post at 
mid-panel. There have been removed and replaced this year several spans 
of what we called the “sub-truss Quadrangular” bridge, built by us in 
1868-69, on the old Cincinnati and Baltimore (now B & O. S. W.) Railroad. 
These spans were built to carry such wheel loads as iron rails would carry, 
and although they had recently been crowded beyond double duty, they 
never let go. The sub-truss eyebars ran fore and aft to the heads of the
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main posts, and we had to use full panel lengths in figuring top chords 
in overgrade spans, as we found that the sub-posts slacked away from the 
top chords under loading, just as in Fink trusses. The sub-truss does its 
work independently 0/ the main truss, and puts a local and secondary gir
der strain on the top chord if the sub-post is attached thereto. While on 
the subject of top chords, I wish to express my satisfaction that so many 
specialists are now using chord joints in which the joint line cuts the pin 
center and the sections are held together by the passage of the pin through 
inside and outside overlapping plates with no field riveting. When I first 
used this Joint in 1878, in New River Bridge, A. M. & O. R. R. (now Nor
folk and Western), it was irreverently described as a moderately good 
"Highway” bridge joint, but it has made its way, and is now in very 
general use.

Mr. Waddell’s position on the matter of using equivalent uniform live 
loads is well stated and argued by him, and I, for one, will be very glad to 
welcome his proposed contribution of tables therefor to the Society; but I 
hope he will include approximate percentages of error on the safety or the 
danger side of the line, and also some modifications in engine loads to cover 
the case of the decapods. The rule for finding floor beam concentrations 
by using in one panel length the equivalent uniform load per foot for a span 
of two panel lengths, the discovery and announcement of which is made 
by Mr. Waddell on his pages 266-7, has long been in use in my office, and was 
fully explained some years ago by Mr. Edwin Thacher in a paper to a 
Western Engineering Society in connection with his very valuable tables 
of equivalent distributed loads published in the Keystone Bridge Company’s 
specification of 1887.

Mr. Waddell’s proposition for us all to Join in abolishing such super
fluities as the second powers of lengths and radii, is one that I would 
very much like to see carried out if he will suggest a substitute which 
will change the method without materially changing the results. A good 
many computers have attacked this problem in the hope of lightening their 
own and others’ labors, but no consensus has been reached, and there are 
yet at work some men (engineers, too) who, after proportioning by squares 
of radii, do not sleep well until they have again gone over their work in 
terms of diameters. Possibly their brain matter has crystallized.

In the matter of intensity of working stresses constituting Mr. Wad
dell’s Group "D,” I offer some suggestions in the way of items from a 
specification upon which I have just received tenders for about 1,600 tons 
of riveted lattice girders and columns, and a couple of pin-connected spans 
for the North Street Viaduct in Baltimore. Under the combined live and 
dead loads, working strains per square inch in tension in steel and iron 
members having net sections of 1 square inch or less, shall not exceed 
34 per cent, in the case of riveted members, nor 37 per cent, in the case of 
eyebars of the herein prescribed elasticity of the material of which the 
member is made; and this percentage shall be reduced by one-tenth of 1 
per cent, of the elasticity for each additional square inch of net section in 
built members, or in eyebars taken singly.

Working strains per square inch in compression in steel and iron shall 
not exceed 32 per cent, of the herein prescribed elasticity of the material 
of which the member is made, for sections of 1 square inch or less, and 
this percentage may be increased by one-tenth of 1 per cent, of the elas-
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ticity for each additional square inch of gross section in the member, the 
strains thus determined to be reduced by division by 

L: L* L=
1 + —

(18,000 R )
by 1

(34,000 R )
or by 1 H--------------------for members

J (30,000 R )

with two pin ends, or one pin and one flat end, or two flat ends respectively. 
This percentage of decrease in allowed tension per inch, as the sections 
increase, is a recognition of the well-known fact, that as rolled metal in
creases in section and especially in thickness, it does not get so much 
mechanical work put into it by the rolling (measured per pound of product), 
and full size tests show very generally that its actual tensile strength de
creases about proportionally. Shearing strains in field rivets of 20 per 
cent, and elsewhere of 30 per cent., bearing strains of 50 per cent, and 
bending strains of 50 per cent, respectively of the elasticity. In tension 
members composed of plates and shapes riveted together, the local stresses 
produced by driving rivets one at a time close to each other, and the uncer
tainties about filling the holes of interior plates when long rivets are 
used, especially in splicing heavy sections in the field, combine to reduce 
the certainties in the case of large riveted members far below the certainties 
in the case of eyebar members, which is my reason for taking eyebars 
singly when decreasing percentages.

It will be contended that there really should be no decrease in allowed 
working strains in tensions, on the ground that the larger the sections the 
longer the span, and therefore the less frequency in the application of 
the full load; but this was a good argument before modern railway prac
tice confined freight traffic to full cars and long trains. Another argument 
against the decrease of working strains in tension as the sections increase 
is, that as the sections increase the proportion of dead load to total load also 
increases; but I submit that when the span is loaded, it is loaded, and the 
combined live and dead loads are working together (with some suspicion 
of impact from the acquired momentum or drop of the dead load also), and 
the main system should at that moment have metal enough in it to do the 
work. The formula for proportioning by minimum and maximum stresses 
needs further examination, and I hope Mr. Waddell will persuade himself 
and others to put through his proposed series of experiments. I will 
help him.

The percentage of increase in allowed compression per inch as the 
sections increase is in recognition of the fact that compression (instead of 
pulling things apart, as tension does) presses things together, and of the 
further fact of the greater resistance to flexure and shock as the metal 
thickens and sections increase. The larger sections are thus in evsry way 
more reliable than small ones, and can do proportionally more v ork and 
with greater safety. It is but fair that after specifying workinj ; strains 
per square inch based upon percentage of the prescribed elastic limit. I 
should also submit some of the items governing quality of the materials 
upon which I impose these stresses. I specify, among other things, that all 
iron shall have an elastic limit of 25,000 pounds per square inch; that 
standard specimens cut from plates, bars or shapes of one square inch 
section shall show an ultimate strength of 50,000 pounds and a stretch of 
15 per cent, in 8 inches, and for each additional square inch in the bar, the 
specimen cut from it may show a reduction of 150 pounds per square inch 
in ultimate, and of two-tenths of 1 per cent, in the stretch. Full size
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plates, bars or shapes of one square inch section shall show 50,000 pounds 
ultimate, and 12 per cent, stretch in 10 feet, and for each additional square 
inch of sectional area they may show a reduction of 200 pounds per inch in 
ultimate and of four-tenths of 1 per cent, in the stretch. Steel for rivets 
must show an ultimate between 53,000 and 57,000, an elastic limit of 28,000. 
all in pounds per square inch of full size rivet bar; a stretch of 25 per cent, in 
8 inches and reduction of 50 per cent. Standard specimens cut from full 
size plates, bars or shapes intended for riveted work, and having a section 
of 1 square inch or less, shall show an ultimate between 55,000 and 62,000, 
an elasticity of 30,000, all in pounds per square inch, a stretch of 22 per 
cent, in 8 inches and reduction of 44 per cent. ; for each additional square 
inch in section of plate, bar or shape the specimen cut from it may show a 
reduction of 100 pounds per inch in ultimate and of one-tenth of 1 per 
cent, in stretch, and this steel may be punched without reaming and be 
sheared without planing.

Specimens cut from steel for eyebars, rods, pins or rollers having a 
sectional area of 1 square inch or less, shall show an ultimate between 
60,000 and 68,000, an elasticity of 33,000, all in pounds per square inch, 
a stretch of 20 per cent, in 8 inches and a reduction of 40 per cent. ; and 
for each additional square inch of original bar the specimen cut from it 
may show a reduction of 100 pounds per square inch in ultimate and of 
one-tenth of 1 per cent, in stretch. Full size eyebars of this steel of a sec
tional area of 1 square inch shall show an ultimate between 60,000 and 
68,000, an elasticity of 33,000, all in pounds per square inch; a stretch of 
16 per cent, in 10 feet, and a reduction of 35 per cent. ; and for each addi
tional square inch of section they may show a reduction in ultimate of 
150 pounds per square inch, of two-tenths of 1 per cent, in the stretch, 
and of four-tenths of 1 per cent, in reduction of area. Annealing, reaming 
and planing are prescribed for this steel.

It will be noted that there is no call for a specimen to be rolled down 
and tested for quality of steel in each melt, and I prefer that specimens 
for testing (except for rivet steel) shall be cut out of a full size bar, as this 
gives a test of the actual mill work as well as of the quality of the steel. 
If we assume that steel at a white heat is a mass of spherical molecules in 
a plastic condition, their cohesion is due to the limited contact of spherical 
surfaces; but if we roll or compress this very hot steel, the spherical mole
cules become polyhedral, presenting facets (or flat instead of spherical sur
faces) for cohesive contact, and if we do not continue this rolling or other 
compression until the steel gets red cool enough to “hold its worlf,” the hot 
molecules will resume more or less their spherical shape when the pres
sure is removed. Hence, I prefer to cut specimens out of full size plates, 
bars or shapes, after the rolling is done, and the intention of the above 
specifications for materials is to legalize for the benefit of our inspectors 
about what we actually get out of the shops in general practice.

I am aware that in the foregoing percentage of increase or decrease in 
working and test strains, there is no bumper provided against sliding up 
or down into infinity; but the bridge engineers of this country are reasonable 
men and are very apt to use reasonable sections; and reflecting on this fact 
is what encourages me to hope that Mr. Waddell will be reasonable about 
admitting such a lengthy and discursive contribution to his “asymptotb
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By H. H. Quimby, M. Am. Soc. C. E.
If the details of bridge connections were thoroughly scientific, and 

secondary strains properly cared for if not eliminated; the intensities of 
stress as prescribed now and for some time past in railway work, would 
make the possibility of the failure of a bridge of modern design, under 
any conceivable load, so remote that laborious computations to find a 
possible slightly greater stress might reasonably be regarded as unneces
sary refinements. But with specifications and practice as crude in the mat
ter of details as they often are, it is only wise and prudent to provide for 
the greatest concentrations of the rolling loads expected to be carried, even 
if they are only two per cent, greater than the approximations.

Specifications which are minute in respect to loads and unit stresses, 
in many cases ignore important and even vital considerations. The disas
trous collapse of a railway bridge in Europe a few months ago was, by 
some engineers, attributed to the faulty connection of the lateral bracing 
to the trusses, and similar reasons have been given for the fall of bridges 
in this country. The trusses and lateral systems may be proportioned for 
their given loads without allowance being made for the fact that one sys
tem can operate to complicate and interfere with the action of the other. 
The bending effect of both end and intermediate sway bracing on the posts 
of through spans is often serious. The engineer who prescribes a given 
wind load to be carried down a certain post, may, without perceiving the 
anomaly, permit the builder to proportion the post for compression only and 
to treat it as being fixed at the point of attachment of the sway bracing, 
thereby reducing its ratio of length to radius of gyration. We hear objec
tions to the detail of riveting floor beams to posts because the deflection 
of the beams springs the posts out of a true line, although the fastening is 
ample to keep the post in the control of the floor beam, and make its lower 
end absolutely fixed. The danger from poorly designed or improperly ad
justed transverse bracing is vastly greater, but is often overlooked.

This subject, together with Mr. Waddell’s declaration of hostility to 
adjustable bridge members, recalls a case wherein the intermediate sway 
rods of a through span—which were attached to the posts a short distance 
below the top struts—had been screwed by the erectors so tight that they 
had sprung the top ends of one or more of the posts out of line enough to 
excite the surprise of thetinspecting engineer that the bridge had not col
lapsed. A bridge should be designed so that its safety cannot be im
periled by a lack of judgment on the part of erectors. This incident teaches 
also that it is of the highest importance that careful attention be given to 
proportioning the jaws of posts, particularly such as have their flanges 
cut away to facilitate the chord packing. A safe formula for the jaws, 
deduced from experiments on full size pieces, is as important as one for 
the section of the member, and as the work of clipping, punching and rivet
ing generally tends to curve these jaws, their inspection is equally im
portant.

By John A. Fulton, M. Am. Soc. C. E.

A. LIVE LOADS.—It is a good practice to plot the engine diagram 
and train load to a scale of, say, ten feet to an inch, then on a separate strip 
of paper lay off the proposed panel lengths, and place the one under the
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other in such a position that the leading panel point shall come immediately 
under the second or the third driving wheel (it will not make much differ
ence which) and distribute all the loads to the several panel points by the 
law of leverages. We then have a series of live loads equal in amount and 
very nearly equivalent in effect to the actual live load of engine and train, 
the leading load in this series being considerably greater than any of those 
following. Then making no account of the counter effect of the small live 
load which always exists at the panel point next in advance of the engine 
drivers, slide this series of live loads across the strain diagram from panel 
point to panel point, assuming that the web shear under the leading load is 
the maximum on members leading from that point. In this way determine 
the shear on all web members, including the end posts. This method of 
using a fixed series of loads for a given panel length, regardless of tho 
number of panels in the bridge, may not always be strictly correct, and the 
position of the engine wheel base with reference to the panel point under it 
may not always be exact; but the method is easy of application and the 
results as close as we can proportion the sizes of material.

Having thus determined the vertical shear on the end post, find the 
bottom chord strain for the first one or two panels and add increments for 
succeeding panels to the center, precisely as for a uniform load which would 
produce that shear on the end post. At first sight this would seem to give 
excessive chord strains for all but the one or two panels at the end; but if it 
be borne in mind that it is not at all infrequent for the rear end of one 
train to be close against the front end of a following train when standing 
on a bridge or elsewhere, or that a dead engine is being hauled about the 
middle of a train, or, worse still, immediately behind the hauling engine, 
then it follows that for maximum chord strains at the center of the span 
the engine should be placed at the middle of the train instead of at the end. 
With the engine at the center of the bridge and the typical train imme
diately in front and behind it, the chord strains will be correct, as deter
mined so easily by the method of increments above described.

For the maximum live load on a floor beam it is a simple and short 
operation to slide the engine diagram back and forth over a panel point 
until the position for maximum effect is determined, and then distribute 
the loads to the floor beam by leverages as before described for panel loads.

In the case of deck plate girder bridges, the engine diagram, so placed 
on the strain sheet that either of the two central wheels shall be at the 
center of span, readily gives the maximum bending moment at the center, 
and the same diagram slipped along until either of these two wheels is nt 
the quarter point of the span, gives in the same way the maximum bending 
moment at that point. A very quickly obtained, and perhaps sufficiently 
close approximation to the value of the bending moment at the quarter 
point, is reached by calling it 77 per cent, of that at the center of the span 
Having, then, the bending moment at the center, at the two quarter points, 
and zero at the ends, and laying off these as ordinates from a straight line, 
and sketching a parabolic curve through them, we readily determine the 
bending moment at any point.

Placing the engine diagram so that the point driven is directly over (or 
rather just inside) the center of the base plate and distributing as before 
described, gives the maximum live load shear on the web. In the case of 
through plate girders with stringers and floor beams, the load should he
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distributed to the panel points as in a truss bridge. In any plate girder in 
which the web is spliced, great care should be exercised to see that the splice 
has rivets enough to carry the shear at that point.

Concerning live loads generally, I am decidedly in favor of using every 
legitimate means for obtaining heavy bridges, since to add, say, 10 per 
cent, to the capacity of a proposed bridge does not add 10 per cent, to the 
cost of it. I would use for a typical live load, not an engine followed by a 
train of cars weighing from 10 to 20 per cent, less per foot than the en
gine, but a solid train of engines, and would figure the engines heavy 
enough to cover a good many contingencies not altogether foreseen just now. 
No one can safely predict what the engine of the future will be or that the 
tendency of the last few years to increase engine weights has reached its 
limit. Had the bridge engineer of twenty years ago made a fair allowance 
for the future loads on his bridges, there would not now be the necessity 
for replacing so many of them.

If all parties interested could be convinced that the typical live load 
should be a train of engines, then I should be in favor of using a uniform 
live load for web and chord members; but for floor beams, stringers and 
short span girders I would use actual concentrations as before described, or 
else such a uniform load as would produce strains equal in all cases to those 
produced by actual concentrations. The admirable series of typical engines 
proposed by Mr. Waddell would seem to leave nothing unprovided for in the 
way of live loads if he would leave off the train load and substitute engines 
instead.

The policy of the average railroad company, which unhesitatingly 
builds its embankments 16 feet wide and excavations 22 feet wide, either 
of which might be made less in the first place and increased at any time 
afterward if found too narrow, and yet shaves down the cost of an iron 
bridge to the lowest mark, is economically unsound. To strengthen it after 
completion will be expensive and difficult, if not altogether impracticable, 
and the company thus secures weak spots in its roadway at points where, 
of all others, it should have excessive strength, since failure at such points 
is suie to prove most disastrous. The saving is, perhaps, $10,000 on a 
$100,000 contract, where the rest of the roadbed costs millions. The typical 
bridge should not be a source of dread either to the public, who do not 
understand it, or to the employees who do.

B. —For wind pressure I would suggest 200 pounds per linear foot on 
the unloaded chord, and 500 pounds on the loaded chord (300 of this to be 
moving load) for all spans up to 150 feet. For spans 500 feet long I 
would suggest 350 pounds on the unloaded chord and 650 on the loaded 
chord, with some portion of this as above for moving load, and propor
tional amounts for intermediate spans. For the effects of wind load I 
would assume that all such loads on the top chord would pass through the 
top laterals and end posts to the abutments without relief from the vertical 
sway bracing at panel points; and would then make each interior set of 
sway bracing sufficient for a single panel, with the usual provision as to 
the minimum size of material to be used, and would assume the indirect 
effect on the bottom chord to be uniform from end to end of span.

C. —I would use plate girders up to 80 feet, riveted Warren through 
girders from 80 to 125 feet, Pratt trusses from 125 to 225 or 250 feet, and 
subdivided Pratt trusses from that up; but see no serious objection td a



372 RAILWAY BRIDGE DESIGXING.

lattice deck bridge of two systems of triangles, provided they are not run 
together into one system just before reaching the abutments.

As to spacing of stringers and webs of plate girders, 6 feet 6 inches 
has to recommend it a reasonably small bending effect on the ties under 
ordinary conditions, and a reasonable safety for the outside wheel of a 
derailed truck. To use outside stringers that can be called into action 
only in case of derailment is clearly to waste material. Oak bridge ties 
8x8 inches x 11 feet, notched one-half inch over stringers and spaced 12 
or 13 inches center to center, with oak guard rails 8x8 inches at the 
outer ends of ties, either with or without inside guard rails, make a still 
floor, and are not cut to pieces by derailed wheel flanges, as would be the 
case with white pine ties.

D.—INTENSITIES OF WORKING STRESSES—In test specimens we 
may require an elongation of 20 per cent, and ability to stand a sharp bend 
without sign of fracture, but in bridge wrecks we do not find any such 
elongation nor any such bending. Doubtless, the difference in treatment 
is the cause of the difference in results. Attempt to cut ordinary molasses 
“taffy” with a knife or to twist it or pry it apart and the task is quite 
troublesome, but strike it with a light hammer and it is found to be about 
as brittle ns glass. The former experiment shows how we test material, the 
latter shows how we use it. If some one would devise a scheme for testing 
bridge members which would treat them about as they are treated in a 
bridge, the results of such tests for elastic limit and for ultimate strength 
would be exceedingly valuable to the bridge designer, but they might diffe. 
somewhat from the values generally assumed.

To illustrate an important point, assume a Pratt truss of ten panels with 
a uniform live load advancing over it. Leaving out of account the effect 
of dead load, the vertical shear on a theoretical counter in the second panel 
will be one-tenth of a panel load; that in the third panel will be three- 
tenths of a panel load, but the increment is only two-tenths, the other one- 
tenth being already in that member. Proceeding onward to the end post 
at the further end of the span, we find the vertical shear on that member is 
forty-five tenths of a panel load, of which only nine-tenths of a panel 
load or 20 per cent, of the entire load is the increment, the remaining 80 per 
cent, being already in the member from preceding loads; and whatever the 
number of panels, it is evident that the increment will never quite equal 
one panel weight. Now it seems clear that when the end post gets its 
maximum live load, this maximum load will consist of nearly all of the last 
panel load, plus the impact for that amount of panel load, plus the propor
tional amount of all preceding panel loads without impact; since the effect 
of these pieceding loads has reached the end post before the strain on it had 
become a maximum, and has reached it not suddenly, but gradually.

It should also be borne in mind that the shear from loads near the rear 
end of the span reaches the forward end post through a series of interim 
posts and diagonals equivalent in effect to one very long, and therefore elas
tic member. If this view be a correct one, then the effect on the end post 
of any bridge from each ton of live load is but very slightly in excess of 
that for each ton of dead load, or, in other words, the impact due to high 
speed counts for a relatively very small amount on the end posts, but in
creases toward and becomes a maximum at the first (theoretical) counter. 
It would therefore seem that in proportioning; the web members of a truss
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this variable effect of impact, a maximum at the beginning of the span 
and a minimum at the end of it, should be the measure of intensities of 
working strains on web members.

I would suggest that the web strains be determined by any satisfactory 
method, making due allowance for the negative effect of dead load on 
counters, and that the strains thus obtained be then increased by percent
ages determined as follows: Let n = the number of panels in any truss, 
and n — 2 — the number of panels requiring an additional percentage.

100
Then ^ = the increment to be added at successive panel points.

Take, for instance, an eight-panel bridge. Then n — 2 = 6; ,p= 16$; 
hence, the percentage to be added to the strains on the six interior panels 
will be respectively 16§, 33$, 50, 66;, 83$, 100; or approximately the 
strains on the main web members will have their amounts increased from 
0 at the end to 50 per cent, at the center, and on counters from 50 per 
cent, at the center to 100 per cent, at the end. With strains thus increased 
it would be proper to use a constant intensity of say 9,000 pounds on main 
members, and for additional security 8,000 pounds on counters.

Concerning formulas which involve both the maximum and the mini
mum stress, if a given truss rod is to have a maximum strain of 50,000 
pounds and a minimum of 20,000 pounds, while another rod is to have a 
maximum of 50,000 pounds and a minimum of 1,000 pounds, it is not 
quite clear why there should be any difference in the size of the two rods, 
unless we are ready to abandon the theory that iron not overstrained is 
permanent in strength.

Another idea occasionally appearing in bridge literature, with seem
ingly not sufficient cause, is that because a certàin excessive strain is likely 
to occur only at long intervals, it is therefore not objectionable, while, if it 
were to occur at short intervals, it must be provided for by using additional 
sectional area. If we are proportioning our bridges for certain train loads 
with the idea that these bridges are sufficient for the purpose, but would 
not be sufficient for a continuous series of such trains hour after hour and 
day after day for an indefinite period without any deterioration whatever 
except for the wear of the elements, then, in the interest of those who have 
to pay for these bridges, it would seem that our unit strains must be too 
high and ought to be reduced. An organic body existing by the daily 
destruction and renewal of animal tissue may become “fatigued” by work 
which is far within its safe capacity and may require rest, and is certain to 
enter into a long rest within a very limited period ; but it would seem that 
no such doctrine as this could be applicable to iron and steel, which have 
nothing within them to require renewal.

E.—As to combined stresses, where wind stresses and load stresses both 
occur in the same member and are of the same kind, I would determine the 
sectional area required for each and add the results. If it be good design
ing to allow chord members to be overstrained 20 or 25 per cent, during 
wind storms, why not reduce the sections of web members to correspond? 
It would seem that a bridge might as well be weak or might as well fail in 
one place as in another. As to bending of end posts on account of wind 
strains, if end floor beams be used and well connected to the lower ends 
of end posts by means of gusset plates, it would seem fair to consider the



374 RAILWAY BRIDGE DESIGXING.

lower end of the post as fixed, and thereby reduce the lever arm of the 
bending moment 50 per cent.

F.—In plate girdei proportioning I would advise the use of nothing 
less than three-eighths inch for thickness of web plate. Whatever its thick
ness, it should have sufficient net area to resist the vertical shear at any 
point with a low unit strain and should have sufficient bearing area for the 
rivets in any portion of the flange. In long shallow girders this will re
quire a web much thicker than three-eighths inch. One point often over 
looked in plate girder designing, in fact it is perhaps generally overlooked, 
is the thickness of wall plates and base plates at the ends of a girder. 
Many girders having a bottom flange consisting of two angles and one or 
more cover plates, have the first cover plates say three-eighths inch thick 
made the full length of the girder, and dispense with a base plate alto
gether; thus using material where it does no good and omitting to use it 
or not using enough at the place where it is needed. On account of the 
deflection of a girder under a load, the inner edge of a base plate is certain 
to get more load than the outer edge; it is desirable, therefore, that the end 
bearing of a girder be made as short as practicable lengthwise of the girder, 
and spread out laterally for the necessary bearing area. It seems entirely 
possible that the plate girder of the future will be built on a rocker bear
ing, to secure uniformity of pressure pn the masonry as in a pin-connected 
truss. The projecting part of a wall plate or base plate should be figured 
as a solid shallow beam with a uniform load pressing upward, and the base 
plate should be well riveted to the bottom of the flange angles or it will 
lack much of its supposed stiffness. In order to have a base plate well sup
ported it is necessary to use web stiffeners of ample projection, and that 
these stiffeners be so placed that they will distribute the load over the base 
plate to the best advantage.

In the designing of floor beams, it would seem difficult to devise a worse 
arrangement than that of destroying the floor beam web in order to run 
the bottom chord through it instead of over or under it, and then patching 
up the weak spot by the queer devices sometimes used. There would seem 
to be no difficulty in building floor beams with flanges parallel between 
trusses, and then riveting them between the posts above the bottom chords 
where practicable, or below the chords if desirable, extending the posts for 
that purpose to the bottom of the floor beam, but riveting the connection in 
all cases. If the longitudinal strain from lateral rods would produce too 
much bending strain on the posts, the difficulty could be easily remedied 
by using light tension members, connecting the foot of the post with the 
bottom chord pins at adjacent panel points after the manner of the Fink

By Benjamin Douglas, M. Am. Soc. C. E.

It is not quite as simple a matter as Mr. Waddell thinks to find a uni
form load which will cause the same stresses in all the members of any 
span as will a system of concentrated loads. That a uniform load can be 
found which will cause nearly equal maximum shears and bending mo
ments is true, as has been shown, and in a Pratt truss with parallel chords 
the maximum stresses in the members will also be nearly equal for the
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two systems of loading. In compound trusses, however, when the entire 
shear or bending moment is not resisted by n single member, the relative 
distribution of the loads may be important and the uniform load cause 
maximum stresses differing much more from those caused by the concen
trations. This is the case with the Whipple truss, for example.

In the following table are given the vertical components of the maxi
mum stresses in the diagonal tension members of a Whipple truss having 
10 panels of 25 feet each, computed for Mr. Cooper’s “Class A” diagram, 
and for a uniform load of 3,112 pounds per lineal foot, which is given by 
Mr. Waddell as equivalent to the loading of the diagram :

Vertical Component of Strew* 
in Pounds.

Member.
By UniformB.v Diagram.

inn ihhi

M Main Diugomil 
2«l

inn anil 12.3 Danger.

1 nt Counter.....
2d •• ........
3d “ ........

These percentages of error are certainly too great to be neglected, and 
while they are perhaps larger than would be found in most other forms of 
truss, they show, I think, that Mr. Waddell is mistaken in thinking that 
his assumption that the trusses are of the simple Pratt type with parallel 
chords cannot in any way vitiate the results of his investigations, and 
that we should not be too sure that a uniform load which is equivalent to 
engine concentrations for one form of truss will be so for any other we may 
be considering.

It would save some labor to computers if every railroad company would 
adopt one of a series of standard live loads in designing its bridges, and I 
see little to criticise in those proposed by Mr. Waddell, except that the 
weights on the tenders are too small, and there should be an alternative 
load corresponding to Mr. Cooper’s 100,000 pounds on two axles. It is true 
that this is not needed for long panels, but short ones are necessarily used 
occasionally, and the specified loads should be such as to provide for them.

What is said about wind pressure is in general in accordance with my 
views, but the overturning moment of the wind pressure on the train 
should be considered as well as that on the top lateral system. I am not 
yet prepared to adopt riveted laterals throughout, although they have 
strong points in their favor. When used between compression members, 
they must either be made stiff enough to act in compression, or they will 
be slack when most needed. If they are made stiff, they will be very heavy 
compared with rods for short spans. I do not agree with Mr. Waddell in 
thinking that no railway specification begins to cover the ground of pro
portioning the inclined end posts of through spans, to transfer the wind 
pressure on the upper lateral system to the masonry. Many of them say 
that the combined unit stresses shall not exceed a certain limit for this or 
any other members of the bridge, and I think that covers the case. It does
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not seem necessary for the railroad company to tell the contractor how to 
fompute the stresses. The latter is supposed to know that.

I, too, firmly believe that the proper way to proportion the section of 
a plate girder is to count in the web as aiding in resisting bending mo
ments, but do not think that the rule given for finding the total moment 
of resistance is sufficiently accurate. The moment of resistance of the web 
is substantially as given (one-sixth its area multiplied by the depth of the 
girder), but the actual moment of resistance of the flange angles is less 
than their area multiplied by the distance between the centers of gravity 
of the flanges, and in shallow girders the error is considerable.

Let 2 d = depth of girder from back to back of angles,
2 h distan between centers of gravity of flanges, and 
2 y — depth o. der over all; then the true moment of resistance 

area x h-
of the flange angles is--------------if we neglect the moment of inertia of the

y
angles about their center of gravity. The moment of resistance by Mr. 
Waddell’s method is area x h, which is greater than the actual moment. 
Assume a girder with a web plate 24 inches x f inch, and flange angles 
6x4 inches, weighing 20 pounds per foot. Then 2d 24 inches, 2 h 21.8 
inches, 2 y — 24 inches, area of one angle 6.0 inches, and its moment of 
inertia about the axis through its center of gravity is 7.8. The true mo- 

4(6.0 10.9 7.8)
ment of resistance is-------------- —-------------+ 24 + § + | +24 = 276, and the

moment of resistance given by Mr. Waddell’s rule is 4 x 6.0 x 10.9 + 24 
+ | + i + 21.8 294, which is too large by 6,B„ per cent. If we neglect the
web, the moment of resistance found by multiplying the area of the angles 
by the distance between their centers of gravity is 262, which is not as 
much less than the real moment of the whole section as the other is greater. 
For deeper girders the error is less, but for shallower ones it is greater, 
and I have found cases where the true moment of resistance was less than 
the area of one flange multiplied by the distance between the centers of 
gravity of the flanges. These shallow girders, it should be remembered, 
are usually short, and should have an excess rather than a deficiency of 
strength.

By Samuel Tobias Wagner, M. Am. Soc. C. E.

Under Group “C,” “Styles and Proportions of Bridges,” the writer 
would prefer the following limits for the lengths of spans used in plate 
and lattice construction, namely: Plate girders up to 80 feet spans, lattice 
girders from 80 to 125 feet, at which latter point pin-connected trusses 
should begin to be used. The most serious objection to the use of plate 
girders from 80 to 100 feet is the necessarily great waste of metal caused 
by having a continuous web. As true engineering practice aims to produce 
the best construction for the least money, and as it is perfectly practicable 
to design a very rigid and unquestionably perfect lattice span of such 
lengths, with a saving of from 30 to 40 per cent, in weight, over the same 
length of plate girder span, and with much better and more pleasing gen
eral effect, we do not seem justified in making the customer pay the differ 
ence unless he has special reasons for doing so. Owing to the uncertainty
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of stress distribution in riveted connections, riveted spans should not be 
used except for lengths where pin spans are lacking in rigidity; and as 
pin spans can be, and are, designed with floor systems rigidly connected to 
the trusses and thoroughly braced with stiff laterals for spans of 125 feet, 
the writer would, for spans over this length, pass at once to pin-connected 
Pratt trusses, with panels as long as can be rigidly braced. He thoroughly 
advocates Mr. Waddell's claim for the single cancellation principle for all 
trusses as being the only really scientific construction, and much simpler 
and therefore better in practice.

Regarding adjustable members in bridges, the writer again believes 
Mr. Waddell to be on the right track. If properly designed for erection 
purposes, and carefully manufactured, adjustable counters can be made a 
thing of the past. There can be no question about the lower laterals being 
rigid, as no one who has ever carefully watched the action of poorly 
braced floor systems under heavy and sudden loading could long remain in 
doubt on this point. For long spans, at any rate, the top laterals should 
be of the same construction.

The writer is very glad to see that Mr. Waddell has advanced his opin
ion regarding the unnecessary reaming of rivet holes of mild and medium 
steel which will stand the enlarging of the rivet-hole 25 per cent, by means 
of the drift test successfully; and hopes that more of the members will put 
themselves on record in the same way. It has always seemed an insult to 
good metal to require reaming when the quality of the metal is such that 
no practical benefit is derived from it. The line, however, where the ream
ing becomes necessary should be carefully observed, and probably Mr. Wad
dell's requirements meet it as well, if not better, than any other way.

Now that eyebars are manufactured of widths up to and including 10 
inches, it is advisable to use wider bars for long panels than was formerly 
the custom, and at the present time this is being largely done. By using a 
wider bar it is possible also to reduce the number of bars in a panel, the 
thickness of each individual bar, the bending moment on the pin and con
sequently its diameter and length. In making bars of the largest sections, 
special care should be paid to the tests, as special arrangements must be 
made by the manufacturer to cast special ingots, or use larger piles to in
sure the requisite amount of work in the rolls upon the metals. Steel bars 
of the larger sections specially are much more desirable in every way than 
iron, both in reliability and finish.

By William Cain, M. Am. Soc. C. E.

Whilst agreeing with Mr. Waddell in most of the points brought for
ward in his paper, I must take exception to the co-efficient \ in his formula 
for unit stress.

Intensity constant (i
minimum stress

+ i maximum stress )•
‘hough I admit that, in the present state of our experimental knowledge, 
this co-efficient must be, to a certain extent, a matter of opinion. Still, as 
it has been assumed all the way from $ to f by certain bridge engi
neers, it is well that all interested should give the basis, if any, of their
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assumptions, when possibly the range of permissible values will be re 
stricted within much narrower and more manageable limits than at present 
If we call the ratio of minimum stress to maximum stress d, we can write 
the above formula of Mr. Waddell’s,

Unit stress = constant (1 -f ^ ll ),
which is Launhardt’s formula (as given by Weyrauch) for, say, forty mil
lion repetitions of stress. For a less number of repetitions, it is found by 
working over the values given in the original experiments that the co 
efficient * is decreased, and becomes quite small for a few hundred thou 
sand repetitions, which is nearer the number to be provided for in our 
bridges than the former. The iron, in these experiments on direct ten
sion, broke under a single application of a load gradually applied (// 1) at
45,000 pounds; for millions of applications of a stress of 30,000 pounds per 
square inch (the stress varying from 0 to 30,000), rapidly repeated, the bar 
again broke. The above formula becomes for this case, unit stress 30,000 
(1 + £ 6). For 0 = 0 we have 30,000, for 0 1 we have 45,000, and for in
termediate values of 0 the formula is found to agree with the results of 
experiments.

This iron was not such as we would use in bridges, and it is believed 
for iron whose breaking strength is 50 to 55,000 pounds, that this co
efficient of 6 would be smaller for the same number of repetitions. The 
loads were very rapidly repeated, and the conditions could only be paral
leled, in a railroad bridge, by trains gliding rapidly, without appreciable 
friction or impact, in rapid succession across the structure. It is readily 
granted that these conditions do not obtain in practice, and yet it would 
seem that we have gained something valuable from the Woeliler experi
ments that we should not throw away. We certainly should feel ourselves 
on safer ground by asserting (for a railroad bridge, the only kind I shall 
consider) with Woehler, that repetitions of a load will cause destruction 
sometimes when the load constantly applied will not, and I think this law 
holds true even where the loads do not succeed each other rapidly.

Now, what are the conditions for a railroad bridge when a train headed 
by a locomotive rolls over it? Prof. S. W. Robinson (in Transactions of 
the American Society of Civil Engineers for February, 1887) tells us that 
as the locomotive enters upon the bridge, and before it has reached the 
center, the deflection at the panel point nearest the center becomes a maxi
mum, and that a rapid vertical and horizontal oscillation is set up, which 
continues until the train leaves the bridge. He experimented on spans of 
128 to 189 feet, 13 open web bridges being examined, the records of hori
zontal and vertical deflections at each instant of the train’s passage being 
graphically recorded by an automatic apparatus. It is possible that the in
creased deflection due to the train in motion over that for the train at rest, 
was due in part to the unsteady motion, not in a straight line, but deviating 
laterally and vertically from a straight line every instant; mainly, however, 
to the centrifugal force of the counter weights on the drivers, which ham
mer away at the rails at each revolution of the wheels. Professor Robin 
son found that the increased live load deflection for freight and passengei 
trains at usual speeds due to the motion, varied all the way from almost 
nothing to 28 per cent. Out of one hundred and ninety-three train transits 
observed, twenty-five gave unusually large superadded deflections, averag
ing 18.4 per cent.
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The graphic records show plainly, I think, that the bridge has time to 
recover from the first “sudden application” of the load as the train advances, 
so that the superadded deflections due to the train in motion over those for 
the train at rest, when at the maximum, are due not to the “sudden appli
cation,” but to impact and vibration from unbalanced weights and rough 
track. Now, if we call the extra stresses induced by the extra vertical de
flection the amount due to impact, we have for these bridges to add to the 
stress caused by the live load at rest on a chord member, say, 18.4 
per cent, to get that due to the impact of the live load in motion, assuming 
that the stresses in the chords are directly proportional to the deflection. 
This much is very simple, and if similar experiments were performed, for 
all spans, from 0 up to 500 4 , we could quickly rid ourselves of part of the 
indeterminates of the problem that confronts us.

Having, however, got this far, shall we assert that there are no more 
stresses caused in the bridge members than those corresponding to this 
vertical deflection P Surely not, for the horizontal deflection (which was not 
insignificant) must cause additional stresses in certain members, and be
sides this, many members may be largely strained from the tremors caused 
by the bounding and bouncing of the train, whilst other members may be 
relieved at the same time, so that the result is not shown in the deflection 
to an appreciable extent. A vibration in a tie rod at right angles to its 
length (which we know occurs from the rattling often observed as a bridge 
is crossed) will <*• use additional stresses. These could only be ascertained 
by a direct observation of the elongations of a portion of the tie bar as the 
train passes.

Granting, then, that there are additional stresses to those corresponding 
to the vertical deflections, and that the repetition of stresses due to the 
passage of many trains a day will lower the working strength, what shall 
we allow for these influences? Here is where we can all honestly differ. 
Not knowing anything better than the Launhardt formula to express these 
influences, especially as its form commends itself for its simplicity, I shall 
write, for the safe stress in pounds per square inch, for wrought-iron eye- 
bar. In ten.ion- b ~ 10.000 (1 + J fl)....................................... (1)

This allows for repetition and stresses caused by tremors not giving any 
vertical deflection, and assumes that these two influences combined in a 
bridge member ai*e as hurtful as millions of repetitions rapidly succeed
ing each other, as in Woeliler’s experiments. To use this formula, we must 
add a certain per cent, of the live load to itself to allow for the superadded 
deflection due to motion. If we call A stress in a lower chord member 
due to the weight of the bridge, B ditto due to live load at rest, and Bp 

superadded stress corresponding to the extra deflection due to the train’s 
motion, then the cross-section of the member is given by the formula,

A B - Bp 

b
But the same cross-section can be found by dividing the sum of stress 

due to dead and live loads both at rest by—
a' = 8,000 (1 + | 0)...................

A 4 B (1 4 p) A 4 B
# ' 10,000 (1 kt>) 8,000 (Ï |#j*

(2)
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Thus, for the bridges mentioned above, Bp . 184 B average stress 
due to extra deflections, as shown by the average of twenty-five experiments 
giving the largest deflections. As 0 for these spans is about J, or B = 2 A. 
on substituting these values we see that the equality above nearly exactly 
holds; in fact, the co-efficient ot' 0 in (2) was formed from this equation 
very nearly. Formula (2) gives a range of stress for 0 0 to 0 1, from
8.000 to 15,000 pounds; but as this differs so little from the extremes 
7,500 and 15,000, I prefer to write, for simplicity, in place of (2)—

whence,
a — 7.500 (t + 6)............................................................. (3)

A 4. B (1 4- p) A + B
------ —............  ................................  (4)

10.000 (1 + 6 0) 7,500 (H«)

Subtracting (3) from (1), we have for the decrease in unit stress, due to 
impact, which causes extra deflection, over the live load at rest,

2,500(1 — »)............................................................ (5)
For all dead load (0=1) this becomes 0. and for all live load 0 0. it
reaches its maximum, as should be the case. For intermediate values of y, 
this term varies directly with 0, which is certainly the most simple sup
position to make. As it is interesting to see what values of p we obtain 
from (4), for chord members for various spans, I have given them in the 
table below, for assumed values of 0 :>

Span in Fbkt. " n-

to .10 w
•:«+

*• '“+

This allows a little more for the 150-foot spans than the .184 p first 
taken, which is not to be regretted, as on some of the bridges the deflections 
due to motion were over the average taken. The formula (3) above was 
deduced for a lower chord member. A similar method applies to upper 
chord and batter braces, with the modification due to the use of column 
formulas. For counters and middle ties H 0, giving p .334, or slightly 
over the .25 above for a 150-foot span, which is not to be regretted, as these 
members should have a slight increase in their section due to their small 
size and greater lateral vibration. For intermediate ties and posts the unit 
stress increases pretty regularly from the center to the ends, as it undoubt
edly should. The exceptional decrease in unit stresses for counters and 
main ties is thus a strong point in favor of the formula in place of telling 
against it.

Nothing has been said, so far, about the mild steel now used in bridges, 
but the same reasoning would lead to a similar formula to (3) only with 
the constant 7,500. and possibly the constant 0 slightly increased, if we 
are to consider at all Weyrauch’s formulas corresponding to (1), where for 
millions of repetitions of stress, the co-efficient of 0 for steel, having a 
breaking strength of 100,000 pounds, was found to be six-fifths in place 
of the one-half used for iron. As before stated for iron, the conditions of
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the experiments are not those of members in a bridge, but there is of 
course repetition of stress in a bridge member, and these experiments give 
us some insight into its effect, and should help us in coming to a somewhat 
safer conclusion. Finally I should say that if (3) is modified, it should be 
in the direction indicated by Mr. Waddell, by decreasing somewhat the co
efficient of 0 , for reasons apparent from what has preceded.

By Frank C. Osborn, M. Am. Soc. C. E.

A full discussion of the subject brought up by Mr. Waddell must be 
productive of much good to designers, builders and users of metal bridges. 
The railway companies in particular will be the gainers in any movement 
resulting in a greater uniformity in specifications and consequent dimin
ished cost of estimating, for while the expense of estimating and designing 
is borne by the bridge companies directly, it certainly enters as an item of 
cost and is paid eventually by the railway companies.

The method given in the paper for finding the concentrated load at a 
floor beam by the use of the equivalent uniform load for a span of two 
panel lengths can hardly be called new, as it was in use by Mr. Edwin 
Thacher at least as far back as 1885. Regarding the determination of the 
lengths of flange plates for plate girders, Mr. Waddell remarks : “The mo
ment parabola referred to affords a very expeditious method of ascertaining 
the proper lengths of cover plates.” From this it seems that Mr. Waddell 
has not seen the very neat and expeditious method given in Mr. Thacher’s 
pamphlet on the slide rule. This method is based on the equation of the 
parabola, and is as follows:

Let xi, Xs and x:. represent the 
lengths of plates required. Let A. 
represent the area of the outer plate,
A. the area of the outer two plates, 
and Am the area of the three plates.
Let 1 the length of span, then

xi length of outer plate A,

A,

Xj “ 2d “ M
A
A,

Xu “ 3d “ lt
A,
A,

Now, for any given case, A and 1 are constant, and the values of x,, x:, 
etc., may be obtained by means of the slide rule directly and with a single 
setting as follows: Set A. on slide to 1 on scale of roots, then opposite Ai, 
A , etc., on slide read Xi, x.-, etc., on scale of roots. These lengths, x., Xi, 
etc., are of course the theoretical lengths for a true parabolic curve. The 
actual lengths should, as usually specified, be at least 1 foot more than 
those called for by the above formula.
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The method of obtaining end shear in plate girders is simple and easy 
of application, and the results certainly close enough for all practical pur
poses. The comparison of results obtained by means of diagram and by 
the uniform load is certainly interesting, and a strong argument in favor 
of the uniform load. The idea of half a dozen or more standard typical 
engines is an excellent one; those proposed by Mr. Waddell have the ad
vantage of simplicity and uniformity in spacing, and should be approved 
by the engineers of the railway companies to the extent of adopting the 
one nearest their present requirements.

In regard to wind, the assumed pressure, for ordinary spans, of 100 
pounds per foot for the loaded chord and 150 pounds per foot for the un
loaded one, seems amply sufficient. For long spans, perhaps, this loading 
should be increased, but why not do it by means of a simple formula which 
will give the load per foot to be provided for in terms of the length of 
span? It takes no small amount of time to figure up the vertical projec
tion of a long span truss, and probably not once in a lifetime will the wind 
strike the truss in the exact manner assumed. If an equivalent uniform 
load is admissible as a substitute for an engine diagram in the calculation 
of the principal members of a truss, and I firmly believe that it is, then 
a uniform load should certainly be good enough for such an erratic loading 
as wind pressure. The effects of the assumed loading should, however, be 
fully provided for.

The proposition to increase the clear width of through bridges to 16 feet 
for single track and 29 feet for double track structures is an excellent one, 
and the only objection to such a move, namely, the increase in cost, would 
be much more than offset by the additional safety secured. I agree with 
Mr. Waddell in a preference for a rigid lateral system.

The question of proper depths for eyebars of different panel lengths is 
an interesting one, and the following table shows the calculated fiber strains 
due to direct bending for the limiting sizes as proposed by Mr. Waddell:

rnmipported horizontal 
li iigtli of Inir. Minimum ih-ptli of liar. Strain pt-r lurl . •'Xtri'iii»» ftbw.

l»fw>ti :i m, iun.1*.

?; " ;! £!!

« " 10 •* 4 MMI

When it is considered that these strains should be added to those due to 
the direct tension, and that the above table represents fairly the present 
practice, it appears that the question is a serious as well as an interesting 
one. In regard to spacing of stringers, I wish to express myself as decid
edly opposed to stringers placed directly under the rail. In the first place, 
the impact of passing loads is given directly to the stringers and their 
connections. In the second place, the weight of floor beams is increased 
on account of the extreme leverage; and, thirdly, agreeing with Mr. Wad
dell, “outer stringers should be used to support the ends of ties in case of 
derailment,” which adds still further to the weight, and therefore to the 
cost of the structure. The stringers should be at least 8 feet centers, and I



RAILWAY BRIDGE DESIGXIXG. 383

think 9 is even better. With crossties 8x10 inches there is ample strength, 
and with the 1| or 2 feet leverage, there is spring enough to the tie to 
take up a large proportion of the impact which otherwise would all go to 
the stringer. The short leverage gives a light floor beam, and the wide 
spacing obviates the necessity of outer stringers, so that on the whole the 
8 or 9 feet spacing gives a better as well as a cheaper floor than one with 
stringers directly under the rails. I agree with the author in the preference 
for pine instead of oak for floor timber.

The question of just what unit stresses are proper for tension members 
in metal bridges can hardly be satisfactorily decided until exhaustive prac
tical experiments have been made in this direction. The German experi
ments with repeated impacts are very interesting and valuable, but they 
hardly cover the case of bridge members subjected to a constant and some
times quite large strain per square inch from dead load, and then subjected 
to an additional live load strain. We should have a number of experiments 
in the way of delicate measurements on stringers, beams and eyebars of 
bridges under engine loads at various velocities and passing at various in
tervals; and also a series of tests on specimens subjected to a steady 
strain, together with suddenly applied and released loads; the proportion of 
steady and sudden load to vary, and also the time between the impact load.

For unit strains in compression members my preference is still for the 
general form of Gordon's formula, and I am inclined to think that the dis
carding of this formula by some of our most prominent bridge engineers 
was due to a too hasty conclusion in regard to practical experiments. Mr. 
Thaclier's “straight line” formula does, of course, agree very well with the 
experiments; from its construction it should. The theory of Gordon’s 
formula, however, assumes a condition of the metal corresponding to strains 
within the elastic limit, and we know that when a column has been de
stroyed in a testing machine, the elastic limit of the metal has long been 
passed. Should we then say that Gordon’s formula is wrong because a col
umn fails under a condition of affairs entirely foreign to the basis of the 
formula? I should not think so, but would rather think it better to make 
careful and delicate measurements during column tests, before the metal 
reaches its elastic limit, instead of basing a formula on ultimate failure.

In regard to plate girder proportioning, I think it would be much bet
ter to keep the compression flanges within twenty diameters rather than 
let them reach thirty. The latter is I think too much. I will take this 
opportunity to protest against the practice of making the top and bottom 
flanges of plate girders of different areas, instead of proportioning the 
tension flange, and then making the compression flange of the same gross 
area. As plate girders are usually figured, the bending moment is divided 
by the depth center to center of gravity of flanges, in order to get the flange 
strain ; this flange strain is then divided by the unit strain specified in order 
to get the desired area. Now, suppose the given specifications would re
quire a larger area for the top flange than for the bottom : the center of 
gravity of the girder as a whole is thereby raised ; and if we then calculate 
our flange strains by means of the moment of inertia of the section, which 
is quite proper, we find a larger strain in the bottom flange and a smaller 
one in the top than required by our given specification.

If different areas in the flanges are desired, then they should be ob
tained by using the moment of inertia of the section instead of by dividing
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by the depth of the girder, as is ordinarily done. When the web is one 
continuous sheet, I think it perfectly legitimate to count one-sixth of it as 
flange area; when very deep and relatively thin and with frequent splices, 
I do not think it is advisable to count the web, except for shear.

By W. H. Breithaupt, M. Am. Soc. C. E.

The interesting paper under discussion advocates some sound princi 
pies of construction which it is to be hoped will be more generally followed 
than they have been. Whether a uniformity in specifications and design 
among bridge engineers, much closer than it is, will yet be arrived at, even 
should close uniformity be desirable, is questionable. Since the beginning 
of iron bridge building there has been an approximation to uniformity in 
design, at least among American bridge engineers. Any advance that has 
sufficient, merit is soon generally adopted. So much is this the case that the 
design of a bridge will generally tell approximately the date of its con
struction. No department of engineering has experienced greater develop
ment during the past fifteen years than this, and with the constant im
provement in material and the advancç in the governing conditions, it is 
futile to think that we have arrived at anything like a finality. Individual 
differences of opinion, too, will no doubt continue to exist even in so exact 
an art as bridge building has become.

Mr. Waddell makes extended argument in favor of the equivalent uni
form load method of calculating stresses. The determination of stresses is 
a small part of the complete designing of a structure. With a slide rule 
and a table of squares the stresses are generally soon figured by any of the 
various methods individually preferred. But for ordinary fixed spans the 
method of moments some time ago described before the Society (“Cooper on 
American Railroad Bridges,” July, 1889) is not only more exact, as is ad
mitted, but requires considerably less work; I think I am safe in saying that 
it is the one most generally used now. The making of the single diagram 
used in the moment method can be done in, say, one-quarter of the time re
quired for getting up the several tables of equivalent uniform loads that 
would have to be used.

Fig. 1 is a typical moment diagram, with quantities as affecting one 
truss, made on a scale to be conveniently applied to the skeleton of a truss 
The upper two lines are essential, the others are added for convenience 
The successive moments on the diagram are quickly obtained by adding to 
the moment up to any point the product of the total loads up to that point 
by the distance to the next one. Unequal panel lengths do not affect the 
facility of application of this method, as separate panel concentrations are 
not used. Long spans make practically no difference. When the chords arc 
not parallel some extra work is required for obtaining web stresses in 
locating the intersections for origins of moments. For the case of some ot 
the leading loads being off the span the proper moments are obtained, 
again from the diagram, by two simple subtractions. The moving load 
railways can carry is not now so much a question of bridges as of track 
which latter seems to be about taxed to its limit by the present heaviest
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moving loads, until radical changes are made. Regulation of 
be considered as outside of the province of bridge engineers, 
can do, as has been stated, is to design for proper proportion, 
be assumed to remain fairly uniform, 
of excess of concentrated load to gen
eral load, so that bridges may remain 
uniformly strong throughout. As to 
wind pressure, the assumption of 
fixed loads per running foot, as often 
specified, should not be applied to
spans of over 200 feet in length, tak-________
ing for longer spans a pressure per
square foot of surface, and consider- ------------$-f"*
ing effective surfaces by the method 
as given in the paper, which is a good 
one. The more rational way of con
sidering the overturning effect is 
that it travels partly by top chords 
through the portal and partly di
rectly to the bottom chords, and pro
vide for this overturning effect in the 
bottom chords by means of a large 
unit strain.

Riveted pony trusses have their 
proper plane, where deep floors are 
admissible, for spans of from 100 to 
125 feet. It is true that with shal
low floor beams with chord brace to 
bracket extensions on beams, the de
flection of the beams may injuriously 
vibrate top chords; this condition 
should rule out this class of bridge 
When it can properly be used, a pony 
truss with its heavier sections and 
greater compactness will be more 
rigid and as economical as a high 
overhead braced span of the same 
length would be. Reduction in cost 
of material and consequent propor
tionally greater saving if shop work 
is reduced, as well as considerations 
of efficiency, have strongly tended to 
simplification of design. One mani
festation of this is in the use of the 
present long panels. The use of a 
few bars of large section instead of $ «
more of smaller section is for several ^ I
leasons desirable; but for prevention 1*3^
of sagging in the bottom chord bars, 6 * ?
increase of section is not required and 
is not as effective against either
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sagging or vibration as are mid-panel brackets now used for supporting chord 
bars. Such brackets are an extension of transverse brace frames between the 
stringers.

The author gives a bridge floor which is in many respects a good one. 
Oak is more generally used for ties and guard rail than pine, but good pine 
is to be preferred. For guard rails pine is particularly preferable, as it is 
almost impossible to keep an oak guard rail straight. Oak and pine should 
not be used together, as the acids from the oak will destroy the pine. 
Preserved woods are strongly to be recommended for bridge floors. For the 
best floor the stringers should be directly, or almost so, under the rails, as 
otherwise the ties will deflect. Then there should be outer safety stringers 
under or directly outside of guard rails. The inner guard rail should be a 
railway rail, which may be of lighter section than the regular rail used. 
The dapping of the guard rail is depended on for preventing bunching of 
ties; a bolt to every third tie will properly hold down the guard rail. Some 
form of nut lock is essential for all bolts in the floor or elsewhere about a 
bridge, as without it nuts will invariably work loose. This is something 
that is frequently neglected.

Under intensities of working stresses the author gives the well-known 
Launhardt formula. The formula is not much used now in this shape; but 
its principle is, in a more readily applicable way, by using greater unit 
strains for live load than for dead load.

To use end floor beams is the proper thing to do. Besides the advan
tages in their favor mentioned by the author, there is this, that they obviate 
injurious hammering of the masonry, which takes place when end stringers 
rest directly on it. It often occurs that floor beams have to be reduced in 
depth at their ends to fit them to the posts or to clear the bottom chords. 
Efficient reinforcement to effect this, when reinforcement is required, can 
generally be accomplished much more economically than by going to the 
extreme of running an intermediate flange the entire length of the beam.

The author’s remarks on eccentricity of connections and on induced 
bending moments by certain groupings of rivets are strongly to the point. 
It is to be regretted that he has not said something on the disputed question 
of impact. The effect of impact depends on the speed of the moving load 
and on change in direction of surface from the ground to a bridge and on a 
bridge; but how much should properly be allowed for this effect is as yet a 
matter of conjecture only. It is a minimum when the floor system is stiff 
and rigid and deflects very little under moving loads; with a surface which 
changes direction only very gradually, if at all, and is, as near as can be, 
a straight continuation of the ground surface. In painting, another sub
ject not mentioned in the paper, there is to be said that the use of oxide of 
iron paints, now so general, is much to be deprecated. The pigment in 
these paints is simply rust, which on iron or steel tends to induce more 
rust. Lead oxides, or carbonates, such as red lead and white lead, and lin
seed oil, should be used.

By Frank W. Skinner, M. Am. Soc. C. E.

Without entering upon the mathematical deductions of this very com
prehensive and valuable paper, I wish to discuss some principles and prac
tical considerations.
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LIVE LOADS.- I believe in the use of engine excesses and real train 
values for the computation of live load strains; these should be assumed 
for present or future conditions of traffic, and those data selected which will 
give the maximum; so that different loads as well as different positions of 
the same loads may be required to give maximum results for different parts 
of the structure, each of which should be proportioned for its maximum. 
This leaves no uncertainty; the definitely stated problem is accurately 
solved. By the equivalent distribution system only one of many possible 
conditions is assumed, and an approximate equivalent is substituted for 
that.

A prime function of any constructing engineer is to make the most 
careful and accurate assumptions, founded on skill and experience, and 
then prepare exact computations therefrom. Exact computations are com
plained of as laborious—so is most valuable engineering work; but the 
mathematician is only a small part of the engineer; and the bridge con
cerns that compute and build four-fifths of the railway bridges, have spe
cial computers who are continually employed solely on strain sheets. 
Economy should be practiced in restricting the useless multiplication of de
signs and estimates by unsuccessful bidding on the same structure, by in
viting bids from only a limited number of select, responsible parties.

WIND PRESSURE.—This is usually considered as dead and live load; 
should it not also be figured for the impact that it undeniably exerts through 
sudden gustsP

PROPORTIONS OF BRIDGES.—Under certain conditions the inclina
tion from the vertical, of the planes of the main trusses of long spans, so 
that their cross-section is somewhat like a truncated inverted V, is worthy 
of consideration as affording economy of upper lateral and floor systems 
and increasing the rigidity. Mr. Waddell’s plea for properly designed floor 
systems, protection and rerailing apparatus, cannot be too strongly en
dorsed. I believe the tendency is toward the use of too heavy eyebar bars. 
When a bar exceeds 10 inches x 2 inches x 40 feet, it is very doubtful if 
the steel of which it is composed receives sufficient work in its reduction 
from the comparatively small ingots generally used; and, so far as I 
know, cross-sections of that size never receive any edge rolling after leav
ing the blooming rolls, as I believe they certainly need.

INTENSITIES OF WORKING STRAINS.- I think that the author has 
overlooked the results, occasionally reported, of tests upon bridge members 
after having been a long time in use, and I should be glad if railroad 
bridge engineers could furnish more of them as their bridges are renewed. 
Such tests would be of especial practical value if they could be accompanied 
by the length of service and the original tests of the same material when 
manufactured. I would like to know what provision is allowed, and what, 
if any, experiments or observations have been made on the effect of impact 
strains added to existing heavy static strains. It does not accord with our 
theories of steel to suppose that tension members built of plates and shapes 
are as strong per net square inch of cross-section as are eyebars, because 
shapes and wide plates are not expected or generally required to give as 
high unit strength in small test pieces as flats and rods do. They cannot 
have their strength increased by reworking, and if injured at all by punch
ing, shearing, etc., they cannot be restored, as are eyebars, by annealing.
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COMBINED STRESSES.—I should like to see the proof that the addi
tion referred to of 17 square inches of reinforcement to the section of a 
bridge post could increase the working strains so enormously as 18 per

PLATE GIRDER PROPORTIONING.—I endorse the limitation of the 
number of flange plates allowed, and think that part of the chord section 
may often be advantageously disposed in web plates.

It is doubtful if it is desirable to have the best machine driven rivets 
6 or 8 inches long between heads, and it is certain that a hand-driven rivet 
of that length is very imperfect. It is also evident that rivet holes which 
would match pretty well for two or three plates would require much more 
reaming, and considerably weaken the section when carried through a high 
pile of plates. Inspectors will sometimes condemn machine-driven rivets 
for slight eccentricities of head, etc., when they can be replaced only by 
hand-driven rivets that are incomparably worse, to say nothing of the in
jury done to the plates (especially steel ones), in forcing out a large, long, 
well upset rivet.

I shall be glad to see the detail that Mr. Waddell describes as having 
practically and satisfactorily accomplished the focusing of all lines of 
strain, at an absolute point at the center of a main truss lower chord con
nection. I do not wish to advocate the general use of suspended floor 
beams, but I think there may be conditions where a well-built suspended 
floor beam is preferable to one with a poorly riveted and poorly arranged 
rigid post connection. A prominent bridge company with which I was once 
connected imported and used soft steel almost entirely at that time. Much 
of the steel was Belgian shapes, and endured wonderfully severe cold bend
ing tests. Angles and channels could be bent backward and almost tied up 
without cracking. Experiments were made with the use of these channels 
(heavy webbed 6-inch bars, as I remember) for floor beam suspenders. The 
channel bar was bent at the middle completely around a pin (slightly 
smaller than the required one). The ends were then brought down parallel, 
back to back, about three-eighths inch apart, so that their webs would 
rivet vertically across the end of the web of the floor beam, and the loop 
above, properly reamed out, would receive the lower chord pin. I do not 
know what the result of the experiments was, for I did not see them con
cluded, but I believe that the channels endured the treatment and made 
pretty stiff suspenders.

By A. J. Swift, M. Am. Soc. C. E.

Mr. Waddell’s paper is certainly an excellent one in its scope, covering 
as it does many points upon which opinions differ among bridge designers 
and which are often discussed, but never before, it is thought, assembled 
in such form as to give the professional public a chance to express its 
views upon so many debated points all together, and in a form sure to 
meet the eye of the profession at large.

As one who has experienced the troubles noted by Mr. Waddell in using 
typical train and engine loads with exact wheel concentrations, I can 
heartily endorse what is urged by him as to the need for the use of a simpler 
form of load. I would suggest, however, as more consistent, in being nearer 
the facts of the case than a uniform load several times greater than the
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heaviest train in use, the often adopted expedient of a single concentration 
of the engine excess sufficient to equal a panel load (floor beam shear) aris
ing from an ideal engine of sufficient weight to discount a considerable in
crease in gross weight of the heaviest type of engine to be used. This sin
gle concentration to be located for strains in web members, at the head of a 
uniform load, equivalent to a train similarly in excess of the heaviest train 
actually in use, and located, for chord strains, at any point in such a uni
form train load. Also a single concentrated weight still greater than that 
above noted for calculation of strains in stringers, this latter weight to vary 
with the lengths of panels, and its amount to be based also upon the heavi
est existing engine, with due allowance for future increase. For floor beams, 
it is thought that the well-known proportions between stringer shear and 
floor beam shear would suffice to insure sufficiently exact results. This, it 
is submitted, would seem to meet the difficulties as to complexity of cal
culation without going too far backward toward the practice of former 
days of using uniform loads only, and the consequent loss of view of the 
true form of the problem in hand. It would leave the general problem in 
its true form, without introducing annoying intricacies in calculation.

To any one who can recall the changes in opinion as to curved or other 
than parallel chords, floor beam connections, compression formulas and 
curves, the effects of live loads as compared with dead loads, etc., which 
have been noted within the past twenty years, and the diversity of view 
which now exists upon such points, Mr. Waddell's claim that there is such 
a thing as unnecessary refinement in concentration certainly recommends 
itself; and the fact that such points as the effect of wind in throwing ex
cessive load from a train upon leeward stringers and floor beam connections 
has been neglected, while the effects arising from the same cause in towers 
and lateral systems has been carefully provided for, may also be noticed 
as warranting, for the sake of consistency, a less minute amount of care 
as to points like this, of concentration of rolling loads.

It is thought that no one will contest the truth of the ground taken by 
Mr. Waddell as to the advantage of using plate girders up to 90 feet span, 
although it seems apparently a step backward toward the days of tubular 
bridges; but it is suggested that some distinction should be made as to the 
different allowable spans of plate girders for double and single tracks, such 
as he has mode, in regard to the length of lattice trusses. He has drawn 
the line in this latter connection, it is thought, at exactly the right point, 
but has not stated his reasons for so doing. I may be permitted to say, that 
a good reason for endorsing his views is, that the result of experience 
gained in keeping in repair a large number of riveted bridges for many 
years has been to show that the thickness of the iron used and riveted is 
really the controlling feature. This experience proves that well and heav
ily designed bridges of the lattice type and of recent date, in which con
nections of diagonals with chords through several inches of metal have 
been made by means of 1-inch rivets, have required greater care and more 
frequent renewal than those in which the rivets have passed through 
thinner metal, although the rivets in the latter have been under much 
greater shearing and bearing strain for many years. It would seem that the 
vibration of a web member in tension composed of heavy angle bars has 
seemed to fairly pry off rivet heads and loosen them, and that this really 
constitutes the limiting feature in such designs.
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This being the case, it would seem that 70 feet for a double track plate 
girder span of either two or three girders is about the useful limit, and 90 
feet for single track girders, with riveted lattice trusses (rather than the 
limits noted by Mr. Waddell), and pin connections for longer spans. The 
views expressed in this paper as to avoiding all pony trusses certainly seem 
sound, but an exception can be made, it is thought, in the case where floors 
can be made so deep as to give to the top chord the support of a stiff con
nection with the floor beams, whose top flanges are not more than 2 or 3 
feet below them. This limit of the length of riveted lattice spans on ac
count of the failure of riveting through thick iron at the connection of 
diagonals with cross chords seems to conflict with and render invalid Mr. 
Waddell’s strictures upon lattice work of more than one system, since it 
often occurs that in the design of lattice spans, even of the length endorsed 
by him, two or more systems (up to four) have to be introduced in order 
to keep down this objectionable thickness at these points of connection. 
Furthermore, it is submitted that practically no trouble was ever found to 
result from the use of several systems, while certainly cases are on record, 
as witnessed by numerous photographs, where serious accidents have been 
unscientifically prevented by the aid given by one system to another dis
abled by a derailed train. This feature would seem to be the one really 
giving the lattice bridges the superiority noted by Mr. Waddell as existing 
over pin bridges in case of derailment. This increased safety is obtainable 
for pin bridges by enlarging the clear width between trusses so as to re
move them beyond the reach of impact from a derailed train; it would there
fore seem a pity to deprive the riveted bridges of this peculiar and great 
element of value.

The riveted lattice truss was the first step toward concentrating upon 
known lines the strains of unknown location and direction existing in webs 
of plate girders, and it does not seem clear that it is the true drift of bridge 
engineering now to try to force it (the lattice truss) to comply with the 
form found desirable in its offspring with pin connections. Furthermore, 
secondary strains at connections are lessened by keeping the members 
within reasonable limits of size, rather than increasing them as would be 
necessary if the form of truss were limited to the Warren girder. Rigidity 
also is of great value in preserving tie rivets in the chord connections of 
riveted work, much more so it is submitted, than with pin connections, and 
therefore shorter panels and consequently more systems seem justifiable. 
Again, one serious theoretical defect in lattice bridges is that the shear 
in passing from one diagonal to the next is necessarily carried by the chord 
as transverse strain, and this objectionable feature is certainly diminished 
by lessening the amount of this shear so carried at each section of the 
chord at panel points, this result being reached by the use of several, 
rather than one system. It is submitted that such views as those expressed 
by Mr. Waddell, and adopted in many lattice trusses, have resulted in 
structures which cannot be classified as ‘‘fish, flesh or fowl,” the result 
being unfair criticism upon the excellent class of work of which these struc
tures are not fair types; and that their manifest shortcomings almost war
rant belief that, with few exceptions, designers accustomed to one form of 
bridge cannot properly design the other.

Exception, it is thought, may also be taken to Mr. Waddell’s state
ment that plate girders should be riveted in full at the shops and not
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shipped in parts to facilitate erection. The difficulty in erecting whole a 
girder of 90-feet span, even for a single track, is very considerable, and it 
has not been found that field riveted work properly done is so inferior to 
that done at shops as to be inadvisable, if a sufficient excess in number of 
field rivets is allowed; while the danger of accident to large completed gird
ers during transportation and erection is serious, resulting as it does from 
lifting them by improper points of support during transhipment and also 
at their destination.

As regards spacing track stringers or girders of short span, it is sug
gested that the points to be gained are a uniform support to a derailed train 
inside of the tie bearings on stringers, without the use of ties of unnecessary 
dimensions and consequently unnecessary expense; and that a distance of 7 
feet between centers of stringers with ties 8x8 inches x 10 feet, accom
plishes this result, and that, too, without going further than necessary in 
the direction of a return to timber floors resting upon stringers hung in the 
line of the chords, such as were more or less in vogue in the past. The addi
tional expense for one renewal of ties upon bridges under my charge which 
would result from adopting Mr. Waddell’s standards would be $33,000, a 
serious item if not really essential to safety.

In answer to Mr. Waddell’s inquiry, I would say that a number of 
cases of split angles in top flanges of stringers and girders not properly 
supported by fitted stiffening angles, have been noted in work under my 
charge, and that on this account a proper provision of this kind seems very 
advisable at points throughout their length as well as at their ends; but it 
is suggested that their service in preventing buckling of webs over bearings 
and elsewhere would be as efficiently performed without this bearing upon 
flange angles, since the load which this fitting enables them to take is only 
that from a local application over them, while the instant before the wheel 
reaches' this point, the web has to carry almost the same shear, and to resist 
almost the same buckling tendency. It may be allowable to add that dur
ing an experience covering a number of years, every case of failure noticed 
in iron biidges has been in the tension flanges of track stringers, which 
have been found from errors in workmanship or in original design to have 
been strained to 15,000 pounds and more per square inch of net section 
at the point of fracture; while truss members have been found in the older 
class of bridges which have been strained not less than 22,000 pounds per 
square inch hourly for years, and still have shown no sign of failure or 
deterioration when removed. This illustrates in a rough way, it is thought, 
the injurious effect (now so well recognized) of direct application of strain 
as compared with its more gradual application.

Numerous instances have been found, upon the other hand, when be
fore reinforcement, top chords of old deck lattice spans of sections shown 
have supported ties directly, with a span between panel points of from 10 
to 12 feet, and have shown no signs of fail- nr rure after twenty years’ service, although 
they were practically stringers with no bot
tom flanges whatever, and also strained as 
truss members. This fact is noticed merely as an illustration of the ex
tremity which bad designing has reached in the past, and, it is feared, 
sometimes reaches even now; and to emphasize the fact noted above, that 
theories seem to fail in view of the known results of such cases of over-
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strain, and that therefore it scarcely seems necessary to carry the refine
ment of concentration of rolling loads and their proper location upon 
bridges to obtain maxima strains, to the extent which has been customary 
and required in recent years.

Mr. Waddell’s views as to rigid lateral systems and the advantages of 
unadjustable truss members have, of course, always been held by designers 
of riveted lattice work; and it has often been urged, with justice, that a 
considerable economy of material results from these rigid lateral systems, 
since both Warren girders of a double lateral system of this kind can be 
assumed to be under strain by wind load in one direction—one of each pair 
of intersecting members acting in tension and the other in compression.

His views as to spacing ties and the use of guard timbers have certainly 
the support of innumerable cases of safely carried derailed trains; but from 
the point of view of one wishing to incur no expense not demonstrated to 
be really necessary, I would suggest that a clear space of 6 inches between 
ties and a guard rail 6x8 inches, gained 1 inch and bolted to every third 
tie, seems from actual experience to provide amply against “bunching” 
under derailed wheels. It may be added that any spreading of guards at 
the ends of a bridge greater than the 8 or 9 feet of length of track ties is 
useless, since a truck off of the track and beyond the ends of the track ties 
would certainly sink in the ballast and overturn its car or break the coup
lings, so that no benefit would result from a further spread of the ends of 
the guards. Experience in maintaining iron bridges under heavy traffic 
fully justifies, it is thought, the use of end floor beams, since the direct 
impact of wheels upon the ends of stringers frequently shatters stone bear
ings or causes the bed plates of stringers to cut into them, resulting in bad 
surface of a track, and necessitating shimming under ties at the ends of 
bridges, which is certainly a most objectionable feature in their main
tenance.

By O. F. Nichols, M. Am. Soc. C. E.

Undoubtedly much more can be accomplished toward uniformity in 
bridge designing by concerted action among engineers, more, I believe, 
through the report of a committee of the Society than through a general dis
cussion like the one proposed by Mr. Waddell, which is bound to treat the 
subject in an unsystematic and necessarily rambling way. I do not mean 
that the report of such a committee should be made fast and binding, a 
mandate of the Society for all to follow; it would merely cover in the end 
the recommendations of the ablest of our engineers, members of the com
mittee, and have such weight as their reputations and investigations would 
warrant, the Society acting as the agent for whom such investigations were 
made and by whom such recommendations were developed and announced

It would certainly be well if some uniform system of loading could be 
agreed upon, simple enough to involve less loss of time in estimating on 
bridge work, a loss which is absolute to the unsuccessful bidder. The em
ployment of equivalent uniform loads will probably help the matter some
what; there are so many problematical contingencies in our railroad load
ings and the chances are so greatly in favor of increased loadings, that it is 
well not to indulge in over-refinement in calculations, but to assume some
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gross figure sure to provide amply for the present and somewhat for the 
future, the error, if any, being on the side of safety; if the cost is some
what greater it should be considered a wise investment. The extent to 
which material is forced out of some of our structures by refinements in 
calculations leaves them often without that mere mass of material which 
we now, more than ever, realize is necessary to the staying qualities re
quired to resist impact, continuous pounding, alternation of stresses and 
numbers of incidentals to actual use which are difficult to estimate 
accurately.

I think it unwise to use metal less than three-eighths inch thick any
where, on account of oxidation for one thing; our paints and painting are 
not improving as time goes on, and decay from corrosion is certain. When 
it comes to using five-sixteenths or one-fourth inch web and cover plates 
for girders, I believe the characterization “tin structure” is not too strong ; 
thin cover plates are frequently distorted by oxidation alone. I think cover 
plates should be avoided wherever possible, and limited to one or two thick
nesses of considerable dimensions wherever practicable; their action with 
the flange angles or channels is uncertain, largely from differences in 
elongation under stress due to manufacture, and they are by no means the 
protection against corrosion often supposed.

We, of course, know really very little of the actual behavior of web 
plates in practice; the most of the rules we have been using depend largely 
on Gordon’s formula for columns and give results largely in excess of what 
we know to be required. It is unfortunate that extended and skilful ex
periments on full-sized pieces cannot be made. Some girders of good size 
were recently broken, abroad, to determine relative values of different 
materials, and no special attention seems to have been made of the action 
of the webs under stress. The translator says of one of the steel girders, 
“the web was bent out of its vertical plane,” but how did it bend, did it 
buckle, and how much? In all probability it bent sideways with the 
failure of the girder, when the web came to sustain all the stresses in the 
girder. We do know that web plates will endure greater stresses than we 
have heretofore supposed. Mr. Cooper has recently sanctioned some quite 
bold practice in omitting stiffeners altogether from plate girders up to 4J 
feet deep, and Mr. Thacher, in the “Buffalo Trace” viaduct, used girders 60 
feet long and 5 feet deep without stiffeners, the web plates being one-half 
inch thick. The counter stresses of tension and compression, at right angles 
to each other in the web, operate more forcibly than we have supposed to 
keep the plate in vertical plane. The common allowance of 4,000 pounds 
per square inch for shear, and indeed all our allowances for shear, seem 
quite conservative as compared with allowances for other stresses.

The common rules for the use of stiffeners seem chaotic indeed ; it is 
quite clear that they should be less than the depth of the gi’ders apart 
nt the ends of girders, otherwise the web, virtually unstiffened, sustains 
practically all the shear for a length equal to the depth of the girder at 
these points, and if it will do it for this length it will do it for a greater 
length, a reasoning which logically continued omits them altogether. If 
stiffeners are used I think they should be treated as posts and the web be 
considered as a tension diagonal only. In plate girder design we confuse 
the condition in which the flange needs the stiffeners, as in supporting a 
continuous wall of masonry with that of the railroad bridge where the tie
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is supported on an edge equal to the thickness of the web and the vertical 
legs of the flange angles.

An extravagant use of stiffeners has been introduced by some of the 
iron manufacturers; starting at the ends of girders with backs of angles 
facing from the ends, when the middle is reached instead of omitting them 
entirely as theory would dictate they double the stiffeners at this point, 
bringing the angles back to back and riveting them together, a keen sense 
of symmetry not permitting an otherwise possible saving of material.

I can see no good reason why we should hesitate in these days of per
fect plates to increase the thickness of web to a reasonable extent. With 
flange angles one-half to three-fourths inch thick, why not have the webs 
of the same thickness if necessary, when (considering labor and material) 
we do not thereby materially increase the cost of the girders? The result 
would be stiffer and more permanent girders. Thin plates are bound to 
corrode to a dangerous extent long before the flange angles are materially 
weakened, unless they also are absurdly thin.

The stringer should be riveted in between the floor beams, wherever 
practicable, thus holding the latter vertical and avoiding a twisting in the 
floor beams, sometimes induced when steps near the bottom of the floor 
beams are used without such riveting. Provision for expansion can be easily 
introduced. I am glad to know that Mr. Waddell has abandoned views he 
once held as to placing stringers directly under the rail. Ties will not 
last as long under the combined decay of spike holes and support as girders 
at the same point. Suitable lateral bracing, which I prefer to place at in
tervals less than his minimum, and to which the floor system lends con
siderable aid, will prevent departure from a vertical plane in the stringers. 
The elasticity of timber should be utilized by wider spacing of stringers, 
to lessen the effect of impact and to avoid rigidity of track.

The floor system proposed seems a good one for bridges; the bolting 
errs, if at all, on the side of safety. I wish the spacing of the guard rail 
had been given, as this seems to be a point on which there is considerable 
difference of opinion. There should be room for the wheels to run between 
the steel rail and the wooden guard rail; and if inside and outside rails are 
both used, I think they should be spaced at different distances from the steel 
rail, the inside guard rail being nearest to the steel rail. I hope these 
points and the sizes of guard rails will be thoroughly treated in this 
discussion.

By Henry B. Seaman, M. Am. Soc. C. E.

At the Seabright Convention, 1891, a resolution was offered, propos
ing the appointment of a committee on bridge specifications, but it was 
withdrawn on account of the strong opposition manifested. This appeared to 
arise from a misconception of the duties of such a committee, and of the 
purpose for which it would be appointed. The work proposed was not 
merely that of formulating a specification, and making our “Transactions 
“books of ready reference,” but rather that of investigation, and accom
plishing for this branch of the profession, what had already been done 
abroad by organizations similar to own own. In outlining the present 
paper, its author was, no doubt, inspired by the same motives of progress;
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and while we contribute what we may toward the general discussion, we can 
but remember that any success here attained is but an indication of the 
more complete results to be attained by an authorized committee. The pre
liminary report of such a committee would take the subject up where the 
present paper must lay it down. The final report would be of incalculable 
value to the entire profession.

The subject of engine concentrations, as mentioned in the paper, has 
long been a vexatious one to calculators. The methods and results of exact 
calculations are attractive to those who have time and inclination to follow 
them through; but to others, who look upon this subject from a purely 
business standpoint rather than from a professional one, a shorter method 
is much to be desired. If railroads were able to adopt a fixed type of 
engine, and if it were possible for them to restrict themselves to the use 
of that type for all future time, the adoption of exact methods of computa
tion, in new construction, would be justified; but when we consider that all 
successful railroads are progressive—that increased business requires 
increased weight of rolling stock, and that each new type of engine brings 
with it a new distribution of concentrations—the attempt to attain refined 
results for any particular type is a misconception of judicious design. If, 
then, we can attain an equivalent uniform load, which shall give approxi
mately the desired results, its adoption is to be commended.

The illusion of the apparent refinement of engine distribution for new 
structures may be illustrated by the engines provided for in some general 
specifications. In these, the wheel spacing is given to inches, and the con
centrations, in some instances, to 100 pounds. This refinement of weight 
will not hold true of different engines of the same type, and is worse than 
useless, ns applied to various roads with various types of engines. When, 
in addition to this, the weights ot tender are given—as often furnished by 
the manufacturer—with water, but with no coal, it shows that such refine- 
ment is more apparent than real.

A tender, when fully loaded with water and fuel, will have approxi
mately equal weights upon each axle; but if the coal is neglected, being 
placed mostly over the forward wheels, these concentrations will differ by 
several thousand pounds. This is the condition, however, under which the 
weights are often furnished from the shops, and in several instances they 
have been introduced, without change, into bridge specifications. A tender, 
with water, designed for heavy consolidation engines, weighs about 18,000 
pounds on each of the forward axles, and about 20,000 pounds on each of 
the rear axles. Add to this, 16,000 pounds of coal with which these tenders 
may be loaded by boarding up the sides, as is often done, and we have 
23,000 pounds on each of the four axles. The tenders of the proposed 
typical engines would therefore appear considerably too light, particularly 
for the heavier classes. The weights on the pony wheels of the engines, on 
the other hand, appear excessively heavy, and would probably not exceed 
10,000 pounds for the heaviest type.

In assigning the maximum concentrations to which bridges may be 
subjected in the future, we must consider the present conditions which are 
apt to govern them. The maximum concentration in use to-day is 40,000 
pounds. This has been the case for a number of years on heavy passenger 
engines, and the roadbeds on several of the most important lines have al
ready been modified to meet it. It also appears to be the heaviest con-
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centration in use abroad, and it is not liable to be much exceeded with th<? 
present gauge. This, then, is the natural limit for the concentrations of 
consolidation engines, and it would seem better in outlining a set of typical 
engines to have this assumed as a maximum, and deduce the others by uni
form decrements if desired.

The practicability of outlining a set of typical engines, as proposed, and 
formulating tables of equivalent uniform loads, varying with the different 
lengths of span, can only be proven by experience. It is doubtful whether 
they will prove attractive to maintaining engineers, for insertion in their 
specifications. These specifications are already growing very cumbersome 
and to insert tables would only make them appear more so. It would prob
ably be more practicable to insert one of these types, leaving the tables for 
use if desired. The most practical substitute for engine concentrations, for 
insertion in specifications, is the uniform load, with single concentration as 
proposed by Mr. Geo. H. Pegram, M. Am. Soc. C. E., several years ago. The 
reason that this has not already been widely adopted is because of the dif
ficulty in ascertaining the equivalent uniform load and concentration, to 
correspond to a given type of engine.

The wheel spacing of the several engines, proposed by Mr. Waddell, 
appeals to be well chosen; though the spacing between the drivers is 
usually G inches less than here shown. In advocating the adoption of 
equivalent uniform loads for bridge construction, it is not necessary, nor 
is it advisable, to abandon the system of engine concentrations in mainte
nance. Having a generally well proportioned bridge to maintain, it is the 
province of the engineer to ascertain as nearly ns possible the actual strains 
to which it is subjected by the engines in use; and although our ignorance 
of the effect of impact prevents an exact knowledge of the results, it is 
always well to define the unknown factors as closely as possible, in order 
that experiment may gradually reduce these to a minimum.

The assumption that “in the near future, the material for the metal 
portions of railway bridges will be exclusively steel,” seems to me a little 
premature. The objections to its use have not yet been removed; and al
though the development of its manufacture has enabled its production with 
ns much uniformity and economy as that of wrought iron, it still has the 
same objectionable structure. The objection to the use of steel in railway 
bridges is that it resembles a refined, ductile, homogeneous cast iron, rather 
than a fibrous wrought iron; and although recent practice has gradually 
reduced the carbon until its composition approaches more nearly that of 
wrought iroh, it has never yet been given a fibrous structure. It is to this 
fact that the present objection to its use is due.

Steel is objectionable because the least scratch, so fine as to be imper
ceptible to the closest inspection, may in time, under vibratory strains, lend 
to the destruction of the member. No inspection can be close enough to 
avoid this danger, and the reduction of the hardening elements does not 
eliminate it. This characteristic is due to its homogeneous structure rather 
than to its chemical composition.

Tests of steel under constant strain are of no value whatever as a 
criterion for its use in railway bridges. The development of a scratch under 
a single application of load would not be noticed. The chief care in the 
maintenance of iron bridges, and the one to which the closest inspection is 
directed, is the detection of flaws in details. A member rarely fails because
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of overstrained material. There are members in bridges which have been 
in use for years, with strains far exceeding those usually allowed, and 
which are safe; but there are details which, to all outward appearance, have 
been perfectly sound, but have suddenly developed flaws which, had they 
not been detected before the passage of a train, would have resulted in a 
bridge failure. It is for this reason that engineers hesitate to adopt a 
material the character of which favors the development of such flaws.

The general use of steel would seem objectionable for the reasons men
tioned, but to cite the drifting test as an authority for its use without 
reaming would seem worse than to depend upon the single application of 
a load to show the development of slight flaws. “The standard drifting 
test” is of value only in discovering hard spots in the immediate vicinity of 
the hole, but cannot detect cracks or scratches caused by punching, the 
presence of which render reaming necessary. Enlarging the holes by drift
ing, forces the metal back upon itself, and tends to close rather than to open 
these defects. It may indicate soft material, as would also a tension test, 
but as a demonstration that soft steel does not require reaming the drift
ing test is a delusion.

The use of steel rails is sometimes cited as an argument for the adoption 
of this material in railroad bridges. When bridges receive the same in
cessant inspection in all their details, or when bridge members can be re
placed as quickly and with as little expense as can a broken rail or splice 
bar, and when the failure of a bridge is attended with nothing more serious 
than a derailment—then may the general use of steel be advocated for rail
way bridges; but until this is true it is well to proceed with caution.

That the specification of 150 pounds per linear foot of chord for wind 
pressure, irrespective of the length of span or surface exposed, should prove 
unsatisfactory, is not surprising. The specification is not scientific, and 
like all empirical clauses is applicable only between limits. It should never 
be used in a general specification. The early specifications provided for a 
wind pressure of 30 pounds per square foot for truss bridges, and 50 pounds 
per square foot for unloaded trestles. More recently the latter pressure has 
also been applied to unloaded truss spans. It should not be expected that 
a review of older bridges would show them proportioned for the heavier 
pressure. The fact that the exposed surfaces of truss bridges of moderate 
span approximate to 10 square feet per linear foot of bridge renders the 
empirical wind specification convenient of application, but it should not be 
mistaken for a general clause.

The adoption of the right line formula for compression members, instead 
of the Gordon formula, as modified by Rankine, has become quite an en
gineering fad. It is no more accurate, and with the use of tables, now 
universally adopted, is no easier of application; but the profession has 
apparently become restless for want of a better formula, and, for a change, 
adopts an empirical one. The chief labor in proportioning columns is in 
the calculation of the moments of inertia (unless these, too, are tabulated), 
and from this r- as used by Rankine is more directly deduced than is the 
value of r used in the right line formula; and while the latter formula is 
purely empirical, that of Rankine is of thoroughly rational origin. The 
plea that the constants of the Rankine formula are liable to be varied and 
thus render the use of tables difficult, hardly justifies the adoption of a 
formula wherein even a greater variety of constants had been used.
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The Rankine formulas, which are most recent, and now in very genera! 
use, are:

Fixed ends............................... P
1 + l*---------

36 OOO rJ

One end fixed........................P—--------- * ------- -
1 + 1

24 000 r-

Hinged ends.......................... P
1 + —

18 000 r*
and for those who have no tables of their own, very convenient ones can be 
found on page 147 of “Carnegie's Pocket Book,” edition of 1889, or later.

It is noticed that Mr. Waddell suggests the use of the Launhardt 
formula for truss members, but for girder spans and for details proposes 
constant allowable strains. If the Launhardt formula—and the principle 
of the fatigue of metals on which it is based—is true of truss members, it 
is even more true of the floor system and of details, and its omission in the 
one case would justify its omission altogether. The chief objection to the 
Launhardt formula is the amount of extra labor involved in its application, 
and it is probably for this reason that the proposition is made to restrict 
its use to the general parts of the structure. Another objection is, that it 
implies a definite knowledge of fatigue which we do not possess. In spite 
of these objections, however, the adoption of this formula was a marked 
improvement in the scientific practice of bridge construction, and it has 
caused modifications in most of the earlier methods of proportioning. It 
will probably remain in use until some equally rational, though less la
borious, method is devised. An examination of Woehler’s experiments 
indicates that it is quite as consistent with their results to consider the 
effect of live load as about twice as injurious, under continuously repeated 
strains, as that of dead load. Under these circumstances the dimensioning 
would be much simplified by the use of different unit strains for live and 
for dead loads, with proper provision for impact. To this end, Mr. C. C. 
Schneider, M. Am. Soc. C. E., has already framed a specification, in which 
he provides for the fatigue under live load strains by a constant in his 
formula for impact. In this respect his specification is probably the most 
advanced of any yet in general use.

By J. C. Bland, M. Am. Soc. C. E.

I heartily agree with Mr. Waddell as to the desirability of replacing 
the wheel load concentrations now so universally used in bridge specifica
tions by another method. One, in my judgment, equally correct in results, 
is the use of a uniform load per linear foot of track, plus a concentrated 
weight. Such a method is, I think, easier of application than an equivalent 
uniformly distributed load as recommended by Mr. Waddell. The method 
I name is by no means new, for as long ago as 1875 I calculated a number 
of spans to the following specifications: “The strains on the trusses will be 
computed for the following loads: There will be assumed a moving load of 
3,200 pounds per foot of track, on spans from 50 to 100 feet; 3,000 pounds 
on spans from 100 to 150 feet, and 2,800 pounds on spans from 150 to 200
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feet. In addition to the weight of the trusses, floor and track, and to the 
strains thus deduced, must be added the effect due to a concentrated weight 
of 30,000 pounds on each track, moved across the bridge. The strains upon 
the entire floor system will be computed for a moving load of 6,000 pounds 
per foot of tract.” Also, Mr. George H. Pegram, M. Am. Soc. C. E., in the 
Transactions for June, 1886, called attention to such a method, and in his 
paper gave some interesting comparisons covering spans as high as 400 feet.

To verify Mr. Waddell’s Table of Equivalent Uniformly Distributed 
Live Loads, given on page 8 of his paper, I submit herewith Table No. 1, 
which I computed in February, 1884, and which is for a consolidation 
engine and tender weighing 88 tons in 54 feet. The loading and spacing 
for this engine are given on Plate XXII. This is very nearly like Mr. 
Cooper’s Class A engine, shown on page 6 of Mr. Waddell’s paper.

TABLE No. 1.
TABLE OF ACTUAL MAXIMA MOMENTS, End Shears and Cross-girder 

Loads for 88-Ton Consolidation Engine, and uniformly distributed 
loads equivalent thereto.

Eight.y-eiglit-Ton Consolidation Engine and Tender, 54 feet long, out to out.

Max. Momkntb. Kni> Shear*.

Actual Mnx. 
Moment. 

Foot-ton*.

24 * S 
80.4 - Ï-
80 0 t5-

Xlio^

ini!

128.2

Ki|ulvnlent 

linenr foot

5 070 
4 077 
4 8X4 
4 828 
4 776

4 or

4 350 
4 272 
4 238 
4 172 
4 130

Actual Kncl 
Shear Ton*.

13.2 i 
15.0
16.3 1
17.3 I 
18.0 
10.8 
21.8 
22 5

28.6

31.8
32.0
33.5
84 i
35.3

41 i 2 
41.0 
42.0

Equivalent 
haul IMT 

linear foot 
of track. 
Pounds.

f'RosM-niRiiKR Load*.

Actual Max. 

CroKH-glrder.

44 iô

47.4
48.0 1=

Equivalent 
load per 

linear foot

Pound*.

4 875 
4 770 
4 059

4 412 
4 271 
4 144
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In Table No. 2 I also give similar data for a heavy passenger engine, 
to such span lengths, beyond which the results would be less than those 
given for the 88-ton consolidation engine in Table No. 1.

TABLE No. 2.

TABLE OF ACTUAL MAXIMUM MOMENTS. End Shears and Cross-girder 
Loads for 100-ton Fast Passenger Engine, and uniformly distributed 
loads equivalent thereto.

One hundred-ton Fast Passenger Engine and Tender, 54 feet long, out to out.

Max. Momkntr. End Shear*. CROHH-HinilKR LOADS.

Spun Equivalent Equivalent Equivalent
Feet. Act mil Max. IoiiiI per Actual End load per Actual Max. Load per

Moifients. linear foot linear foot Load on linear foot
Foot-tone. Cross-girders. of track.

VOUI.U.. Pounds. Pounds.

1 5.0 I so non •m a 80 000 20.0 40 000
2 L-ll »

13 3331
20 U a U

$3

$

?

This heavy passenger engine weighs, with its tender, 100 tons in 54
feet, as follows:

Two pairs of truck wheels at 10 tons.................... = 20 tons.
Two pairs of drivers at 20 tons................................ = 40 “
Four pairs of tender wheels at 10 tons..................= 40 “

Total engine and tender................................ =100 “

The spacing of the wheel loads is:
Pilot to first pair of truck wheels............................... = 5' 0"
Truck wheel base.................................................................  = T 0"
Rear truck wheel to leading driver........................... = 8' 0"
Driving wheel base...........................................................  = 8' 0"
Rear driver to first pair of tender wheels................... = 8' 0"
Tender wheel base. 3 at 5' 0".................................... = 15' 0"
Rear tender wheel to end................................................  = 2' 8"

Total length of engine and tender 54' 0"
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Combining Tables Nos. 1 and 2, in Table No. 3 is given the maximum 
bending moments for spans up to 40 feet, due either to a 100-ton passenger 
engine or 88-ton consolidation engine, whichever is the greater.

TABLE No. 3.

TABLE OF MAXIMA BENDING MOMENTS, due to 88-ton Consolidation 
or 100-ton Passenger Engine, whichever the greater, and equivalent 
uniformly distributed load per linear foot, corresponding to 2,800 
pounds per foot + 28,000 pounds.

8r
Number.

Y!ï.i"

1 Until nee 
from renter

of Hpllll

critical load.

Maximum 
Moments 
per track. 
Foot-toim.

Equivalent
uniformly
distributed

linear foot

founds.

Equivalent 
uniformly 
distributee 
load corre

sponding to 
i! *»nu pounds 
per foot. 4 

•-'* mm pounds, H. r. 1. „ 50 mi non M MM.

in nnn

«1 lM
Culls. III.

23

••

11*.

On Plate XXII. is represented the variation in the maxima effects due 
to the 88-ton consolidation engine, and likewise is shown how the results 
of using a loading of 2,800 pounds per linear foot, plus a concentrated 
weight of 28,000 pounds, compare with those from the actual engine. Mr. 
George P. Bland, M. Am. Soc. C. E., to whom I showed the foregoing tables
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in the spring of 1885. suggested the use of a uniform load in connection 
with a concentrated weight, to be practically equivalent in all respects to 
the maxima effects got by considering the wheel loading. He plotted the 
results from the tables on a diagram, and decided (I think) on 3,000 pounds 
per linear foot, plus 24,000 pounds, as well fitting the actual curves. I 
have frequently tested this suggested loading by comparison with the re
sults from wheel concentrations, and in a wide range of spans have always 
found it gave exceedingly close approximations.

I may add that the Tables Nos. 1, 2 and 3 were computed from the ex
pression—

V . P

Mo max. bending moment.

1 . P sum of loads on the span 1.

1'. Pd summation of the moments of the loads on the span around 
the critical load as origin, regard being had to sign.

2 . Pd summation of the moments of the loads on the span around 
the critical load as origin, no regard being had to sign.

d— spacing of the wheel loads.

The critical load is the one under which the maximum bending moment 
occurs. For a further explanation of the above expression, see my paper, 
“A Method of Computing the Absolute Maximum Bending Moment on 
Stringers, etc.,” published in “The Engineering News” for February 2d,
1884.

In Table No. 4 is given the maxima bending moments due to two Penn
sylvania Railroad consolidation engines shown in its specification of 1887. 
and for comparison also is given the maxima center moments from the load
ings of 3,000 pounds per linear foot plus 30,000 pounds, and from 3,200 
pounds per linear foot plus 32,000 pounds. On Plate XXIII. there are 
plotted these results; also the maxima moments from the Pennsylvania 
Railroad passenger engine of specification of 1887. An examination of 
the following table and diagram will show the degree of approximation 
which is given by the two assumed loadings.

In Table No. 5 are given the maxima bending moments resulting from 
two typical consolidation engines somewhat heavier than the engines of the 
Pennsylvania Railroad specification of 1887. These engines (and tenders) 
each weigh 110 tons in 54 feet. The spacing is as shown on Plate XXII 
and the loading as follows:

One pair of pony wheels at 10 tons........................ = 10 tons.
Four pairs of drivers at 15 tons............................... = 60 “
Four pairs of tender wheels at 10 tons.................. = 40 “

Total engine and tender no “
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TABLE No. 4.

TABLE OF ACTUAL MAXIMA MOMENTS due to two typical Consolida
tion Engines—Pennsylvania Railroad Specifications of 1887. Also 
the Maxima Center Moments from 3,000 pounds per linear foot + 
30,000 pounds, and from 3,200 pounds per linear foot + 32,000 
pounds.

F|“t 1 Number.
Critical
Louil.

Distance

tor nfHpou 
to tin* criti

cal load.

Actual Max
imo Mo- 
mentH la 

foot-tOIIH
1 >• r track.

Max. Center 
Moments 

due to II000 
imiiuiiIn per 
linear foot

pounds
Foot-toua.

Max. Center 
Moments 

due to 3 200 
iioiiihIn per 
linear foot

pounds.
Foot-ton*.

1 1. Any driver. „ .1 75 3 01 4 2
2 1

11.25
4
5 1 IK. 75
li 22.50
7
H II.
11

II III.
12 1 70. s

115.2
125. K

14H 2
20

172 2

0.2(i left.
2M

:i2fi.i«
542.15
350.15

307.2
••

40 VI.

534.11
554.11

44 573.10
4r>

007.2

724,2
52 74k. s

“ 1 " 778,8
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TABLE No. 4—(Continued).

ÎT
Feet. Number.

tES"
Distance from 
center of h|ihii 
to the critical 
load. Feet.

Actual Max
ima MomentN 
In foot-tone 
per track.

Max. Center 
MmneiitH

due to 8 000 
pounds per 
linear foot

I 80 000
pounds.

Foot-tone.

Max. Center 
MomentN

due to 8 800
pounds per 
linear foot 

, 88 000 
pounds. 

Foot-tons.

54 IX. Ju. ,M1 7il. 9f. 7IH. -»
K2J.ni;

X 1.31 left.
000.00

l non. its

1 IMIS.IIO
XI.

1 12j.no

XII. (a)
71

7.1
74

O.iiB right.
XIII. 0.00 left. 1 ill IS.(HI

M) 1 Ml.» 1 500.00

TABLE No. 5.

TABLE OF ACTUAL MAXIMA MOMENTS due to two Consolidation En
gines and Tenders, each 110 tons, in 54 feet of total length. Showing 
also Maxima Center Moments due to 3,400 pounds per linear foot of 
track -f 34,000 pounds concentrated.

•r
Case Number. Critical

Distance from 
center of Npau 
to the critical 

load. Feet.

1 Actual Maxima 
Momenta In

I foot-tons per

Maxima Center 
Moments due to 

il 4011 pounds per 
linear foot

34 (Mio pounds. 
Foot-tons.

8 „ l\ 1.125 left 31 0 47 «
III.
IV.

V. /’,
VI. i\

VII. l\
IX. 0.00 right

X. /*,.
XI. /’,,

XIII. /*,» 0.541 left IM*7 1 **'•’
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The Table No. 5 shows how closely the maxima center moments from 
3,400 pounds per linear foot, plus 34,000 pounds, coincide with the actual 
maxima moments. An examination of the tables and diagrams already 
mentioned will, I think, show the validity of Mr. Waddell's claims, and 
also indicate that a uniform load per linear foot plus a concentrated weight 
covers the case as well. This latter is also applicable to the computation 
of stresses in framed structures, giving a slight excess above the actual 
stresses in the counters and central panels of web members, a very excellent 
place, by the way, to have a surplus of metal.

Taking the loading to be p + Q, where p uniform load per linear foot, 
Q concentrated weight. Then for girder spans, where p can act con
tinuously:

In flanges.—The maximum moment at any point x from the right 
abutment occurs where the span is fully covered with p per linear foot, and 
Q acting at the point x.

Thus Mx = PX (1 - x) + ^ * (1 - x).
2 1

When x = —, that is, when Q is at center of span, the greatest maximum 
2

movement occurs, and is—
M. - — ; *l

8 4 '
Web.—The maximum shear at any point x from the right abutment 

occurs when p extends from o to x, and Q is at x.
pxa ÛX 

Thus Fx ■=------ 1---- .
21 1

When x = 1, the greatest maximum shear occurs, and is—

Cross Girders.—The maximum load on a cross girder is given by 
R = pi + Q.

For girders where p acts discontinuously, or for truss bridges, the same 
principles hold good, using, however, the panel load P — — (where n is the

number of panels) in connection with Q. The maximum at any panel 
point for the chords, is when the span is fully covered with p at every 
panel point, and Q at the panel point in question; and the greatest maximum 
moment occurs when Q is at the center of the span. The maximum shear in 
any panel x from the right abutment, is when each panel point to the right 
of x is loaded with p, and there is a load Q at the first panel point to right of 
x. It will be seen that the loading p + Q conforms fairly closely to the re
sults derived by using wheel concentrations, and where there is divergence 
it is due to some singularity in the wheel spacing or to peculiar relation be
tween it and the panel length; or, again, to ratio between tender wheel loads 
and those on drivers, which ratio is usually two-thirds. The uniformly 
distributed load equivalent to the moment from the engine, Mo is

in which the assumption is made that the engine maximum is at the center 
of the span. As a matter of fact, it is not always so, but still it never de-



A\///.// •. I y UK! IK,li PliSIGXlXG.

viates much therefrom. (See Table No. 4.) The uniformly distributed load 
equivalent to the loading p -r Q is—

2 Q 8 Mo
p" - p 4 also •

p" 1» »V Q1
Neither the maxima center moments nor -4-—— vary much from

8 8 4
the engine moment Mo, and any ordinary variation is inconsiderable in view 
of the fact that the assumed static wheel loads, particularly the driver loads, 
are so subject to local changes—such changes as those caused by the centrif
ugal action of the driver counterweights, varying according to speed and to 
kind of engine, by the oscillations due to non-balance of engine on its 
springs, and by the variations in static load on drivers from a rough track 
or low joint.

Calculating stresses from wheel loadings tends to make the computer 
feel more than a warrantable confidence in his results, as being the true 
stresses in the several members. They are, indeed, true if the loads would 
remain static, which they do not. If allowance for impact, etc., were on the 
same basis of certainty as the static stresses from wheel loading, there 
would be no great fault to find; but methods for making such allowances 
are crude and seem insoluble in exactness. Nor would there be any objec
tion to the use of wheel loading, despite the time wasted in preliminary 
designs such as Mr. Waddell speaks of, if in the end, in the results at
tained, closer accordance with the real and true stresses in the structure 
were obtained. It seems to me that the alternatives suggested, so closely 
in accordance with the wheel load results when statically considered, are 
(their simplicity and ease of application being fully weighed) fitting sub
stitutes for the method now in vogue, and especially when no two specifica
tions are alike as regards their typical engines, the differences frequently 
being just enough to make them unlike.

I think the use of a uniform load per linear foot, plus a concentrated 
weight, easier of application than that of a uniformly distributed load 
equivalent to the engine maxima moments. In the former the calculations 
are exceedingly simple and direct; in the latter, one has to have his memo
randum book or his diagram of moments always at hand, so as to get the 
necessary equivalent uniformly distributed load, varying, as it does, for 
every span for even the same engine.

Regarding another point which Mr. Waddell makes—the examination 
of stress sheets tendered railroad companies in competitive bidding—if the 
scheme of p + Q be used, every sheet could be tested by the one standard; 
whereas, now, “every man has his doctrine,” though there is an absolutely 
mathematical, correct way of getting the static stresses due to wheel load
ing, which is neither troublesome nor tedious. I may say on such score. 
I have no very great fault to find with the present wheel concentration re
quirements. However, in the former method, the time is shortened alike 
to the designer and to the railroad company’s engineer in comparing the 
several designs.

I would welcome the adoption of a specification in which, like Mr. 
Bouscaren's specifications of 1887, the live load requirements were simply 
stated by giving the values of p and Q, which corresponded broadly to the 
rolling stock which governed, or would in time govern, the bridge work on
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the line. I admit the great value which I think the wheel load require
ments have been to us. The consideration of the actual thing which crosses 
our bridges has turned attention to just what that thing is, and we have 
realized in a way never before attained, to what local variations of loading 
an engine is subject, and some insight into the causes of such variations; 
and though no exact means is at hand to determine the true dynamic stresses 
resulting from these variations in wheel loading, this very uncertainty 
paves the way for other and quicker methods of getting the static stresses, 
to which we can (as we do now) make allowances for impact, etc., either 
by percentages to the apparent (static) stresses, or by a diminution of the 
working stresses, and attain results equally worthy of confidence.

As Mr. Waddell remarks, “All assumed loads for computing stresses 
in bridges are merely typical,” and it is the provoking differences in these 
wheel concentrations for practically the same class of bridge which makes 
it especially hard on the engineer of a bridge company, whose daily duties 
are so increased by having to furnish with his bid a stress sheet complete 
—any minor inaccuracies in which throw doubt on his company's integrity 
or capacity to undertake the work, and makes it easier to give the work 
to the bridge company, which, as the author states, may have the “inside

Mr. Waddell also objects to the “added insult” of the computations 
being required to cover two different types of engines, and in some cases 
three. Such a demand is necessary when wheel loading is used, for the 
heavier concentrations on the drivers of an eight-wheel engine, even though 
farther apart, affect small spans. An example of this can be seen by in
specting Tables Nos. 2 and 3, where the heavy passenger engine governs the 
flange stresses in spans up to 13 feet, the end shears up to 20 feet, and 
cross-girder loads to 6 feet. This last is perhaps infrequent, and the in
crease in end shears beyond 16 feet is inconsiderable. It may be remarked, 
however, that the Pennsylvania Railroad use 8 feet panels in their through 
plate girder spans. The use of the loading p -) Q covers well all these 
divergences.

As to “The Proper Live Load for Modern Bridge Specifications.” In
crease in engine weight and car capacity has been steadily going on since 
Mr. Cooper wrote his first specification, and the limit is not yet. Car capac
ity has steadily grown from the 40,000 pounds of a few years ago to the 
very ordinary 60,000 pounds of to-day. Engine weight, which ten to 
twelve years ago was for heavy consolidation engines, 95,700 pounds, 82,- 
700 pounds of which was on the drivers, has increased to 114,600 pounds, 
100,600 pounds of which is on the drivers, an increase of 21\ per cent, 
on drivers, or 20 per cent, increase in weight of the whole engine.

Class C passenger engine of Pennsylvania Railroad weighed 81,800 
pounds; Class K, of the same line, weighs 96,700 pounds, and Class P 
weighs 100,600 pounds; roughly an increase of weight in the later types of 
20 per cent. Excluding such peculiar types as the El Gubernador of Cen
tral Pacific, having 121,600 pounds on ten drivers, and the Baldwin 
Decapod of 128.000 pounds, on ten drivers; and, later, the engines working 
the St. Clair Tunnel, Grand Trunk Railway, having 180,000 pounds on 
ten drivers, in a space of 18$ feet, all of which were designed for special 
work in comparatively limited localities; we are justified, I think, in saying 
that the increased requirements of railway traffic of the past ten years have
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demanded about 25 per cent, increase in the weight of the engines. In 
other words, the driver loads in engines of the consolidation type have in
creased from 20,000 to 25,000 pounds per pair.

As regards the cars, while the capacity has increased 50 per cent., the 
weight has increased but about 20 per cent., or the total loading but 40 
per cent. The present stock weighs loaded about 2,500 pounds per linear 
foot of track, the length being about 34 feet, and the wheel base about 27 
feet; and allowing for overloading, these cars would weigh probably close 
to 2,700 pounds per foot of track.

Roughly speaking, then, the past ten years has witnessed an increase 
in engine weight of 25 per cent, and an increase in car weight of 50 per 
cent., the formel affecting materially all floor systems and spans say 100 
feet and under, and the latter affecting all other spans to at least 25 per 
cent., since the train load on lines having this kind of traffic was formerly 
rarely assumed less than 1 gross ton per foot. On some lines the increased 
weight of train load would cause no excess, since even ten years ago the 
rolling load was assumed at 3,000 pounds per linear foot.

Tables Nos. 6, 7 and 8 give data for rolling stock in actual use at 
present in Colorado and Utah, and in Tables Nos. 7 and 8 the Colorado 
engines are compared with Pennsylvania Railroad engines and with Eng
lish engines doing same class of work. Inspecting Table No. 7, and bearing 
in mind that Class R is, I think, the heaviest consolidation type now in 
use on that line, it is seen that the Denver and Rio Grande Class 112 is 
but 2,100 pounds lighter, or engine and tender together 5 per cent, heavier 
than Class R; that the Colorado Midland Consolidation engine has 13 per 
cent, more weight on the drivers, the engine and tender together being 20 
per cent, heavier than Class R; however, it carries 33\ per cent, more 
water and 100 per cent, more coal, operating as it does on a 3 per cent. line.

TABLE No. 6.

STANDARD FREIGHT STOCK IN ACTUAL USE ON DENVER AND RIO 
GRANDE RAILROAD.

(londola 
Coal Car.

Hopper 
Bottom 

Coal Car.

Low Flat 
Cu r—Con

tinuous 
Draw Bar.

llo. car. Stock Car.

Length out to out of bnll-noKe. 34' 6" 30' 0" 34' #" ,4,
Length over end hIIIm......................

Number of trucks'............................ 2
Kind of truck...............................
V heel base of truck........................
\\ heel bane of car............................
Weight of car...................................
Capacity of ear............................... nil non mi min nil min fill IMMI
Total weight of car and load... Mil IHNI Mil nun
Weight per linear foot of track. 2 4115
Ratio w«lKl,t .................................. 0 40 0 42 nar, 0.43 n 43

capacity
Ratio ”•*“ .......................... 0 28 0,20 0,20 0.30 0.30

total weight
Relative capacity to weight........ 1 to 21* 1 to 2 A, 1 to 2ft 1 to 2ft 1 to 2ft

Mf.mobaxovm.—Allowing for overloading, 2 "no pounds per linear foot will cover the weight 
of train.
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TABLE No. 7.

FREIGHT ENGINES IN ACTUAL USE IN 1891.

(hlKH It

solldatlon,

Railroad,

Cnnsollda- 
tion Kugliie, 
Deliver and 
Rio (Irandn 
Railroad,

Colorado
Midland,

I'onsolldn-
tlon^Englue,

Cnusolidu- 
lion Engine. 
Rio lirande 

W intern 
Railway,

Freight
Engine,

Northern
Railway,
England.

11 1MM) 111 T1M* mm Tn
... Ulf 111 ftftft ,m

"7 MIC!

Total weight of engine and
|sn .MM) •JOS MM) US 960

17'7"

III' 0" il' in"
Total wheel bane of engine ami

|h't" 1“' i" h, 4h,
Total length of engine and

about 58' II" nr it"
a non gala.

8<
generally

H t.H

12° “ 160 about loo

TABLE No. 8.

PASSENGER ENGINES IN ACTUAL USE IN 1891.

Passenger
Engine,

Railroad.

Clans 106. 
Passenger 

and Freight, 
Denver and 
Rio (Iraude 
Railroad,

Colorado
Midland
Railway

Passenger
Engine,

Rio Orande 
Western 
Railway 

Passenger 
Engine,

English

Engine.

Kind of engine................................... 8-wheel. 10-wheel. 10-wheel. 10-wheel. 6-wheel.
Number of drivers............................
" eight on trucks.............................
" eight on drivera...........................

106 IMM)
10»! 700

120 SIM) T $ SA IMM)

Total weight of engine and
ii- »r

I-11 glue wh\*el bane............................ 22' 74*
Tender wheid baae.......................... 15' V 1 LÇ
Total wheel baae of engine anil «' «V
Total length 01 engine and bS

2 4iHi gals.
1 oal capacity of tender................. 12 IMNI Ilia, 16 SIM) Him. l’

£*
c.\ tinders.............................................. isj* x 24' 18' X 24' 19* x 26' “la
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In Table No. 8 comparison is made of the eight-wheel Class P of the 
Pennsylvania Railroad with the ten-wheel engines in Colorado and Utah, 
these latter being used for all passenger service as well as for light freight 
trains. It will be noticed that the Colorado Midland ten-wheeler has 16,- 
500 pounds on each driver.

Bridges of different capacities will, of course, be required, according to 
the varied positions of the lines, the kind and volume of the traffic, actual 
or probable, and the gradients and alignments, the last two governing the 
class of locomotives to be used. Mr. Cooper’s four diagrams of consolidation 
engine loading seem to me to cover broadly the several classes of railways 
operating in the United States. I agree, however, with Mr. Waddell in his 
plea for more uniformity and greater simplicity in the spacing of the loads. 
For consolidation engines all the spacing could, I think, be multiples of 5 
feet. I would exclude the mogul engine and its 2,000-pound train load, and 
assume the train loads for the heavy grade, extra Class A, Class A and Class 
B to be respectively 4,000, 3,400, 2,800, and 2,500 pounds per linear foot.

Retaining Mr. Cooper’s notation, on the system of calculation of p-f Q. 
the scheme could be written as follows, and which I think would give prac
tically the same class of bridge.

Heavy Grade ............................  p + Q — 4,000 pounds + 40,000 pounds.
Extra Class A........................... p + Q: 3,400 « + 34,000 “
Class A ....................................... p4-Q: 2,800 « -|- 28,000 «
Class B ....................................... p + Q: 2,500 “ + 25,000 “

These would correspond pretty well with the following engines: 
FIRST.—Heavy Grade Consolidation Engines and 4,000-pound train.

On each truck and tender axle............................................ 20,000 pounds.
On each driver axle .............................. ...............................  40,000 “

Total weight engine and tender .............................. 260,000 “

SECOND.—Extra Class A, Consolidation Engines and 3,400-pound train.
On each truck and tender axle............................................ 20,000 pounds.
On each driver axle................................................................  30,000 lt

Total weight engine and tender................................220,000 “
THIRD.—Class A, Consolidation Engines and 2,800-pound train.

On each truck and tender axle............................................ 16,000 pounds.
On each driver axle................................................................  24,000 “

Total weight engine and tender................................176,000 “
FOURTH.—Class B, Consolidation Engines and 2,500-pound train.

On each truck and tender axle............................................  14,000 pounds.
On each driver axle .............................. ...............................  22,000 “

Total weight engine and tender................................158,000 “
All the foregoing engines to have the following spacing:

Pilot to truck................................................................................................. 5 0"
Truck to leading driver............................................................................ 10' 0"
Three driver spaces at 5’ 0".................................................................... 15’ 0"
Rear driver to first tender wheel ........................................................ 10' 0"
Three tender spaces at 5' 0".................................................................... 15' 0"
Rear tender wheel to end ........................................................................  5' 0"

Length of engine and tender out to out = 60 0”

^
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Table No. 9 gives the typical consolidation engines in use on the Denver 
and Rio Grande Railroad as compared with those of the Pennsylvania Rail
road’s specification of 1887.

TABLE NO. 9.

TYPICAL FREIGHT ENGINES used in Bridge Specifications on the Denver 
and Rio Grande Railroad and on the Pennsylvania Railroad.

Typical CoiiHolliln- Typlenl Oomudldu-
tlon Engine of tlon Engine,

Denver ami Itio
Itnilroail. 0ramie Railroad.

Speritlrntion* Load Diagram
of 1887. No. 5.1.0».

Weight «in pon.v trm-k* in .UNI 20 ono
xi eight on eat h pair «if driver»
Weight on four palm of «1 river»
i ..ini weight "f eng.....-
'X fight on Hiu'h tfoiler axle hi HO"
Total weight of tender. i . . . . . . . . . .
Total weight of engine and tender *..........
Rigid wheel bane
Bnglne wheel bane 
i. nder « heel i"i»*

Total wheel bane of engine and tetnler

W It"
IV Ô"

Total length of engine and tender, out to out w 5V u"

While the assumed driver loads in each are the same, the tender loads of 
the former are necessarily greater, having to carry more coal and water. 
The Denver and Rio Grande engine and tender is just 10 per cent, heavier 
than the present requirements of the Pennsylvania Railroad That this 
excess is justified is seen by reference to Table No. 7 of actual data, and 
moreover I think the chances for further increase in the weight of engines 
are greater on such lines as the Denver and Rio Grande than on the Penn
sylvania Railroad, though in the matter of train load the reverse would be 
the case—the one operating a comparatively low grade line, the other a line 
having a maximum gradient of 3 per cent., and curves of 10 and 12 degrees. 
It should be mentioned, too, that the Colorado Midland consolidation engines 
(and tender) weighing only 8 per cent, less than the typical consolidation 
engines of the Denver and Rio Grande, for several months of this year ran 
over 75 miles of the Denver and Rio Grande tracks.

Considering the Tables Nos. 6, 7, 8, and 9, in which it is shown that the 
car stock of the Denver and Rio Grande Railroad is abreast of modern require
ments, the actual consolidation engines in use slightly heavier than those of 
the Pennsylvania Railroad, and the typical consolidation engine necessarily 
10 per cent, heavier, for reasons already given, than that of the latter line; 
the question arises: if the assumed engine loads are practically alike, should 
the bridges be designed with the same margin of strengthP that is, should 
the same working stresses be used? My answer would be, bridges on the 
tonner line should be made fully up to the very best requirements of present 
practice, while those on the Pennsylvania Railroad and like lines should 
have a wider margin of strength than now obtains.

Excluding shifting engines at Denver, there are all told about seventy 
trains per twenty-four hours belonging to the Denver and Rio Grande tracks, 
whilst in the Philadelphia terminal of the Pennsylvania Railroad there are, 
perhaps, close to six hundred trains every twenty-four hours. Out well on the
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line of the Denver and Rio Grande there are possibly no more than twelve or 
fifteen trains per day, whilst on the Pennsylvania Railroad Division there 
are at least one hundred and fifty. To carry the comparisons farther away, 
at Clapham Junction, London, there is a train passing at an average of every 
fifty-four seconds from 7 A. M. to 10 P. M.; and at Cannon Street Bridge. 
London, thirty-five trains have been counted in as many minutes.

Our specifications, worthy the name, make differences in bridges, depend
ing only on differences of assumed loading, the unit stresses used being the 
same; that is, all the bridges are to be first-class as regards dimensioning. 
The same assumed loading will give the same bridge, no matter where its 
location or on what kind of line. We make bridges presumably to last an 
unlimited time under an assumed loading, by using a factor of about three 
on a quantity beyond which an unlimited number of repetitions will not 
cause rupture, or else we use working stresses of about one-third the elastic 
limit, lowered in certain instances an arbitrary quantity to allow for impact, 
etc., and yet an increase in assumed loading of about 25 per cent, has 
seemed to cause signs of weakness to appear in bridges presumably so made. 
How this can be is hard to understand, unless our marginal factor of three 
involves in reality less margin than is supposed.

The Wohler-Launhardt scheme was based on experiments on prepared 
test pieces, and on loads supposed to be gradually applied at intervals of 
something like fifteen seconds. It becomes a question to what extent sud
denly applied loads would affect the ordinary statement of these experiments.

Kirkaldy found a reduction of about 20 per cent, in ultimate capacity, by 
suddenly applying a load, “without jerk”; but it is in some such way as 
“with jerk” that our live loads are applied. From some points of view it 
would seem that a rapidly passing train exerts less damaging effect on a 
bridge than were the speed less, especially if the track be good. Clearly our 
bridges will not last an unlimited time, and equally clear is it, if such be the 
case, that the amount of actual or probable traffic demands a place in bridge 
designing. On the line cited, a most exaggerated estimate of prospective 
traffic would not, in fifty years, reach one-fourth of that now on the Penn
sylvania Railroad; and I think it likely, considering the grades, as now 
their engines are as heavy as the latter’s, we can look for increase in weight 
sooner than on the Pennsylvania Railroad; still under the same loading one 
bridge is doing nearly ten times the work of the other.

I have examined a very fair number of bridges, and, on the basis of 
first-class working stresses, in some instances found them overstrained 12 
to 20 per cent, when passed by the engines in use, a fact which should cause 
no uneasiness, considering the infrequency of the loading, and there being 
no evidences of weakness. Had these bridges been crossed by from one hun
dred to four hundred trains per day, the case would, in my judgment, be very 
different, though the unit stresses caused by every passage would, in each 
case, have been the same. In design, too, we figure for double header*, 
though their use is in small proportion to trains headed by one engine, except, 
of course, on certain heavy grades, where double headers are the rule.

A short time ago, in a Philadelphia newspaper, it was stated that a 
bridge over the Schuylkill River was being strengthened because it hod 
grown “tired” under the passage of about 500 trains per day. As the cost of 
the repairs was put down at $25,000, and as being 124 P®r cent, of the 
original cost of the bridge, I fancied the statement to be substantially true,
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though I write under correction. Here is a bridge designed by an eminent 
engineer, built by a most reputable bridge works, presumably proportioned 
for the heaviest engines of ten years ago, and on working stresses, if any
thing, lower than in general use, and at least no greater than 5 tons per 
square inch on lower chord and main diagonal bars.

The bridge is used principally for passenger and express traffic, for such 
are the trains which form the greater proportion of the five hundred stated. 
An increase in weight of 25 per cent, in engine and train over that for which 
it was designed would only raise the unit stress in tension to 6± tons per 
square inch, which is at least still under one-half the elastic limit, and yet 
report says the bridge is “fatigued.” The same bridge under the same loads 
but of less frequent application of them would, I dare say, show no signs of 
weakness nor necessity of repair. As it is, does it not show the necessity of 
making bridges which bear such frequent passages of the load with a wider 
margin of strength than those, which, though under the same loading, are 
so situated as now to get but few applications of it, and to be never likely 
to get as many as five hundred daily, year in and year outP It shows, too, 
the best designed bridges do not have an unlimited life, as is the supposition 
in fixing the working unit.

The New York Elevated structures have required strengthening during 
the past few years; their engines, it seems, have been increased some 26 per 
cent, in weight, and the number of trains daily, multiplied enormously. 
Originally, no doubt, the bridges were well proportioned, with the design and 
workmanship at least up to the average standard of their day. If, under the 
originally assumed loads, the working stress was low enough to fit the sup
position of unlimited life, would an increase of 26 per cent, in the load itself, 
raise the unit stresses to a limit where weakness was exhibited?

It seems highly probable that very frequent applications of such loading 
do cause dynamic stresses quite beyond what is supposed, and bridges at 
terminals and like places, passing hundreds of trains daily, some as often as 
one a minute for at least twelve hours per day, require a much greater 
margin of safety than is now given even under the usual assumption of 
unlimited life.

Regarding the structure mentioned in the discussions on “Inspectors 
and Bridge Work,” “Transactions” for December, 1887, page 313, Mr. Cooper 
says: “There have been, however, no defects developed in these structures 
which cannot be clearly traced to faulty design, hasty workmanship, or want 
of appreciation of traffic demands; and not a bit of evidence can be found to 
show that the rapidity or number of trains have developed defects that would 
not in time have been produced under other conditions of the same loads. I 
do not believe that any number of applications of the loading will produce 
any more injury than a single loading upon a structure so proportioned that 
the actual strains shall never exceed the elastic capacity of that material.”

Mr. Sloan (page 310) said, “The structures were designed by careful 
engineers, and built and erected by responsible bridge building firms”; he 
also says that “due to an increase in weight of engines from 17 to 19 and 
2U tons, and, to keep the factor of safety within the limit prescribed by the 
Rapid Transit Commissioners, we have strengthened the floor beams on the 
Sixth Avenue pin-connected structures, and strengthened the Third Avenue 
girders by a double system of triangulation.”

In view of Mr. Sloan’s statement the question suggests itself, was the
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design, which, Mr. Cooper states, was faulty In respect of the judgment of 
to-day, considered so at the time of buildingP If the former, though there 
has been great progress in design during the past ten years, is there any 
finality about our present knowledge and practice? And as respects Mr. 
Cooper’s statement regarding the action of stresses within the elastic limit, 
such is true, but the question arises: may not the dynamic stresses (repeated 
about one thousand times a day), induced on the structure, coupled with 
shock, etc., have been such that, in connection with 26 per cent, increase in 
weight of engines, the elastic limit has been nearly approached if not ex 
ceededP

By repeated stress beyond the original elastic capacity, the limit may 
be “exalted,” and experiment shows very much so; but it certainly renders 
the bar or structure less able to resist the frequently repeated applications 
of stresses, or, in other words, the capacity to endure work is very much 
lessened. Of course, if the engines were increased 26 per cent, in weight or 
thereabouts, and at the same time certain commissioners lowered the allow
able working stresses, the required strengthening offers no subject for either 
comparison or criticism, nor any grounds for argument as to the necessity 
of a greater margin of strength in structures subjected to maxima loads ns 
often as every minute or two.

Though the question may receive no answer from the Elevated Lines of 
New York, in the case of the Philadelphia bridge no State Commissioners 
have had any jurisdiction, the required strengthening being undoubtedly 
evident to the railroad officials and so ordered. It is rather curious to note 
that, in both instances, the structures are almost entirely under passenger 
traffic, though, without doubt, the Philadelphia bridge was designed for con
solidation engines followed by a 3,000-pound train. In this connection it 
may not be amiss to mention “Cooper’s Counter-rod,” quoted by Prof Thurs
ton. It had tenacity, 44,000 pounds per square inch; elastic limit, 36,000 
pounds per square inch; fractured area = original area; elongation = none; 
fracture, crystalline facets, large, and as ductility may be deduced from 
elongation and contraction of area, the above is suggestive. It would like
wise be interesting to consider, for example, what Prof. Thurston says on the 
“law of fatigue and the refreshment of metals.”

INTENSITIES OF WORKING STRESSES Regarding Mr. Waddell’s 
assumption “that in the near future the material for the metal portions of 
railway bridges will be exclusively steel,” it may be remarked that the most 
important railroad in the country still refuses to use steel in its structures, 
even, I understand, to the exclusion of steel eyebars; and that a large line west 
of Pittsburgh, by implication, from reading its specification, contemplates 
the use of iron structures to the exclusion of steel. Until such railroads can 
be shown the “errors of their ways,” I fear Mr. Waddell’s “near future” will 
be somewhat remote.

As to the relation between statically applied loads and the same loads 
applied with different velocities, this, as Mr. Waddell says, is still practically 
unsolved, and though one of the most important points in the design of a 
bridge, there seems little unanimity of opinion amongst our best engineers 
regarding even the points of view from which to approach the subject. The 
Society has had the benefit of two different papers which, I think, are worthy 
of close attention, viz.. Professor Robinson, M. Am. Soc. C. E., in “Trans - 
tions” for June, 1886, pp. 432 to 437, and the same on “Vibration in Bridges.’’
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in “Transactions” for February, 1887; and Mr. William H. Booth, M. Am. 
Soc. C. E., on the “Stresses in Bridges,” in “Transactions” for April, 1889. 
These papers, though independent, overlap to some extent in their conclu
sions, especially those relating to the avoidance of a panel length, which is 
a multiple of the driver wheel circumference. This question, considering the 
variety of driver diameters on any one line, it seems almost impossible to 
consider in bridge design, or to allow a defined place in bridge specifications. 
On one important railroad, for example, the engines in use have driver 
diameters of 44, 50, 56, 62, 68, and 78 inches.

It will be readily granted, I suppose, that live loads produce effects 
intermediate between those due to static stresses and those due to shock from 
a body falling freely by gravity. Mr. Booth, in his paper referred to, appar
ently following this view, assesses the percentage for impact in any span by 
the ratio of the times occupied respectively by the body in falling freely by 
gravity through a height equal to the deflection, and by the time occupied 
in reaching the center of the span. For the deflection he assumes of 
the span, which, he states. Prof. Robinson's observations show; this deflec
tion is the static deflection due to live load, whereas, I think, it is the dynamic 
deflection due to live load which should enter the ratio, and this may be 
assumed as twice the former, or, say, Ti,6„ of the span. Using this in the

60 v
equation for impact percentages, we get, p = , which may be written

3 v
approximately, p =- . ( 1 , where v = velocity of train in feet per second;

1 = the span in feet; p = impact percentage. The argument and reasoning 
leading to the foregoing equation are clearly given in Mr. Booth’s interesting 
paper, to which reference is here made. In order to exhibit the variation in 
impact percentages for sundry spans and speeds. Table No. 10 is given, 

3 v
calculated from p = - . ^ ^ , for velocities of 30, 40, 50, 60. 70, and 90

feet per second, corresponding to speeds of 201, 27, 34, 41, 48, and 614 

miles per hour.

TABLE NO. 10.

IMPACT PERCENTAGES FROM P* . V 
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There is also to be considered the centrifugal force due to vertical non
balance of the counterweights on the drivers. I find that an average of 200 
pounds per wheel acting at the crank pin center represents fairly closely the 
quantity to be considered. When the counterweight is “down,” the dynamic 
augment to the wheel load is given by 

W . v*
P —--------- — .0031 v3.

gr
where P = centrifugal force in tons due to the counterweight.

W = the above 200 pounds ton.
v = velocity of crank pin in feet per second, 
g = gravitation unit = 32.
r = radius of circle described by center of crank pin = generally 1 foot.

Assuming consolidation engines having 12,000 pounds on each driver of 
44 inches diameter; ten-wheelers having 15,000 pounds on each driver of 54 
inches diameter; and eight-wheel passenger engines having 16,000 pounds on 
each driver of 64 inches diameter; and further assuming two crank pin veloci
ties in each case, viz., 20 and 30 feet per second, Table No. 11 is constructed, 
which shows the dynamic augmept when the counterweight is “down” and 
its percentage of excess above the static load on the driver wheel. It is, of 
course, to be remembered that when the counterweights are “down” on one side 
of the engine they are horizontal on the other side, and on that side exert no 
vertical excess; also that when counterweights are “up,” the static wheel 
load is decreased by the same amount as it was before augmented when 
counterweights were “down”; so the range or variation in the dynamic load of 
a wheel is double the dynamic augment. Further, the crank pin velocity is 
greater the less the diameter of the driver, so that small drivers at high 
speeds are the most damaging.

TABLE No. 11.
DYNAMIC AUGMENT to Driver Loads due to action of Counterweights, ca! 

culated from P = .0031 v“.

Kind of Engine. Mil.-H |HM-
Velocity of 
(’rank Pin
In feet pep

Dynamic 
Augment on 
inch driver 

when counter
weight ix 

down. Tom.

CXVCHH lllim
the Ht nti< 

driver loud

1 » 2» 1.24 0.0

Elgllt-whwl pHHh.......... s.O '[■'t
M'. 30 2.,» »

If any one doubts the weight which considerations such as the foregoing 
should have in bridge design, let him ride on an engine for a few days. He 
will then appreciate in a practical way how the load is applied to a railway 
bridge—what blows the floor-system has to stand—the meaning of “plunging" 
and the engine “working hard”—how the weight carried by the engine 
springs is thrown now on this side, now on that—and what shocks are caused 
by a bad track or low joints; and if he recalls the fact that action and reaction 
are equal and opposite, his views of moving load may change. Irom consul- r- 
ing a rapidly moving body of invariable distribution of loading gliding o-er 
an imaginary track without joints, he will remember all the above ; and 1 st,
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but not least, he will realize that the condition of the track leading to the 
bridge determines how the engine will be acting when it crosses, and perhaps 
conclude that next in importance to a stiff floor system, is a good track lead
ing vo and over it.

Considering the form cited by Mr. Waddell,

(min. stress \
1 + - I.

max. stress /
In this expression there is allowance both for the supposed effects 

of fatigue and for impact. Excluding impact, and allowing only for the effect 
of an unlimited number of repetitions of stress, the expression is commonly 

written :
min. stress \

1 + *.---------7----  ].
max. stress /

Are not the above mere empirical modifications of Launhardt’s formula, 
of which the general form he gave was

a=w(i+V-»)

a = the ultimate strength of the member.
w = the stress which by an unlimited number of repetitions failed to 

break the bar, the bar after each repetition returning to an un
strained condition.

t = the ultimate capacity of the piece under one steady slow stress, viz., 
the static breaking weight.

t —w t—w
Now, the value, —=>$, gives w = 11; and the value, ■——— = 1,

gives w = j t. Thus the first expression considering ultimate strength is.

a = t- (1 + </>); and the second is, a = $ t (1 + $ 0.) For an all dead 
2

load both become a = t; and for an all live load the first becomes a = * , and
2

the second becomes a = | t; whence the form,

(min. stress %
1 H-------------- ------- I agrees with the assumption

max. stress /
that a member under an all live load repeatedly applied, is capable only of 
standing one-half of what it would were the load all dead and once applied, 
and, therefore, presumably includes impact. And the form,

(min. stress %
1 4- ------------------- I agrees with the assump-

max. stress /
tion that a member under an all live load when indefinitely applied is capable 
of standing but two-thirds of what it would were the load all dead and once 
applied, and therefore excludes impact, agreeing as it does with Launhardt’s 
original expression.

The values given to t and w will, of course, vary as the member is a 
rolled bar, or of plates or shapes. If the constant be considered to represent 
w divided by a marginal factor, the result gives the working stress, and this 
marginal factor could change with due regard to the place and office of the 
member in the structure. The use, however, of Launhardt’s formula or modi-

Intensity = constant I
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ficntions of it to cover impact, has already received wide discussion, unnec
essary to repeat. Paper No. 1882 of the Institute of Civil Engineers, by 
Weyrauch, goes well into the matter from various points of view. Also the 
subject was pretty well threshed out in the “Transactions” for June, 1886. in 
discussion of Mr. J. M. Wilson’s specifications. The opposite views then ex
pressed had able supporters, and it seemed impossible to reconcile them; nor 
since that time have there been, to my knowledge, any further experimental 
data to throw light on the question.

I have made extended use of both the forms:

t« ~<t 4* ) 

f= Jd + *f)
the former in the case of railway bridges, since it, to at least some extent, 
makes allowance for impact; the latter for roadway bridges, wherein, no 
matter what view is taken, there is a difference, bo<h in kind and degree, in 
the manner of application of live load from that occurring in railway bridges. 
As the foregoing formulas are essentially those based on ultimate strength, 
it seems consistent that a specification employing them should likewise use 
post formulas based on ultimate resistance. If one regards the matter from 
the point of view of primitive elastic capacity, this view should be carried out 
to embrace compression members as well.

In Mr. Cooper’s specification, by using one-half the working stress for live 
load that is allowed for dead load, inferentially he adopts the view that a live 
load is twice ns destructive as a dead load, a view, in my judgment, well to 
take, especially considering the dynamic action of live load coupled with 
shock. Mr. Cooper assesses the necessary section in a member as depending 
on the absolute amounts of dead and live stress acting thereon, the ratio of 
minimum to the maximum stress not being involved. As I understand the 
Wohler experiments, the range of stress variation was what was primarily 
considered, the ratio of minimum to maximum stress not necessarily entering 
into the expressions covering the results. However this may be. and how 
ever admirably the Launhardt formula fits the case for railroad bridges, in 
roadway bridges the manner of application of the live load does not in any 
way conform to the way in which the experiments which gave rise to the 
formula were conducted.

Referring again to the form
f=^(l+ t),

which includes an allowance for impact, the broad assumption was made 
that the effect of impact diminishes with the increased weight of the member, 
and as the weight of the web members increases with tolerable uniformity 
from the center to the ends of the span, equally so the ratio On this
assumption the formula, a = Jt(1 + * . <>) was changed to read, a = * (1 + o).

2
There was then a reduction in the value of w of 25 per cent., which 

vanishes when 0=1, since then the load being all dead, a = w = t. This 
formula if applied to web members and floor systems works well, but it is not

clear why it should apply to chords with the same value of w ; for though in

chords and end panel diagonals the values of 0 are about alike, the mann ■
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of application of the stresses is by no means similar. The live load acts 
directly on the stringers, less directly on the cross-girders, is thence conveyed 
to the web members, and so to the chords, and the values of ÿ through this 
series do not, I think, cover the history of impact effect; for in any diagonal 
bar, for example, part of the live load stress gets there by direct load, and 
part by the cumulative effect from the other web members nearer the loaded 
abutment—with relatively little impact from cumulative stress, and con
siderable from direct load applied at the foot of the bar. It would seem 
more in accordance with the actual state of affairs to deduce the working

stress in a member by the formula f =rw (1 + J o') where w = *t, and then

reduce f by an amount dependent alone upon the amount of direct live stress, 
the manner of application and liability to shock, etc.

The only recognition I have seen of something like this point of view 
appears in the specification for the Pennsylvania lines west of Pittsburgh, 
wherein the impact is covered as follows: “Twenty-five per cent, shall be 
added to the above load (the engine loading) in calculating the floor system. 
Twenty-five per cent, of the maximum panel load from the above engine shall 
be added to the stress on all vertical members of the web system, and its 
oblique equivalent to all diagonals, including end braces.” (The italics are 
mine.) And for riveted bridges on same line, “ twenty-five per cent, shall be 
added to the above loads in calculating the floor system. The girders shall 
be calculated for an addition of 25 per cent, for spans of 20 feet or less, and 
diminish uniformly to 10 per cent, for spans of 100 feet.”

In applying the method of calculation of p + Q, 25 per cent, would be
added to the stress in web members due to one panel load, pl + Q, A being the

panel length; and 25 per cent, to the stresses due to p + Q for floor systems 
and short spans, diminishing to 10 per cent, for 100-foot spans.

Calculating by engine concentrations, the panel load spoken of might be 
considered the maximum cross-girder load, since in any absolutely correct 
method of calculating stresses from engine loading panel loads are not 
involved. The idea advanced on page 52 could be stated thus: That part of 
the live stress which gets to a member by cumulative effect to be allowed

for, in connection with the dead stress, by f (1 + 4 . <p ), repetition of

loading being the governing principle; the remaining live stress—the amount 
which acts on the member directly—that is, its static amount—to be allowed 
for at no greater unit than 6,000 pounds per square inch; then each member 
will, in my judgment, be proportioned closely to accord with the real action 
of the loading. It will be noticed that this will give a varying percentage of 
total live load stress for impact, to each member.

The specifications just referred to—those of the Pennsylvania lines west 
of Pittsburgh—are, in my opinion, among the best in existence, certainly the 
best emanating from a railway company. And they contain in germ, at least, 
what would be my reply to many points raised by Mr. Waddell in his paper, 
notably in regard to the following: Spacing of stringers and deck plate 
girders; use of end floor beams; stiffening the two end panels of the lower 
chord; “squaring” the ends of stringers on skew bridges; camber in pin con
nected and riveted bridges; minima sections and thicknesses; and generally 
the requirements regarding plate girder bridges.
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By Ward Baldwin, M. Am. Soc. C. E.

In the consideration of the question as to whether a concentrated or uni
form loading should be used, there is one class of problems that seems to be 
often overlooked; but the frequency with which they occur warrants a careful 
consideration of them in devising a scheme of loading for general use. The 
railroad engineer is not only concerned with the loading for his bridge speci
fications, but he is frequently called upon to determine whether some special 
engine or other concentrated load can go over his road without damage to the 
existing bridges; and it is not unusual for him to decide whether a certain 
class of engines may or may not be used on the road.

To solve problems of this kind readily it is necessary to deal with the 
actual concentrations, or to have some general method of arriving at close 
approximations. The method proposed by the author requires the determina
tion of the empirical co-efficients in the formula W = A + LB for each load
ing, and so would be of no assistance in the solution of such problems as noted 
above, unless the tables covered a very wide range. The method of using an 
equivalent uniform loading, determined from the maximum shear in the end 
panel, first proposed by Mr. C. L. Strobel, M. Am. Soc. C. E., has proved the 
most generally useful approximation yet published. The author has used 
“Class A” in finding percentages of error involved in the approximations he 
uses. It is to be noticed that in the casa of this loading, the weight of the 
engines per linear foot exceeds the uniform load per foot by only 10 per cent. 
It is not surprising that the approximate solution proposed does not in this 
case give a large percentage of error; but the limit of error may not be so 
small for a loading like Class U, where the engine load per lineal foot is 23 
per cent, heavier than the uniform load per linear foot.

The author quotes the usually allowed unit stress for shear on the webs of 
girders, viz., 4,000 pounds for iron, and 5,000 pounds for steel. There seems 
to be no good reason why, at least in the case of steel, the working stress for 
shear should be less than 80 per cent, of the working tensile stress.

By A. C. Stites, Assoc. M. Am. Soc. C. E., and Lee Treadwell,
Jun. Am. Soc. C. E.

Having been associated with Mr. Waddell in the production of his paper, 
there is little in the way of original discussion for us to prepare, but we 
would like to submit some of the valuable results acquired during the various 
investigations incident to work upon the paper, as an additional contribution 
to the general good. While the results were arrived at by precise mathe
matical methods, they were given expression, in the curves (Plates XXIV- 
XXV) appended to this discussion and the formula herewith submitted, more 
with a view to practical utility than to scientific refinement. In no case, 
however, will results obtained from the curves or formula depart from actual 
conditions enough to warrant their use in any connection being question'd. 
The formula gives its most exact results for spans from 20 to 35 feet ( md 
was constructed with this end in view, as between these limits lie the panel 
lengths most largely used), and is as follows:
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Maximum end shear = w |- *• (panel length X equivalent uniformly dis
tributed load), where w = A + BL, in which L is the span length and A and 
B constants to be found in the table given below.

CLASS

By G. H. Blakeley, Jun. Am. Soc. C. E.

The correct proportioning of railway bridges, in all their parts, to 
properly resist the varying stresses produced by service, began with the intro
duction of the specification of concentrated live loads. How often is the engi
neer reluctantly compelled to condemn bridges built under the old require
ments for a uniform load, the same for all spans; which, though highly 
strained in general, are dangerously so in some members only, such as 
counters and floor system, due to the inadequate provision for the propor
tionally higher stresses on these members resulting from actual loads. If 
the method of engine concentrations has entailed somewhat laborious calcu
lations, the labor has not been expended wholly in vain, for it has been the 
investigation of the static stresses imposed by actual conditions, which makes 
the substitution of a sliding scale of equivalent uniform loads possible.

It cannot be successfully contended that the process of calculation for 
concentrations of loads is as easy or as rapid as for uniform loads, though the 
labor required in the former is overstated by Mr. Waddell. Those who are 
almost daily obliged to make such calculations for the design of railway 
bridges in competition, have found some “short cut” by means of which the 
labor is greatly abridged, and results obtained, if not of precision, yet of 
sufficient accuracy for constructive purposes. The graphical method by 
moment polygons furnishes an easy and rapid mode of deriving results, and 
by following the method outlined in Sections 72 and 74 of DuBois* “Graphical 
Statics” the stresses in an ordinary truss, when once the polygons are made, 
are obtained with less labor and in but little more time than would be re
quired to calculate them for a uniform load.

While no one contends that the actual loads on bridges are identical 
with the assumed typical concentrations, or that the actual stresses are the 
same as those calculated therefrom; yet the growth of the increasing weights 
of motive power on railways has been and continues to be in the direction of 
the well designed typical loads, and the actual static stresses are proportional 
to the quantities on our strain sheets. The typical concentrated loads, ap
proaching actual loads as they nearly do, furnish a standard of the capacity 
of a bridge which can be comprehended by the ordinary railway manager, 
more readily than any combination or schedule of uniform loads. That this 
is appreciated by many railway superintendents, who are not engineers, is 
evident from the fact that they act upon it by ordering their bridges to be 
built to carry a definite type of locomotive, most frequently the heaviest then 
in use on their line.
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The greatest burden connected with the system of concentrations is not 
so much its use. as is the unnecessary diversity in the amount and arrange
ment of the loads made by the specifications of the different railways. The 
practice among the smaller railways is to specify an actual existing train 
load, and too frequently before the new bridge is upon its pedestals, new and 
heavier motive power is ordered or in use. Nearly -ill the railways have their 
own standards of loading, differing but slightly from one another in their 
final effect. It is due to this almost endless variety of loads, that the com
puter of the bridge company is forced to adhere to the method of calculation 
by concentrations.

When a certain railroad intends to build a bridge and invites a dozen 
bridge companies to tender proposals, instead of making the labor of design
ing as easy as possible by adopting a live load the same as the well con 
sidered types of any of its near neighbors, it specifies a concentrated loading 
of unique arrangement. The computer intrusted with the preparation of the 
design has not seen such an arrangement of loads before, and for aught he 
knows will not have to deal with it again, hence instead of endeavoring to 
discover a uniform load producing the same strains, and the conditions and 
limitation under which it would have to be applied, he finds it easier, 
quicker, and more satisfactory to proceed at once and determine the actual 
strains from the concentrations themselves. It would seem to be the wiser 
plan not to abolish the typical standards of loads; but to have fewer stand 
aids, arranged in gradation similar to those proposed by Mr. Waddell, to 
suit the requirements of the service on different railways. Tables of equiva
lent uniform loads being prepared for these types, it would be left to the 
preference of the computer what method of calculation he would use.

The adoption of Mr. Theodore Cooper's specifications has done much in 
this direction, and it is to be hoped that Mr. Waddell will receive sufficient 
encouragement to prepare tables of uniform loads, representative of the 
several types of loads accompanying his paper, as an inducement to railway 
engineers toward the adoption by them of the particular type best suited to 
their requirements. If this paper shall result in calling attention to the 
needless diversity in load specifications and lead to a general adoption of 
standard types, it will have served a most admirable purpose, and lifted from 
the shoulders of the engineers of the bridge companies “a burden grievous 
to be borne.”

The employment of an integral number of feet for wheel spacings is an 
undoubted convenience. The weights of the tenders are, however, too light 
If the weights on each axle were increased 2,000 pounds, the resulting 
weights would not be in excess of the actual weights of the tenders used on 
the leading railways in the vicinity of New York. The neglect to specify the 
loading produced by the heavier eight-wheel passenger engines is an inde
fensible omission. It is not always possible to have long panels. Ten and 
12-foot panels are unavoidable sometimes, and, upon stringers of this length, 
the maximum strains are produced by the drivers of the passenger locomotiv 
To cover this effect it is not necessary to provide two distinct sets of typical 
loads, but only to specify as an additional loading, “80,000 or 100,000 
poùnds on two axles, 8 feet apart,” and it will not be necessary to make 
two calculations of strains, as the effect of the alternative loading is felt 
only on short spans, say under 12 feet.

The adoption of the proper live load is a question wortny of consider: -
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tion. The constant aim should be to construct for the future and not to 
meet present requirements only. On the other hand, if the live load is taken 
too high the bridges become too costly, and, with limited expenditure, it is 
not always possible on existing lines to make all the renewals as fast as 
required, or on new lines to make the cost of construction come within rea
sonable bounds. The live loads are taken as low as possible, and the bridges 
are not long erected before the increase in the weights of motive power and 
rolling stock strains them too highly. The slight difference in the first cost 
of bridges built for heavier loads is not properly appreciated. A single 
track bridge of 150 feet span, built to carry the live loads of Class X, weighs 
only 4 per cent, more thim a bridge of the same span designed for carrying 
Class Y live loads. The difference in weight does not represent the difference 
of cost of the two structures, as the labor in the shop and in the erection of 
both bridges would be the same.

It is safe to say that the difference in cost of bridges built to carry any 
class of the live loads proposed in Mr. Waddell’s paper would not be more 
than 3 per cent, greater than if built for the next lighter class. Class Z 
loading seems to be too light, as there are few railroads, in these times of 
heavy motive power, that have not in use or contemplation locomotives of 
the Class Y type, and it does not seem to be a wise policy to build bridges for 
lighter loads than the latter. At the other limit, it scarcely appears to be a 
judicious outlay to provide for heavier loads than the Class V type. Those 
who have seen the enormous consolidation locomotives with 140,000 pounds 
on the drivers, built for the Union Pacific and Northern Pacific railways for 
use on their mountain grades, can appreciate this limit. The general adop
tion of such motive power would require the almost entire reconstruction 
of the road. As it is, such special locomotives are now and then built for 
special purposes, and used over small portions of a road, on which the 
bridges can be built to suit the conditions.

The testing of mild steel under many conditions, and its subjection to 
all kinds of rough treatment, has convinced the writer that it is safe to use 
such steel with the same processes of manufacture as are in vogue for 
wrought iron. Unless the steel is of very high tenacity, the precaution of 
reaming the rivet holes is not needed much more than it is for iron, and 
indeed the milder grades of steel show less injury by punching than does 
wrought iron. In either metal the reaming is beneficial. The notion that 
mild structural steel is brittle and like the material used for tools, is being 
gradually displaced by a better knowledge; and there is a more general 
recognition of the fact that the structural steel of to-day, produced by the 
open hearth process, is not properly steel at all, but more or less a homo
geneous wrought iron in which the absence of slag and cinder prevents the 
development of fiber in the processes of rolling.

A thin, narrow strip of soft steel with a hole punched in it can be bent 
over until the faces are nearly in contact, without cracking through the line 
of bend which passes through the punched hole. This cannot be done with 
iron except in extremely rare instances. The time was not long since when 
it was scarcely thought possible to produce steel with a less percentage of 
carbon than 0.30 per cent. Now it is easily produced with only 0.12 per 
cent, or less. The experiments on the injurious effects of punching have 
been principally made upon this higher steel and very few upon the milder 
steel of more modern production. More extended acquaintance has brought
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increased confidence in the capacity of mild steel for structural purposes, 
and there is now as much steel used in construction with the same process 
of manipulation as wrought iron, as there is reamed and planed.

It is, however, not advisable to use steel of high ultimate strength with
out reaming the punched holes. The limit above which reaming should be 
required should be placed at about 70,000 pounds. Steel of this quality 
will stand the drifting test of an enlargement of 50 per cent, at least, and 
the writer knows of steel of 80,000 pounds ultimate strength which ha 
withstood an enlargement of 100 per cent. The drifting test is a valuable 
adjunct in the way of testing, but it should not be made the final test.

The formulas suggested by Mr. Waddell permit too high an intensity of 
working stresses in short spans. There seems to be a general agreement 
in the results obtained from the best specifications to allow about 10,000 
pounds per square inch on the lower chord iron eye-bars of spans of from 
125 to 150 feet. Tests of full size steel eye-bars do not warrant the assump
tion of more than 25 per cent, excess of strength over iron eye-bars. This 
would make the permissible stress in the bottom chord bars of a 150-foot 
span, if of steel, 12,500 pounds per square inch. Mr. Waddell’s formula 
would permit 14,000 pounds per square inch. Mr. Cooper’s specification 
would permit but 11,500 pounds per square inch on the same bars, and this 
latter figure in certainly not too low for such short spans, where rigidity is 
an important consideration, and impact an important factor.

By Henry W. Hodge, Jun. Am. Soc. C. E.

Mr. Waddell’s paper will doubtless help to advance the science of bridge 
designing to a nearer approach to that uniformity which all engineers look 
forward to, and the suggestions he makes will be most eagerly welcomed by 
all those unfortunates whose duties compel them to make the computations 
necessary for bridge designs under modern specifications. That wheel con
centrations are an unnecessary refinement and a source of much needless 
labor, all engineers are agreed, but the question is where to draw the line 
between figuring with wheel concentrations and with uniform load.

In the writer’s opinion it is undoubtedly best to use wheel concentra
tions for stringers, floor beams, long verticals and such secondary members, 
also for plate girder spans; as any one can readily make a table of exact 
maximum bending moments for all spans, for any particular engine, in two 
or three hours, which is good for all time, and consequently requires no labor 
in practical use. Furthermore, such a table is as easily prepared and more 
quickly used than Mr. Waddell’s table of equivalent uniform loads. Such 
plate girder spans might be used up to 75 feet, as Mr. Waddell’s limit of 90 
to 100 feet seems rather long for practice. Such girders become too deep 
and heavy to transport, besides requiring several covers, and this latter 
feature is objectionable, as Mr. Waddell points out. Wheel concentrations 
might also be used for lattice girder spans up to the same or a greater length, 
say to 90 feet, but for all spans over this length a heavy uniform load with 
one concentration would seem to answer every purpose.

It seems to be going from one refinement to another to change from wheel 
concentrations to a uniform load varying not only for every length of span.
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but also for the chords and webs; and as one of the main objects of any 
change is to simplify the routine work of bridge computers, let it be simpli
fied, and do not drop one burden to assume another, as Mr. Waddell's scheme 
of loading would do.

Take a large enough load, say 5,000 pounds per linear foot, with an 
additional 30,000 pounds concentrated at any point for spans up to 125 feet, 
and 4,000 pounds per linear foot, and an additional 30,000 pounds con
centrated at any point for spans over this length. These loads are now 
in use by the Southern Pacific Railway, and they seem to be heavy enough to 
cover any further increase in live load that may arise in the near future. 
Doubtless this simple loading will be objected to on the ground that it is not 
exact and scientific; but those wishing scientific loading had by all means 
better use wheel concentrations, as nothing as scientific can be found, and 
the only object of the change is simplicity, which this loading gives most 
completely.

Mr. Waddell calls attention to the indirect effect of wind loads, and 
while such effects would seem to be a very unnecessary refinement, yet if 
they are to be considered at all, one of the most important ones would doubt
less be the increased load on the leeward stringers due to the overturn
ing effect on the train, amounting to about 300 pounds per linear foot 
in ordinary cases; yet Mr. Waddell does not include this in his list of such 
indirect effects.

It certainly seems unnecessary to increase the general allowance for 
wind pressure of 150 pounds per linear foot of upper chords and 450 pounds 
per linear foot of lower chords, for ordinary spans, or to add one more burden 
to the computer by making him figure the area of his truss to get some 
equally arbitrary amount derived from such area. That the present pressures 
are fully sufficient seems to be well proven by the fact that there are many 
old railroad bridges standing to-day, having weathered hundreds of storms, 
with laterals of one-quarter the strength required by modern practice. 
While such bridges are not cited as examples of good engineering, they do 
seem to prove that four times their lateral stability should certainly be safe.

Mr. Waddell’s floor system is certainly a good one, but if willing to 
incur such expense, it would seem better to use a buckle plate or trough 
section floor, with ties in ballast, which would be very little more expensive 
if maintenance is considered. As to unit stresses, there certainly seems 
room for a large amount of simplification in modern specifications, as most 
of them attempt to split hairs under this head, whereas, the true strength 
of the material is, to a large extent, uncertain. While it would seem that 
our English fellow-engineers have possibly reached an extreme position in 
their ordinary specifications of “compression tons per square inch: tension 
m tons per square inch,” yet a nearer approach to such delightful simplicity 
would certainly be a boon to bridge designers.

By J. A. L. Waddell, M. Am. Soc. C. E.
In beginning this resume of the preceding discussions, I desire to ex

press to the gentlemen who have contributed my hearty thanks for the 
time and attention they have given to the paper and for their valuable 
additions to the literature of bridge engineering.
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W ithout their contributions my paper would have had hut little effect ; 
hut with them it bids fair to accomplish a number of much needed reforms, 
and to effect a simplification of bridge engineering practice, all of which 
will be clearly set forth at the end of this résumé. Although some forty 
members of the Society have taken part in the discussion, making it prob
ably the most thorough and exhaustive that has ever been given to anv of 
the Society’s papers, nevertheless it is to be regretted that the names of 
half a dozen prominent American bridge engineers are conspicuous by 
their absence.

In preparing this résumé, I shall take up the various subjects treated 
in the paper one at a time, in the order in which they there appear.

Uniform vs. Concentrated Loads.—Tt is a matter of regret to me that 
several of the gentlemen discussing have failed to appreciate the true in
tent of my proposition to substitute equivalent uniformly distributed 
loads for engine concentrations followed by uniform car loads. If they 
had not misunderstood, they would surely never have stated that there 
is less labor involved in either the concentrated wheel load method, or 
the locomotive excess method, than there i> in the method of equivalent 
uniform loads.

Tf it be remembered that it is my desire have in every railway 
bridge specification a diagram or diagrams « equivalent uniformly di- 
tributed loads, similar to those contributed Messrs A. C. Stites and 
Lee Treadwell in their discussion, togc with a table of constants 
for the end shear formula, or perhaps, j ivrahlv, another diagram giv
ing end shears for all plate girder spans, and to have it stated distinctly 
in the specifications that these equivalent loads are to be used exclusive!) 
instead of engine diagrams for all plate girders and trusses of single in
tersection ; I think it will he evident that what 1 propose will be a great 
labor-saving scheme. Perhaps the misunderstanding is partially my fault, 
for I may not have made my statements as clear as is desirable.

Let us follow rapidly the steps that it will be necessary for a computer 
to take in finding the stresses in a single-track, long-span bridge with 
broken top chords, when using diagrams of equivalent uniform loads 
similar to those of Messrs. Svtcs and Treadwell.

First.—Tn proportioning stringers, find from the diagram the equiva
lent live load for the panel length adopted, add thereto the weight per 
foot of two stringers and the track, and divide the sum by two, callin 
the quotient tv; then the moment will he £ te L*, where L is the pan
length.

Second.—To obtain the concentrated load on a floor beam at the poi 
of attachment of stringers, find the equivalent load for a span of 2 t 
it add as before the weight per foot of two stringers and the track, an
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divide tiie sum by two, calling the quotient 2C; then the concentrated 
load sought will be tv' L.

Third.—To find the dead load stresses in trusses, assume the dead 
load per lineal foot per truss (7/'), and compute the panel dead load and 
the dead load reaction at each pedestal, then by a single graphical manipu
lation find the chord and web stresses on one-half of the truss, checking 
all the work by computing analytically the top chord stress at mid-span.

Fourth.—To find the live load stresses on chords and inclined end 
posts, take from the diagram the equivalent load for the entire span 
length and divide it by two, calling the quotient w'", then set a slide

rule to the ratio n and read off from it continuously (by using the

dead load stresses previously found), all the live load stresses in chords 
and inclined end posts.

Fifth.—To find the live load stresses in web members, assume a re
action of 10,000 pounds at one pedestal caused by a load (its amount 
need not be calculated) at the first panel point from the other pedestal, 
then by a single graphical manipulation ascertain and write down all 
the web stresses produced thereby from end to end of span. Next cal
culate the shears Rlf R.,, R;l, at the head of the train for all positions of 
the same, using the slide rule. Tables of such shears given in most text
books on bridges will shorten these calculations. Then, with the slide 
rule again, find the correct web stresses by the following proportion : 
as 10.000 pounds is to any one of these shears, so is the corresponding 
web stress just found to the correct stress.

Now can any imaginable method be simpler, easier, or prettier than 
this? I doubt it. Contrast it with the long and wearisome method 
by engine diagram, involving as it does for stringers and floor beams, 
the shifting of wheels, calculation of reactions for each wheel load in 
order to obtain total reactions, and the computing of moments from 
these reactions and loads; also very often a repetition of the calculations 
for a different position of wheels. Then when it comes to the trusses, 
what interminable labor is involved ! T have seen a good computer of 
one of our largest bridge companies calculate the shear on the lower half 
of a main diagonal, for five different positions of the moving load, in order 
to obtain the absolutely greatest value. This was before Professor Du Bois 
published his method of ascertaining the position of wheels for maximum 
shear with inclined top chords, to which reference is made in my paper, 
and which Professor Du Bois himself is only too glad to acknowledge to 
be extremely laborious in its application.

Por such a bridge as the one assumed, the time required for computing 
exact maximum stresses is, as stated by Mr. Thacher, fully ten times as
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great as that required bv the equivalent uniform load method ; and for 
the most simple ease of a short span with equal panels and parallel chords, 
I am convinced that 1 am understating the case in my paper by admitting 
the ratio of time required for the two methods to be as two is to one.

Now comparing the method of using a uniform car load, constant for 
all span lengths, headed by a concentrated load, or the more accurate one 
of using the same car load and two concentrated loads separated by about 
fifty feet or two ordinary panel lengths, advocated by Messrs. Burr, Swain, 
Ricketts, and others, with that of the equivalent uniform load, we will 
find that as far as the floor system is concerned there is but little differ
ence in the time and labor for the three methods ; but that in respect to 
the trusses, both of these items are more than twice as great for the 
concentration methods as for the equivalent uniform load method. This 
is evident for the reason that, in addition to making all the calculations 
indicated in items Nos. 4 and 5 in the previous comparison, it is necessary 
to find the stress in every chord and web member for either one or two 
panel excess loads, which in itself involves more labor than does the find
ing of the stresses by equivalent uniform loads. Moreover, I doubt that 
the method of constant car load, combined with one or two concentrated 
loads, can be made to give for all cases as correct results compared with 
the theoretically perfect method, as will that of the equivalent uniform 
loads.

A proof of this is given by the results of some calculations made by 
Messrs. Stites and Treadwell, at the time their tables were computed. I 
had anticipated using for web members a uniform car load with two 
engine excesses until 1 saw the results of the calculations just mentioned. 
The following table gives the shears in web members by the engine excess 
method, and a comparison of them with those computed by the theoretically 
perfect method, also a comparison of the percentages of error for this case 
and that of the equivalent uniform load method, omitting from considera
tion the four-panel too-foot span, which really should never have been 
incorporated therein because of several objectionable features, more espe
cially its unsightly appearance. The only reason for incorporating it 
was to fill out the table; for every 100-foot span should have at least 
five panels.

By comparing the last two columns it will be seen that the locomotive 
excess method for web members always gives an error on the side of 
safety, and that these errors arc much larger than those given by the 
equivalent uniform loads. Taking the average of said errors we find that 
for the locomotive excess method to be 7.34 per cent, on the side of 
safety, while that for the equivalent uniform load method is a trifle less 
than 1 per cent., also on the side of safety.

Time will not permit me to compute the errors in chord stresses by the
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SPAN. Member.

Shear in Pounds. Percentage of Error.

By
Diagram.

By
Uniform

Bv
Uniform 
Car Load 
with two

excesses.

By
Uniform

By Uniform 
Car Load 
with two 
engine 

excesses.

150-foot j End Post.........
1st M. Diagonal 
2d M. Diagonal 
1st Counter....

205285 
154 585 
78142 
36 576

200745 
1338.30 
80298 
40 140

208 8.3.3
'85667 
42 8.3.3

2.21 Danger 
0.56 Danger 
2.76 Safety
9 77 Safety

1.7.3 Safety 
4.76 Safety
9.6.3 Safety- 

17.11 Safety

200-foot

End Post.........
1st M. Diagonal 
2d M. Diagonal 
.3d M. Diagonal 
1st Counter.... 
2d Counter----

28l 874 
209902 
148 784 
97 484 
55 768

275 716 
206 787 
•47 705 
984/O

29 541

216875

105 75Ô 
64 250
32 125

2.18 Danger 
1.5.3 Danger 
0.72 Danger
1.01 Safety 
5.94 Safety 

12.66 Safety

1.64 Safety 
.3.28 Safety 
5.27 Safety 
7.45 Safety 

15.21 Safety- 
22.52 Safety

35°-,oot

End Post..........
1st M. Diagonal 
2d M. Diagonal 
.3d M. Diagona 
4th M. Diagona
1st Counter----
2d Counter----

.357 668 
285 278 
220 844

'75887
43645

349875
279 (XX)
217 700 
163 275
I l6 62.5 
77 750 
46650

173500 
125.300 
84600 
51 400

2.18 Danger 
1.88 Danger 
1.42 Danger 
0.9.3 Danger 
0..31 Safety 
2.45 Safety 
6.85 Safety

1.52 Safety 
2.50 Safety 
.3 78 Safety 
5.27 Safety 
7.7.3 Safety 

n.48 Safety 
17.80 Safety

.too-foot

End Post..........
1st M. Diagona 
2d M. Diagona 
.3(1 M. Diagona 
4th M. Diagona 
5th M. Diagona
1 st Counter----
2d Counter----

433 260 
360 438 
293893 
234 <184 
181734 
135 034
95206
62431

424182
353485
289215 
231372 
179956 
134967 
90 405

439 167 
367 750 
.302 58.3 
243 667 
191 000
144583
104 417 
70 500

2.10 Danger 
1.9.3 Danger 
1.59 Danger 
1.41 Danger 
0.97 Danger 
0.05 Danger 
1.26 Safety 
2.95 Safety

1.36 Safety 
2.0.3 Safety 
2.96 Safety 
,3.82 Safety 
5.02 Safety 
7.08 Safety 
9.68 Safety 

12.95 Safety

use of the locomotive excess method : but I feel quite certain that the 
results would show, as in the case of the diagonals, the errors all to be 
upon the side of safety, but by no means as great as those for the diag
onals. Mr. Treadwell has figured by the locomotive excess method the 
moments for the 200-foot span, which can be taken as an average case, 
and finds that the greatest error is 4.64 per cent, and the least 1.68 per 
cent., all errors being on the side of safety, and the average error being 
,3.53 per cent. For the equivalent uniform load the greatest errors are 
1.45 per cent, on the side of safety and 2.14 per cent, on the side of danger, 
the average being 0.16 per cent, on the side of danger.

The large errors in chord stresses by the locomotive excess method are 
due partially to the fact that in this method cars precede as well as fol-
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low the locomotives, while in the engine diagram method there are no cars 
ahead of the engines. In my opinion, as cars ahead of engines are an 
unusual load, and as, when they are found there the chances are that 
some of the cars are not loaded up to the limit of the specifications, it is 
well to ignore such unusual loading.

Mr. Treadwell finds that with Cooper's Class A as a standard, the 
engine excess in order to give exact agreement for plate girder spans, 
should vary from 11.300 pounds to 23.600 pounds, the average being 
20,000 pounds. Adopting the latter, the greatest percentages of error 
would be 5.24 danger and 5.39 safety. For floor beams he finds the 
average concentration to be 20.700 pounds, with extreme errors of 4.12 
per cent, danger and 4.11 per cent, safety. But if 20.000 pounds be 
adopted as the proper concentration, the last-mentioned errors would be 
5.16 per cent, and 3.58 per cent., respectively. These figures show very 
plainly that the method of using a constant uniform car load with two 
engine excesses, as far as the trusses are concerned, cannot be made to 
give stresses approximating to the theoretically exact stresses as closely 
as can the method of equivalent uniform loads.

Again it is evident that a single concentration at the head of a train 
will not give as close an agreement as will two concentrations separated 
by two ordinary average panel lengths, for the latter method distributes 
the load more nearly in accordance with the actual distribution. It is 
true that the concentration at the head of the train need not equal the dif
ference between the total weight of two locomotives with their tenders 
and the weight found by multiplying the extreme length of the two loco
motives and tenders, coupled, by the car load per linear foot, although 
such a method would be considered by most engineers to be the proper 
one ; but it is more than likely that, if the single concentration were 
adjusted so as to give for all truss members the best average in respect 
to theoretical correctness, the errors would be greater than those found 
by using equivalent uniform loads, and that the errors for the floor system 
would be still greater.

My opinion of the single-concentration-with-constant-car-load system 
is, that it could be used advantageously as a standard, if deviations on the 
side of safety of considerable amount be not deemed objectionable ; but 
that, to replace any particular standard load of two engines followed by a 
constant car load, it is inapplicable. Certainly, as far as simplicity and 
saving of labor are concerned, it is much preferable to the engine diagram 
system. But why adopt it when there is another method that is about 
twice as simple of application and gives results agreeing much more 
closely with the theoretically correct ones?

An objection that may be raised to my proposed equivalent uniform 
loads is, that chief engineers and bridge engineers of railroads will not
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adopt them ; but it is hardly fair to assume that these gentlemen are 
unreasonable and unwilling because of a little extra trouble, to concede a 
point that is evidently for the general good. I purpose making it my 
business to communicate in the near future with all of these gentlemen 
whose names are given in Poor's Manual, so as to obtain their views on 
this and one or two other points.

I would say here that the preparation of diagrams giving equivalent 
uniformly distributed loads for all spans—and end shears on plate girders, 
to correspond to any proposed standard train load—involves by no means 
a great amount of labor, and that they can he furnished by any expert 
bridge engineer for a small fee. ( )ne who has made a number of such 
diagrams can easily make others by finding a few points on the new curve 
and using a previously found curve for a similar load as a guide. Where 
the plotted points show slight irregularities, it is much more scientific to 
draw a curve of some regularity without deviating from them essentially 
than it would be to follow the variations ; for the latter are due to peculiar 
relations between the span lengths and the wheel spacings, which would 
not exist for slightly different engines. I have called attention to this in 
the paper, hut do so again here on account of its importance.

Answering Mr. Thomas H. Johnson, I would suggest that it is not 
quite fair to condemn the equivalent load method because the shear on a 
counter for a 100-foot span through bridge having only four panels (a 
structure which, as before stated, should never be built, and which was 
employed in the table merely for the sake of continuity) involves an error 
of 20 per cent. If we discard the ioo-foot span from the tables, we find 
that the errors for counter stresses vary from 1.26 per cent, safety to 12.66 
per cent, safety, the greater errors being always in the smaller counters. 
Are not such errors in the method an excellent fault ? What practical 
engineer is there who proportions light counters for the stresses shown on 
the strain sheet, even in competition ?

If we leave out of consideration the counters as well as the entire 
ioo-foot span, we find that the greatest errors in chords and diagonals arc 
2.21 per cent, danger and 2.76 per cent, safety, the averages being approxi
mately 1.8 per cent, danger and 1.2 per cent, safety, and the average for all 
members of all structures only 0.3 per cent, danger. Surely these errors 
are small enough in all conscience, and be it remembered that they cover 
all stresses in main members (counters excepted) for all spans from 150 
to 300 feet.

Still replying to the same gentleman, I would state that the shear for
mula or diagram for plate girder spans will rarely be used by computers, 
who always endeavor to have an excess of section in web plates. It is 
only in the case of shallow girders, or middle girders for double track 
structures, that the webs need to be tested for shear.
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Professor Eddy writes as follows : "But in short spans, and in 
stringers and other details of long spans, where the wheel concentrations 
exert a more preponderating influence, 1 am led to believe that it will still 
continue to he required that the designer and computer shall take account 
of the wheel concentrations, however much he may dislike the work, or 
however certain he may he in his own mind that it involves unnecessary 
labor.” If Professor Eddy will study the equivalent load system, he will 
find that for stringers, floor beams, etc., it gives results which are practi
cally exact (excepting the shear formulas or diagrams that, as before 
stated, need hardly ever be used), and that the errors involved occur in 
the trusses.

Mr. Fulton's method of plotting the loads and spans in order to find 
actual concentrations at panel points is antiquated and extremely laborious, 
and is justifiable only in case of a double system of cancellation.

Mr. Douglas' calculations do not militate at all against the equivalent 
uniform load method, as that method is not applicable to trusses having 
multiple systems of cancellation. It merely affords another corroboration 
of my objection to the Whipple trtiss as being uneconomical as well a* 
unscientific. Where two heavy concentrations are thrown upon one sys
tem, as in this case, there is evidently a want of economy in the design.

Mr. Hodge does not understand the proposed equivalent uniform load 
method, for it is really correct for “stringers, floor beams, long verticals, 
and such secondary members; also for plate girder spans.” By adoptin' 
it the engineer, who prepares the specifications, in furnishing equivalent 
uniform load diagrams saves for bridge computers for all time to conn 
the useless labor involved in dealing with wheel loads.

Mr. Hodge’s proposed moment table is no more easily used than m\ 
diagram ; for he has to compute the dead load moment by the fonmil: 
M = ,1 w' /,*, and add it to the moment given by his diagram ; while I add 
the equivalent load tv given by niv diagram to the dead load tv' making 
the sum=tv", and obtain the moment by the equation M — £ w" L 
Mr. Hodge is mistaken in stating that the equivalent uniform load must 
vary for chords and webs; for 1 give but one equivalent load for each 
span length.

I would like to call the reader’s attention to Prof. Du Bois* pointed and 
forcible remarks upon the subject of uniform vs. concentrated loads.

Of the forty-two gentlemen who have contributed to the discussion < 
this paper, four have not touched at all upon the subject of live loads, an ' 
seven more have expressed no decided preference for any of the thn 
systems. Of the remaining thirty-one, sixteen are in favor of the equiv 
lent uniform load system, eight are in favor of the locomotive exces 
system, and seven are in favor of the engine diagram system. It is fair 
assume, therefore, that the engineering profession is tired of the engh
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diagram system, and is prepared to adopt either the equivalent uniform 
load system, or the locomotive excess system, the preference being de
cidedly in favor of the former.

Now, I am going to ask all of the forty-two contributors to the discus
sion, to be so kind as, after reading carefully all that has been said upon 
the subject, to vote upon the question as to which of the three methods 
they finally favor, and to this end I shall ere long communicate with each 
of them.

To the gentlemen who have advocated the locomotive excess method I 
would say that all of the rather limited calculations which 1 have been 
able to make, induce me to conclude that it is impracticable to find such a 
leading concentrated load as will give results for both flmr system and 
trusses, which will agree at all closely with the theoretically correct results 
obtained by the engine diagram method ; and that the equivalent uniform 
load method does give such an agreement close enough for all practical 
purposes, provided that multiple systems of cancellation be not used. The 
onus is now on them to show that I am mistaken, and that the locomotive 
excess method does give an agreement with theory that is close enough for 
all practical purpose0.

Be it remembered, though, that 1 do not claim such agreement to be 
essential, for a uniform car load preceded by a single concentrated load can 
be used as a standard instead of a uniform car load preceded by two en
gines. 1 think, however, that most railroad engineers would prefer to 
adhere to the latter as a standard, and use instead the equivalent uniform 
loads for all ordinary cases, rather than to adopt a load that does differ 
considerably in its effects from those loads to which bridges are appar
ently subjected. 1 hope that the gentlemen who have advocated the loco
motive excess method, and perhaps even some of those who advocated the 
engine diagram method, will conclude to vote for the equivalent uniform 
load method after reading my explanations as to what that method really 
is, and what a great amount of labor it saves.

There is surely no valid objection to a man's changing his opinion ; and 
I think that the remainder of this résumé will show that I am quite ready 
to change mine either when proven in the wrong or when something better 
than mine is offered. To begin with, in respect to the theory of floor-beam 
concentrations, I am quite ready to cry pcccavi, the more so as my friend. 
Professor Du Bois, lets me down so gently ; but, although an acknowl
edged “sinner.” I am by no means a repentant one, for I am well pleased 
to have made the oversight, because of the attention that has been called 
to an important fact which was not generally known by the engineering 
profession.

The Proper Live Loads for Modern Bridge Specifications.—Answer
ing Mr. Thomas H. Johnson, I would state that for roads with compara-
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lively light grades the growths of weights of engines and of cars appear to 
have kept pace with each other fairly well ; but for mountain roads tin- 
engine weight is greater in proportion to the car weight than my proposed 
standards give, hence the said standards would not apply to mountain 
lines. I fear that the general managers of railroads throughout the United 
States would at present, and with good reason, object seriously to paying 
for bridges designed for a car load of 4,000 pounds per linear foot, except
ing those on the great trunk lines. My proposed standards give railroad 
men a choice of loads, and if none of them suit, let their engineers adopt 
others, but furnish with their specifications diagrams of equivalent uni
form loads similar to those given by Messrs. Stites and Treadwell in their 
discussion. At the same time I believe it would be advisable to modify mv 
standards so as to include loads for mountain lines, but to reduce the total 
number of standards to a minimum.

Tt is my intention, when communicating with the chief engineers and 
bridge engineers of railroads, as mentioned in the beginning of this 
résumé, to consult with them as to' what standards they desire, so as to 
endeavor to prepare a set of standards that will satisfy the large majority 
of railroad engineers.

On account of certain statements made in several of the discussions, I 
desire to adopt the following loads concentrated on two pairs of wheels 
spaced seven feet centers, to he used only for stringers, floor beams and 
primary truss members with their connecting details, when the panel 
lengths are less than 15 feet, and to incorporate the results in the diagrams 
of equivalent uniform loads and of end shears in plate girders.

Class Z..........................................................  75,000 pounds.
Class Y..........................................................  80,000 “
Class X.........................................................  85,000 “
Class XV........................................................  90,000 “
Class V.........................................................  95,000 “
Class U.......................................................... 100,000 “

Amounts of Wind Pressure.—I endorse heartily Mr. Lindenthal’s re
marks to the effect “that the lateral bracing of the bridge is more often and 
more severely strained by the lateral blows from swiftly moving engines 
and cars, causing lateral vibration, than from the wind itself," and would 
suggest that if the series of tests of actual intensities of working stresses 
hereinafter proposed be carried out, the effects of live loads on lower 
lateral systems be determined.

Answering Mr. Bouscaren, a pressure of 50 pounds per square foot on 
the empty structure is, as shown by Mr. Thacher, sufficient to buckle the 
bottom chords of nearly any single track, pin-connected bridge in this
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country. It is much better to make the specified wind pressure low and 
proportion properly, letting the structures take their chance of being struck 
by a cyclone, rather than to adopt a wind pressure that would necessitate 
stiff bottom chords for most bridges without giving any assurance of 
safety from cyclone.

Mr. Osborn is right in stating that it is a nuisance to have to figure the 
wind pressure on bridges, and that some simple formula ought to be pro
vided. Mr. F. H. Lewis, in a most valuable and interesting paper on “Soft 
Steel in Bridges,” presented to the Engineers’ Club of Philadelphia, gives 
the following : “The bottom lateral bracing in deck bridges and the top 
lateral bracing in through bridges must be proportioned to resist a uni
formly distributed lateral force of 150 pounds per linear foot of bridge for 
all spans of 200 feet and under, and an addition of 10 pounds per linear 
foot for every 25 feet increase in length of span over 200 feet.” "The 
bottom lateral bracing in through bridges and the top lateral bracing in 
deck bridges must be proportioned to resist a uniformly distributed force 
the same as above, and an additional force of 300 pounds per linear foot of 
bridge, which will be treated as a moving load.” Provided there be no 
screens or hand-rails, the specification quoted will answer, but otherwise 
I would prefer to adhere to the method given in my paper.

Answering Mr. Skinner, I would state that it is not customary to con
sider impact in wind loads, for the reason that the latter as assumed are of 
rare occurrence, and are ample in every respect.

Effects of H ind Pressure.—Referring to Mr. Douglas’ remark, viz., 
"It does not seem necessary for the railroad company to tell the contractor 
how to compute the stresses. The latter is supposed to know that”—I 
would reply that such is exactly what the contractor does need to be told, 
and in most cases what he wants to be told, as is evidenced by Mr. Cowles’ 
remarks.

Replying to Mr. Hodge, my reason for not considering the transferred 
load (amounting, as he states, to 300 pounds per linear foot) on the 
leeward stringer is because such a load is rare, and therefore its effect 
should not be considered unless the amount exceed, say, 25 per cent, of the 
live and dead load, which it does not. To he perfectly consistent, how
ever, one should lake into account the load transferred to the leeward 
truss by the wind pressure upon the train in finding the truly greatest 
stress that can come upon the leeward bottom chord. For single track 
bridges it will amount to no more than 200 pounds per linear foot, while 
the transferred load from wind pressure on trusses varies from 300 pounds 
to 700 pounds per linear foot. This difference between the two trans
ferred loads, however, must be noted : the former acts simply as an in
crease to the dead load, while the latter causes an increased reaction on the 
leeward pedestals and a constant stress from end to end of bottom chord,
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as explained before. Decidedly, the transferred load on the leeward bot
tom chord from wind pressure on a train should not be ignored.

Styles and Proportions of Bridges.—Replying to Mr. Thomas H. John
son and Mr. Snow on the subject of pony truss bridges, 1 would state that 
while I would not condemn an existing structure merely because it is a 
pony truss bridge, still I would be quite suspicious of it, and in no cast 
would 1 design one, unless, perhaps, it be of the style mentioned by Mr. 
Swift. The general opinion of engineers concerning pony trusses is that 
their construction should be relegated to the past.

The limiting length of plate girder spans appears to be still a disputed 
point : and it is evident that railroad engineers and bridge engineers desire 
to make it as great as practicable, while manufacturers (who have all the 
trouble of loading, shipping and erecting) prefer to keep it down to about 
70 or 80 feet. Mr. Snow's deck plate girder bridge may be a very good 
one. but it is unnecessarily expensive, as would be discovered by the gen
eral manager of any line of road who would try the experiment of build
ing such structures. 1

Answering Mr. Thomas H. Johnson and others, my reasons for using 
sub-struts instead of sub-ties in divided panels are :

First.—The former carry the loads more directly to the piers, and
Second.—As they have fully twice the area given to the sub-ties, they 

permit of only one-half of the deflection of the top chord at the middle of 
the long panel. As for ambiguity of stress in the counter-braced panels. 1 
would state that it is mv custom to proportion all members in and about 
these panels so that the stress can travel by either the sub-strut or the 
counter ; and I contend that this is good practice, for the reason that the 
members in such places are generally light enough, in all conscience.

In answer to Mr. Swift's remark concerning thickness of connecting 
plates in lattice girders. T would state that it is my latest practice to make 
such plates comparatively thin and large, and to use an apparently exces
sive number of rivets, connecting both legs of every web angle iron to the 
plate, and employing, when practicable, the built star section for all diago
nals and verticals.

Professor Swain advocates the use of suspended floor beams. In cer
tain cases of very shallow floors they would be advantageous, provided 
that they be properly stayed and that plate hangers be used. These, how 
ever, necessitate pins of large diameter, which may be objectionable :,i 
small bridges. As a shallow floor is a feature in bridge designing that it 
is desirable to avoid when possible, we may conclude that suspended bean s 
should be used in special cases only.

Much to my regret, but little has been said about riveting floor bean s 
to posts. The detail, although it may not be theoretically scientific. . 
nevertheless, a good one for beams of ordinary depth. Should in 1
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future the top connecting rivets wear loose, they can be readily replaced, 
and no harm will he done, provided there always remain an ample number 
of rivets to take up the shear.

But little has been said about the advisability of increasing clear road
ways so as to provide 8 feet between the center line of the nearer track and 
the innermost portion of the truss. A number of well known railroad engi
neers have lately expressed to me their approval of the proposed change.

Mr. Buck writes thus: ‘‘But there is no economy in attempting to 
make the bar act as a beam in sustaining its own weight. The nearer it 
can come to assuming the catenary due to its own weight and the tensile 
stress upon it, without acting as a beam, the better." I am glad that Mr. 
Buck has taken this stand, for the point is one that needs attention, and I 
hope it will soon receive it at the hands of bridge engineers. In my opin
ion, the idea advanced is erroneous, and I am strongly opposed to the use 
of long, light, shallow eyebars in bridges, if for no other reason than be
cause of their sag (which is often apparent to the eye) and their vibration.

Mr. Buck states that it is apparently impossible, where eyebars are 
used for bottom chords, to have the axes of the lateral diagonals pass 
through the intersections of the axes of posts and chords. Mr. Skinner 
appears to agree with Mr. Buck in this opinion. Time and space do not 
permit me to describe here the method of accomplishing this desideratum; 
hut I have in my office drawings for the Pacific Short Line Bridge, which 
is to cross the Missouri River at Sioux City, Iowa, in which the “focusing 
of all lines of strain at an absolute point at the center of a main truss lower 
chord connection" is effected perfectly.

In my opinion, the results given by Mr. Osborn concerning stresses in 
eyebars because of their own weight, are not satisfactory, for the reason 
that he has ignored the reverse bending moment, which is equal to the 
direct pull multiplied bv the deflection. Professor Johnson takes this into 
account, hut at the same time makes an assumption which I do not think 
is warranted, viz., that the deflection 7- is the same when there is direct 
tension on the bar as it would be if there were none. My method of set- 
♦hing this point would he to place a number of bars of various lengths 
and sizes in a testing machine, subject them to various pulls (P), 
and to measure with great accuracy the actual values of the deflection (r). 
then substitute for P and v in Professor Johnson’s equation 3 and solve 
for /. My table of limiting sizes of eyebars was determined partially by 
some rather crude calculations and partially by practical experience and 
judgment.

There seems to he considerable difference of opinion in respect to the 
proper spacing of stringers, which would be hard to reconcile ; but there is 
nothing in the discussion to cause me to alter my judgment that the best 
distance between stringers is 8 feet. Perhaps the ultimate solution of the
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question will he the entire abandonment of wooden floors and the substitu
tion of corrugated metal with ballast, in which case the distance between 
stringers would be dependent upon the size and strength of the corrugated 
plate. The principal objections to this style of floor are its liability to rust 
and its excessive weight. The latter objection would apply principally to 
long spans.

Answering Mr. Nichols' question concerning the spacing of guard 
rails in my proposed floor system, the distance from the center of track t«i 
the center of outer guard rail is 4 feet, leaving about 14 inches clear Ik 
tween the head of the rail and the outer guard, and the corresponding 
clearance for the inner guard is 7 inches. The question as to whether 
pine or oak should be used for ties and guards is still unsettled, but tin- 
general disposition seems to be to favor yellow pine.

I am glad to have my remarks on the exclusive use of steel for bridges 
endorsed by so high an authority as Mr. Burr, although Mr. Thacher. 
another high authority, differs with us both on several important points. 
Mr. Lewis’ paper on "Soft Steel in Bridges." before referred to. throws a 
good deal of light upon the subject. It is to be hoped that the discussion 
of this important matter will be continued, although if it is not, the effect 
in my opinion will be only a very short delay in the abandonment of 
wrought iron for bridges. I am in favor of using medium steel for all 
parts of bridges, excepting for rivets, for which I would use soft steel. 
Answering Messrs. Gates and J. M. Johnson, I would state that I failed 
to specify the grade of steel for two reasons ; first, medium steel was 
understood, as that is what nearly all bridge builders are now using ; and, 
second, my paper was not intended (and, in fact, was not permitted) to be 
a specification.

Intensities of Working Stresses.—In respect to tins subject it appears 
that we are all at sea ; and we are liable to remain there until such time a< 
the much needed experiments on actual intensities of working stresses 
that I have been advocating for years, be made, after which we shall be 
able to settle upon a system of intensities that will be logical. Meanwhile 
we shall have to jog along in the best way that we can, letting each engi
neer use his own judgment concerning the intensities to employ, or per
haps (which is the best thing to be done under the circumstances) obtain 
a consensus of opinion as to what system to adopt for a temporary expedi
ent. The method adopted by Mr. Schneider, of reducing all live load 
stresses to their equivalent static stresses before applying a constant inten
sity, is undoubtedly the scientific way to proportion bridges ; but until we 
have some real knowledge of the effects of dynamically applied loads, it 
does not seem advisable t ) develop a system that in all probability will have 
to be considerably modified in the future.

It would not be such an immense undertaking to make an exhaustive



RAILWAY B RIDGY. DliSIGXIXG 439

series of tests of the effects of live loads applied to bridge members with 
varying velocities. Perhaps a year's time and an expenditure of, say, 
$50,000 would suffice. If not, more time and money should not be be
grudged upon such an important matter. The United States Government 
is willing to appropriate annually millions of dollars for the United States 
Engineers to use in experiments upon hydraulic problems. Why cannot 
the bridge engineers and the railroads obtain from Congress a small ap
propriation to decide one of the most vital questions in bridge building? 
If the United States Government refuse to make such an appropriation, 
cannot one of America's millionaires be persuaded to donate the money as 
a contribution to applied science?

In my opinion the proper steps to take after obtaining the money would 
be as follows :

First.—To appoint a committee of seven members of the American 
Society of Civil Engineers, who are acknowledged bridge experts, to act 
as an advisory board, and let them lay out the series of tests (to be modi
fied later if they should think advisable), appoint a committee of three 
well-paid expert bridge engineers to make the tests under their instruc
tions, attend to all payments of money, make arrangements with railroad 
companies for the use of their lines and bridges in making the tests, etc.

The first practical step to take would be to investigate all the machines 
thus far invented for measuring extensions and compressions in bridge 
members, so as to decide upon what kind of apparatus to adopt or to de
sign new ones if necessary. These machines should be tested thoroughly 
to determine their accuracy as far as static loads are concerned and to 
prove their reliability in case of dynamically applied loads. After the 
machines are shown to be satisfactory, experiments should be begun sys
tematically upon all parts of bridges of modern design, with trains varying 
in velocity front zero to the greatest attainable speed. Sufficient tests of 
all kinds should be made to give good average results. Both tension and 
compression members should be experimented upon, and if the machines 
prove to be very accurate, even such intricate problems as the distribution 
of stress in plate girders might be solved. This field of experiment is 
most inviting, especially because of the great utility of the results ; hence 
there would be no difficulty in obtaining an expert committee to make the 
tests. Mr. Woelfel’s remarks on the subject of measuring the actual in
tensities of working stresses are most interesting, and are worthy of a 
careful perusal.

Next to the series of tests just described, the most needed experiments 
are some on steel, especially in full size compression members of all kinds. 
A systematic effort on the part of the members of the American Society of 
Civil Engineers ought to secure this also. If we had the results of such a 
series of tests, we should be able to make diagrams giving working inten-
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sities for all kinds of compression members, and thus avoid all difficulty 
clue to numerous and varied formulæ. Now on account of these reasons I 
do not consider it either advisable or in any way beneficial to discuss the
oretically the proper intensities of working stresses or column formulæ, 
consequently T shall take no further notice of several elaborate mathe
matical dissertations that are to be found in the discussions.

Mr. Thomas II. Johnson objects for .esthetic reasons to the use of stiff 
bottom chords near the ends of spans. Such struts in most single track 
bridges are a necessity, hence “a due regard for the eternal fitness of 
things” would cause their adoption, even if "the change from eyebar to 
the built form is an offense to the eye.” It is not good engineering to 
sacrifice excellence to mere appearance, and I do not think that any por
tion of a design which gives prima facie evidence of its use can be cause 
of offense to the eye of an engineer.

Mr. Tohnson objects to my top chord formula, stating that for- - = 50
L r

it is 27 per cent, too high, and at — =<120 it is 16 per cent, too low. He

says that the formula is utterly without support in reason or experience, 
and is a purely arbitrary assumption in every particular. That it is an 
“arbitrary assumption” I grant, but in respect to the other assertions 1

beg to differ with the gentleman. For values of not exceeding 50, it

is customary with some engineers to strain steel compression members a 
certain fixed amount based upon the corresponding intensity used for 
tension members. Mr. Bouscaren, whose standing as a bridge engineer 
neither Mr. Johnson nor any one else will be disposed to question, strains 
short compression members 12,000 pounds per square inch, where he 
strains the corresponding tension members 14,000 pounds per square inch. 
My intensities for compression and tension are in the ratio of 11,000 
pounds to 12.000 pounds, which is different, it is true, from Mr. Bous 
caren's ratio, but not so very different. As for my formula giving results
16 per cent, too low for cases where Ll.— 120, I wonder why Mr. John-

son did not assume — = goo in making his comparison ! Who ever 
L r

heard of — = 120 for the top chord of a railroad bridge? It scarcely ever

exceeds 65 in the lightest structures, and even in inclined end posts it goes 
no higher than 85. The fact that my formula discourages the use of

large values of — is a point in its favor. Moreover, until we know moi

about the resistance of steel columns, it is probably as good as any other, 
and is just as likely to be correct.
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Answering Professor Swain, I would call his attention to the fact that 
I use the form of the fatigue formula merely as a compromise until 
something better and more reliable can be established. I agree with Pro
fessor Swain that the sudden change in intensity for flanges of plate gir
der spans at a length of 20 feet is not scientific; hut 1 adhered to it, first, 
because it is to a certain extent customary; and, second, because it tends 
to discourage the use of short panels. Professor Swain is in error when 
he states as follows: “And surely the allowable stress for chords in a 
truss 500 feet long could be greater than for chords in a truss too 
feet long 011 account of the difference in impact, although by Mr. Wad- 
dell’s formulas the same would be allowed in both cases." (The italics 
are mine.) He must have forgotten that the dead load per foot for a 
500-foot span is much greater than that for a ioo-foot span, while the 
live load per foot in the former is less than that in the latter. For these 

min. stress
two reasons-------------- for the 500-foot span is much greater than it

max. stress
is for the ioo-foot span. Referring to some of my office records, I find 
the following:

For a ioo-foot span, dead load — 1,200 pounds.
live load = 3,300 pounds.

Min. stress 1,200 
'• —------------= =0.226.Max. stress 4.500

For a 500-foot span, dead load = 4.000 pounds.
live load -- 3,500 pounds.

. Min. stress 4.000
=------ = 0.533.Max. stress 7.500

The corresponding intensities for bottom chords are 13,356 pounds 
for the ioo-foot span and 15,198 pounds for the 500-foot span.

Respecting Mr. Bland's remarks upon the New York Elevated struc
ture, is it not evident to any bridge engineer who rides over some of the 
older lines that they are wretchedly designed, especially in details? This 
is probably the reason that they begin to show signs of failure. One of 
my favorite axioms, viz., that “two rivets do not make a connection,” ap
pears to be violated constantly in these structures.

I desire to correct a small typographical error which, in spite of all 
iare, crept into my paper. The formula for lateral struts should read

, l
/>=17,000—65 —

instead of
l£=17,000 — 55—,
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Combined Stresses.—Concerning the fixedness of inclined end posts 
at pedestals there appears to be a difference of opinion, and there is reason 
on both sides. I am ready to concede that with a heavy end floor beam 
rigidly attached to the inclined end posts, the conditions are much better 
than those for the assumed free ends ; but, on the other hand, the end 
floor beams are not very thoroughly riveted to the inclined end posts, there 
is play in the pin hole, and the anchor bolts do not hold down the expan
sion pedestal very firmly. Perhaps after all I do not differ in effect essen
tially from Messrs. Burr and Swain, because, while I use a long lever arm 
in finding the bending moment, I strain the metal on the extreme fiber very- 
high ; and they use a short lever arm and probably strain the metal much 
lower.

Answering Mr. Bouscaren, my reasons for straining metal in inclined 
end posts so high are as follows :

ist. My assumed lever arm is really greater than necessary in a well 
designed bridge, although I believe with Mr. Bouscaren that it is never 
twice too great. 2d. The great intensity is on the extreme fiber only, 
while the average over the whole section does not greatly exceed that 
allowed for live and dead loads. 3d. The member under such an in
tensity is essentially a beam rather than a strut, consequently it can be 
strained higher. 4th. The wind loads assumed are greatly in excess of 
those that are ever likely to come upon the structure. 5th. The combina
tion of greatest live load and greatest wind pressure is highly improbable 
6th. Even if the extreme fiber stress should ever reach the limit, no harm 
would be done, although it would not be advisable to make a practice of 
straining metal to such an extent.

Time and space will not permit me to give Mr. Skinner the proof of 
how the addition of 17 square inches to the section of a bridge member 
can “increase the working strains so enormously as 18 per cent.,” but if 
he will investigate mathematically for himself the two cases following. 
I think he will become convinced of its possibility.

1st. Take an eyebar 1 x 6 inches, with pin holes on its axis, and strain 
it 60,000 pounds. 2d. Add at one edge of the eyebar, metal 1 x 6 inches, 
thus forming a 1 x 12-inch bar,and apply the same stress of 60,000 pounds, 
but do not change the position of the eyes. 3d. Compare the extreme 
fiber stresses in the two cases. Mr. Fulton's remarks concerning wind 
stresses indicate that he is not in accord with modern American practice, 
for surely it is proper to strain metal higher for a combined live, dead, 
and wind load than for a combined live and dead load.

Plate Girder Proportioning.—Answering Prof. Swain, my practice is 
to use at least four vertical rows of rivets, spaced three inches, with two 
three-eighths x 12-inch splice plates at each web splice, and in addition for



RAILWAY BRIDGE DESIGMXG. 443

each flange two long, narrow plates, one on each side of the vertical legs 
of the flange angles, to compensate for the divided web at the place where 
compensation is most needed for bending.

Mr. Snow desires my reason for the following statement : “Of course 
it the web be counted in. the intensities of working stresses of the flanges 
will have to be decreased accordingly.” it ought to be evident that if we 
design a plate girder for a flange stress of 10,000 pounds per square inch, 
ignoring the aid of the web in resisting bending, and consider it to be 
properly designed, it would not be correct to redesign the girder bv a 
formula that provides for relying upon the assistance of the web in bend
ing, without making the working intensity less than 10,000 pounds. 
Otherwise we would find a smaller flange area than was found for the 
first design. This is a point that has often been taken advantage of in 
competition.

The preceding explanation will answer also Mr. Hutton's first remark. 
In answer to his second, I would state that relying upon the web to resist 
bending does not militate against its resisting the shear. In answer to 
his fourth remark. I would urge that I have not been “a partisan of the 
flange-only-for-bending theory in its most extreme applications" (even so 
far back as ten years ago), as my work on “The Designing of Ordinary 
Iron Highway Bridges” will testify; but have acceded of late years to 
general custom, knowing that the results of the two methods do not differ 
essentially, when the formulas are properly adjusted. Mr. Hutton evi
dently has in mind a decision of mine respecting an existing structure sup
posed to have been designed in strict accordance with certain standard 
specifications that ignore the resistance of the web for bending. Of 
course I had to be governed by those specifications in making my report.

In reference to Mr. Douglas' remarks concerning the moment of in
ertia formula for plate girders, I willingly concede its greater exactness; 
but for all ordinary cases the approximate method will give sufficiently 
accurate results and save considerable time in computing. Such a girder 
as Mr. Douglas instances is abnormal, although circumstances may occa
sionally call for its use. Economic considerations require that the weight 
of the flanges should be about equal to that of the wreb and its details, and 
a girder designed according to this rule will always give a depth sufficient 
for stiffness. For long spans other considerations than economy control 
the depth. It might be well to specify that whenever the area of the 
flanges exceeds that of the web by more than 50 per cent, the exact 
formula be used, and in other cases the approximate one.

I am glad that Mr. Osborn has called attention to Mr. Thacher's neat 
and expeditious method of computing lengths for cover plates by means 
of the slide rule ; for I am a firm believer in the use of that instrument as 
well as of all other labor saving devices.
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General Details of Construction.—Mr. Gayler is right in placing the 
minimum thickness of metal in railway bridges at three-eighths of an inch ; 
and in my opinion it is only a desire to comply with the wishes of those 
who pay for the structures which prevents engineers from adopting this 
limit.

In regard to the reaming of steel, I am quite ready to be convinced of 
my error hv a general consensus of opinion ; mine on this point. I must 
acknowledge, is mostly second-hand. It is evident that reaming is a good 
precaution; but the question is, “Is it worth the cost?” If it be decided 
that medium steel should be reamed, I think that wrought iron also should 
be required to receive the same treatment. Mr. K. II. Lewis' paper on 
“Soft Steel in Bridges” sheds much light on this subject ; but I think that 
a further discussion of it by those who are most competent to give an 
opinion would be of great value.

An extended series of experiments is needed to determine the proper 
lengths for stay plates. I, as well as all the bridge engineers with whom 
I have discussed the subject, believe that Mr. Bouscaren’s requirements 
are excessive, especially in large bridges ; but upon the subject of latticing 
I agree with the remarks made by that gentleman.

Conclusion.—In bringing this rhume to a close, I desire to enumerate 
the results which, I hope, will be accomplished by this paper and the dis
cussions it has evoked.

First.—The abandonment of the engine diagram or concentrated load 
method of computing stresses, except for unusual cases such as multiple 
systems of cancellation ; and the adoption of the method of equivalent uni
form loads.

Second.—The adoption of certain standard engine and train loads.

Third.—An exhaustive set of experiments to ascertain the dynamic 
effects of live loads applied at various speeds on bridge members of all 
kinds.

Fourth.—An elaborate series of tests of full-size members of steel 
bridges, especially compression members of all kinds.

Fifth.—Ultimately, the adoption by the profession of standard specifi
cations for bridge designing, which shall specify clearly and concisely in 
every particular such important matters as loads, intensities of working 
stresses, quality of materials, workmanship, etc., but at the same time shall 
not infringe upon the individuality of the designer.

To the attainment of these ends, it is my intention to devote all the 
time which I can spare from my practice ; and I herewith invite the co-
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operation of all American bridge engineers and railroad engineers, fully 
recognizing the fact that one engineer unaided can accomplish practically 
nothing, hut that, with the hearty assistance of his professional brethren, 
there is nothing in reason that cannot be effected. Finally, I would sug
gest that further discussions of this paper with its discussions and the 
résumé are in order, and that they can he published in later issues of the 
Transactions of the American Society of Civil Engineers.
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COMMENT.

The discussion given Dr. Waddell’s paper by the various members of 
the Society is so full and varied that further comment might seem super
fluous were it not for the facts that twelve years have elapsed since the 
paper was written, and that great changes have taken place in many phases 
of the subjects under consideration. The increase in the weight of rolling 
stock alone has caused large modifications in the methods of proportioning 
those parts of the structure which do not carry direct stresses, such as 
lateral bracing, portals, transverse sway bracing between posts, and the 
bracing between the stringers; for when heavier loads than they were 
designed to carry were placed upon the bridges built ten or twelve years 
since, it was quickly discovered that these members were unable to resist 
the great vibrations caused by the increased and rapidly moving loads. It 
was found that the life of a railway bridge depends quite as much upon 
the strength and rigidity of these members and upon scientifically designed 
details as upon the sufficiency of the main members. Within the editor’s 
experience many a railway bridge has been taken down and replaced with 
a new and heavier structure that would have been considered perfectly safe, 
notwithstanding high stresses in the main members, if the details had been 
adequate and the portals and lateral bracing more rigid and more satisfac
torily connected. No procedure has proved to be more unscientific and 
expensive than to provide connections for the lateral bracing just sufficient 
for the calculated wind stresses instead of those adequate to develop the 
strength of the section.

Portals and transverse struts between the chords in which the ratio of 
the radius of gyration to the length is large may be ample to resist wind 
stresses, yet wholly inadequate for the purjiose they were intended to 
serve; for they are flimsy, and the vibrations set up by a heavy train 
moving rapidly over the bridge soon loosen the rivets and render the 
structure unsafe.

In fact, it will rarely be the insufficiency of the main members that 
will cause the condemnation of a bridge when it is subjected to heavier 
loads than it was designed to carry. The pennywise plan of providing 
details just strong enough for the normal stresses is extremely expensive 
in the end, for the actual but indeterminate stresses due to impact and 
vibration affect the details much more than the main members. Fifty 
per cent, excess in the details is none too much, yet few railway specifications 
demand any at all except in the heads of eye bars and in counters.

Notwithstanding the commonly expressed opinion that rolling stock has 
reached tin» maximum limit of weight, the question of provision for a fur-
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ther increase is as much alive as it ever was. At the time the paper oil 
Disputed Points was written, no one ventured to predict that heavier loads 
than Cooper's Class “A” need he provided for, and very recently the use 
of Cooper’s Class “ E-50” was generally thought to make ample provision 
for the future ; but the number of engines which exceed in weight the Class 
‘‘E-50” engine is rapidly increasing, and ore trains now in use on some 
Western roads already exceed the E-50 train load about 20 per cent. One 
of the large steel manufacturers has recently constructed a number of one- 
hundred-tons-capacity ore cars for use about its plant. If these cars prove 
advantageous and economical, the use of similar cars will undoubtedly be 
extended over the ore-carrying roads at no very distant date.

It is unsafe to predict how much further the loads will be increased, 
hence it is a wise railway engineer who provides for details which will be 
safe when the main members are largely overstrained. Rigidity is quite 
as important as strength, notwithstanding the idea sometimes followed that 
resilience is a satisfactory substitute.

As the railway companies have become more wealthy and have learned 
to appreciate the advantages of the more expensive permanent structures 
over those involving low first cost of construction and immediate dividends 
with high charges for renewals and repairs, typical loads which correspond 
substantially in distribution but far exceed in weight the heaviest rolling 
stock in use have been generally adopted. The sole purpose of this action 
is to provide an excess of strength in bridges and trestles. There is no 
thought that the exact stresses these typical loads would cause will ever be 
produced in the structures, consequently, the desire for extreme accuracy 
(the only good reason for demanding that the engine diagram be used in 
calculating stresses) is not a desideratum, and there is small doubt that an 
equivalent uniform load would commonly he specified if railway engineers 
generally understood how closely its results correspond with those of the 
typical engine loading.

Every engineer is obliged to struggle against a desire for extreme ac
curacy in calculations and for absolute instead of approximate results, and 
the railway engineer is no exception to the rule; but the chief reason why he 
adheres to the laborious engine diagram method of calculating stresses in 
bridges is that he knows it to be accurate and his judgment is trained in its 
use. lie can ill spare the time to investigate for himself the accuracy and 
convenience of the equivalent uniform live-load method and to train his 
judgment anew, hence he continues in the old course and lets the burden it 
involves fall upon his assistants or the bridge company’s computers. Dr. 
Waddell has demonstrated, other engineers also, that the equivalent live load 
method saves much labor and is sufficiently accurate for all practical pur
poses, but the force of habit prevents its general adoption.

Again, the side use of Cooper’s specifications and the adoption of his



44s R. il HI’AY RR! I )Gli 1JHSIGNI SG.

standard typical loadings by the American Bridge Company and by many 
railway companies, has reduced the labor of preparing engine diagrams and 
tables of moments and shears to very small proportions, and these con
veniences eliminate r. large part of the computations to which I)r. Waddell 
so justly took exception. With such tables at band the calculation of 
I-beam and deck plate girder spans and stringers is a very simple matter, 
and the computation of the stresses in trusses with parallel chords is not 
extremely laborious, but the labor required to determine the stresses in half- 
through plate girder spans and in trusses with curved top chords and sub
divided panels is inordinately great.

If there were any good, sound reason for retaining the engine diagram 
method, there should be no complaint on the part of any engineer, for 
satisfactory results must be obtained at any cost, but, in the absence of such 
a reason, it is difficult fully to account for the persistence of the more 
laborious method.

In regard to the styles and proportions of bridges, it is surprising what 
small changes time has wrought. The Pratt, the Petit, and the Warren 
trusses continue to be the general favorites. The use of the pony truss has 
been substantially discontinued, except in highway bridges, but the Warren 
truss with a double or triple system of cancellation has come into general 
use on a number of prominent railways. No economy is claimed for it, in 
fact, it is not quite so economical as the ordinary Pratt truss; but it is 
thought to be less liable to destruction in case of accident. Great publicity 
was given to an accident on the Chicago and Northwestern Hailway, in 
which several web members of a double-intersection Warren-truss bridge 
were damaged or destroyed by a head-on collision without causing the faillir* 
of the bridge. It is true that similar accidents have occurred on Pratt 
truss bridges with equally satisfactory results, but they have not been given 
similar ' " :-ity, therefore a number of engineers are employing the mul
tiple intersection Warren truss, chiefly because they have been led to consider 
it more safe. The riveted Pratt truss would appear to be quite as satis
factory in this respect, however, for in any truss, when the web member i- 
destroyed, the shear must be carried by the chords in bending. Near the 
middle of the span where the shear is small and the chords are large, tin 
unusual load should not ordinarily cause failure of the structure, especially 
if the accident be a head-on collision and the span be nearly uniformly 
loaded. The Pratt truss with its heavier web members is, of course, freer 
from vibration than the multiple-intersection Warren, and is also l«- 
difficult to erect, consequently, its general use needs no other justification.

The length of span for which the plate girder is used has increased 
notably of late years, for spans one hundred feet or more in length are u 
uncommon. Long girders may be handled in the better equipped brid. • 
shops with reasonable economy, but they are difficult to load and troublesm

5
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to erect. Unusual care must be exercised to see that there is sufficient 
clearance in tunnels and bridges to permit shipment of unusually long and 
deep girders, for the expense of getting past obstructions would be very
great.

Long plate girders should invariably be supported by rockers, otherwise, 
the deflection under load will cause the pressure on the masonry to be 
distributed unequally. The result will be a crushed bridge seat and stresses 
in the girder which it was not designed to resist.

Well designed plate girders of great length are but very slightly more 
expensive of metal than riveted trusses, and the small amount of field 
riveting they require makes them more economical to erect, consequently, 
their use is gradually extending. Owing to the excess of metal in the web, 
they are better able to resist shock than lighter articulated structures, and 
their form makes it easy to keep them well painted, consequently, they are 
the most durable of steel bridges.

The half-through plate girder bridge is a thoroughly satisfactory struc
ture, if the distance between the girders be made sufficient to admit, without 
encroaching upon the clearance, good floor beam brackets which will afford 
effectual lateral support for the top flanges. Too often considerations of 
economy of both metal and masonry lead the engineer to leave the top 
flanges with very inadequate support. The one-time common practice of 
economizing metal by dispensing with a floor system and resting long ties 
on angles riveted directly to the girder webs, or even on the bottom flange 
of the girders, has happily fallen into disuse, though it is still to be seen 
occasionally. Such loading puts heavy torsion on the web or flange of the 
girder, and thus increases the stresses enormously above those for which the 
girder was calculated. Heavy steel trough flooring extending very close to 
the girder web and substantially attached is, however, free from these 
objections.

Three-girder spans for carrying two or more tracks should lie avoided 
because the middle girder, being designed for a full load on all tracks, is 
heavier than the outside girders and will not deflect as they do when the 
tracks on only one side arc loaded, consequently the floor system and its 
connections are subjected to heavy stresses which they were not designed to 
resist.

The pony truss for railway bridges has happily fallen into oblivion. Its 
top chord was rarely well stayed and was often subjected to severe and un
known stresses, while the economy involved in its use was very small.

The fatigue formula; for proportioning bridges arc reluctantly but 
surely being abandoned. The most prominent railway in this country still 
uses a modified fatigue formula and a few others have only recently aban
doned it. Impact formulae are much more logical and consequently are 
rapidly coming into general use. In addition to the simplification of cal-
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dilations, the impact formula is undoubtedly correct in principle and 
provides additional metal in the right members. That the addition* 
the impact formula makes to the live load stresses are closely 
in accord with those actually produced by the moving load, is by no means 
so certain, but the published results of extensometer tests and those which 
were made during the editor’s engagement with the Baltimore and Ohio 
Railroad Company indicate that the formulai most commonly used give 
results which arc approximately correct. Some of the railways have pro
vided themselves with the necessary instruments, and it is to be hoped that 
they will soon make enough well conducted tests to determine what is the 
correct impact formula. This is certainly a matter of very large impor
tance to the railway companies, and scientifically conducted investigations 
along these lines will be worth far more to the companies than they cost.

The intensities of working stresses to be employed are largely a matter 
of judgment. So many factors enter into the consideration of each case that 
there is much room for difference of opinion, yet the leading bridge en
gineers do not differ greatly in their practice. The dead load stresses are 
easily and certainly obtainable, the stresses caused by the moving loads 
when they are applied gradually are also determinate; but the stresses pro
duced by impact and vibration are not obtainable with great certainty, tin- 
frequency with which the live load will be applied is not known, the 
amount and frequency of wind stresses are largely conjectural, temperature 
stresses are commonly neglected, and initial stresses due to imperfections 
of fabrication and erection are absolutely unknown. The ultimate strength 
and the elastic limit of the metal vary greatly with the chemical constitu
ents, the temperature of the metal during manufacture, and the amount of 
work it receives. Incipient cracks may be caused by punching or shearing, 
and the straightening rolls or the gag-press must, of necessity, strain tlu* 
metal beyond the elastic limit. The majority of these factors will always 
he indeterminate, but, with a better knowledge of impact stresses ami 
careful inspection of both the manufacture of the metal and the fabrica-i 
lion of the structure, the engineer will be able to adopt such unit stressis 
that he will obtain the greatest possible economy which is consistent with 
safety and durability. The provision for wind stresses in conjunction with 
the dead and live load stresses will always he difficult to determine, because 
our knowledge of the intensity of wind pressures and the area over which 
a given pressure acts is exceedingly limited.

Though it is not difficult to determine what pressure the wind may 
exert upon very small areas, such knowledge is not of great value, ami 
it is substantially impossible to determine by experiment the intensity of 
wind pressure over large areas.

The effects of the wind are undoubtedly very great, especially in ex
posed positions and in deep, narrow valleys, which act as chimneys. Tlw
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infrequency of very high winds warrants the adoption of large unit stresses 
to provide for them, but the indirect as well as the direct stresses should he 
considered.

The transferred load due to wind is too often neglected entirely. It is 
generally of small moment on girders and short spans, but its importance 
increases rapidly with the length of span.

Ample provision is generally made for the stresses resulting from the 
centrifugal force of the moving trains, though the load it transfers to the 
outside girder or truss is commonly neglected. This is of small importance 
on trusses and main girders, but the proportionate overload sometimes be
comes very high on the closely spaced stringers of through plate-girder 
spans, where, in the editor’s opinion, provision should be made for it.

Dr. Waddell’s paper and the discussions following it have served an 
excellent purpose in bringing into prominence and establishing firmly many 
points which were known to a few but were not in general use. For in
stance, the discussion makes it apparent that a few engineers were acquainted 
with and made use of the fact that the position of the loads which will 
produce the maximum bending moment at the mi ’die of a span of twice 
the panel length will also produce the maximum floor beam concentration, 
but the fact was not generally known and was. consequently, of small 
service to engineers. Prof. Du Rois in his discussion points out that the 
fact is a corollary of a well-known law, but it is quite evident from the com
ments of other engineers that it had rarely been deduced.

Rules governing the dimensions of the various types of spans and of their 
principal members must of necessity be of general application only, since 
the conditions upon which they are based are ideal and rarely attained in 
practice, but, if they are correctly established, the closest possible adherence 
to them will be productive of the best results attainable. In replacing the 
superstructures it will often be found best to depart somewhat from theo
retically correct proportions in order to avoid alteration or reconstruction 
of the masonry or to maintain the old structure during the construction of 
the new. For these and similar reasons the engineer’s judgment frequently 
demands that he deviate from rules and standards ; hut they form an ex
cellent base, even in extraordinary cases. Well established rules often appear 
to be very arbitrary, but investigation will generally demonstrate that they 
are the resultant judgment of many well-informed men.

The distance between the central planes of bridge trusses is fixed by the 
dimensions of the end posts and the established clearance in through bridges 
of short span. Most of the railways in the United States agree in demand
ing fourteen feet clear width for single-track bridges, and, as the extreme 
width of the rolling stock exceeds ten feet very slightly, this seems to make 
ample provision for possible projection of the load beyond the car and 
for the safety of trackmen. In double-track bridges the clearance varies
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with the distance between track centers. This is commonly twelve feet, 
but many roads are now wisely increasing it to thirteen or fourteen feet. 
For spans of considerable length, however, the distance between trusses 
must lie governed by the overturning moment of the wind, the effect of the 
transferred load, the direct wind stresses in the chords, and the cost of the 
floor and lateral systems, and occasionally by the cost of the masonry. At 
the present time, however, engineers generally agree that this distance 
should not be less than one twentieth of the span.

The theoretically economical depth of truss may readily be determined 
mathematically, but within considerable limits this depth may be varied at 
immaterial expense of metal. The overturning moment caused by the wind, 
the difficulty of handling very long web members, and especially the high 
cost of the traveler make it advisable, however, to select a depth of truss 
well below that which the economy of metal alone would dictate. Frequently 
in the case of very long spans material expense can be saved by varying the 
depth so as to admit the use of a traveler already in the possession of the 
bridge company.

Too much stress cannot well be laid upon the necessity for ample, 
rigid, and well-connected lateral systems, for the life and safety of the 
structure are more largely dependent upon them than the determinable 
stresses indicate. It is still very commonly customary to provide only 
enough rivets to care for the wind stresses, even though to develop the 
strength of the section of the lateral member would require double the 
number. In this way the stresses set up bv vibration and the thrust of the 
train are wholly unprovided for when the assumed wind load is in action 
and are inadequately provided for in any event. It is small wonder, then, 
that, loose laterals are very common. It is hardly necessary to add that the 
swaying of the locomotive makes essential a good lateral system between the 
stringers.

The use of rods for lateral members of railway bridges is entirely in
defensible in this day when the superiority of shapes in small structures 
and of built members in large ones has been so thoroughly demonstrated.

The danger of serious accident from derailment where the floor and 
guards are adequate has proved to be so small that very few of even the 
most substantial railroads have considered the cost of safety stringers 
outside the main stringers justifiable. When such stringers arc employed 
they are calculated to carry the derailed load, though the unit stresses are 
double those used for the principal stringers which arc placed immediatel\ 
under the rail. Two stringers spaced six and one-half or seven feet from 
center to center, together with a satisfactory floor, furnish ample provision 
against accident and do not involve unnecessary expense, consequently ibis 
is the arrangement generally adopted.

One of the avowed purposes of I)r. Waddell’s paper was to bring t!m
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designing of railway bridges toward a standard which should he acceptable 
to bridge engineers generally. A reasonable approach to standards in en
gineering practice is undoubtedly very desirable. What is unquestionably 
good in the practice of the best specialists in any particular branch should 
be widely known and used in order that the casual work of specialists in 
other branches and the designs of younger men may be improved. Dr. 
Waddell’s writings have contributed enormously to this end and are in 
consequence widely appreciated by the profession. Hut to carry standardiza
tion to the extreme, and confine all work to set formula* would be fatal to 
growth and certainly is not to Ik* desired, and most assuredly such a result 
wras not one of the objects sought when Dr. Waddell prepared this paper 
and presented it for discussion.

By common consent hung floor beams, pony trusses, Whipple trusses, 
lateral rods, stringers resting on top of floor beams, and lateral systems 
lying well out of the plane of the chords have been abandoned bv engineers 
of repute; and adjustable members in trusses are rapidly becoming obsolete. 
Wooden blocks between the base plate and the masonry and east-iron 
pedestals have been abandoned. Newly constructed three-truss double or 
quadruple track spans and three-post bents are very rare. All these altera
tions in practice are evidence of the interchange of ideas among bridge 
specialists and of the tendency toward standardization. Many less impor
tant. details have also been brought into common use, but the idea one 
hears expressed occasionally that railway bridges are now so nearly standard 
that it does not require a high order of engineering skill to design them 
was never farther from the truth. It is true that the data available in en
gineering literature and a moderate experience will enable any educated 
engineer to prepare satisfactory plans for the more simple structures to be 
used where conditions arc normal ; but the design of large structures, the 
highest economy of metal consistent with strength, the development of new 
materials and of new processes of fabrication and erection, and increased 
train speeds, and weights constantly present new problems the solution 
of which requires the highest, available talent, and the growth in the science 
and art of bridge building depends upon the ablest bridge specialists. 
Mediocre men follow custom and reproduce good things at small expense, 
but they often fail through their inability to determine the applicability of 
certain structures to given conditions. There are copyists in the sciences a- 
well as in the arts, and their work is as easily distinguishable in the one case 
as in the otlier.
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INTRODUCTORY NOTES.

Tn the paper entitled Some Disputed Points in RaUtvay liridge 
Designing which Dr. Waddell presented to the American Society of Civil 
Engineers early in 1892 he proposed a system of live loads for railway 
bridges and suggested a method of calculating equivalents for them which 
could be used as uniformly distributed loads in computing the stresses in 
bridges. Though many other points relating to railway bridge design were 
brought forward in this paper, its discussion was devoted chiefly to these 
proposed loads and method of computation. This general interest in the 
matter led Dr. Waddell to continue his efforts to induce bridge engineers 
and railway engineers to abandon the uselessly laborious methods of cal
culation and to adopt one simple and adequate system of loadings. Novem
ber 10. 1802, he sent to every Member of the American Society of Civil 
Engineers who was interested in railway or bridge work a ballot, and asked 
for a vote for or against, 1st. abandoning the wheel load method and adopt
ing the equivalent uniform load method of computing stresses; 2d, adopting 
a system of standard engine and train loads ; .‘Id. having made exhaustive 
tests to determine the dynamic effect of a moving train on bridge mem
bers ; 4th, having made thorough tests of full-size members of steel bridges; 
and. 5th, the ultimate adoption by the profession of standard specifications 
for railway bridges. The number and character of the replies were eminently 
satisfactory : consequently, May 13. 1803, a circular letter containing a 
statement of the results of the ballot and a further explanation of the pro
posed standard system of loads and their equivalents was sent to the 
principal railway and bridge engineers of the country. A ballot accompany
ing this letter asked for a final vote for or against, 1st, the adoption of the 
“Compromise Standard System of Live Loads for Railway Bridges” when 
having plans prepared or when calling for bids on railway bridges, and, 
2d. the adoption of the “Equivalent Vniform Load Method” of computing 
stresses. More than one hundred chief engineers of railroads agreed to 
adopt for their work both the “System of Live Loads” and the “Equivalent 
Uniform Load Method”; consequently Dr. Waddell prepared and published 
late in the summer of 1803 the pamphlet which follows.-

Before the pamphlet appeared the result of the first ballot was com
municated to the Engineering Record in a letter dated June 3, 1893. 
Simultaneously with this letter the Record published an editorial relating 
to it, criticising the “Equivalent Uniform Load Method” and advocating 
the use of a uniform train load both preceded and followed by either a 
single or a double excess load which would produce stresses substantially 
equivalent to those of the actual wheel loads.
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A rallier spirited controversy followed. Evidently the editor of the 
Record, like many another accepted authority, based his criticism upon his 
personal preference and experience, rather than a study of the question 
at issue, and expected his editorial position to lend finality to his state
ments. But in this case he “reckoned without his host,” for Dr. Waddell 
replied with figures and completely established the fact that the Equivalent 
Uniform Load Method produces more accurate results with much less labor 
than either the Single Excess or the Double Excess Method. The Record's 
editor softened his defeat by cutting out of Dr. Waddell’s last letter some 
of the more pungent paragraphs, hut time has demonstrated the incorrect
ness of his position, even if Dr. Waddell had not done so. for both the Single 
Excess and the Double Excess Methods have dropped entirely out of use.

The letters above mentioned and the Record’s editorials are reprinted 
here because the letters especially contain a better description than is given 
elsewhere of the methods of deriving and using the equivalents for the 
Compromise Standard System of Live Loads, and demonstrate clearly the 
high degree of accuracy obtained by the Equivalent Uniform Load Method. 
They also contain some demonstrations of the case with which computations 
may he made by the Equivalent Method as compared with the wheel load 
method, hut it hardly seems necessary to prove to trained engineers that the 
use of a uniform live load involves the least possible labor of computation.

The fact that the wheel load method of computing stresses in railway 
bridges remains in very general use to-day is not at all complimentary to 
the railway and the bridge engineers of the country ; for it must be attrib
uted chiefly to their failure to understand the degree of accuracy obtain
able by the — nt Uniform Load Method. Tt is true that a compari
son of the stresses computed by the two methods and the derivation of the 
equivalents are not generally available, for they have been published only 
in “Some Disputed Points” and in these letters ; but Dr. Waddell's advocacy 
of the Equivalent Method should be sufficient reason for a thorough inves
tigation of a device which will manifestly save a great deal of labor, and 
investigation would commonly carry conviction with it. Some reason for 
the continued use of the laborious process is no doubt to be found in the 
ease with which an engineer may explain to officials who lack technical 
training that the bridges arc being designed to withstand the exact stresses 
produced by a typical engine and car load. The layman is not a good judge 
of the degree of accuracy desirable, and his confidence is shaken by any
thing less than the absolute. He is not in position to understand the 
many other approximations used in designing a bridge, but concentrates 
his attention upon the stresses produced by the moving load. Consequently, 
engineers continue to satisfy his demands, those of the bridge companies 
for commercial reasons, those of the railway companies for reasons of policy 
The saving of labor bv using the Uniform Load Method may lie indicated
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by the fact that Dr. Waddell once figured the live load stresses in a (124-foot 
span in 49 minutes, those in a 524-foot span in 29 minutes, aetual time.

It is clearly demonstrated in the succeeding pages that the accuracy of 
the Equivalent Uniform Load Method is all that can he desired; and every 
engineer knows that after laboriously calculating with great exactness the 
stresses produced by a load which has l»ecn assumed and which will never 
be closely approximated in practice, he must make further assumptions 
regarding the value of his metal and the effects of impact and vibration 
which may l>e far from the truth; consequently, it is to la* hojH*d that the 
simple and rational method of computing will ultimately obtain.

And the editor believes that Dr. Waddell's work will contribute largely 
to that end. The great reduction in the numlier of loadings specified now
adays may with due modesty lx1 attributes! largely to his pa|x»r on “Disputed 
Points.” Dr. Waddell has spent money, his own time, and that of his assis
tants in the preparation and publication of the succeeding pamphlet in the 
hope that engineers might be saved useless labor. In the second edition of 
Dr Pontibus he extended the system of loads and equivalents to correspond 
to the recent increase in the weight of rolling stock, and it seems that still 
further extensions will be necessary to meet the requirements indicated by 
Mr. Henry W. Hodge in his recent address to tin1 International Engineer
ing Congress at the Louisiana Purchase Exposition.

Engineers are rapidly coming to understand that the men who are the 
most successful are not the pure teelmists or the men who spend great 
effort upon non-essential matters, but those who take a broad view of their 
profession; men, who, without sacrificing principles or essential details, 
draw broad conclusions and eliminate all lal>or which does not produce 
useful results. Hence it is to be hoped that veneration for a custom will 
soon give way to good judgment and admit to general use the simple and 
eminently satisfactory Equivalent Uniform Load Method of calculating the 
stresses in railway bridges.
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PREFACE.

The various steps taken in the pre|>aration of this pamphlet were ac 
follows :

About two years ago the author presented to the American Society of 
Civil Engineers a paper entitled, "Some Disputed Points in Railwai 
Bridge Designing," in which he advocated the adoption of a few standard 
train loads for railway bridges instead of the almost innumerable ones 
then in use. offered a set of loads for discussion, and urged that the 
"Equivalent Vniform Load Method" of computing stresses Ik- adopted 
instead of the burdensome method of wheel concentrations that has been 
in vogue for the last ten years. This paper received a very thorough 
discussion, from which it was evident that bridge engineers and railway 
engineers as a whole would be glad to settle upon a few standard loadings, 
and to adopt some simple equivalent method of computing stresses. Most 
of those w ho desired the abandonment of the "Concentrated Wheel Load 
Method" advocated the adoption of the "Equivalent Uniform Load 
Method." but a few favored the "Single or Double Concentration Method' 
with a constant car load.

This paper with the discussions was published in the February and 
March, 1892. number of the Transactions of the American Society of 
Civil Engineers, and was reviewed very generally by tile technical press, 
attention being paid principally to the subject of equivalent loads. These 
reviews started a series of letters, principally by tile author, printed at first 
in the Railroad Gazette, and later also in the Engineering Record, in which 
the subject of equivalents was thoroughly and exhaustively treated, the 
effect thereof living to prove that the “Equivalent Uniform Load Method" 
gives results which are accurate enough for all practical purposes, and 
that neither the " Single Concentrated Load Method ” nor the “ Double 
Concentrated Load Method " gives results coinciding at all closely with 
those found by the theoretically exact method of “ Wheel Concentrations."

In November, 1892. the author sent a circular letter to all the chief 
engineers of railroads in the United States and Canada who are member- 
(in any grade) of the American Society of Civil Engineers, and to even 
other member of that society connected with or specially interested in tin 
designing, building, or operating of railroad bridges. This letter solicited 
a ballot on certain "Disputed Points in Railway Bridge Designing,” fore 
most among which were those of standard live loads and a simple equiva 
lent method of computation. The number of responses received was a 
great as could have been expected ; and the result was that about eiglitv
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two per cent, of those who voted were in favor of adopting a "Standard 
System of Live Loads for Railway Bridges" similar to that proposed by 
the author, and eighteen per cent, were opposed to same ; and eighty-two 
per cent, of those who voted were in favor of abandoning the “Concen
trated Wheel Load Method" and eighteen per cent, were in favor of re
taining it. Of the former, seventy-eight per cent, favored the "Equiva
lent Uniform Load Method,” and twenty-two per cent, were in favor of 
either the "Single or the Double Concentration Method.” A number of 
gentlemen who responded made valuable suggestions in respect to the 
standard system of live loads propounded, and by the aid of these the 
author prepared a proposed “Compromise Standard System of Live Loads 
for Railway Bridges,” and submitted the same as before for a final ballot 
in May, 1893.

The number of replies received showed that great interest was taken 
in the question ; and the result of the ballot was ninety per cent, in favor 
and ten per cent, opposed to the proposed standard.

In accordance with the promises made in the circulars and letters 
before mentioned, the author herewith presents to the civil engineering 
profession the following curves of total end shears on plate girder spans 
and of equivalent uniform loads. A number of complimentary copies of 
this pamphlet will be distributed in the immediate future, after which it 
will be for sale by Engineering News.

J. A. L. W.
Kansas City, Mo.

September I, 1893.
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METHOD OF UTILIZING THE EQUIVALENT LOADS.

In calling for bids on bridge work to be accompanied by designs for 
the structures, a railroad engineer can nominate any bridge specification- 
whatsoever, standard or otherwise, and at the same time specify that tin 
live loads are to be taken from the “Compromise Standard System,” and 
that the "Equivalent Loads" thereof are to Ik- employed.

In this “System" will be found from "Class Z" to "Class U," inclusive, 
a close approximation to any live load that an engineer is likely to want ! 
use ; and if, for a certain car load, some engineer should prefer a heavier 
or lighter engine loading, he can obtain practically what he wishes b\ 
specifying that one class is to be used for floor systems and primary trus- 
members, and another class for main truss members. The author doe- 
not advise this, however, except in the case of double track bridges, where 
it would be advantageous to use a certain class for floor systems anil 
primary truss members and a lighter class for the trusses, because the 
chances of there being two, full, maximum train loads on the span at the 
same time are generally very small. It might be well to carry this idea 
even further by specifying, for instance, “Class V" for stringers, “Clas- 
W" for floor-beams and primary truss members, and "Class X" for main 
truss members of double track bridges. Such a method would be in ac
cordance with the theory of probabilities. That theory, however, would 
not apply to single track bridges, for which the locomotive and car load- 
of the “Compromise Standard System" have lieen properly adjusted.

The "Equivalent Uniform Load Method” reduces to a minimum the 
labor of making computations of stresses in bridges. The correctness of 
this statement will he rendered evident by the ensuing explanations of the 
use of the method. As for its exactness, if anyone has any doubt whatso
ever about its closeness of approximation to the theoretically correct 
method of wheel concentrations, let him read the author's letter in th< 
Railroad Gazelle of July 28, 1893.* An inspection of Table I. of that 
communication shows that no reasonable man can object to the “Equivalent 
Uniform Load Method" because of its want of exactness.

In designing a bridge, one commences naturally with the stringers, 
then passes to the floor-beams and afterwards to the trusses, so let us fol 
low this order.

STRINGERS.

From Plate III. find the equivalent live load per lineal foot for a span 
equal to the panel length, add to same the assumed weight per foot of two

•This letter was published also in the Engineering Record of July ag, 1903 
and is reprinted a few pages farther on.



COMPROMISE ST.IXOARI) Si’STEM. 463

stringers and the floor they support, and divide the sum by two, calling 
the result re; then to find the total bending moment at mid-span, substi
tute in the well known formula,

M — l tr /*
where / is the panel length in feet, and M the required moment in foot- 
pounds.

Should the total end shear be required, it can be found for each stringer 
by adding together the end shear given on PI. II., the total weight of one 
stringer and the floor that it carries, and dividing the sum by two.

FLOOR-BEAMS.

In proportioning a floor-beam, the important thing to ascertain is the 
total concentration at the point where two stringers meet. The live load 
concentration is to be found by multiplying together the panel length and 
the equivalent uniform load per lineal foot given on PI. III. for a span 
equal to twice the panel length, and dividing the product by two. It is 
unnecessary to describe here how the dead load concentration at each 
stringer support is to be found. Nor is it necessary to do more than 
merely mention that the live load concentration obtained for the floor- 
l>eam is the same as that required in finding total stresses in primary truss 
members.

TRUSSES.

These can be divided into two kinds, viz., those with equal panels 
and parallel chords, and those in which the panel lengths arc unequal, or 
the chords are not parallel, or both. In the first case the stresses can he 
determined most expeditiously by substitution in tabulated formulae, and 
in the second case by the graphical method.

Case I.

From PI. IV. find the equivalent uniform live load per lineal foot for 
the given span length and multiply same by the panel length, calling the 
product L. For single track bridges this must be divided by two. All 
the live load stresses in main truss members of single intersection bridges 
can l>e found by substituting this value of L in the table given in Carnegie’s 
Pocket Companion (p. 211 of the 1892 edition), and in other treatises on 
bridges.

Just here it is proper to remark that the “Equivalent Uniform Load 
Method" is not applicable to trusses of multiple intersection ; but that the 
most approved modern practice in bridge engineering does not counte
nance the building of trusses or girders having more than a single system 
of cancellation. The "Equivalent Uniform Load Method” does, however,
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apply to trusses with divided panels, such as the Petit truss ; but as this 
style of truss nowadays involves almost invariably a broken top chord, its 
treatment herein will come under

Case II.
Where trusses have unequal panels or chords not parallel, the first step 

to take is the finding of all the dead load stresses by the graphical method, 
starting from one end of the span and working towards the middle, where 
the last stress is checked by the method of moments, and the correctness 
of the entire graphical work is thereby proven.

The next step is to find from l'l. IV, as in Case I, the equivalent live 
load per lineal foot for the span, and therefrom the value of the panel- 
truss live load L. Next set a slide rule for the ratio of dead load per lineal 
foot and the equivalent live load per lineal foot for the span, and, by re
ferring to the dead load stresses already found, read from the rule all of 
the live load stresses in chords and inclined end jiosts.

Next assume that there is an upward reaction at one end of the span 
equal to 10,000 pounds or 100,000 pounds, (according to the size of the 
bridge), due to a load placed at the first panel point from the other end of 
the span, then find graphically the stress in each web member from end to 
end of span, caused by this assumed upward reaction. Then calculate the 
value of the live load reaction for the maximum stress in each web mem
ber by means of the slide rule and the following formula and table in 
which si is the number of panels in the sjian, #i* is the number of the panel 
point at the head of the train, counting from the loaded end of the span.

and C is the co-efficient of — .n
Live Load Reaction for head of train at n1 = C X

c *■ c »■ c C

I I 7 28 13 91 19 190
2 3 8 x> 14 105 20 210
3 6 9 45 15 21 AH
4 10 55 16 136 22 253
5 15 II 66 17 153 23 276
6 21 12 7* l8 171 34 300

Then, still using the slide rule, find the greatest live load stress in each 
web member by the following equation :

Stress required = Stress from Assumed Reaction X
Actual Reaction 

Assumed Reaction
Where the panels are divided as in the Petit truss, and where inclined 

sub-posts are employed, the tensile stress in the upper half of each main



COMPROMISE STAX DARD SYSTEM. 465

diagonal thus found will have to Ik.' corrected by subtracting therefrom a

stress equal to sec. A, where A is the inclination of the diagonal to the

vertical. But when inclined sub-ties are used instead of inclined sub-posts, 
the correction just referred to will apply only to the compressée stresses 
in the lotccr halves of the main diagonals. The reason for making this 
correction, as will l-e at once evident to anyone who is accustomed to find
ing stresses in Petit trusses, is that the method altove outlined ignores the 
subdivision of the panels when ascertaining by graphics the stresses caused 
by the assumed upward reaction.

Extracts from The Engineering Record of June 3, 1893.

RAILROAD STANDARD MOVING LOADS.

The result of Mr. J. A. L. Waddell's solicited ballot on standard mov
ing loads is given in full in the circular letter below, and comments will 
l>e found on the editorial page of this issue of The Engineering Record.

Dk.xk Sir : On November 19 of last year I sent you a circular letter 
in respect to "Certain Disputed Points in Railway Bridge Designing." en
closing a ballot with the request that you fill it out and return it to me. 
I now write you to report the result of the ballot, and fearing that you 
may have forgotten the purport of the questions raised, I reproduce in 
this letter the various items in the order in which they apjK'ared on the 
ballot sheet.

Ballots were sent to 253 engineers, some of whom replied immediately. 
After waiting about six weeks, I sent a personal letter to each engineer 
who had not replied, with the result that I have obtained up to date 
answers from all but 93, making the percentage heard from 63, and that 
not heard from 37. This is a pretty fair showing, considering that engi
neers as a class are very busy men, that many of them spend a great deal 
of their time in the field, which makes letter writing burdensome, and 
that many of the gentlemen I addressed, especially the railroad engineers, 
had probably not read my paper on “Some Disputed Points in Railway 
Bridge Designing," to which the circular had reference. Again, I feel 
sure that a number of the circulars failed to reach the parties to whom 
they were sent, through either faulty addresses or misplacement. I am 
led to believe this from the replies to the personal letters that I sent as 
reminders. On the whole, I am well satisfied with the result of the ballot, 
and here l>eg to thank the gentlemen I addressed for the courtesy they 
have shown me, and for the interest they have taken in the subject.
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Of the 160 gentlemen heard from, 20 pleaded illness or lack of time to 
spare for the work necessary to investigate the subject sufficiently to semi 
intelligent replies, 11 excused themselves as not being posted on the points 
raised, 18 were opposed to balloting on such matters, and 111 sent in 
ballots.

Of those who failed to answer, 54 per cent, are railroad engineers, 43 
per cent, bridge engineers and 3 per cent, engineers in other branches. 
Of those pleading illness or lack of time. 65 per cent, are railroad engi
neers and 35 |)er cent, bridge engineers. Of those claiming to be not 
posted, 82 per cent, are railroad engineers and 18 per cent, bridge engi
neers. Of those opposed to balloting, 39 per cent, are railroad engineers 
and 61 per cent, bridge engineers. And of those who sent in ballots, 42 
per cent, are r road engineers, 47 per cent, bridge engineers, and 1 i per 
cent, engineer, in other branches, principally that of civil engineering in
struction.

I give you these percentages in order that you may know what branches 
of the profession are represented in the ballots.

The following is the result of the ballot :
Item No. I.—19 in favor of adhering to the concentrated wheel load 

method of computing stresses, which is now in vogue ; 16 in favor of 
adopting a constant car load per lineal foot, headed bv a single locomotive 
excess load ; 3 in favor of the latter, except that they specify two locomo
tive excess loads ; 69 in favor of adopting the method of “ equivalent 
uniform loads," advocated by Mr. Waddell, in his paper on "Some Dis
puted Points in Railway Bridge Designing."

Item No. 2.—75 in favor, 16 not in favor of adopting a system of train 
loads similar to that proposed by Mr. Waddell, on pages 89 and 90 and 
Plate XVI., of the Transactions of the American Society of Civil Engi
neers, Vol. XXVI., modified by the addition of certain heavy concentra
tions for short spans, as indicated on page 272 of the same volume ; 32 in 
favor, 32 not in favor of increasing the wheel loads for tenders, given on 
Plate XVI.; 15 in favor. 41 not in favor of increasing the lengths of en
gines as their weights are increased; 16 in favor, 45 not in favor of in
creasing the loads on the engine axles, given on Plate XVI. ; 10 in favor. 
57 not in favor of the addition of train loads for mountain lines in which 
the engine loads shall he heavy and the car loads light : 14 in favor, 55 not 
in favor of abandoning the loads proposed by Mr. Waddell and substitut
ing therefor others.

Item No. 3.—108 in favor, none not in favor of having made, at the 
expense of either private parties or the U. S. Government, an exhaustive 
set of experiments to ascertain the dynamic effects of live loads applied 
at various speeds on bridge members of all kinds.
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Item No. 4.—106 in favor, 2 not in favor of having made, at the ex
pense of either private parties or the V. S. Government, an elaborate series 
of tests of full size members of steel bridges, especially compression mem
bers of all kinds.

Item No. 5.—98 in favor, 6 not in favor of the ultimate adoption by 
the profession of standard specifications for bridge designing, which shall 
specify clearly and concisely, in every particular, such important matters 
as loads, intensities of working stresses, quality of materials, workmanship, 
etc., but at the same time shall not infringe upon the individuality of the 
designer.

( Signed ) J. A. L. Waddell.

EDITORIAL.

STANDARD MOVING LOADS FOR RAILWAY BRIDGES.

The paper on “Certain Disputed Points in Railway Bridge Design,” by 
J. A. L. Waddell, M. Am. Soc. C. E., has attracted considerable attention in 
consequence largely of its proposition to substitute standard moving loads 
for the almost infinite variety now given in various bridge specifications. 
“The Engineering Record” has already expressed favorable views in regard 
to the standardizing of not only railway moving loads, but also the specifica
tions governing the designs of railway bridges. There are strong reasons 
for believing that increased excellence both of design and of material would 
be secured by a reasonable uniformity of specifications, and it is an abso
lute certainty that great saving of labor to the builders of bridges would 
be attained. It is, however, probably far too much to expect that indi
vidual preferences, which engineers in common with other men possess, will 
ever be displaced by systematic requirements for structural design.

It would seem to be a much more hopeful task to undertake to secure 
certain sets of standard moving loads within whose range the needs of 
practically every railroad in the country will be found. The prospective 
use of such standard loads would probably not trench upon the sensitive
ness of any individual in regard to the limiting of the exercise of his 
special preferences; the latter could be still exercised upon the various 
features of any particular design. This view seems to be strengthened 
by the result of the balloting which Mr. Waddell solicited last November. 
Without going into the details of the returns, which will be found in an
other column, the results appear to indicate that the preponderating desire 
among those who have to do with railroad moving loads is in the direction 
of standardizing them; and not only that, but it would also appear that the
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same engineers are in favor of substituting in their bridge computations 
what is loosely termed “equivalent uniform loads” for the axle concen
trations. The advantages of standard loads are so evident that we are not 
surprised to learn the large ballot in their favor, nor indeed are we surprised 
that there should be such a strong ballot in favor of the so-called “equiva
lent uniform loads.” The meaning of the former proposition is apparent on 
the surface of its statement, and its advantages are equally clear, while 
the latter has a pleasing sound since it involves the displacement of the 
cumbersome concentration system by a simple uniform load, and thus seem
ingly leaves little or nothing now to be desired. The uniform load must 
be supplemented for short spans by certain arbitrary concentrations, but as 
the latter belong to short spans only, which will almost or quite invariably 
be built as plate girders the complication is not deemed an important fea
ture of the system. The main point is the “uniformity” and the “equiva
lents.”

We have before expressed ourselves as of the opinion that the equiva
lent uniform loads do not fill the complete requirements of the case, and 
continued reflection and examination of the question confirm us in this 
opinion. We are further of the opinion that if a great majority of the 
engineers who voted for it appreciated just what it means, the uniform 
train load with a single concentration either at its head or at any point 
would have been preferred. It gives us much pleasure to observe that the 
weight of engineering opinion is in favor of abolishing the crude, decep
tive, and awkward concentrations, and if those most interested should 
choose to adopt an incomplete remedy for the difficulty, we shall consider 
even that advantage of the greatest possible value. It only seems the 
more a pity not to bring the movement for improvement to its full fruition 
at once, for we do not believe that the uniform equivalent loads will, for 
any great length of time, be considered satisfactory. It is irrational, and 
although the resulting errors involved are too small to be of any practical 
conseqence, we think there would be an essential gain, at least of a pro
fessional character, in adopting a system of loading that would be perfectly 
elastic, perfectly simple, and involving no crudities in the actual compu
tations.

Calculations for bridge design should be made on a basis either of a 
uniform train of locomotives or else a loaded train of cars of the proper 
intensity with the two coupled locomotives, either in the front or rear or 
at any intermediate point. The equivalent uniform load plan does not pro
vide for this condition of loading, and although it can be so extended as 
to include that requirement, the end can only be accomplished by further 
“equivalents” and possibly increased eccentricities of the method. A uni
form load with a single concentration at its head or at any point can be 
made to cover every possible supposition of loading or length of span with 
out any juggling with an equivalent device and with approximations at 
least as close to the ideal concentration stresses as those of the equivalent 
uniform loads and possibly more so. If the equivalent uniform loads arc- 
all that the engineering practice of the present time will stand, let us by 
all means have them, leaving for future efforts further improvements 
which are certainly bound to come, but it would be far better to introduce 
at once a simple system of loading which would meet the complete require 
ments of the case for all time to come.
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Extracts front The Engineering Record of July 8, 1893: 

MOVING LOADS FOR RAILWAY BRIDGES.

Kansas City, Mo., June 12, 1893.
To llic Editor of The Engineering Record.

Sir : Will you kindly permit me to reply in vour columns to certain 
objections raised in your editorial of June 3 against the "Equivalent Uni
form Load Method" of computing stresses in bridges ? But first let me 
thank you for your endorsement of my effort to establish a few standard 
live loads instead of the almost innumerable loads at present in use.

You state that "Calculations for bridge design should he made on a 
basis either of a uniform train of locomotives or else a loaded train of cars 
of the proper intensity with the two coupled locomotives, either in the 
front or rear or at any intermediate point. The equivalent uniform load 
plan does not provide for this condition of loading, and although it can 
be so extended as to include that requirement, the end can only be accom
plished liv further 'equivalents’ and possibly increased eccentricities of the 
method."

In this you arc mistaken, for the equivalent uniform load stresses, 
when checked against those found by the actual wheel concentrations, 
show variations of very small amount indeed for all main diagonals, posts 
and chords of trusses. For counters of short spans there are rather large 
errors on the side of safety ; but these are really an advantage, for such 
counters ought to have an excess of section, especially as it is the practice 
to deduct from their live load stresses the dead load stresses of the main 
diagonals that they cross. As the length of the span increases, the safety 
errors on counters continue to decrease, until for very long spans they 
actually pass the zero point and show a small percentage on the side of 
danger. This question of counter-stresses is fast losing its importance, 
as adjustable members in bridges are being less used every year.

Again, the equivalent uniform load method, as I am advocating it, 
does provide for two coupled locomotives at the head of the train in case 
of web stresses, and with cars preceding as well as following them in the 
case of chord stresses.

You state that “A uniform load with a single concentration at its head, 
or at any point, ran lie made to cover every possible supposition of loading 
or length of span without anv juggling with an equivalent device and 
with approximations at least as close to the ideal concentration stresses 
as those of the equivalent uniform loads, and possibly more so." Now, I
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have investigated this question quite thoroughly ami cannot find any such 
result for the single concentration method. In fact, I find, as stated some 
months ago in the Railroad Gazelle, that Itotli the danger and safety errors 
for the single concentration system are fully twice as great as those for the 
equivalent uniform load system, in comparison with the so-called exact 
method of wheel concentrations. 1 do not think it possible to establish 
a uniform load with either single or double concentrations that would be 
practically equivalent to a load consisting of two locomotives followed by 
a uniform load of cars. In one case that I investigated exhaustively l 
found that the danger errors ran as high as 5 per cent., as did also the 
safety errors. I find it to he impracticable to adjust the concentrations so 
as to he satisfactory for lxtth floor system and trusses, or for lxtth short and 
long plate-girder spans ; while tile equivalent load method gives practically 
exact results for floor systems and all plate-girder spans, and very close 
agreements for all truss spans, the longer the span the closer being the 
agreement.

I grant that all this does not prove the single concentration system to 
be a Itad one : and that if adopted it would cause serious errors in calcula
tions. In my opinion it is infinitely preferable to the heart-breaking method 
of wheel concentrations. But here is a point that you appear to overlook— 
the single concentration method requires just tun'cc as much figuring as 
docs the equivalent uniform load method. This ought to be evident when 
one remembers that we have in the former to find, first, the stresses for 
the uniform car load, then those for the concentrations and add the re
sults together, while in the latter we have to find the stresses for merely a 
uniform load given by a diagram.

I have already computed all the equivalents for the proposed "Com
promise Standard System of Live Loads," although the ballot is not yet 
closed. It is probable that I am safe in so doing, as thus far for one vote 
opposed there are seven or eight votes in favor of the system. The results 
of my computations are eminently satisfactory, showing as they do that 
the equivalent load method gives stresses identical with those given by the 
wheel concentration method for all floor systems and primary truss mem
bers of all spans, and for all plate-girder spans : and results practically 
identical for main truss members of all spans exceeding, say, 150 feet in 
length. For truss spans Mow 150 feet the errors are appreciable but bv 
no means excessive (not more than half as great as they would be by 
either the single or the double concentration method). Moreover, for 
these short spans the equivalent loads have been adjusted so as to maki 
most of the errors on the side of safety, while for spans of 150 feet and 
over the average for all main web and chord members has been taken, a- 
nearly as may be. Nor has there been any "juggling" in finding then 
equivalents.
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General managers of railroads, and even some chief engineers, when 
asked to adopt a single uniform load headed bv a single concentration as a 
standard live load for their bridges, are very liable to reply about as fol
lows:

“ Our standard consists of two engines each weighing------ pounds
distributed thus, followed hv a train of cars weighing —■—- pounds per 
lineal foot. Now I cannot see much similarity between vour promised 
load and ours ; and it can l>e shown that no single concentration or no two 
concentrations in the neighborhood of 50 feet apart combined with our 
uniform car load will give results agreeing at all closely for all s|>ans anil 
panels with those found by our standard." You reply, " W'hat matters 
this if the single concentration and uniform car load lx' assumed as a 
standard and used as such ? " I answer, that such a loading dix*s not 
satisfy me, Itecause 1 desire as a standard a loading that will correspond 
as nearly as practicable with the greatest loads produced by our trains, 
plus, of course, a reasonable allowance for contingencies and future in
crease in weight of rolling stock. Such a standard is the one we have 
been using ; hut I am willing to change it slightly, if necessary, in order 
to use one or more of the loads of any system adopted as a standard by 
the engineering profession, for the purpose of simplifying bridge de
signing. Again, as most bridge engineers claim that the concentrated 
wheel load system is extremely laborious, that it involves entirely unneces
sary refinement in figuring, that for any live load consisting of engines 
followed by cars a curve cm tie constructed which will give at a glance 
the equivalent uniform load for any span or panel, thus reducing greatly 
the labor of making computations, and that the variations by this method 
from the results given by the concentrated wheel load method are quite 
small, I am willing to specify that such a curve shall be used instead of 
the diagram of engine and car loads.

You say in your editorial, "The uniform load must be supplemented 
for short spans by certain arbitrary concentrations, but as the latter belong 
to short spans only, which will almost or quite invariably be built as plate 
girders the complication is not deemed an important feature of the system. 
The main point is the 'uniformity’ and the 'equivalents.' "

In reply to this I would state that the equivalent loads on my new 
diagrams apply to all spans from 10 feet upward, and that the curves 
Ihereon were computed for both the consolidation engines and the special, 
heavy axle loads. If any one desires to use a span or panel less than to 
feet long, it will simply be necessary for him to find the bending moment 
by the formula M = } IV I, where IV is the weight on one axle for the 
alternate heavy loading for very short spans, and / is the length of span. 
But it is very seldom indeed that any one will want to use a span or panel 
length as short as to feet. I cannot remember just now any such case in 
my practice. The necessity for using this formula for spans shorter than 
10 feet will be indicated clearly on the diagram.

Finally, I would state that I do not see why you believe that the equiva-
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Itnt uniform load method does "not fill the complete requirements of the 
case" and why you call tile method "irrational." I have shown repeatedly 
that it gives results agreeing for all cases with those found by the so-called 
exact method as closely as the most exacting practical man can require. 
As for the method being irrational, is it any more so than the single con
centration method, which in the first place calls for an absolutely impossi
ble loading, and in the second place involves (in common with the equiva
lent uniform load method ) an assumption that is theoretically incorrect 
—viz., that the loading is all concentrated at panel points, and that the 
panel point just ahead of the train receives no load whatsoever ?

If you will withhold your final judgment upon this matter of the 
equivalent uniform load method until you receive my next circular, which 
will contain my new diagrams of end shears and equivalent uniform loads, 
you may perhaps lie inclined to hxrk upon the method with more favor. It 
is my intention to publish later, in tabulated form, the results of the calcu
lations made in determining the equivalents for the proposed "Compromise 
System of Live Loads for Railway Bridges." and to show the variations 
from exactness involved by their use for spans up to 500 feet in length.

I thank you in advance for your courtesy in publishing this letter.

J. A. L. Waddell.

EDITORIAL.

MOVING LOADS FOB BAILWAT BRIDGES.

We print In «mother column of the present issue of “The Engineering 
Record" the comments of Mr. J. A. L. Weddell on our editorial of June 3d. 
We do not think that the subject warrants a treatment extended much 
beyond its present limits, but before closing our editorial opinions we 
shall make correction or answer to two or three points raised in Mr. Wad
dell’s letter, and give expression to views which were omitted in our issue 
of June 3d. Although it is extremely desirable that simplicity and uni
formity should be introduced into this division of railway bridge design, 
we apprehend that It is like a great many other simple and uniform things 
which are much to be desired, but which unfortunately are seldom or never 
realised, and we doubt very much whether further discussion will either 
develop new features "of the subject, or accomplish much in securing the 
desired end.

In the first three paragraphs of his letter. Mr. Waddell makes much of 
the fact that hie proposed equivalent uniform loads produce stresses which 
are but a few per cent, different from those caused by the actual engine 
concentrations and uniform train load. As nobody denies that point, we
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cannot see that any useful purpose is subserved by its constant reiteration. 
Indeed, it is a matter of very little consequence whether any assumed load 
gives results 2 or 5 per cent, more or less, or even 10 per cent, more than 
those caused by the concentrated load system, when it is borne in mind 
that the ordinary track irregularities and incidents of the motion of a loco
motive may produce variations represented by at least double the greatest of 
those percentages. If any system of assumed loading has no more to 
commend it than useless refinement it is not worthy of consideration, nor 
do we purpose to give any further attention to that point.

We infer from the present communication that Mr. Waddell has changed 
his proposed “equivalent uniform loads” in some rather material features 
from those given in his original paper, nor are we able to infer just what 
those changes are. We made the important point in our previous comment 
that any proper system of computation ought to provide either for a train 
of locomotives or for a pair of locomotives at any point in the train, and he 
states that his present proposed equivalent uniform loads provide for those 
conditions. Inasmuch as his original paper does not make any such pro
vision. it is a matter of some interest to learn just how this is accomplished. 
We also infer from his present communication that the extra loads for 
end shears for short spans, which were prescribed in his original paper, 
are now discarded in favor of a new system of equivalent uniform loads, 
inasmuch as he says that “the equivalent loads on my new diagrams belong 
to all spans from ten feet upward.” This is a distinct gain, and, although 
we did not in our former comment consider the old arrangement an essen
tial disadvantage to the system, it shows that further investigation of the 
original proposition has led Mr. Waddell to modify his position in at least 
that respect. That change of view prompts us to express an apprehension 
that a further consideration, or use, might suggest further changes in some 
features of the proposed load arrangements, and, if that is the case, a ma
terial portion of the supposed advantages will be, of course, purely 
imaginary.

One passage in his communication shows that he fails to comprehend 
one of the main points which we make in reference to the uniform load
with a single or double concentration at any point in it. He states that
the danger and safety errors for the single concentration system are fully 
twice as great as for the equivalent uniform load system. Now, as a mat
ter of fact, if the single or double concentrations are so taken as to repre
sent the total locomotive excess over the uniform train load of the same 
length as that of the two locomotives, there can be no danger error; the 
entire error is sure to be on the side of safety, and whether it is 2, 3, or 6 or 
7 per cent, is a matter of no real consequence, for the reasons which we have 
already stated. There is, however, another consideration bearing upon 
the single or double concentration method which is of far more weight 
than a matter of 2 or 3 per cent, variation from the standard stresses. We
do not believe that the engineering officials or managers of the railroads
of the country will permit themselves to be bound to any rigid system of 
prescribed loads, however ready the engineers interested may be to cast a 
ballot for it. It is not a characteristic of human nature to act along such 
smooth and well-defined lines. It would be most desirable to have a few 
fixed systems of loading, and we earnestly wish that result might be brought 
about, but we do not believe that it is feasible, or that railroad companies
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can be brought to the adoption of such rules for their bridge computation. 
We think, therefore, that it would be much better in every way to attempt 
to secure not absolute uniformity of loads, but uniformity of simple methods 
of computation which will leave every railroad or bridge engineer free to 
accommodate himself to the infinitely varied local circumstances under 
which he may from time to time be obliged to act. We do not believe that 
he can be induced to abandon individual features of loading to which he 
has been accustomed, or for which he may for hie own reasons have special 
preference, but we do think it quite feasible to induce him to permit those 
loads to be subjected to a uniform and simple method of treatment in the 
necessary computations for his bridge design; and, if there is any other 
way or any better way than the uniform train load headed by or containing 
one or two concentrations which represent the locomotive excesses, we have 
not heard of it, but shall be very glad to endorse it if some one will bring 
it to public notice.

It is a fundamental error to state that such a system of loading neces
sitates just twice the labor of computation required by the equivalent uni
form load, and we are surprised that Mr. Waddell should have fallen into 
such an error of statement, although double the labor involved in the com
putation for a uniform load is too small a matter in connection with this 
question to be of any importance. We maintain that the equivalent uniform 
load method fails to fill the complete requirements of the case, for the 
reasons we have already stated in considerable detail, and it is irrational, 
because under its assumed character it does not give the results implied by 
its name and its treatment.

Extract from Tltc Engineering Record of July 29, 1893.

STANDARD LIVE LOADS FOR RAILWAY BRIDGES.

To the Editor of The Engineering Record.

Sir : In accordance with a promise made a short time ago in one of 
my communications on the subject of "Standard Live Loads for Railwax 
Bridges." I herewith present to the engineering profession the results of 
the calculations made in computing the equivalent uniform loads for the 
proposed ‘ compromise standard,” together with certain deductions ob
tained therefrom by means of some auxiliary computations. All of the 
calculations referred to were made by my assistant. Mr. Ira G. Hedrick 
and were checked by other computers. The computations for determining 
the curves of the equivalent uniform loads received an additional check 
by the plotting, because the curves are so regular that an error as small 
as five pounds per lineal foot could be readily detected by the eye ; and, in
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fact, several small errors were thus found before the check by independent 
figuring was made. These curves, and those for total end shears on plate- 
girder spans, are soon to be published for distribution, and 1 hope that you 
will see fit to reproduce them in full size in your paper.

On account of an editorial statement in The Engineering Record to 
the effect that a constant car load |x-r lineal f<xjt combined with a single 
concentrated load, properly determined, will produce stresses agreeing as 
closely with those found by the so-called exact method of wheel concentra
tions as do stresses found by the equivalent uniform load method, Mr. 
Hedrick, at my suggestion, continued his calculations so as to settle con
clusively the correctness or incorrectness of this claim. Because of our 
having on hand the calculations for the equivalent uniform loads, we were 
well equipped for making the necessary investigations without the expend
iture of an undue amount of labor. In dealing with the single and double 
concentrated load methods, we have endeavored to be perfectly fair ; and 
have done our best in determining the values of the concentrations to ob
tain results agreeing as closely as possible with the theoretically correct 
ones. Should anyone think that he can make a l>etter showing for the 
single or double concentrated load method than we have done, the results 
of our calculations of stresses by wheel concentrations will he placed at his 
disposal ; and he can rely on their correctness, for they have been most 
thoroughly checked. However, I shall make some deductions presently 
which will nullify the effect of any unfavorable determination of the values 
of the concentrations, and eliminate entirely what may be termed the “per
sonal equation” in our computations.

Our curves were prepared as follows : For truss spans the shear and 
moment for every panel of the too-foot, 150-foot. 200-foot, 250-foot. 300- 
foot, 400-foot and 500-foot spans were computed by the concentrated 
wheel load method for both Classes "Z” and "V” (the extremes), and the 
equivalent uniform loads were determined therefrom for each diagonal 
and chord section, after which the average of these for each span was taken 
for plotting the curves, except in the case of the ioo-foot spans, where the 
equivalent uniform loads were made a little greater than the average. 
After plotting the curves for Classes “Z” and “U,” those for the inter
mediate classes were interpolated very accurately by determining the end 
shears. It was found, as was anticipated, that a direct average interpola
tion gave correct results.

Next the curves for equivalent uniform loads and total end shears for 
plate girder spans of all classes were computed by the exact method and 
plotted.

We next took up the consideration of the single concentration method, 
confining our attention entirely to the extreme classes—viz., “Class Z” and 
“Class U,” although, by the way, a “Class T” has since been added (for
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floor systems and primary truss members only), in order to include the 
loadings of one or two railway companies which are greatly anticipating 
future increase in weights of rolling stock.

The first step was to find for each main diagonal,and each chord section 
of the 150-foot, 300-foot and 500-foot spans the single concentrated excess 
load, which, in addition to the uniform car load, would produce the same 
shear or moment as that found previously by the wheel concentration 
me hod. These excesses for each span were then averaged, and, finally, 
the average of these averages was taken as the most nearly correct excess 
load for main truss members. The results were respectively for Classes 
“Z” and “U," 39,372 pounds and 88,368 pounds.

Next the average single concentrations for all plate-girder spans be
tween 20 feet and 100 feet for Classes “Z" and “U" were determined and 
found to be respectively 24,577 pounds and 51,750 pounds. Considering 
that the floor system is fully as important as the trusses, we thought it 
proper to average these last concentrations with those found for main 
truss members in order to determine the final single concentration for each 
class, making the final concentrations respectively for Classes “Z” and 
“U” 32,000 pounds and 70,000 pounds.

Applying these to both floor systems and trusses, we found the errors 
so great that it proved conclusively that no single concentration can be 
assumed ivhich combined with the constant car load will give results that 
even approximate to those found by the concentrated wheel load method. 
For instance, in Class “Z" the greatest floor system error was 21.6 per 
cent, on the side of safety, and in the trusses of the 150-foot span the errors 
on main diagonals and chords varied from 8.1 per cent, safety to 3.1 per 
cent, danger, while for the too-foot span the showing would have been 
even worse. For Class "U" the errors for floor system ran as high as 36 
per cent., and those for main members of the 150-foot span varied from 
7.3 per cent, safety to 4.3 per cent, danger.

Clearly, there was nothing to be done except to adopt one concentration 
for the floor system and primary truss members and another for the main 
truss members. After considerable deliberation we decided upon the fol
lowing concentrations :

For Floor
Systems, etc.

For Main
Truss Members.

n— 7 25 oc» pounds
30000 "
3SOOO “
40 000 “
45 000
50 000 “

40 000 pounds
50000 “
60000 "
70000 “
80000 “
90000 "

“ Y......................
“ X.............................................
“ W.............................................
« V.............................................
“ u......................
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It was found, however, that in computing end shears for plate-girder 
spans it is necessary to employ the truss concentrations instead of the floor 
system concentrations.

By using these tabulated concentrations there were found the percent
ages of error shown in Tables I., II. and III. in the columns headed “Sin
gle Excess System.”

The percentages of error in these tables under the headings “Equiva
lent Uniform System” were determined by reference to the calculations 
made in preparing the curves of equivalent uniform loads.

We next passed to the consideration of the double concentration sys
tem, and after some extensive calculations and due deliberation, deter
mined upon the following excesses as being the best to use, placing them 
50 feet, or two assumed average panel lengths, apart : Class “Z,” 25.000 
pounds ; Class “Y,” 30.000 pounds ; Class “X,” 35.000 pounds ; Class “XV,” 
40.000 pounds ; Class ** V,” 45.000 pounds ; Class “U,” 50,000 pounds. By 
using these we determined the percentages of error in Tables I., II. and 
III. under the headings “Double Excess System.”

A study of Table I. shows that the equivalent uniform load method is 
much more accurate for main truss members than either the single or the 
double concentration method; and referring to Table II. we see that while 
the equivalent uniform load gives exact results (or as nearly so as a due 
consideration for regularity in the curves will permit), both of the other 
methods, especially for short spans and stringers of ordinary length, give 
large errors, notwithstanding the fact that we have adopted different con
centrations for floor systems and trusses.

In order to eliminate the “personal equation” entirely in comparing the 
three methods, Mr. Hedrick has prepared Table IX'.* in which for each 
span considered and for both Class “Z” and Class "U,” he has collected 
the greatest summations of percentages of error for both chords and webs, 
counters being ignored. When the extreme errors are of opposite kinds 
their arithmetical sum is taken, but when they are of the same kind their 
arithmetical difference is taken in determining the “summation.” A study 
nf Table IX'. shows that, as far as chord stresses are concerned, there is 
hut little to choose from between the three methods, but that in resect to 
vveb members the equivalent uniform load method is very much more 
accurate than either the single excess or the double excess method.

Summarizing, it is evident that we have proved the following :
1. The equivalent uniform load method gives stresses, for all bridges 

f types sanctioned hv the lx*st modern practice, agreeing sufficiently well 
for all practical purposes w ith those found by the concentrated wheel load 
method.

•As all essential results of Mr. Waddell’s compilations are given in Tables 
1.-II1., press of other matter compels us to omit Table IV. [Ed. of Eng. Record.]

N. B.—Table IV is given on page 4S6 of this book. J. L. H.



Table Showing Percentages of Errer in Stresses Found by Equivalent Uniform. Single Excess, and Double
Excess Methods of Loading.

Length. Chord Members. Web Members.

CLAM Z. Class U.

Equivalent
Uniform

Single Double
Excess

Equivalent
Uniform

Single Double
Sy*Mem

Batter Brace. OQ Danger. 4.6 Safety. 0.9 Safety. 1.8 Danger. 7-5 Safety. 1.2 Danger.
ist M. Diagonal. 6.1 Safety 20.2 8; 4.5 Safety. 53 Safety

mo Ft. ist Counter. 19 9 390 135 66.0 390
ist Top Chord. 37 9.6 09 49 150 0.8
Bottom “ 0.9 Danger. 4.6 0-9 1.8 Danger. 75

Batter Brace. 1.6 0.1 Danger. 0.9 17
ist M. Diagonal. 0.1 43 Safety. 3 1 Safety. 0.6 6.0 1,3 Safety.
2d 3 2 Safety. 12.6 9-0 153 6.0
ist Counter. 30 l 17 0 7.2 350 12.8

ist Top Chord. “ 2.8 1.7 0.6 25 14
2<l “ “ 1,1 2.6 2.6 4 7 1.6
Bottom “ 1.6 1.1 Danger. 0.9 17

r Batter Brace. 1.1 0,3 Danger 0.2 0.8 Danger. 1-7
1st M. Diagonal. 1.0 07 Safety. Safety. 07 1,3 Safety. 0-3
2d 0.5 34 3.4 28 2.6 0.1
.id o.8 Safety. 7-8 6.7 1.3 8.0 41 Safety.

200 Ft. ist Counter. 19 l8.7 14.6 2.6 Safety. 20.7 II.O
>d ii 8 35 5 22.2 75 40,1 170

ist Top Chord. 04 0.4 0.9 07 0.1 13
2.1 “ 0-7 07 0-7 1.6 “ 1.1
,*i - o.6 0.6 2.2 “ 17 1.4

Batter Brace. o.8 Danger » 4 1 >anger. 0.3 04 1,3 Danger. 1.5
ist M. Diagonal. 0.9 04 05 Safety. 0,3 Danger. 0.3 0.7
2d 0.9 09 Safety. 17 1.3 0.8 Safety.
.id 0.9 25 3 1 2.1 “ 2-7 Safety.
4th 0,3 55 5-5 24 S9 31

250 Ft. ist Counter. 19 Safety. "l 99 1.4 11.8 6.8
2d 59 209 170 1.7 Safety. 22.9 130

ist Top Chord. 04 “ 0.2 0.8 0.6 1.1 15
2.1 “ 0,5 0.1 0.6 0.6 13
id “ 07 Safety. 0,5 t.6 “ 1.2

.mg, r. .itiR, r.

■

Safety —

1 ^LbE I—Continued.



0.1 * I 06
0.1 Safetv. I 0.5
0.1 Hanger.! o. 1 Danger.

1.6
0.6 ”

o.i Safety
12

TAHLE I—Continued.

A Chord Me

Class Z. Class U.

Web Members. Equivalent
Uniform Excere È5ÜT Equivalent

Uniform
Single sÜË

Batter Brace. 0.4 1 )anger. 1-4 Danger. 0-3 Danger. 0.7 Safety. 1-5 Danger. 1-3 Danger.
1st M. Diagonal. 0.6 0.9 Safety. 0.8 0.8
2d 0.6 0-7 03 05
3d 0.9 0.8 Safety. 1.8 1-5 0.6 Safet>. 0.1 Safety.
4th 29 23 19 1.0
5th 0.7 4- * 47 2.8 41 25

Ft. 1st Counter. 0.4 Safety. 75 7-5 3-0 74 47
2d 1-9 1-25 11.2 2-5 12.9 8.0

1st Top Chord. 0.1 0.1 0.7 Safetv. 14 1-4
2d “ 0-5 Safety. 0-5 04 Safetv. 1-4
3d “ 0.7 0-3 0.4 1.6 0.6 0.9
4th “ 0.7 0-3 03 1.8 0.4
5th - 0.6 0.4 Danger. 18 03 1-3

Batter Brace. 0.1 13 0-3 0.7 15 1.1
1st M. Diagonal. 0. j Safety. 0.4 1.2 0.8
2d 0.4 0.7 04 0.2 Danger. 1.0 0.7
3d 0-3 0.8 0.8 0.7 OS
4th o.H Safet '. 14 03
5>h 0.9 0.6 1.8 03 Safety. 0.3 Safety.
6th 14 25 2.6 0.9
7th 2-5 3-5 3-2 2-3 1.8
1st Counter. 0.8 4-1 50 •• 39 36 2-7

Ft. 2d 0.7 6.0 6.6 47 5.6 40
3*1 13 Safety. 105 10.5 49 9.0 6.1

1st Top Chord. 0.1 0.1 0.7 Safety. «•5 Danger. 1.2
2d 0.3 0.9 Safety. 0.8 14 1.1
3<1 “ 0.6 0.7 0.9 13 1.1
4th “ 0.6 0.6 13
5th “ 0.6 0.6 14 0.9 0.9
6th “ 0.6 0.6 1-4 0.8 09
7th “ 0.6 0.6 1-4 0.8
Bottom 01 Danger. 1-3 0.3 07 1-5 1.1
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.



TABLE II.
Table Showing Percentages of Error in Moments at Centers of Plate-Girder Spans Found by Equivalent Uniform,

Single Excess, and Double Excess Systems.

CLASS 2. CLA-U.

LENGTH. Equivalent
Uniform

System.
Kjp Equivalent

Uniform SB Double

15 Feet. None. 14.0 Safety. 14.0 Safety. None. 19.9 Safety. 19.9 Safety.

20 “ 44 7.8 7.8 - “ 11.8 “ 11.8 44
25 “ * 4.2 42 44 “ 53 5-3 44
30 “ •4 2.1 44 2.1 - - 1.2 1.2 44
35 “ " 07 “ 07 “ « 1.3 Danger. 1.3 Danger.

40 “ - 0.5 “ 0.5 44 44 23 2-3 44
45 “ “ 0.3 “ 0.3 " 44 2.8 2.8 44

50 “ “ 0.0 0.0 44 3-2 3-2 44

60 “ - 0.4 Danger. 0.4 Danger. 44 27 “ 27 44

70 “ “ 0.1 Safety. 0.1 Safety. 44 2.2 44 2.2 44

80 “ 44 0.0 0.0 44 1-9 44 1-9 44
90 44 “ 0.1 Danger. 0.1 Danger. 44 17 17 44

,00 “ * 0.9 0.9 .2 1.2

TABLE III.
Table Showing Percentages of Error in End Shears Found by Equivalent Uniform. Single Excess, and Double
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TABLE III.
Table Showing Percentages of Error in End Shears Found by Equivalent Uniform, Single Excess, and Double

Excess Systems.

Length.

c—z. CLASS U.

Equivalent
Uniform iïîSl

System.
Double
^Excess

Equivalent
Uniform Single

15 Feet. None. 1.9 Safety. 22.5 Danger. None. 454 Safety. 3-0 Danger.
20 “ “ 6.0 “ 16.7 .13-3 10.0
25 “ “ 7.6 “ 13-2 - 22.8 - 12.3 -

.10 “ “ 5-8 “ 12.8 - 18.1 - 13-3 -

35 “ “ 2.8 “ 13.9 “ - M3 - 143 -

40 “ 1.7 “ 138 “ 12.0 “ *4-4 -

45 “ 0.7 “ 13-5 10.5 14.1 -

50 “ 0.6 “ 12.5 “ “ 9-5 13-5 -

60 “ 0.5 7.8 “ - 79 8.4 -

70 “ 44 1.5 Danger. 6.8 “ * 4-0 - 7-6 -

80 “ “ 3-2 6.6 “ “ 0.7 7-9 -

90 w “ 43 6-4 14 1.5 Danger. 8n

100 “ “ 5.. “ 6-4 “ 27 79 -
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2. That tlivre is no combinat ion of a constant car load per lineal foot 
and a single concentrated load which will give for all members of trusses 
and floor-systems, stresses which will agree even approximately with those 
found by the concentrated wheel load method.

3. That even if for any system of loading two separate single con
centrations be adopted, one for floor systems and the other for main truss 
members, the said single concentrations cannot be adjusted so as to give 
resuLs agreeing sufficiently well for practical purposes with those found 
by the concentrated wheel load method.

4. That if two engine excesses placed about fifty feet apart at panel 
points be adopted in connection with a constant car load per lineal foot, 
the stresses obtained thereby in members of floor systems and trusses do 
not agree sufficiently well for practical purposes with those obtained by 
the concentrated wheel load method.

The present status of this question of equivalent live loads for railway 
bridges is as follow s :

1. The great majority of bridge engineers are in favor of abandoning 
the cumbersome method of concentrated wheel loads, and of substituting 
therefor some easy method which will give results practically identical 
with those found by the said concentrated wheel load method.

2. Of those bridge engineers endorsing this change, the great ma
jority are in favor of adopting what has been termed the “Equivalent Uni
form Load Method." involving the use of curve diagrams : the minority 
preferring the "Single Concentration with Constant Car Load Method.” 
or, for short, the "Single Concentration Method ”

3. It appears front the correspondence which 1 have had that many 
of the gentlemen who favor the last mentioned method do so principally 
because the loadings can Ik* easily retained in the mind. They all ap
peared to think it practicable to establish, instead of any system of engine 
and car loads, a single concentrated load, which combined w ith a constant 
car load per lineal foot, will give practically equivalent results for all mem
bers of all spans. None of them claimed to have proved this; so, now 
that I have shown it to Ik* ini]x)ssib1e. they may favor the "Equivalent 
Uniform I-oad Method.”

4. The principal reason why the "Equivalent Uniform Load Method” 
is preferred by a large majority of bridge engineers is because the work 
in making stress computations by its use is only half of that involved in 
making them bv either the single or the double concentration method, and 
only a very small portion of that involved by the elaborate method of wheel 
concentrations.

5. A large majority of those railroad engineers who are interested 
indirectly m bridges are willing to concede to bridge engineers in this
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matter of the substitution of an equivalent loading for that of wheel con
centrations, provided they can he sure that the results obtained by the said 
equivalent loading agree closely enough for all practical purposes with 
those found by the “Concentrated Wheel Load Method." And it appears 
by the balloting that railroad engineers in general are greatly in favor of 
the “Equivalent Uniform Load Method."

I11 view, therefore, of the preceding, it does not appear unreasonable to 
conclude that the engineering profession is about ready to

1. Adopt a system consisting of a few standard train loads instead of 
the almost innumerable ones now in use ; and

2. Employ equivalent uniform loads instead of the wheel concentra
tions and car loads of the “Standard" for computing stresses in bridges.

Very respectfully yours,
J. A. L. Waddell.

EDITORIAL.

We do not desire to enter into a controversy in regard to this matter 
for the simple reason that the game is not worth the candle. Mr. Waddell 
has shown a commendable zeal in his persistent attempt to displace the loco
motive concentration system of loading by something better. We agree 
with him in everything except his conclusions regarding the single (or 
double) concentration system of computation. Apparently he has used the 
same concentration for all lengths of span below one hundred feet. It 
would be difficult to suggest a more erroneous or even grotesque method 
of application of the single concentration method. Obviously a short plate- 
girder span ought not to have a concentration in addition to its uniform 
load greater than the actual total locomotive load that can be placed on it; 
yet unless we quite misunderstand what Mr. Waddell has done, his results 
include a number of such absurdities, using that word in its logical sense. 
We fear, therefore, that the effects of the “personal equation” have not 
been entirely “nullified.”

Percentages of variation of the results for the pin spans for the differ
ent systems of computation, even with the values taken by Mr. Waddell, 
do not differ essentially from each other, except in the matter of the counters 
and one or two adjacent small web members, and such differences are of 
no practical consequence. Hence his “conclusions” regarding the uniform 
load with one or two concentrations are not proved; indeed, they are with
out any real foundation whatever. It has been most conclusively shown 
that the so-called “equivalent loads” will give results near enough to the 
ideal for all practical purposes, but that is all. This we have never denied; 
it was evident without so much figuring. We have never made as a 
“claim” the observation that the single system with uniform loads would 
give as accurate results as the equivalent uniform loads, although we be
lieve there is practically no difference, and nothing has yet been shown to 
the contrary. On the other hand, we have distinctly claimed that any pos-
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sible difference between the two system», in thle reepect, I» of no conse
quence, end we still make that claim.

Again, we have frequently observed that any proper system of computa
tion should provide for the locomotives running et any point In a train, 
and Mr. Waddell has said that hie "equivalents" provide for that condition 
of loading. From the explanation of his tables it does not appear clearly 
that thle has been done. We notice that Mr. Waddell again falls Into the 
error of etating that tL labor of computation of the single concentration 
method is twice that required by the method of uniform loads. It scarcely 
seems necessary for us to repeat our denial of that statement, but the evi
dent error lies In the fact that the labor required by a single load computa
tion Is to thst required by a uniform load approximately as unity Is to the 
number of panels in the span contemplated.

Finally, the wholesale Interpolations between the classes “1" and “U" 
do not seem to us to be the beet way of getting cloee values for such a 
wide range of computations, although we do not suppose the resulting 
errors are very great.

Extract from The Railroad Gazelle of August 25, 1893 :

STANDARD LIVE LOADS EOR RAILROAD BRIDGES.

Kansas Citv, Mo., Aug. 11, 1893 
To the Editor of The Railroad Gazelle.

In your issue of July 28 you published, in direct sequence to a pajur 
of mine on the "Live Load " question, some editorial comments thereon by 
the Engineering Record. Now, I ask you to publish simultaneously with 
the Engineering Record the following answer to their editorial comment- :

This idea of using a single or double concentration in connection with 
a constant car load |ier lineal foot, as an equivalent for a train load of two 
locomotives w ith cars, lias been held by a small minority of engineers in
terested directlv <0 indirectly in bridge designing, and lias acted as a 
stumbling block in my path ever since I undertook the investigation. 
It seems to me that I have proved conclusively that there is not a single 
point in favor of using the "Concentration System" (either single r 
double), and that it is inferior in every respect to the "Equivalent Uniform 
Load System."

The only idea ever advanced which showed any good reason for adu: 
ing the single or double concentration system is that an engineer having 
no I looks or jiapers at hand could carry in bis mind such a simple loading 
as, for instance, a car load of 3,000 pounds |ier lineal foot combined with a 
single concentration of 30,000 |>ounds, while he could not remember the 
equivalent loads for the various spans. My latest investigations and the 
discussions thereon, however, have brought out tile fact that, as far is
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floor systems and plate girder spans arc concerned, the concentration must 
vary for each span length, consequently the benefits to be derived from the 
supposed simplicity of the loading vanish.

J. A. L. Waddell.

. Kansas City, Mo., August 11. 1893.
To the Editor of The Engineering record:

Sir—Your editorials of July 8 and 29 on the subject of “Moving I^oads 
for Railway Bridges" place me in a false position; therefore 1 trust that 
you will permit me to reply to them in your columns.

In your editorial of June 3 upon the same subject you write thus :

“A uniform load with a single concentration at its head or at any point 
can be made to cover every possible supposition of loading or length of 
span without any juggling with an equivalent device and with approxi
mations at least as close to the ideal concentration stresses as those of the 
equivalent uniform loads and possibly more so."

It was this statement which induced me to make the calculations and 
write the letter that appeared in your issue of July 29, in which 1 showed 
the said statement to Ik* incorrect.

Now in your editorial of July 29 you remark as follows :
"We have never made as a ‘claim* the observation that the single 

system with uniform loads would gi\c as accurate results as the equiva
lent uniform loads, although we believe there is practically no difference, 
and nothing has yet been shown to the contrary. ( )n the other hand, we 
have distinctly claimed that any possible difference between the two sys
tems, in this respect, is of no consequence, and we still make that claim."

It seems difficult to reconcile these two editorial statements.
Again, referring to the first quotation here given, is not any reader 

ustified in assuming that the "concentration" which you endorse is in- 
n nded to be a constant for each train load ? If not. why the reference to 
there being "no juggling with an equivalent device ?" But. judging bv

itr editorial of July 29, you have concluded that it is necessary to vary 
the value of I he concentration with the span length for floor systems and 
plate girder spans. It seems to me that this requires what you term 

juggling."
My latest investigations have shown the following :
First.—That the concentration method will not give satisfactory results 

1 r end shears on plate girder spans. (See Table III., p. 567. Engineering 
h cord.)
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Second.—That if the concentration method be adopted for moment 
computations for floor systems and plate girder spans it will be necessary 
to vary the value of the concentration for each length of span.

Third.—That if the concentration for trusses be taken as constant for 
any one loading, the variations from exactness for main web members 
will be in general from two to ten times as great as the corresponding 
variations from exactness caused by the use of the "Equivalent Uniform 
Load Method." This was shown very clearly in Table IV., which, unfor
tunately for my side of the question, you did not find space to insert in 
your issue of July 29. As it bears upon the subject in hand, I shall ask 
you to be so kind as to insert it here, together with the following short 
explanation that I gave as to how it was prepared :

“In order to eliminate the 'personal equation* entirely in comparing the 
three methods. Mr. Hedrick has prepared Table IV., in which for each 
span considered, and for both 'Class Z* and 'Class V,’ he has collected the 
greatest summations of percentages of error for both chords and webs, 
counters being ignored. When the extreme errors are of opposite kinds 
their arithmetical sum is taken, but when they are of the same kind their 
arithmetical difference is taken in determining the ‘summation/ A study 
of Table IV. shows that, as far as chord stresses are concerned, there is 
but little to choose from between the three methods, but that in respect to 
web members the equivalent uniform load method is very much more accu
rate than either the single excess or the double excess method.”

TABLE IV.

Table showing variations in percentages of error, as given by equivalent 
uniform, single excess, and double excess systems.

Length,J Members

Clash Z. Class V.

Equivalent
Uniform
System.

Single

System.

Double Equivalent
Uniform

System.

Double

System.

inn ft ( Chord. 4-6 SO 6.7 7-5 0.4
• | . Web. 7.0 156 7.6 (•..I ■a; 6.5

150 ft. j ! Chord. 14
• Web. 48 12.7 9.1 2.5 I4.4 77

Chord. 0..3 0-3 i 5 1.6 0.4
) i Web. 1.9 8.9 7.0 2.6 97 5-8

250 ft. Chord. 0-3 0.3 0.9 13 1.4 0.3
# Web. 0.6 6.0 5-8 2.8 7-2

Chord. 0.8 0.8 0.5 0.5
■ » Web. 0.6 5.5 5.0 35 5-6 .18
400 ft.t Chord. 0.5 0.5 0.3 0.7 0.7 0.3

1 ' Web. 1.0 3-8 3-8 39 39 2.9
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Now. supposing that the Single Concentration System were adopted, 
let us see what it would be necessary to do.

First.—A diagram of total end shears such as I have prepared for the 
"Equivalent Uniform Load System” would have to be used ; because for 
end shears on plate girder spans no satisfactory results can he found by 
either the "Single Concentration System” or any other "equivalent" sys
tem of loading.

Second.—For moment computations for floor systems and plate girder 
spans it will be necessary to have a table or diagram to show how the 
value of each concentration varies with the span length. Then to find the 
bending moment at mid-span it would be necessary to apply the formula 
M' — J Cl where C is the concentration and / the length of span, and the 
formula .1/" - i tv/-, where tv is the constant car load per lineal foot, then 
add the two results thus, M — M* -|- M" — total bending moment due to 
live load. In comparison with this process, that for the "Equivalent Uni
form Load System” appears very short. It consists simply in finding from 
the diagram the value of tv', the equivalent uniform load per lineal foot, 
and substituting it in the equation

>/ — 1
Now as far as the floor system and plate girder spans are concerned, does 
not this verify mv statement that the amount of computation required by 
the "Single Concentration System” is double that required by the "Equiva
lent Uniform Load System,” even if the value of the concentration were 
constant ?

Again, does it not appear absurd to figure moments by the use of, first, 
a variable concentration, and, second, a constant car load ; then add the 
results together, when the final result can be obtained by a single computa
tion, using the variable equivalent uniform load per foot given by a dia
gram?

As for the use of the ‘‘Single Concentration Method” for trusses, I 
admit, and have heretofore admitted, that although by no means as accu
rate as the ‘‘Equivalent Uniform Load Method,” it is nevertheless good 
enough for all practical purposes, especially as its errors can, if desired, 
be all made to lie on the side of safety.

But, again, why do double work in computation? And this brings me 
once more to one of the main points on which we differ. You have twice 
contradicted my statement that the "Equivalent Uniform Load Method” 
requires only one-half the figuring that the "Single or Double Concentra
tion System” does. I have just proved the correctness of this statement as 
far as floor systems and plate girder spans are concerned. It therefore 
remains for me to prove it for trusses.

Let us divide trusses into two groups, those with parallel chords and
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those with broken top chords, and assume for convenience what in general 
is true, viz., that the panels are of equal length. In the first case the 
stresses are usually found by formulae, and in the second case by graphics. 
In the first case, when the “Single or Double Concentration System" is 
adopted, the stress in each diagonal, post, and chord section must first be 
calculated by formula for the uniform car load, and afterwards also by 
formula for the concentration, after which the results are to be added to
gether ; while, when the “Equivalent Uniform Load System” is used, the 
stress in each member is found at once by formula, using an equivalent 
uniform load given bv diagram instead of the car load employed in the 
first mentioned method. Is it not evident that fully twice as much work is 
involved by the former method as is involved by the latter? Let us take a 
practical case for example, viz., the diagonal in the u'th panel of an n 
panel truss. By the “Single Concentration Method" the stress is found by 
the formula

»' (»'+O , .s = - ze I sec o 4- C sec e
2 n n

while by the Equivalent Uniform Load Method it is given by the formula

iT (V r i )
s = —----------iv' / sec e

211

As these formulae are standard, there is no need to explain the mean
ing of the terms.

Now for the case of broken top chords. Using the “Concentrated Load 
Method,” the stresses arc first found graphically by one operation for the 
inclined end posts, and all the chord sections with a uniform car load over 
the whole span ; then also by graphics the stress for each chord member 
from the concentration, which must occupy a different position for each 
panel length of either chord ; and finally the advancing load web stresses 
are found graphically for the combined uniform car load and concentra
tion.

In using the “Equivalent Uniform Load Method." the stresses on in
clined end posts and all chord sections are found graphically by one opera
tion for an equivalent uniform load over the whole span, and afterwards 
the advancing load stresses on web members are found graphically by 
employing the same equivalent uniform load. Now, although in either 
case the work of computing web stresses may be shortened materially h\ 
employing the method of an assumed end reaction, which I proposed it 
try paper on “Some Disputed Points in Railway Bridge Designing.’ 
nevertheless it will be found from actual experience that the shifting of th< 
concentration for each chord section (especially where two concentration 
are employed ), will add so much to the labor of computation that the total
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3mount thereof will be for the “Concentration System” fully twice that 
required for the “Equivalent Uniform Load System.”

In your editorial of July 29U1 you make a statement which appears to 
me very curious. You say, "But the evident error lies in the fact that the 
labor required by a single load computation is to that required by a uni
form load approximately as unity is to the number of panels in the span 
contemplated." Do you mean to say that in a twenty-panel bridge, with a 
broken top chord, it will take twenty times as much labor to compute all 
the chord and web stresses due to a uniform load per lineal foot as it 
would to compute all the chord and web stresses due to a single concen
trated load which has to be shifted from one panel point to another, not 
only for each web stress, but also for each chord stress?" If you will 
tackle the actual problem you will find that the single concentration will 
involve quite as much figuring as will the uniform load per lineal foot.

In both of your July editorials you place considerable importance upon 
the fact that cars should precede as well as follow the engines in deter
mining stresses in chord sections, and raise a doubt about my having 
taken account of this, so I shall now explain in detail my method of com
puting the equivalent load of any span.

I first find the moment for each chord section by the exact method of 
wheel concentrations, but placing cars ahead as well as following the loco
motives, and for each moment thus found 1 compute the equivalent uni
form load ; then by the same exact method, but with no cars preceding the 
locomotives, I calculate the shear on each web member and determine the 
equivalent load therefrom. Finally, 1 take the average of the equivalents 
thus found for all chord and web members of the span as the equivalent 
uniform load for that span. The effect of considering cars preceding, as 
will as following the locomotives, is to give a better agreement for the 
"Equivalent Uniform Load System" than would have been found by hav
ing no cars ahead of the locomotives.

But why quibble over such an unimportant matter as this—you, espe
cially, who make so little of large variations from theoretical exactness ! 
That the whole subject is of no practical importance can be readily seen by 
an inspection of Table I. on p. 135 of your paper. Look at the errors in 
chord stresses for all three methods of computation and see how small 
they are! In “Class Z" the average errors for all the chord sections of all 
the spans given in that table are only 074 per cent, for the “Equivalent 
Uniform Load Method," 1.28 per cent, for the “Single Excess Method,” 
and 0.41 per cent, for the "Double Excess Method” ; and, what is still 
1-lore to the point, there is very little variation from these averages, the 
errors occurring with surprising regularity and uniformity. In “Class U” 
many of the errors arc about twice as great as those for “Class Z," but 
'Iill very small. Is it not evident, therefore, that in deciding about the



490 COMPROMISE. STAS DARD SYSTEM.

merits of the different systems chord stresses are out of the question, and 
consequently that your insinuation that I have ignored the effect of cars 
preceding as well as following the locomotives would he without force 
cren if it were true?

In your editorial of July 8th you say : “We also infer from his present 
communication that the extra loads for end shears for short spans, which 
were prescribed in his original paper, arc now discarded in favor of a new 
system of equivalent uniform loads, inasmuch as he says that “the equiva
lent loads on mv new diagrams belong to all spans from io feet upward."

The changes in this particular which 1 have made since writing un
original paper arc simply the adding of certain very heavy alternative axle 
loadings o my proposed standard, and the plotting of the exact end shears 
on a diagram instead of indicating them approximately by a rather awk
ward formula. I am a firm believer in the principle that a change in the 
right direction is always in order, and am only too glad to receive from 
other engineers suggestions which will effect improvements in my work.

In conclusion I desire to say a few words of comment on the closing 
remark of your last editorial, viz. : "Finally, the wholesale interpolations 
between the classes ‘Z’ and ‘U’ do not seem to us to be the best way of 
getting close values for such a wide range of computations, although we 
do not suppose the resulting errors arc very great.”

This, Mr. Editor, is “the most unkindcst cut of all.” You have never 
even seen my curves, and you have not investigated at all concerning the 
exactness of the interpolation. When I tell you that Mr. Hedrick and I 
checked and counterchecked tVe results of the interpolation without find
ing any error which would be appreciable on the diagram, you will under
stand that this adverse criticism was uncalled for.

I regret exceedingly the unfavorable comments which you have given 
my work on the subject of “Standard Live Loads for Railway Bridges" 
and “Equivalent Uniform Loads,” because any editorial utterance from 
such a high authority as your paper inevitably carries great weight, and 
the result will be to block me, at least temporarily, in this arduous task 
that I have undertaken solely in the interests of the civil engineering pro
fession. Had you shown me to be in the wrong in a single point, I would 
most gladly have acknowledged my error ; for I am one of those who, in 
scientific discussion especially, do not believe in arguing for mere argu
ment’s sake, or to maintain one’s point after convincing reasons to the 
contrary have been advanced. But in this case I see no cause to withdraw 
in the slightest degree from any position that I have taken.

Thanking you, Mr. Editor, for your courtesy in publishing this letter
I remain, X7 ..Very respectfully yours,

J. A. L. Waddell.
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INTRODUCTORY NOTES.

The stresses caused by the impact of a moving load may be very small 
or may be approximately as great as those produced by the load when 
statically applied, but we arc still very much in the dark regarding the 
laws of variation. We know that the impact stresses due to a locomotive 
coming upon a small or light bridge at a high rate of speed are very great, 
and that they decrease materially as the span increases in weight and 
length. We know also that the stresses increase with the speed of the train, 
but the ratio of increase is undetermined.

The moving load causes vibration as well as impact • and vibrations set 
up heavy but indeterminate stresses, the amount of which is dependent 
upon the speed of the train, the relation between the weight of the load 
and that of the structure, the forms of the members, the character of the 
details, and the design of the bridge as a whole.

When we think of these considerations and recall the facts that minor 
secondary stresses are not calculated, that the amount and frequency of wind 
stresses are almost unknown, and that there are great variations in the 
strength of the material '.it would seem that the proportioning
of the members of a railway bridge must be largely a matter of conjecture. 
But it must not be forgotten that we have had the opportunity to study 
for many years the action of bridges under load and to judge of their 
efficiency and durability. This opportunity has not been wasted, and the 
result is a substantial basis for judgment relating to permissible and 
economical stresses. As we have not established the laws of the variation 
nf stresses, we probably have not reached the true limit of economy in 
design; for good judgment dictates that we use ample metal to assure 
safety. We have, however, attained some idea of the variation, enough to 
enable us to establish formula? which probably bear some relation to the 
truth and enable us to simplify the labor of computing sections.

Kail way managers arc coming to understand the importance of exact 
knowledge of impact stresses, and are placing in the hands of their engi
neers the means and facilities for making tests. Tiie work has been carried 
->n very unsystematically so far, however, and the results are of correspond
ingly small value, but enough has been done to lend encouragement to the 
hope that some broad-minded management like that of the Pennsylvania 
Railroad Company will appropriate sufficient funds to conduct exhaustive 
tests and determine the laws of impact once for all.

Owing to the death of the general manager and a general change ip 
tli- officers of the railway, the proposed tests mentioned by Dr. Waddell in

541
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Dr l’ontibux and in the following discussion on Mr. Stone’s paper on “Work
ing Stresses for Ha il way Bridges*’ have never been made, and the prospect 
of their being made is now remote.

Dr. Waddell and his partner, Mr. Ira 0. Hedrick, have, however, made 
i considerable number of experiments to determine the effect of impact in 
producing deflection of spans as a whole. The apparatus, which vas de
signed by Mr. Hedrick and constructed under his direction, registers the 
deflection at a given point on the span, first with a static load, then with 
the moving load on the bridge. The deflections are, of course, propor
tionate to the chord stresses, hence, since the stresses under the static load 
arc known, those due to impact may be readily determined.

This instrument lias been used mainly upon overloaded spans of anti
quated types, consequently the results of the tests are of small value. One 
curious discovery was made, however, which justifies Dr. Waddell in his 
frequent condemnation of cylinder piers for railway bridges. In testing 
bridges for a Southern railway the instrument was applied to several spans 
which had been built by one bridge company from the same drawings, 
and it was found that the deflection due to impact of the spans resting on 
cylinder piers was double that of the spans resting on masonry, thus prov
ing conclusively that the vibrations due to the lack of rigidity in the piers 
act to increase the stresses in the spans.

The greatest value of impact so far obtained by means of the apparatus 
is fifty per cent, of the live load, while the ordinary value is about twenty 
per cent. This large value was obtained on an old deck, fish-bellied, open- 
webbed, riveted girder span that was so badly designed that it was con
demned on sight and ordered supported by trestle bents until it could be 
replaced. The calculations made later showed that the girders were seri
ously overstrained by primary stresses alone.

Tests on such structures prove nothing, yet Messrs. Waddell and Hed
rick have not had the opportunity to test modern, scientifically designed 
spans. In fact occasion for use of the instrument is so rare that there is 
small hope of obtaining important data by means of it. It is noteworthy, 
however, that in the tests made so far the increments of stress are not 
always proportionate to the increase in train speed.

The use of the Frankel extensometer promises to furnish reliable data 
regarding the impact stresses in individual members of bridges, which are. 
of course, the data most to be desired. The few sporadic tests that have 
been made in this country with it are valuable, but nothing less than a 
comprehensive plan, including tests conducted by competent engineers upon 
a wide range of lengths and types of structures, with trains moving al 
various speeds, will determine satisfactorily the law of impact on rail wax 
bridges.
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Until this law is determined bridges must continue to be proportioned 
according to the rules laid down by the most expert bridge specialists. It 
is impossible and undesirable that the element of judgment should ever be, 
eliminated, but it is to be hoped that the day is not far distant when we 
shall have well-substantiated data from, which we may determine what are 
the maximum safe stresses for railway bridges.
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DISCUSSION OF MR. STONE'S PAPER ON “ WORKING 
STRESSES FOR RAILWAY BRIDGES."

By J. A. L. Waddell, M. Am. Soc. C. E.

The subject of Mr. Stone's paper is one in which the writer for many 
years has been deeply interested, and concerning which on several occa
sions he has written ; consequently it behooves him to discuss the paper.

The subject relates to one of the most important unsolved problems in 
the engineering profession, because, unless we are straining steel for all 
bridge members of all spans just about right, we are either wasting metal 
or encroaching on the ultimate danger limit in making bridge designs. 
The principal thing that we need to know is to what extent the metal in 
the various members of all approved types of modern bridges is strained 
by moving loads applied at different velocities, and the relation of the 
effects of loads so applied to those of the same loads applied statically.

If such data were obtained there could readily be constructed a dia
gram of percentages to add to live load st ses that are determined on the 
assumption of static application of load ig, which would cover the com
bined effects of impact and vibration >th of which tend to increase the 
actual intensities of working stres The addition of these percentages
would reduce the total stresses V equivalent static stresses, and would 
permit the adoption of one or two unit working stresses of each kind for 
designing. An allowance for unavoidable, small secondary stresses could 
either be included in this percentage diagram, or else this feature could 
be taken care of in determining the intensities of working stresses to use 
w ith equivalent static stresses.

The results of deflection observations on * idian bridges quoted by Mr. 
Stone are certainly both interesting and valuable ; but it is doubtful 
whether they will apply satisfactorily to modern American bridges, be
cause the types of structures used in the two countries are so different. 
On this point the writer can speak authoritatively, having for the last 
twelve years been a constant reader of Indian Engineering, the represent
ative technical paper of India. Speaking generally, the weight of metal 
in an Indian bridge exceeds that in a corresponding American bridge of 
the same span and loading by from sixty to one hundred per cent. This 
does not mean that the Indian bridge is so much stronger, stiffer, or better, 
but that the extra metal is simply wasted, its only good function being to 
absorb the impact. Such a result can be obtained just as well by using a 
less expensive material than steel, for instance stone ballast in the flo< r.
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Again, Indian bridges are much more shallow than American bridges, and 
have far shorter panels and many more parts.

The writer has reason to think that the Indian experiments were made 
mainly upon spans as a whole and not upon their component members ; 
consequently the results will apply to chords only and not to webs; for tin- 
writer does not agree with Mr. Stone in his statement tnat “the results 
obtained from the deflection of the truss, as a whole, must to a great ex
tent represent the average for all of its members.”

Not only are hangers and other light web members much more subject 
to shock than are heavy chords, but also the light and panels of a bottom 
chord are probably somewhat more affected by impact than are the heavier 
chord members at and near mid-span. Experiment alone will determine 
the truth of this and settle the vexed question of what are the various 
intensities of stress caused by live loads applied dynamically.

In respect to this question of impact, the writer has expressed himself 
as follows in his lately issued work entitled “De Pontibus” :

“The uncertainty as to the magnitude of the effect of impact on bridges 
has for many years been a stumbling-block in the path of systematization 
of bridge designing, and will continue to be so until some one makes an 
exhaustive series of experiments upon actual intensities of working 
stresses on all main members of modern bridges of the various types. The 
making of these experiments has long been a dream of the author’s, and 
it now looks as if it would amount to more than a mere dream, for the 
reason that the general manager of one of the principal Western railroads 
has agreed to join the author in the making of a number of such experi
ments on certain bridges of the author's designing, the railroad c >mpany 
to furnish the train and all facilities and the general manager and the 
author to provide the apparatus and experimenters. It is only lack of time 
tl s prevented these experiments front being made this year, and it is 
expected that they will be finished in 1898. It is hoped that the result of 
the experiments will be either to determine a proper formula or curve of 
percentages of impact for railroad bridges, or else to inaugurate a series of 
further experiments that will determine it.

“Meanwhile the author has adopted temporarily the formula,
^ 40.000

L -f 500 ’
in which / is the percentage for impact to be added to the live load, and L 
is the length in feet of span or portion of span that is covered by the load.

"This formula was established to suit the average practice of half a 
' >zen of the leading bridge engineers of the United States, as given in 
their standard specifications, and not because the author considers that it 
will give truly correct percentages for impact.

EE
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"In spite of all that has been said to the contrary in the past or that 
may be said in the future, the impact method of proportioning bridges is 
the only rational and scientifically practical method of designing, even if 
the amounts of impact assumed be not absolutely correct, for the method 
carries the effect of impact into every detail and group of rivets, instead 
of merely affecting the sections of main members, as do the other methods 
in common use.

“The assumption made in some specifications that the live load is 
always twice as important and destructive as the dead load, irrespective of 
whether the member considered be a panel suspender or a bottom chord 
bar in a 500-foot span, is absurd, and involves far greater errors than 
those that would be caused by any incorrectness in the assumed impact 
formula.

“The author acknowledges that he anticipates finding the values given 
by the formula somewhat high ; but it must be remembered that the for
mula is intended to cover in a general way, also, the effects of small varia
tions from correctness in shop-work, or to provide for what the noted 
bridge engineer, the late C. Shaler Smith, used to term the factor of igno
rance.”

At present it looks as if the proposed little series of tests for 1898 
referred to will have to be postponed, owing to want of time and funds for 
apparatus.

The ideal way to make a proper scries of tests on actual intensities of 
working stresses for bridge members is to find some broad-minded, liberal 
American millionaire who would be willing to devote from $100,000 to 
$200,000 of his surplus cash to the experiments, then have an advisory 
committee of, say, five prominent bridge engineers retained on fees large 
enough to cover simply their actual cash expenses, to formulate and sys
tematize the work, and to direct a working committee of three well-paid 
engineers who would devote their entire time and energies to the investi
gation. Two members of the latter committee should be experienced 
experimenters and the other an expert bridge engineer.

The first step to be taken should be the determination of exactly what 
is to be ascertained and the modus operandi for doing the work. The next 
should consist of experiments on the various kinds of apparatus for meas
uring extensions and compressions of members, and deflections and vibra
tions of spans, so as to decide upon what kinds of apparatus to employ and 
how to use them.

Next would come the making of the series of tests, and lastly the com
pilation of results and the drawing of final deductions.

Most of the experimenting should be confined to modern structures of 
the most approved type ; but, if time and funds permit, some work should
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be done on bridges of the older types, many of which are still in common 
use, although no longer built.

The beneficial results of such a series of tests are so apparent that it 
would be useless to discuss them. It is the writer’s intention to continue 
advocating the making of such experiments until they are inaugurated 
and completed, provided that he live long enough.

The writer is surprised to see how large a portion of the paper Mr. 
Stone devotes to iron bridges, which are now a thing of the past, and how 
small a portion to steel bridges. The benefits to be derived from impact 
investigations are confined almost entirely to future bridges, which cer
tainly will be of steel, because the practical railway engineer, in determin
ing whether it is safe or not to continue to use an existing bridge, bases his 
judgment, mainly upon the action of the structure under load, the excel
lence or weakness of its details, and its location in respect to traffic and 
shock, as well as upon the intensities of working stresses to which it is 
subjected.

It is questionable whether Mr. Stone’s method of tabulating or plot
ting his percentages of increase for live load stresses upon the basis of 
ratio of dead and live load stresses is as correct or scientific as the more 
usual manner of basing them upon length of span covered by moving load ; 
certainly it is by no means as convenient for the computer, who does not 
care to spend any more time than he can help in figuring ratios of loads, 
when he can find the percentage by simply glancing at a diagram after 
noting the length of span to be covered for the greatest stress on the piece 
considered. In respect to the correctness of Mr. Stone’s method let us as
sume an extreme case for comparison, viz., a 200-foot span of ordinary 
type and a ioo-foot span so overloaded with ballast floor as to make the 
ratio of dead and live loads the same for the two spans. Would it be 
better to use the same percentage of increase for these two bridges or to 
make it greater for the short span than for the long one? Most engineers 
would certainly adopt the latter method.

The writer has never yet been convinced of the applicability of the re
sults of the investigations by German scientists on fatigue of metals to the 
proportioning of bridges. In order to obtain any results at all, those 
scientists had to strain the metal far beyond the elastic limit and had to 
apply the loads every few seconds, while in bridges the metal never is (or 
more strictly speaking never should be) strained much higher than about 
one-half of the elastic limit, and the loads are applied at much longer inter
vals, thus giving the metal a chance to recover itself and return to its 
original state before the application of another load.

The determination of the value or values of intensities of working 
stresses is purely a matter of professional judgment based upon experience 
in the field, and should not be relegated to scientists in their laboratories.
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If we recognize that the elastic limit is the true criterion of ultimate 
strength, and if we strain no higher than one-half of this amount for 
equivalent static stresses due to ordinary loads, and 30 per cent, additional 
for same due to an unusual or practically impossible combination of all 
loads, including wind pressure, we shall be allowing sufficient margin to 
cover small secondary stresses, possible flaws in the metal and occasional 
dropping below average in elastic limit.

For medium steel having an ultimate tensile strength ( measured on 
specimens) between 60.000 and 70,000 pounds per square inch and a least 
elastic limit of 35,000 pounds per square inch, the writer in his latest 
specifications (De Pontibus, Chapter XIV.) strains eyebars 18,000 pounds 
per square inch and built members in tension 16.000 pounds per square 
inch.

Mr. Stone evidently has more faith in metal than the writer, for he 
strains soft steel having an average ultimate strength of 54.000 pounds per 
square inch just as much as the writer does the medium steel. It is true 
that Mr. Stone counts upon 36,000 ' per sfluarc inch as the elastic
limit of such soft steel, hut the writer’s experience in the use of metal does 
not indicate that it is safe to rely upon more than 30,000 pounds per square 
inch as the elastic limit of such metal, to say nothing of the probable de
crease in full-size members as compared with test specimens. Moreover, 
standard specifications for soft steel allow the elastic limit in specimen 
tests to run generally as low as 30,000 pounds per square inch and some
times even down to 27,000 pounds.

Referring to the last table in Mr. Stone’s paper, as a matter of curiosity 
the writer has made a comparison of the “nominal stresses” involved by 
using the impact formula and intensities of De Pontibus with those given 
by Mr. Stone, employing as a basis the bottom chords of single-track rail
road bridges.

The results of the comparison are given in the following table.

Feet.
Live Load. Impact. Dead Load. Nominal

Intensity.
Stone’s

Nominal
Intensity.

Percentage
of

Difference

I0O 4.266 2,844 1.630 12.144 12.758 + 5.1
ISO 4144 2.550 1.850 + 47
200 4.0.30 2.303 13720 + 4 7

.3.9.30 2.444 13.546 14.IO3 + 48
300 3.860 I.930 2.820 13.966 14.655 + 49
.350 3.800 1788 3.165 14322 15021 +49
400 .17(10 3500 14.631 15.312 + 47
450 3730 1.571 3.860 M.914 15.581 + 4-5
SOO 1.480 4.226 15.169 15.815 + 43
550 3.680 4.576 15.389

3-tiCo I.331 4930 15585 16.178 +38

Average difference = + 4.6

49
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It will be noticed that Mr. Stone strains his soft steel “nominally” 
about four and a half per cent, higher than the writer strains his medium 
steel, and that the variation in this difference is in all cases less than one 
per cent. The latter fact tends to show that, although bridge engineers 
may differ considerably in their methods of reaching certain conclusions, 
some of the results at which they arrive may not vary materially.
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INTRODUCTORY NOTES.

The ad dross to the Graduating Class of tin- School of Engineering of 
the University of Kansas in 1893, consists of sonic practical advice to young 
men about to enter upon their professional work. It is as pertinent to-day 
as it was eleven years since and should help the fledgling to settle numerous 
points of considerable importance to him. It is generally true that advice 
is rarely followed, even when it is given in a strictly personal way, and it 
is well that this should he so, for every one must ultimately act upon his 
own responsibility. There are many general principles, however, which 
may lie brought to the young man’s attention and which he will find ex
ceedingly valuable in assisting him to reach his own decisions. The advice 
which simply directs that this or that be done often does more harm than 
good, for, the reasons being absent, it must be followed blindly. The best 
kind of advice is that which appeals directly to the reason, states causes, 
modifying circumstances, and effects, and leaves action to the judgment. 
In all that he said on this occasion Dr. Waddell followed this plan.

Very generally the student looks upon his education as a means of 
increasing his earning capacity and is exceedingly impatient if his initial 
position brings him a very small salary. To point out the advantages 
of work which brings experience, with often little else, in comparison with 
well-paid positions is of no small service to the embryo engineer. It will 
probably save him much discouragement and lead him to adopt the right 
course, for very often the young man makes serious mistakes because he 
has a very narrow view, or none at all, of the life of a professional engineer. 
He does not know what to expect and his strife for advancement is without 
definite method or purpose. He changes employment, not for broader experi
ence, but with the vague hope of increasing his salary or gaining a more 
favorable opportunity. Dr. Waddell has offered in this address some very 
clear glimpses of what is to be expected in the way of money and experi
ence from the various kinds of work the new graduate is likely to obtain 
and has rendered no inconsiderable service by doing so.
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ADDRESS TO THE GRADUATING CLASS OF THE SCHOOL 
OF ENGINEERING OF THE UNIVERSITY OF KANSAS.

In an address like this, it is, I suppose, in order for me to give to you, 
who are about to undertake the duties of practical life, some good advice 
based upon my personal experience, which, by the way, covers about 
eighteen years of practice in various branches of engineering, including 
that of civil engineering education. Unfortunately, it is a fact that, in 
general, people are more fond of giving advice than of taking it ; and I 
have found on a number of occasions that advice given to students was 
unheeded. It is an old saying that each one must “ dree his ain weird," 
and there is a great deal of truth in it ; nevertheless I have seen occasions 
when advice from older men was eagerly sought after and appreciated 
when given. To many minds the receiving of advice and acting upon it 
is an indication of mental inferiority,or at least of a lack of strong-minded 
ness ; but 1 have noticed that the individuals who are governed by such 
ideas generally make a failure in both professional and business life. Self- 
reliance is a very good thing, if not carried too far, and, in fact, is an 
essential to success in any calling; nevertheless, its possession should not 
debar one from profiting by the experience of others.

I can look hack to a portion of my life when some sound, practical ad
vice from an older engineer would have been of the greatest benefit to me. 
in that it would have been the means of preventing me from wasting con
siderable valuable time, simply because 1 did not know how to employ it 
advantageously.

Let me hope, then, that my words to-day will not be entirely wasted, 
but that some of you will benefit by them, and that in the years to come I 
shall occasionally run across one of you who will tell me that my advice 
was good, and that it has proved useful to him.

Please remember that it is based upon my personal experience as well 
as upon observation of the careers of others, and that it is drawn from 
both successes and failure ; because there is always a great deal to he 
learned aliout “ how not to do it.” Please remember, also, that I am in 
great sympathy with students of civil engineering ; for at heart I am still 
a professor, and some day after I have earned sufficient money in the 
practice of engineering to permit me to indulge in such extravagance. I 
would like to again occupy a professor’s chair. To my mind there is no 
more useful or higher branch of the engineering profession than that <>f 
instruction, notwithstanding the openly avowed opinion of many practl'- 
ing engineers to the contrary. It is not sufficient, though, to recognize for
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oneself the equality of professors and practising engineers; but it is neces
sary to make the world at large acknowledge the fact. Steps in this direc
tion, I am happy to say, are nr w being taken ; and to-day the professor of 
civil engineering takes higher rank in the American Society of Civil En
gineers than he did a few years ago.

But to return to the subject in hand, viz., advice to young engineers. 
On account of the kindly feeling 1 entertain toward all engineering 
students, especially those who are earnest and ambitious, I shall speak to 
you very freely and openly, giving you of the best that I have, even if by 
so doing I lay myself open to adverse criticism.

But to accomplish what I have in mind I must drop all formality in 
addressing you, and meet each of you as man to man upon a most intimate 
footing—in fact I must speak as if I had known each one of you for years 
and had taken a personal interest in your welfare. I shall take it for 
granted that you will permit this liberty, and shall govern myself accord
ingly.

But in following this method I* shall have to reduce my address to 
a rambling discourse, ruining it perhaps as far as elegance is concerned, 
hut at the same time rendering it the more useful.

As Commencement Day approaches, each engineering student of the 
graduating class, as soon as he has assured himself of his graduation, be
gins to think more and more of the work that he shall do after finishing 
his course of study, and of the position that he will obtain. He naturally 
gauges the positions that he hears of by the amount of salary offered in 
each case ; and strives to obtain the one to which the highest salary is at
tached. In so doing he makes a fundamental and most serious mistake, be
cause the true ultimate value of any position offered to a newly Hedged 
engineer is an inverse function of the salary paid. This sounds, perhaps, 
like a very strange and wild statement, but it is nevertheless a true one ;— 
let us look into the matter a little, and perhaps you will agree with me. 
The highest salary in this country paid to young engineers immediately 
after graduation is, as far as my experience goes, one hundred dollars per 
month ; and this amount is given only in very flush times when there is a 
great demand for assistants in the field. To earn such a salary at the 
start, the young engineer must be already well posted on the practical part 
of the work in addition to being versed in the theory. Now what practical 
work is there on which students are posted ? Why, simply elementary 
surveying! Consequently the fortunate or unfortunate young man (ac
cording to the point of view of the person considering the case), who 
receives one hundred dollars per month to begin with, will have his atten
tion confined to the laying out of town lots for speculators or to surveying 
farms ; and how much, pray, is to be learned on that kind of work? 
Something, of course, because no one can do work of any kind without
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increasing the amount of his knowledge and experience ; but how little it is 
in comparison with what is to he learned in the higher branches of engi
neering ! Again, what future prospects are there in such work as survey
ing ? It is seldom indeed that a surveyor makes more than a hare living, 
and when times are had the young engineer engaged in this line is very 
likely to lose his position or have to spend many idle days without pay.

Railroading offers a better field to the recent graduate than does land 
surveying, and at the same time the pay is fair. For instance, any man on 
a railroad survey can really earn for his employers forty or fifty dollars 
per month besides the cost of his subsistence, even if it be only dragging 
chain or driving stakes; because the life is a hard one physically, and 
manual labor can always command a certain amount of pecuniary compen
sation. But the young engineer who works in a subordinate position on 
a railroad survey will have to spend a great deal of time in a manner 
that is profitable to his employers, hut not so profitable to himself. He will 
be gaining some experience, of course, but not the greatest possible amount 
or the highest grade of experience. Notwithstanding this, I believe there 
is no more attractive opening, and oftentimes no more truly profitable one. 
to the recent graduate than a position on a railroad survey. Coming as 
he does from a sedentary life, and too often worn out both physically and 
mentally by overwork, the active exercise in the field proves to be ex
actly what he needs ; and after a few days, when the physical exhaustion 
attendant on unaccustomed bodily exercise has passed away, he feels like 
a new man, the mere acts of living and breathing become a pleasure, the 
sun appears to shine more brightly than it has shone for years, and he 
experiences a new phase of existence. Such a life is most seductive, and 
unless one is careful, it is apt to divert his tastes and ambitions from 
higher to lower things. The truly ambitious young man can. however, 
improve his time in such a position by picking up stray bits of knowledge 
here and there, not only on his work, but bv conversation with the other 
members of the party.

An experience of this kind at the outset of one's career will give him 
a taste for out-of-door life which he will retain as long as he lives. On 
this point I speak from personal experience ; for shortly after graduating 
1 took a position on the Canadian Pacific Railway that caused me t«> 
spend eighteen months in the wilderness to the Northwest of Lake 
Superior, where, in addition to my strictly professional duties, I had t" 
work harder physically than any day lalxirer in civilization. Now, strange 
to say, there is no portion of my professional career to which I look back 
with as much pleasure as I do to those eighteen months spent in the wild-. 
There is something peculiarly attractive and inspiriting in such a rough 
life, with its hard work, long tramps through the swamps in summer and 
on snow shoes in winter, its hardships, which include coarse and some-
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times not ovcrplentiful food, uncomfortable lodgings (generally con
sisting of a leaky tent carpeted with hemlock boughs to serve as a couch), 
innumerable insect pests, wet weather in summer and extreme cold in 
winter ; its jolly evenings spent over the camp fire, where past experiences 
in bush-life are narrated, and even its dangers, which give spice to the 
whole life. Such dangers were by no means imaginary ; as many a poor 
fellow has lost his life in that country through forest fire, severe cold 
(the temperature often passing below the freezing point of mercury), 
drowning by falling through the ice of early winter, or by the capsizing 
of a canoe ; or worse still through being lost in the woods and perishing 
slowly from starvation.

This early experience of mine in railroading, together with still earlier 
experiences in camping out, gave me such a taste of bush life that even to
day I would rather spend one month in hunting and fishing among the 
Rocky Mountains than twelve months on a pleasure trip in Europe.

Hut to return to the question of compensation for services immediately 
after graduation. There are various lines of engineering where an in
experienced man can earn a living at office work, but the pay is necessarily 
small ; because the work can be done by cheap draftsmen who are content 
to accept a small wage, and arc in truth generally worth no more than 
they get. Such positions will eventually lead to something higher, but 
the young engineer will be compelled to do a great deal of drudgery in 
order to earn the money which his employer pays him. In any case, 
though, an engineer needs sufficient experience in drafting to enable him 
to learn how to put his ideas on paper rapidly, and how to make a present
able drawing, consequently such experience is beneficial : but one should 
avoid having too much of it, in order not to become a mere drafting 
machine.

But now let us suppose that our new alumnus enters the office of an 
engineer who is doing a large amount of practical work in one of the higher 
branches of engineering, what do you suppose his services are really worth 
to his employer ? Candidly, except in most uncommon cases, they are 
worth absolutely nothing; yes, oftentimes less than nothing, because not 
only has a great deal of his work to be done over again, but also his em
ployer has to devote considerable time to his instruction in fundamental 
principles and practical methods, one day of which time is worth in dollars 
and cents more than a whole month of the young man's services. But see 

bat the young man is gaining—not a day, not an hour passes without his 
Carning a number of valuable principles, facts and methods, so that at the 
uid of a month he will have acquired a greater amount of valuable knowl- 

lge than he would have obtained in a year when working on a fair sal
ary at routine work. In such an office the newcomer who has had no 
• radical experience seldom receives any salary ; and the time is not far
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distant when in this country an inexperienced young man will have to 
pay for the privilege of working in such an office. This has been the 
custom for many years in England, but it is a custom that has been abused 
by the employers, who have thus brought the system of apprenticeship 
into ill repute.

And now have 1 said enough to convince you of the correctness of my 
statement that “ the true ultimate value of any position offered to the 
newly fledged engineer is an inverse function of the salary paid ” ? I 
shall leave each one of you to answer this question for himself, after think
ing over at his leisure what I have said on the subject.

Now let us take up the question which each of von has undoubtedly 
propounded to himself many times of late, viz., “ What branch of engineer
ing shall 1 adopt as my life's work ? ” You have found it a difficult one 
to answer—have you not ? I do not see how it could well be otherwise : 
for you have as yet had very little opportunity to see what the various 
branches of the profession are like, and of what their work consists. Some 
of you may be able to answer the question to-day to your satisfaction, or at 
least you may think you can, but the majority of you have been unable to 
make up your minds. In my opinion, it is not advisable for you to try to do 
so at present. This is no time for you to choose a specialty; and even if 
you do choose one, you ought not to settle down now to practice it to the 
exclusion of all other work. The old definition of an engineer, viz., “a man 
who knows a great deal about something, and something about every
thing," was not a bad one, and still holds good even in these days of spe
cialties. There is no branch of engineering that is separate and distinct 
from all other branches, consequently the more general the experience ob
tained in youth, the greater will be a man's capacity and the broader his 
mental grasp during his best working years. On this account I would ad
vise all of you, who can afford to do so, to spend a few months, or at most 
a year, on one class of work, mastering as many details as possible, then 
drop it and take up another branch, and so on until you have obtained a 
wide, comprehensive, and thorough experience in general engineering. 
Meanwhile, make up your mind as to what specialty you will choose, or 
at least as to what line of engineering you will follow ; and as soon as 
you have decided finally, let your studies and practice tend continually 
more and more toward that chosen line, until eventually you abandon all 
others for it and make it your life's work. Be content for a while to earn 
a bare living, provided that you are obtaining the experience you desire. If 
you do this, take my word for it, you will find that at middle life you will 
outrank professionally those who started in with you but who adopted tin 
policy of confining themselves to one line of work and thought, thus ren
dering themselves men of one idea or rather one set of ideas.

Some of you, perhaps, on account of pecuniary obligations, contracted
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in obtaining your education, or family responsibilities, cannot take this 
advice ; but will bave from force of circumstances to settle down in one 
place with the object of earning as quickly as possible an income that will 
suffice to pay off your indebtedness or maintain your family. I f there be 
any of you so situated, I would urge upon you the importance of extensive 
technical reading in other branches of the profession than the one in which 
you engage, in order that you may prevent yourselves from becoming 
fossilized and incapable of taking interest in anything outside of your 
special line of work.

To all of you I would say, “ Don't leave school with the idea that you 
have completed your technical education ; for, no matter how thorough 
your Course may have been, your technical education has merely begun." 
It is true that you have had enough book learning to enable you to earn 
a living without further study, but you can never attain professional dis
tinction without continuing your studies. 1 recognize the fact that it is 
quite difficult to carry on a course of technical reading when one has to 
work long hours in either the office or the field, but I have proved by per
sonal experience that it is practicable. The method that I adopted was to 
take a certain treatise, mathematical or otherwise, and arrange to read it 
through thoroughly and understanding!)- in a certain number of days, 
laying out beforehand the amount of each day's reading, and basing it 
upon the average time that I had to spare and the character of the book. 
If for any reason I failed to complete the reading allotted for any day. I 
read an extra amount the next day, and sometimes read ahead of my allow
ance so as to anticipate possible interference with my plans. In this way 
I accomplished the entire reading in the allotted time ; and it paid. It is 
a good practice to carry in one's pocket some technical book to read at odd 
moments, for instance, during the noon hour in the field or while waiting 
for a railway train or even while traveling on the cars, although I cannot 
really commend the latter practice because of its injurious effect upon the 
eyes.

It is essential that you read the principal technical newspapers and 
periodicals in order to keep abreast of the times, also the transactions of 
the leading engineering societies, especially those papers therein which 
treat of subjects allied to your line of work. There is one point on which 
1 wish to caution you, viz., that an article is not necessarily valuable be
cause it is composed wholly or partially of mathematics. As a rule, most 
of the mathematical papers on engineering subjects that one runs across 
are mere rubbish ; but occasionally a really good mathematical engineering 
paper appears ; and this ought to be read. After a little experience you 
will find no difficulty in sifting the wheat from the chaff. Do not mis
understand me in this matter of mathematics, for I would be the last one 
to advocate abandoning the study of that science after graduation. I
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merely wish to warn you against wasting valuable time on investigations 
which are too often based on false assumptions, or that treat of matters 
which could he settled more simply in some other manner.

In determining upon a course of reading, one should not confine him
self entirely to technical hooks and papers, hut should choose some stand
ard literary works for the purpose of improving his style in writing; for. 
alas! it must he confessed that most writers on engineering subjects have 
a great deal to learn concerning correct literary style.

In mv opinion, it is the duty of each member of the engineering pro
fession to add his mile to engineering literature ; although one should 
never write a hook or paper merely for the sake of producing something. 
The most valuable information that the profession possesses is to he found 
in papers published by engineering societies, and describing works com
pleted, the difficulties encountered during construction, and the methods 
adopted for doing the work. Each of these papers, together with the 
discussions evoked by them, not only marks a step in constructive progress, 
but also indicates how the next steps should he taken. Abstract papers or 
those of a generalizing nature are also of the greatest value : but there are 
only a few men who are competent to prepare such papers, consequently 
their number should he limited. It takes a hold man to write such a 
paper; and lie is likely to get into trouble because of it, so I would advise 
you to confine your literary efforts t<> descriptions of work done or tin 
treatment of minor details until your experience has accumulated suffi
ciently to warrant you in an endeavor to generalize.

In preparing engineering papers, cultivate a clear, terse, and con
cise literary style, so as to express your ideas in the fewest words con
sistent with a due consideration for fluency and elegance of diction 
Cut out all padding from your writings, because engineers are too bus\ 
to spare time to read anything that is unnecessary. The proper age at 
which to commence writing technical papers is not easy to fix, but in 
general it is safe to advise tliat one's early efforts be presented to minor 
or local engineering societies; then if these be well received, futur- 
papers may be presented to the engineering periodicals or to the national 
engineering societies. There is nothing which a young engineer can 
do that will advance his professional standing so much as the writing 
of a good, sound technical article for publication; and there is nothing 
that he can do which is more detrimental to his reputation than to writ 
an incorrect or weak one. When contemplating the writing of a paper, 
it is a good plan to ask oneself these questions: “Is this paper reallv 
needed?" “will it fill a gap?” and “will it prove useful to the profes
sion?” If the answers be in the «affirmative, write the paper; if not, 
don't.

As for the writing of a technical book, better postpone such work
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until you have had at least eight or ten years’ experience ; and do not 
even then undertake it, unless you see that there is a need for such a 
treatise as you contemplate writing, and that you have exactly the right 
information to present to the profession.

While it is true that there are a great many technical hooks pub
lished which should never have been written, it is centallv true that 
technical literature is far behind engineering practice, and that there 
never was a time when sound engineering treatises, prepared by 
thoroughly posted, practical and educated writers, were as much needed 
as they are to-dav. You see, therefore, that for those of you who have 
literary tastes and tendencies, there is plenty of occupation ahead. Un
fortunately, there is no money to be gained directly in such work ; but 
on the other hand there is reputation to be made, and that means even
tually money, although, it is a mistake to connect the two at all closely 
even in one’s thoughts. Professional reputation in itself ought to be 
sufficient incentive for a young engineer of the right sort : but the fact 
that the obtaining of it will ensure pecuniary success is undoubtedly an 
extra stimulus to exertion.

Let me advise you to pay special attention to the study of specifica
tions and contracts for engineering works, and to learn how to prepare 
them for yourselves. You can learn readily the style of such documents, 
but it takes years of experience to enable one to prepare them so that 
they shall cover the entire ground in a perfectly satisfactory manner. 
The more experienced an engineer the more thorough will be the speci
fications that he writes ; but from this it does not follow that in compar
ing specifications prepared by two engineers their values will vary 
directly as the amounts of experience of the writers ; because some engi
neers seem to he unable ever to learn to write good specifications. This 
is due to a want of literary training in their early education ; and a most 
deplorable and grievous fault it is.

Post yourselves on legal decisions of interest to engineers, and let 
some of your miscellaneous reading include the laws of contracts.

Study business methods as much as possible, and learn how accounts 
should be kept. These things are important, and they need not demand 
very much time; because with all the mental training you have had, 
and will have in your practice, you ought to grasp readily all such com
paratively simple matters. A good way to master them is to consult 
with men of business, bookkeepers, etc., with whom your work throws 
you in contact. They can show you often in a few minutes what might 
take you hours to study out by yourselves.

And here let me give you a little piece of sound advice. Never be 
too proud to learn from the most ignorant. Even the navvy who handles 
a pick and shovel can give a young engineer valuable information con-
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ccming earthwork ; and the stonecutter and quarryman will generally 
be found well posted on many matters of importance in masonry con
struction that arc not treated in the text books.

Whenever you have an opportunity, study how to manage men, and 
how to get the greatest amount of useful work out of the workmen. A 
little tact will often accomplish results that could not be obtained in any 
other way than by its use. While it is necessary to be firm in dealing 
with workmen, and in fact with all employees, it is well to treat them 
reasonably and not to lay down the law too severely. The better the 
understanding between employer and employees, the greater will be the 
amount of work accomplished.

Post yourselves concerning the money values of all kinds of engi
neering construction ; nothing gives the general public more confidence 
in an engineer’s ability than to perceive that he is well versed in the cost of 
all kinds of work.

Immediately after graduating each one of «you should enter the 
American Society of Civil Engineers as a Junior, and should get his 
grade advanced to that of Associate Member, and finally to that of Mem
ber, as soon as he can qualify. As a member of any grade in that Society 
you have the right to take part in the discussion of any paper, and to 
present to the Board of Direction for acceptance any paper of your own. 
You are also entitled to receive the Transactions of the Society and to 
attend all of its meetings.

If you are stationed for any length of time in any city, where there 
is a local engineering society, it will pay you to join it. and to take as active 
a part in the proceedings as your practical experience will warrant.

You will find that all through life it will pay you to make for future 
reference systematic notes concerning not only your own work, but also 
that of others ; but to be of any practical value these notes should be 
transferred from time to time to an index book, so that any particular 
subject can at any time be found without delay. It is very important 
to know where to look for any required published information, and for 
this the various indices which have recently been issued will be found 
valuable.

After finishing any large piece of work, and while it is still fresh in 
your mind, it is well to write out an epitome of knowledge gained on it, 
indicating the methods used, improvements to lx? made in them on future 
work of a similar character, mistakes to be avoided, etc., then have a 
number of copies of this struck off on a typewriter to keep for future 
reference for yourself and perhaps for others.

In my practice I have found it very convenient to carry in the pocket 
a note book for recording “ things to be done.” so that whenever a new 
idea strikes me, or when I think of something that I wish to do, I make
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a note of it on a list ; and whenever 1 finish doing anything so recorded 
I draw a line through the item. When the list becomes too much erased, 
I prepare a new one by collecting the items that have not been crossed 
out. By the use of such a list I find that I can accomplish a great deal 
more than I could had I nothing but my memory to rely upon ; for when 
I have an idle minute, which, by the way, is not very often, I pull out 
my note book and see what there is that I can do. I would suggest that 
you give this method a fair trial.

Some engineers believe in keeping a diary. I do theoretically—but 
practically I have failed to keep one, although sometimes I wish I 
could remember what I was doing on a certain day, and cannot. It 
would be well to give the diary a trial also.

You will find as you go through life that earnestness of purpose is 
the main-spring of success, and that if you set your mind on attaining 
any object within reason, you will, if you keep on trying, eventually suc
ceed in attaining it. I am a firm believer in the French proverb “Tout 
l ient à celui qui sait attendrebecause I have tested it, and have never 
yet found it fail to be correct.

In all your work develop and employ constantly such a perfect sys
tem of checking and counter-checking as will render you as nearly abso
lutely proof against making mistakes as it is possible for fallible humanity 
to become. By so doing you will save yourselves infinite worry and 
trouble. 1 know of no more unpleasant sensation than that which one 
experiences immediately after ascertaining that he has made a blunder; 
and, moreover, the sensation does not pass away as quickly as one might 
wish. 1 have known cases in which the duration extended over years.

Do not be discouraged by failure, but endeavor to profit by it ; and do 
not be afraid to tell brother engineers of your failures. It will do you 
no harm, and may do them good. It takes a brave man to acknowledge 
a mistake or a failure, but a man who is deficient in that kind of courage 
would do well to keep out of the engineering profession. Mistakes of 
both oneself and assistants are the bête noire of a conscientious engineer, 
hut 1 find that the longer one is in practice the fewer mistakes will escape 
his observation.

Become acquainted with as many engineers as possible, and try to 
establish yourselves on such a friendly footing with a few prominent 
members of the profession that you can occasionally go to them for advice. 
It is a fact that if an engineer of established reputation takes a personal 
interest in any bright, active, energetic and ambitious young engineer, 
he can be of the greatest assistance to him, and can help him to advance 
with almost phenomenal rapidity in the profession.

Should you desire at any time to obtain some general knowledge that 
cannot be found in print, do not hesitate to ask other engineers for it.
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The chances are that it will be given to you most cordially ; for any pro
fessional man of the right stamp is always glad to help a brother engi
neer with advice and to give him the benefit of his greater experience. 
It may happen occasionally, though, that you will be snubbed. Unfor
tunately, one cannot make such a sweeping statement concerning engi
neers as it is customary to make concerning sportsmen, viz., that “ all 
sportsmen are good fellows." I will say this, however, that as far as im
personal experience is concerned “ most engineers are good fellows." 
and I think you will find that there is less jealousy and more good fellow
ship among engineers than among the members of any other profession.

It is hardly necessary for me to touch upon the converse of this, viz., 
that you should be ever ready to aid a brother engineer in every way that 
lies in your power.

Avoid all petty professional jealousies, and remember that to rise in 
the world it is not necessary to push others down. If it were for no other 
reason than mere policy, it is generally better to say a good word for 
another engineer than to speak against him ; but this is no reason for one's 
stultifying himself when asked if he can recommend for a position some
one of whom he does not approve. It is too often the case that when an 
engineer is discharging an employee for whom he has no use, he gives 
him a written general recommendation, merely for the sake of parting 
pleasantly. This is a mistaken policy ; because it tends to detract from 
the value of all written recommendations.

Assistants on engineering work may be divided into two classes, 
those who work for the almighty dollar, and those who, as it is termed, 
work for glory. Those of the first class adhere to certain fixed hours, 
and as soon as quitting time comes, or a little before, they get ready to 
stop work for the day. Moreover they always appear afraid of doing 
too much for their money. They reach the climax of their career when 
they obtain a position worth about five dollars per day. Those of the 
second class work more for the knowledge and experience to be obtained 
than for the salary, and seem to pay but little attention to office hours, 
continuing their labors far into the night when interested in what they 
are doing, or when there is any necessity for extra exertion. Such men 
rise steadily and often rapidlv to responsible, well-paid positions ; and 
the less they say about increase of salary the oftener it appears to Ik 
raised. It is unnecessary for me to advise you as to which of these 
classes you should join.

Of course there are times in a man's professional career when it may 
be advisable for him to assert himself and demand proper compensate n 
for his services, if he thinks that they are not adequately remunerated ; 
but this should not be during the first few years of his practice, when lie 
is in reality serving his apprenticeship. Later on, especially after mar-
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liage, when the welfare and comfort of wife and children depend 
upon the amount of his earnings, it becomes a man's duty to look out for 
the dollars.

And this brings me to another point upon which 1 desire to touch, as 
it is an important one. viz., the best age for an engineer to marry. The 
young man who immediately after graduating rushes blindly into matri
mony, regardless of how it will affect his professional career, makes a 
serious mistake; for the care of a family will prevent him from going 
from one class of work to another in order to obtain a varied experience, 
and will tie him hand and foot, necessitating his grinding day after day 
on work that perhaps he detests, and on which there is nothing more to 
learn, because the dear ones at home are dependent upon his daily earn
ings. If circumstances permit, it is well for the young engineer to wait 
until he is twenty-eight or thirty years old before he puts on the matri
monial yoke, but it is not advisable to delay much longer than this, if he 
intends to ever marry at all ; because the longer he waits the more set in 
his ways will he become, which condition, as we all know, is not com
patible with the principles of American home rule.

Let me take the liberty of advising you to endeavor always to save a 
portion of your earnings and to invest it in some good security which 
will bring you in a fair rate of interest. Any investment which promises 
mort than six or eight per cent, should be looked upon with suspicion ; 
for while one such scheme succeeds, three others will fail. You may 
consider me an authority on this point, as my experience is personal and 
has been paid for. It may be difficult to save money when one is travel
ing from place to place obtaining his professional training in the manner 
which I have suggested : but still it is practicable, even if the amount be as 
small as five or ten dollars a month. Here, too, I am speaking from ex
perience, because as a young man I spent practically all 1 earned, and 
the time came when I wished that I had been more economical. After 
marriage you will find that this matter of saving money becomes an 
absolute necessity, so why not begin it at once ? Remember that I do not 
advise niggardliness or parsimony ; for such attributes are incompatible 
with American manhood ; but on the other hand extravagance is un
necessary and uncalled for.

I would like to call your attention to a series of papers and discus
sions on the subject of “ engineering ethics " which the technical press 
has been publishing lately. The importance of this subject cannot be 
over-estimated. The engineering profession needs a code of ethics in 

rdcr to raise itself in the public opinion to the position it ought to occupy. 
1 fear it is going to take time to establish such a code ; but the day will 
surely come when we shall have one ; and then our profession will be 
recognized as the highest of all. in that it takes the lead in the progress
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and development of the entire civilized world. Until this code he estab
lished, there is nothing for each of us to do except to have a little code 
for himself, consisting of a single principle, viz., “ do the square deal by 
everybody under all circumstances.” At times it may be difficult to de
cide as to what is exactly the best thing to do; but, if one uses his judg
ment and endeavors to put himself mentally in the other man’s place, his 
decision cannot be far from right.

Tlie engineer in charge of construction stands in a peculiar relation 
to both his employers and the contractors; and the true relation is not 
generally recognized. It is that of arbitrator, and not that of oppressor. 
No one who employs an engineer has a right to think that he purchases 
that engineer's conscience when he pays him his salary. It is as much 
an engineer's business to look out carefully for the rights of the con
tractor as it is to see that his employers receive the full value of what 
they pay for, and that all work is properly done. Believe me, no engi
neer ever yet made a success professionally by oppressing contractors. 
I consider it the engineer's duty to aid the contractor in every legitimate 
manner, and to save him expense whenever it is possible to do so properly. 
Unless a contractor be satisfied with the profit he is making out of a 
piece of work, the chances are that he will slight it. In letting work it 
never pays to award the contract to any competitor for less than actual 
cost plus a living profit. The older an engineer grows, the more con
vinced will he become of the correctness of this statement.

Let me again call your attention to the importance of systematizing 
your work. The most successful engineer is he who can obtain the 
greatest amount of correct work out of those whom he employs, and it 
is only by looking ahead and laying out systematically the work of each 
individual and of the entire corps that this can be effected.

Let me counsel each one of you to set for himself sooner or later an 
ultimate object to be accomplished, and let it be a great one, but still 
well within the realms of possibility; and let him ever strive toward its 
attainment. If he succeed, he will be well repaid by the satisfaction of 
feeling that he has done some material good for his fellow mortals ; but 
if not, he will still feel that he has done his best, and that his life has not 
been spent in vain.

But after all, there are many important things in life for you other 
than professional advancement and success; although you may judge 
from my discourse that I have forgotten this, or that I do not even recog
nize it. Believe me, I would by no means counsel you to neglect the 
many social and other pleasures that are within your reach. It is bad 
policy to reduce oneself to a mere working machine; and, if you do, you 
will be sure to find that the machine is likely to break down or to run 
badly for want of a little lubrication. Every hard working man is en-
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titled to an occasional holiday ; and to do him the most good he ought to 
spend it in the manner which will afford him the most enjoyment. In 
the end, no time is lost ; because the reviving effect of the vacation will 
enable him to work all the harder when he settles down to business once 
more.

Again, a man has certain obligations toward his fellow men ; and 
one of the most important is that he make himself agreeable and enter
taining when in company. This he cannot often do, if he be a mere 
drudge and a slave to his occupation.

In the rapid development of humanity which is taking place at the 
present time, it is necessary that each individual take a deep and absorb
ing interest in one certain subject ; but it is equally important that the 
people as a whole concern themselves with a variety of subjects, thus 
necessitating that each individual have a number of topics in which he 
takes at least a passing interest.

Unless such were the case, the whole mass of humanity would he 
working without any coherent purpose, each unit being independent of all 
the others, and following a path of its own regardless of how that path 
interferes with those of the other units.

A professional man is liable, on account of the intense interest he 
feels in his work, to overlook these facts ; and it is on this account that 
I make a point of advising each of you to mix as much as possible with 
his fellows, and to endeavor to make himself appreciated by them as 
something more than simply a hard-working engineer.
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COMMENT.

The greatest mistake the revent graduate commonly makes is to consider 
his days of study over and to seek only to put into practice what he has 
already learned. If he enters the employ of some large manufacturing 
company, a bridge company, for instance, he will find himself in the draft
ing room engaged, first upon tracing and other simple work, then complet
ing and tracing drawings the chief essentials of which have been laid 
down by some more experienced man, and, finally, laying out work for 
himself. 1 lis entire energy is spent upon the mechanical details of his 
work, such as the making of a neat drawing with good letters and figures, 
the placing of dimensions and notes, making out a hill of material, and 
learning standard gages, clearances, sizes of rivet,heads, allowances for 
bending, and similar details. He works from general drawings on which 
stresses and sections and the general type of construction arc all shown, 
leaving him little to think about but the location of rivets, the exact lengths 
and edge distances, and the technique of his drawing. All of his working 
hours are spent in the drafting room, and lie will learn of shop methods 
only from the man who checks his work, unless he devotes his spare time to 
the inspection of the work in the shops. But it is the exception rather than 
the rule to find the young engineer engaged in the drafting room work 
who will spend more than a casual hour or two a week in the shops, though 
they are in operation at least two hours a day more Ilian he is required 
to he in the drafting room. 11 is study is dropped because the contents of 
his hooks help him little in his present work.

Thus he stagnates, grows lazy, forgets much of his school work, and 
gradually liecomos a drudge. IIis salary slowly increases as he gains in 
skill as a draftsman until, at the end of four or five years he earns about 
thirty dollars per week. 11 is knowledge of shop work accumulates until he 
knows enough of it to make a correct drawing, and that is about all he has 
to show for his years of work. He has gained neither position nor money 
nor engineering knowledge. From the professional point of view he is a 
failure.

It may he objected that this picture is overdrawn, but it is not. Tin- 
average man who enters the employ of a large manufacturing corporation 
or a large construction company follows this course. The chief engineer 
of a prominent bridge company which employed alsmt fifty men in tin- 
drafting rooms, most of them technical graduates, once required another 
designer; he gave every man of promise two or three weeks’ trial in design 
ing and estimating, yet found no one who was conqietent to take up tin
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work with reasonable facility. The engineer in charge in large establish
ments is constantly searching for bright, energetic young men to fill posi
tions of responsibility, for men who arc willing, careful, and thorough 
are hard to find among the engineers who are employed in the drafting 
rooms.

It would thus appear exceedingly inadvisable for the recent graduate 
to enter the employ of such large establi? 5, but it is the men who 
arc at fault, not the work. There is no better place for the right kind of 
a man to gain experience than in the shops, because the amount and variety 
of work he may see under construction is very great. If careful attention 
be paid to the work he is given to do, no matter how trivial or uninterest
ing it may be, more responsible work will lie assigned to him as he shows his 
ability to do it. But aside from the experience he gains from his daily 
duties, he has the opportunity to learn how the work of the designing and 
estimating office, the business office, the various shops, and the erecting 
department is organized. He may also see how similar structures are 
designed by different engineers, what 1 bor various specifications entail, 
what are the benefits of such requirements as sub-punching and reaming, 
assembling field connections, and milling to exact lengths. I11 fact, the 
opportunities to learn are discouragingly numerous.

It is not enough to sec how work is done ; that is valuable to know, 
but the reason why it is done so is the vital matter. The fear of being 
thought ignorant restrains many a young man from asking questions, and 
keeps him ignorant. An earnest and tactful search for information rarely 
meets with rebuffs, but a foolish, thoughtless questioner will soon become 
a nuisance. The men in authority encourage a novice who is anxious to 
learn and go out of their way to help him.

How full notes should be kept depends altogether upon the man and his 
mental methods. Too many notes take more time than they justify and 
bury the important matters in the trivial. But there are few men who are 
blessed with a good, clear memory for details. If a point be thoroughly 
understood it. will probably be remembered without effort, but many points 
must be jotted down for further consideration.

'Fhe young engineer should subscribe for the principal technical periodi
cals which deal with his own and allied lines of work, even though they be 
available at his employer’s office, as there is no better foundation for an 
engineering library than files of such papers. Two of the best American 
journals, one of the English, and one in each of the foreign languages with 
which he is familiar are well worth while. Four or five such periodicals 
will keep one abreast of the times and furnish much food for thought.

It is to be presumed that the recent graduate is already familiar with 
tlic best technical books relating to his line of work, though this is too rarely 
true, and the reviews in the engineering journals will furnish information

8
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regarding new books. The best of these should be purchased and read, even 
though authoritative works in the same lines are already in the library, 
for every good book contains much new matter.

It is broadening and restful to read books which treat of subjects related 
very distantly, if at all. to one’s specialties or current work, and knowl
edge so acquired invariably becomes useful sooner or later.

The advertisements appearing in the technical journals merit almost 
as much attention as the text. The notices of lettings furnish samples of 
such documents, and the engineer must know how to draw them ; and new 
machinery, new methods of construction, excellent illustrations of struc
tures and machines, and much other valuable information may be found in 
the advertising columns.

Catalogues and descriptive pamphlets may generally he had for tin- 
asking and often contain much valuable data. The hand books published 
and distributed gratuitously by the manufacturers of structural steel, 
wrought steel pipe, fireproofing materials, cement, paint, concrete rein
forcement, boilers, engines, stokers, and similar materials and machines 
are essential to the engineer. Often the information these books contain 
is superficial, sometimes it is misleading, and occasionally it is in error, 
hence it should he thoroughly checked and must always be used with dis
cretion, but its high value is unquestioned.

All engineering data should he indexed as soon as it is obtained, for it 
is valuable only as it is available for use, and a mass of ill-arranged books 
and papers is a source of much annoyance. The aggregate time lost in 
hunting through them for desired information would suffice to index them 
many times over. The card index is by all means the best for the purpose, 
for. besides being more convenient to handle, it may easily he kept free from 
dead matter. When the amount of data on hand is small the index seems 
hardly worth while, but when the data have increased till the need of the 
index is felt, it is an appalling task to prepare it.

Membership in any grade in the national technical societies supplies 
valuable technical papers, lends interest in the profession, brings increased 
acquaintance, and altogether makes for advancement.

One of the greatest mistakes the young civil engineer makes is to confine 
his study to purely technical matters under the impression that business 
matters are foreign to his professional work. As a matter of fact, business 
comes first when he has sufficient technical experience to place him in a 
responsible position. If he engage in consulting practice it will require 
business ability to obtain engagements ; if he enter contracting or manufac
turing he must be a thorough business man or he will fail in the strife for 
contracts and orders.

Ethically engineering is not very different from any other vocation, hut 
the general prevalence of envy and jealousy of the more successful u n
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seems to he an especially common sin among the younger men. In the 
struggle for advancement the breadth and dignity of the profession are too 
frequently forgotten.

It hardly seems essential to point out that absolute integrity is quite 
as essential to the engineer as to the judge. Not many young men come to 
their work with tainted minds, but those who engage in contracting, either 
for themselves or in the interest of others, are especially exposed to tempta
tion ; and those who buy for their employers are in little better position. 
Unearned considerations are rarely offered openly or brazenly, but gener
ally appear honest at first glance. And if the first step he taken, progress 
is easy and rapid. No compromise of any character should ever be con
sidered. for it will readily lead to the ruin of the professional career. 
Every engineer should set himself the highest ideals and adhere to them 
rigidly. To proclaim them from the housetops is a bit unpleasant for 
his associates, however, and lie will find discreet modesty invaluable.

What shall be his ultimate goal is a matter every engineer must decide 
for himself. The time is undoubtedly near when an engineering education 
will be considered the best training for manufacturing businesses, and 
many technical students will make no plans for a professional career. At 
present a great many engineers have abandoned purely technical work for 
managerial or administrative positions, and the number who do so is steadily 
increasing. Again, the young man’s tastes and opportunities are rarely 
apparent in the beginning, consequently, the choice of a specialty is better 
left until considerable experience has been acquired. Hut when it is 
selected, it should be followed with the utmost zeal and constancy if the 
highest success is to be attained.
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INTRODUCTORY NOTES.

When this country was little more than a great farm and manufactures 
were of small importance, the volume of traffic was comparatively small 
and the obstruction of navigable waterways by the ordinary rotating draw
bridges was a matter of little moment; but the rapid strides made l>v the 
manufacturing interests, the growth in the size and number of cities, the 
advent of the electric railway, and the consequent development of city and 
suburban traffic, the increase in the value of property situated on the water 
front, and the enormous development of shipping, both by rail and by water, 
substantially prohibit the construction of any bridge that obstructs the 
channel or the adjacent property or that is not quick and certain in its 
operation. In the large Western streams which arc little more than 
navigable in name the obstruction of the channel by the pivot pier of a 
rotating bridge is of no consequence; but in the narrow and busy water
ways of the larger cities such obstruction is entirely inadmissible. The 
unequal-armed rotating bridge with a pivot pier at one edge of the channel 
interferes with the use of the adjacent wharf. This not only increases the 
initial expense, but, by decreasing the available wharfage, restricts the 
usefulness of the waterway. For these reasons it became imperative a few 
years since to develop some type of bridge which should leave the waterway 
and the wharfage unrestricted and which should, at the same time, be com
paratively low in cost and sightly in appearance.

This demand led to the introduction at about the same time of several 
types of movable bridges, among which may be mentioned the “jack-knife 
draw,*’ the folding lift-bridge with one tower, the “ pull-back draw ” in 
which the elevation of the center of gravity of the movable parts remained 
unchanged during the operation of the bridge, the rolling lift or bascule 
bridge, and the Halsted Street Lift-Bridge. Each type had its advocates, 
its points of superiority, and its weaknesses ; but the test of time has 
relegated to oblivion substantially all of them except the bascule bridge. 
The design of this type has been improved until it satisfies the chief 
requirements for a movable bridge. It leaves the waterway unobstructed, 
does not interfere with adjacent property, presents a sightly appearance, 
may be constructed at a reasonable cost, is simple in construction and 
rapid in operation, and it closes the street or railway track automatically 
as the bridge is opened. The “jack-knife draw” was essentially lacking in 
rigidity and soon proved unsatisfactory, the folding lift-bridge was ex
pulsive to operate, and the Halsted Street type of lift-bridge proved to be 
high in first cost and expensive to operate.
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The first cost of the I la luted Street Lift-Bridge, the only one of its 
type constructed, was extravagantly high, since I)r. Waddell has estimated 
that it could he duplicated for about seventy-live jier cent, of the expenditure 
it involved. The bridge companies were inexperienced in the erection of 
such structures and were required by the city to guarantee the operation of 
the bridge, even though they were not responsible for the design, conse
quently, they tendered high to cover contingencies. Again, owing to the 
shortsighted economy of the city authorities, before tenders were invited 
borings were not made to determine the character of the earth on which the 
foundations were to be placed, hence it became necessary later to change the 
plans and let the contract for the work without competition. But with the 
best of management it is not probable that another lift-bridge of this type 
could be constructed as cheaply as a bascule bridge of the same span.

The chief reason, however, why it is improbable that another such struc
ture will never be erected lies in the prejudice of the layman, the fear that 
the high towers will lie blown over, that the roped are not strong enough, 
•md that sooner or later the span or the counterweights will fall. This 
fear is reflected by the newspapers and acts to prevent the authorities from 
contracting for any structure which has aroused such opposition. The 
public will traverse dangerous bridges daily without fear, for the structures 
are familiar and the danger is not understood ; but any novel construction 
which appears to lie unstable will excite violent opposition.

The Halstcd Street Lift-Bridge is, however, a sightly structure and 
it has served its purpose well for more than ten years. Barring the effect- 
of the neglect commonly allotted to public structures, it is in satisfactory 
condition and promises to fulfil its mission for many years to come. It 
is unique In the annals of bridge design and will long remain a monument 
to the courage and skill of its designer. Many of its details are valuable, 
and. like every other important structure, it contains many lessons for tin- 
thoughtful engineer. Therefore Dr. Waddell’s description of the bridge 
and the discussions of other engineers which are to be found in the follow
ing pages are eminently noteworthy, aside from their historical value.
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WITH DISCUSSION.

History.—For a number of years there was a rotating combination 
drawbridge over the South Branch of the Chicago River at llalsted 
Street, but on June 30, 1892, a vessel ran into it and knocked it down. 
When the city attempted to rebuild it, the lake navigation interests ob
jected to having another rotating draw span at this crossing, on the 
ground that the pivot pier of the old bridge was always a serious obstruc
tion to navigation : and they used such influence with the War Depart
ment that the city was restrained from building the structure as con
templated. The Commissioner of Public Works of Chicago at that time 
was the Hon. J. Frank Aldrich, who a few months later was elected to 
Congress. Mr. Aldrich was placed in a rather awkward predicament, 
for. on the one hand, the people of the district in the neighborhood of the 
llalsted Street crossing—which, by the way, is one of the greatest 
thoroughfares of the city—were clamoring for a bridge; and, on the other 
hand, the United States Engineer Corps would not permit him to build 
any structure which would narrow the waterway to any such extent as 
would a rotating draw span.

The folding bridge or “ jack-knife draw,” one of which was then 
under construction at another crossing of the Chicago River, was advo
cated by certain parties ; hut Mr. Aldrich, who is himself, or, perhaps, 
more strictly speaking, was, a civil engineer, did not consider this type of 
bridge sufficiently rigid for the long span and for the heavy traffic.
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After making a thorough study of the problem, Mr. Aldrich decided 
upon building a lift-bridge similar to the one designed previously bv the 
writer for the proposed crossing of the ship canal at Duluth ; and after 
considerable delay permission was obtained from the War Department 
to build the structure, with the proviso, however, that the clear headway 
be increased from 140 to 155 feet above mean low water.

Before the demand for extra clear height was made, bids had been 
asked for, and the contract had been awarded provisionally, on schedule 
prices for materials in place, to the Pittsburgh Bridge Company (W. W. 
Curtis, M. Am. Soc. C. E„ Engineer), with the Hale Elevator Com
pany of Chicago as sub-contractors for the machinery, which latter com
pany afterward transferred its contract to the Crane Elevator Company 
of the same city. But it was not until the beginning of 1893 that the 
contract for building the bridge was finally signed, sealed, and delivered. 
Even then the tribulations of those interested in the enterprise were not 
at an end, for the letting of the contract was irregular, in that there was no 
money in the City Treasury to pay for the bridge; therefore, according 
to the usual custom under such conditions, reliance was placed on the 
Finance Committee and Board of Aldermen voting, later on, the neces
sary funds. Under ordinary circumstances this irregularity would have 
done no harm ; but in this case it was otherwise, because it gave each 
Alderman and each city official an opportunity to tie up the work, if he 
so desired, by alleging that the scheme was impracticable and that the 
bridge could not possibly work successfully. Continual worry was ex
perienced on this account, and it is fair to say that to this circumstance i> 
mainly due the great delay in completing the contract, which required 
fifteen months, instead of the six months allowed. In fact, it was at one 
time doubtful whether the sub-contractors for the machinery would ever 
finish their work ; because they debated seriously whether it would not be 
better to lose about $15000 which they had already spent rather than to 
complete the contract and take the chance of receiving nothing. This 
difficulty, however, was tided over by Mr. Curtis, who gave to his sub
contractors such satisfactory assurances that they would be paid eventu
ally that they decided to proceed with their work.

Another main cause of difficulty and delay was the continual chang
ing of city officials, for in the two years during which this bridge subji t 
was on the tapis there were three changes of administration, involving the 
election or appointment of three Mayors, three Commissioners of Public 
Works, and three City Engineers, to say nothing of minor officials.

General Description.—The location of this bridge is very awkward, 
for not only does Halsted Street cross the river on a skew of iol/2°, but 
there is an offset in it of 41feet just at the crossing. This combina
tion involves a skew of 22]/2° for the structure in respect to the channel.
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By setting the main and rear piers on lines at right angles to the central 
plane of structure, the effect of the skew was taken out of the bridge 
and carried to the machinery house and the street retaining walls.

As shown on Plates I. and II. the bridge consists of a single Pratt 
truss through span of 130 ft., in seven equal panels, and having a truss 
depth of 23 ft. between centers of chord pins, so supported and con
structed that it may be lifted vertically to a height of 155 ft. clear above 
mean low water. At its lowest position the clearance is about 15 ft., 
which is sufficient for the passage of tugs when their smokestacks are 
lowered. The span differs from ordinary bridges only in having pro
visions for attaching the sustaining and hoisting cables, guide rollers, etc., 
and in the inclination of the end posts, which are battered slightly, so as 
to bring their upper ends to the proper distance from the tower columns 
and their lower ends to the required positions on the piers.

At each side of the river is a strong, thoroughly braced, steel tower, 
about 217 ft. high from the water to the top of the housing, exclusive of 
the flag poles, carrying at its top four built-up steel and cast-iron sheaves, 
12 ft. in diameter, which turn on 12-in. axles. Over these sheaves pass 
the ij^-in. steel wire ropes (32 in all) which sustain the span. These 
ropes are double ; i. c., two of them are brought together where the span 
is suspended, and the ends are fastened by clamps, as shown in Fig. 1 ; 
while, where they attach to the counterweights, they form a loop, which 
passes around a 15-in. wheel or pulley that acts as an equalizer in case the 
two adjacent ropes tend to stretch unequally.

The counterweights, which are intended just to balance the weight of 
the span, consist of a number of horizontal cast-iron blocks about iox 12 
in., in section, and 8 ft. 7 in. long, strung on adjustable wrought-iron 
rods that are attached to the ends of rockers, at the middle of each of 
which is inserted the 15-in. equalizing wheel or pulley previously men
tioned.

The counterweights run up and down in guide frames built of 3-in. 
angles, as shown on Plate III.

The weight of the cables is counterbalanced by that of wrought-iron 
chains, one end of each chain being attached to the span, and the other 
end to the counterweights, so that, whatever may be the elevation of the 
span, there will always be the same combined weight of sustaining cables 
and chain on one side of each main sheave as there is upon its other side.

Between the tops of the opposite towers pass two shallow girders 
thoroughly swav-braced to each other and riveted rigidly to the towers. 
The main function of these girders is to hold the tops of the towers in 
correct position ; but incidentally they serve to support the idlers of the 
operating ropes and to afford a footwalk from tower to tower for the use 
of the bridge tender. Adjustable pedestals under the rear legs of each
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tower provide for possible unequal settlement of the piers which support 
the tower columns. Each of these pedestals as shown on Plate IV. has 
an octagonal forged steel shaft, expanding into a sphere at one end, and 
into a cylinder with screw threads at the other. The hall end works in 
a spherical socket on a pedestal, and the screw end works in a female

DETAILS OF ATTACHMENTS OF CABLES TO SPAN.
FIG. I.

screw in a casting, which is very firmly attached to the bottom of tin- 
tower leg. By turning the octagonal shaft, it is evident that the rear 
column will be lengthened or shortened. The turning is accomplished 
by means of a special liar of great strength, which fits closely to the octa
gon at one end, and to the other end of which can he connected a block 
and tackle, if necessary. These screw adjustments were useful in erecting 
the structure, hut it is quite likely that they will never again be needed.
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N.B. Supporting sheave* or idlers between Tower* are to be 
put in where found necessary, They are to be carried 
by angle iron bracket* attached to and supported by 
the bracing between the top* of Towers.

GENERAL ELEVATION

PLATE III.
THANH. AM. ROC. CIV. BNOKS.

VOL. XXXIII, No. 742.
WADDELL ON HAL8TED STREET LIFT-BRIDGE.
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tN.B. No Ropes shown here except t 
those for lifting the bridge '
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DIAGRAMS OF OPERATING ROPES.

1. No Ropes sliowu here except 
those for lowering the bridge
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But in case there is ever any tower adjustment required, it will be found 
that the extra money they cost will have been well expended.

Some persons have questioned the ability of these screws to work 
after they have stood for some length of time ; but as the rear columns 
carry only a small portion of the weight of the tower and occasionally 
some wind pressure, no great difficulty is anticipated in making adjust
ments, should any ever be required.

Moreover, as the main piers rest on bed-rock, while the rear piers 
are on grillages and piles, it stands to reason that any deviation from 
adjustment would lie due to a settlement of the rear piers and a con
sequent loosening of the rear pedestals, which would relieve the load 
on the screws, and thus reduce the frictional resistance to turning. Pro
vision is to be made for oiling the screws, by drilling holes into the cast
ings and attaching oil cups thereto. This matter was overlooked in 
making the design. In case the main piers had not gone down to rock, 
the omission might have given trouble ; but, as it is, it could not have 
done so.

Each tower consists of two vertical legs against which the roller 
guides on the trusses bear, and two inclined rear legs. These legs are 
thoroughly braced together on all four faces of the tower ; and at each 
tier there is a system of horizontal sway bracing, which will prevent most 
effectively every tendency to distort the tower by torsion.

At the tops of the towers there are four hydraulic buffers that are 
capable of bringing the span to rest without jar from its greatest velocity, 
which was assumed to be 4 ft. per second ; and there are four more 
of these buffers attached beneath the span, one at each corner, to serve 
the same purpose.

The span, with all that it carries, weighs about 290 tons, and the 
counterweights weigh, as nearly as may be, the same. As the cables and 
their counterbalancing chains weigh fully 20 tons, the total weight of the 
moving mass is almost exactly fioo tons.

Should the span and counterweights become out of balance on ac
count of a greater or less amount of moisture, snow, dirt, etc., in and on 
the pavement and sidewalks, it can be adjusted by letting water into and 
out of ballast tanks located beneath the floor ; and should this adjustment 
he insufficient, provision is made for adding small weights to the coun
terweights, or for placing such weights on the span.

As the counterweights thus balance the weight of the span, all the 
work which the machinery has to do is to overcome the friction, bend 
the wire ropes, and raise or lower any small unbalanced load that there 
may be. It has been designed, however, to lift a considerable load of 
passengers in case of necessity, although the structure is not intended 
for this purpose, and should never be so used to any great extent.
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The span is steadied while in motion by rollers at the tops and bot
toms of the trusses, as shown on Plate II. There are both transverse 
and longitudinal rollers, the former not touching the columns, unless 
there is sufficient wind pressure to bring them to a bearing. The 
longitudinal rollers, though, are attached to springs, which press them 
against the columns at all times, and take up the expansion and con
traction of the trusses. With the rollers removed, the bridge swings 
free of the columns ; and, since the attachments are purposely made- 
weak, the result of a vessel's striking the bridge with its hull will be to 
tear them away and swing the span to one side. Should the rigging 
of the vessel, however, strike the span, the effect will be simply to break 
off the masts without injury to the bridge. This latter accident has 
happened once already, the result being exactly what the writer had 
predicted. There is a special apparatus, consisting of a heavy square 
timber set on edge, trimmed on the rear to fit into a steel channel which 
is riveted to the cantilever brackets of the sidewalk, and faced with a 
6x6 in. heavy angle iron, to act as a cutting edge. This detail, which is 
a very effective one for destroying the masts and rigging of colliding 
vessels, is shown in the photograph of the structure reproduced on Plate 
II. The adoption of a wooden handrail on the span, while a steel one is 
used on tin rest of the bridge, is a wise precaution against expense caused 
by collisions. The wooden rail is easily replaced by any carpenter, and 
is quite cheap ; while the steel rail, if broken or bent, as it is liable to be. 
would he not only costly hut also difficult to match in replacing, and 
comparatively expensive to repair. Of course, the wooden rail is not 
quite so sightly as the metal one. The writer had contemplated using 
the latter over the entire structure, and conceded the change to a wooden 
rail with some reluctance, hut is now convinced that it is the proper thing 
for the place. This wooden rail and the exterior guard are standard de
vices of the City Engineer's office of Chicago.

The bridge is designed to carry a double-track street railway, vehi
cles, and foot passengers, as can be seen bv the photographic view shown 
on Plate IT. It has a clear roadway of 34 ft. between the counterweight 
guides in the towers, the narrowest part of the structure, and two canti 
levered sidewalks, each 7 ft. in the clear, the distance between central 
planes of trusses being 40 ft., and the extreme width of suspended span 
57 ft., except at the end panels, where it is increased gradually to 63 ft. 
The roadway, as shown in Fig. 2, is covered with a wooden block 
pavement 34 ft. wide between guard rails resting on a 4-in. pine floor 
that in turn is suppôt ted by wooden shims, which are bolted to 15-in. I - 
beam stringers spaced about 3 ft. 3 it), from center to center. These 
stringers are riveted to the webs of the floor beams; and beneath them 
run diagonal angles, which are riveted to the bottom flange of each
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stringer, and thus form a very efficient lower lateral system. The side
walks are covered with 2-in. pine planks, resting on 3 x 12-in. pine 
joists spaced about 2 ft. from center to center

FIG. 2.

The span is suspended at each of the four upper corners of the 
trusses by eight steel cables which take hold of a pin by means of cast- 
steel clamps. This pin passes through two hanger plates which project 
above the truss and arc riveted very effectively to the end post by means
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of the portal plate-girder strut on the inside and a special, short canti
lever girder on the outside as shown in Fig. 1.

Each portal girder carries near each end an iron-bound oak block to 
take up the blow from the hydraulic buffer, which hangs front the over
head girder between towers. Similar oak blocks arc let into and 
project from the copings of the main piers, as shown in Fig. 3. to take 
it]) the blow from the hydraulic buffers that arc attached to the span.

The ballast tanks before alluded to, of which there arc four in all, 
are built of steel plates properly stiffened, and have a capacity of about 
19000 lbs., which is probably more than enough to set the bridge in 
motion if it were all an unbalanced load. These tanks serve a double 
purpose, the first being simply to balance the bridge when it gets out 
of adjustment because of the varying load of moisture, etc., on the span, 
and the second being to provide a quick and efficient means of raising 
and lowering the span in case of a total breakdown of the machinery. 
If, for instance, which is highly improbable, the operating ropes were 
broken and had to be detached from their drums, by emptying all of the 
water out of the tanks the span could be made to rise. It could be 
lowered again by filling them front a reservoir which is placed on top 
of one of the towers and kept filled with water at all times by means of 
a pump in the machinery house. The water in all of these tanks can be 
kept from freezing, or the ice therein can be thawed at any time by 
turning on steam from the machinery room into the coils of pipe which 
they contain.

The necessity for using the tanks for operating the bridge will prob
ably never arise ; nevertheless, some experiments ought to be made, to 
ascertain what weight of water is required to unbalance the bridge suffi
ciently to put it in motion. In operating the bridge by the water ballast 
it would he necessary to take the precaution to place a simple, temporary 
friction brake of some kind at each corner of the span to press against the 
column, and thus prevent the attainment of too great a velocity. A 
stick of timber could be made to answer this purpose. It would do as 
well to apply these brakes to the main sheaves. All four tanks are con
nected by pipes so that the water in them can be kept at the same level ; 
and these pipes are provided with stop-cocks so that they can be drained 
in winter, to prevent their contents from freezing and bursting them, or 
so that any one tank can he emptied without discharging the others. 
Should the water in the tanks freeze, it would do no harm, because the 
sides thereof are battered. Access is had to the tanks by means of man
holes through the paved floor. These holes are covered with cast iron 
plates which arc properly ribbed to give good foothold for horses.

On the floor at the entrances to the towers and at the corners of the
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counterweight guides curved cast iron bumpers arc placed to protect the 
rear columns and the guides from being injured by passing vehicles.

The lower ends of the counterweight frames are fenced in with wire 
netting to prevent persons from injury by the descending counterweights.

It would be well to adopt automatic gates at each end of the bridge 
to shut off traffic from both roadway and footwalks when the bridge is 
being operated or just about to be. As such devices arc not employed on 
the other Chicago bridges, at least not to any great extent, the writer did 
not provide for them in his design, preferring to leave the matter to the 
City Engineer's office. At present traffic is stopped by a policeman who 
stretches a rope across the roadway in the north tower : hut there is 
nothing to prevent foot passengers from crowding out to the open ends 
of the footwalks. where there is the double danger of falling into the 
river and being struck by the descending span, in case one should let his 
head project over the open end of the walk.

As shown on Plate I. the main sheaves at tops of towers are covered 
by small houses built in a somewhat decorative style, and finished with 
flag-poles. The operating house on top of the span, shown on Plate IL. 
is also slightly decorated. It is 10 ft. square on the inside, and is sur
rounded by a foot-walk and a suitable hand railing. When the span 
rises to its full height, this house passes through an opening in the 
bracing of the overhead struts that extend from tower to tower. The 
operating house contains only the signaling apparatus and the peeper, 
therefore it affords plenty of room for the operator or watchman. It 
has windows all around, so as to permit him to see in every direction.

The peeper referred to is an apparatus to enable the operator to de
termine when the span has risen high enough to clear the masts of an 
approaching vessel. As the device is covered by a patent, the contract 
for designing and building it was let for a fixed sum to the patentee, 
who has failed thus far to provide lenses of sufficient power ; consequently 
his work has not been accepted, and will not be. probably, until he makes 
the apparatus work satisfactorily. Meanwhile the operator, as a matter 
of precaution, has to raise the span at every passage somewhat higher 
than lie would raise it. were the peeper in operation. This is no hard
ship, though, because the span is raised and lowered very quickly. The 
best time made thus far for raising through the entire height is 34 
seconds, which gives a velocity a little in excess of 4 ft. per second, the 
speed for which the buffers were designed.

The operating machinery is located in a room 37 x 53 ft., the opposite 
sides being parallel, but the adjacent sides being jie to each other 
the obliquity amounting to about 120. The placing of this machinery 
beneath the street was really forced upon the writer, who had origi
nally contemplated using electrical machinery and putting it in a houst

1
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in one of the towers. As the engineer for the machinery contractor 
insisted upon using steam machinery, the writer deemed it unsafe to 
place it in the tower, owing to the injurious vibrations which might 
he set up: hence the expensive and rather unsatisfactory construction ad
opted for the house, which rests upon a timber grillage supported on piles 
and carrying 4 ft. of concrete as a floor. As the level of this floor is about 
midway between high and low water, the reason for using so much con
crete becomes apparent when one considers the buoyant effort which the 
water is capable of exerting. Although the writer insisted that the side 
walls of the room should be caulked and made water-tight, this has not yet 
been done ; hence if the machinery house be flooded, the writer must not 
be blamed. The timber grillage is drift-bolted to the piles by bolts 
which were put down through gas pipes driven into the top timbers to 
serve as small coffer-dams, and thus prevent the water from rising into 
the concrete. These pipes do not extend up to the surface of the floor, 
so when the latter was finished off they were filled with grouting.

The retaining walls are built of monolithic concrete resting on a 
timber grillage supported on piles, as in the case of the machinery house. 
These walls are tied back by heavy, adjustable wnnight-iron rods passing 
through (lead-men placed some 40 ft. in the rear of the face of the wall. 
This construction was rendered necessary by the tendency of all retain
ing walls along the Chicago River to pitch forward and crack. There 
is a clear space of 1 ft. between the rear outer face of the machinery 
house and the front face of the retaining wall, so that in case of the wall 
slipping forward a trille, in spite of all precautions, the machinery house 
will not be disturbed.

At the north end of the bridge the rear columns of the towers rest 
on the floor of the machinery house, but at the south end they rest on 
solitary masonry piers, 8 ft. square under coping and battered on all 
four faces. The masonry of each of these piers rests upon a timber 
grillage which is supported by 16 piles driven to bed-rock.

Two of the main piers as originally designed were to he of masonry 
and to rest 011 timber grillages supported on piles driven to the bed-rock, 
which was supposed to he 38 ft. below the city datum and overlaid with 
a stiff clay that was capable of holding the piles in position. Although 
the writer asked on several occasions that borings be made to determine 
the exact depth of bed-rock and the character of the overlying material, 
his request was refused. Afterward, under a new administration, when 
V 'rings were made they showed that the rock lies some 9 or 10 ft. nearer 
the surface and that the overlying material consists principally of a semi- 
quid clay which is incapable of retaining piles in place laterally. It is 

undoubtedly this condition of affairs which causes many of the river re
taining walls to pitch forward and crack.
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After considerable discussion the writer gained his point and changed 
the style of the main piers fundamentally by substituting for each of them 
two solitary masonry piers, 12x/i x 13 ft. under coping, with battered 
sides, resting on a timber and concrete caisson sunk by the pneumatic 
process to bed-rock. Naturally, these pneumatic piers were somewhat 
more expensive than they would have been bad they been let with the 
rest of the work in competition. However, when everything is duly 
considered, the contractor was not greatly overpaid for this portion of 
the work.

PLAN OF ENGINE ROOM. 
B

N.n. Intermediate Supporte of Shaft to lie Uriel
lined hy tin) Cu
lie Engineer lur Approval.

The stone used for the piers is Cleveland sandstone, which, although 
not quite as good as the Kettle River sandstone called for in the specifi 
cations, is a very satisfactory material, as has been proved by its actual 
use in Chicago during many years.

The arrangement of the operating machinery is shown un Plate 111 
and Fig. 4.

Two 70 H. P. steam engines communicate power to an 8-in. hori
zontal shaft, carrying two 6-ft. spiral grooved cast-iron drums, aroun-1 
which the in. steel wire operating cables pass. As one of the liftin', 
ropes passes off the drum, the corresponding lowering rope takes it- 
place, and, vice versa, the extreme horizontal travel being a little le< 
than 12 ins. Thus hy turning the drums in one direction the span
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raised, and by turning them in the other direction the counterweights 
are raised, and the span consequently is lowered. When the span is 
at its lowest position the full power of one engine can he turned on to 
pull U]) on the counterweights and thus throw some dead load on the 
pedestals of the span, after which the drums can he locked. Before 
the bridge was completed the writer considered that this operation would 
he necessary in order to check vibration from rapidly passing vehicles; 
hut such has not proved to he the case, for the span is very rigid, and 
the amount of the vibration is not worth mentioning. It is possible, 
though, that in some other lift-bridges, where the ratio of live load to 
dead load is greater, this feature of operation cannot be ignored.

The engines are provided with friction brakes that arc always in 
action, except when the throttle is opened to move the span; conse
quently no unexpected movement of the bridge is possible.

The stretch of the operating cables is taken up, as shown in Fig. 1, 
by turn-buckles near the points of attachment of the rope to the span and 
the counterweights; and when the adjustment is exhausted, the rope can 
be shortened by loosening the turn-buckle to its greatest limit and either 
cutting oft" the outer end of the rope and making a new splice, or by 
overhauling it on the drum and pulling the end through a hole in the 
periphery, placed there to afford a fastening. Each of the operating 
ropes stretched about 2 ft. soon after the bridge was first operated, but 
since then the stretch has been very slight.

As shown on Plate 111., the raising ropes, after leaving the drums, 
pass out of the machinery house to and beneath some 5-ft. idlers under 
the towers, thence up to the top of the north tower where they pass over 
some 4-ft. idlers and the main 12-ft. sheaves. Four of them here pass 
down to the north end of the span and the other four run across to the 
other tower over more idlers, then down to the south end of the span.

The lowering ropes, after leaving the drums in the machinery room, 
pass under some idlers below the north tower, and thence up to more 
idlers at the top of the tower. Four of them here pass down to the 
counterweights in the north tower, and the other four run across, over 
intermediate idlers in the overhead bracing, to the main 12-ft. sheaves 
of the south tower, then downward to the counterweights.

In addition to the previously mentioned method of moving the span 
by the water ballast, there is a man-power operating apparatus of simple 
design in the machinery house which makes it possible to raise and 
lower the span in case the steam-power gives out, slowly when used 
alone or more rapidly when used in conjunction with the water ballast.

The original design contemplated operating the engines directly from 
the operating house on the span by ropes and pulleys, as in the case of 
ordinary elevators : but. at a conference with the engineers for the con-
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tractors, the writer and the City's Inspector of Machinery, Mr. F. Sar
gent. upon their advice, decided to operate them by signals given in the 
operating house, transmitted to the machinery room, and, as a matter of 
precaution, repeated to the operating house. The writer lias thus far seen 
no reason to regret the decision in respect to this change of design.

As the span nears its highest and lowest positions, an automatic 
cut-off apparatus in the machinery room shuts off the steam from the 
cylinders and thus prevents the hydraulic buffers from being overtaxed.

The writer expects that Mr. T. XV. Heermans will discuss this paper 
and will give a full description of the steam machinery and signal appara
tus. and will present to the Society some indicator diagrams from which 
can he computed the actual power required to raise and lower the span 
under various conditions.

Specifications that Governed the Designing.

The following is a concise statement of the leading features of the 
specifications, which the writer adopted when making the design :

Live load for stringers, 11 tons on a single roller 6 ft. wide.
Live load for remainder of floor system, ioo lbs. per square foot.
Live load for trusses, 4 500 lbs. per lineal foot.
Dead load for trusses. 4 100 lbs. per lineal foot.
Wind pressure for span and towers, 30 lbs. per square foot of exposed 

surface, including both sides of the bridge.
Intensities of working tensile stresses.

Chord bars, 15000 lbs.
Main diagonals, from 12500 to 15000 lbs.
Counters (adjustable, iron), 10000 lbs.
Lateral rods (abjustable. iron), 15000 lbs.
Sway bracing (steel sections), 15000 lbs.
Flanges of rolled beams (extreme fiber), 12 500 lbs.
Flanges of built beams (web resistance ignored), 15000 lbs.

Intensities for compression members by the following formulas:

For Truss Members:

Flat ends .........................

One flat and one pin end

Pin ends .........................

p-17000—65--

, iP — 15000 — 56 —

p = 15 000 — fifi 1 r
l

P= 15000 — 757

Far Sway Bracing: 

Flat ends .
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For Pins and Rivets:
Shearing .................................. ioooo lbs. per square inch.
Bearing ..................................... 16000 “
Bending .................................... 20000 “

Bearing on Masonry:
Sandstone (extra strong quality), 300 lbs. per square inch.
Concrete (Portland cement)........ 150 “ “ "

N. B.—These intensities are for a combination of all loads, including 
wind pressure.

Pressure on Journals:
Upon projection of semi-intrados, 600 lbs. per square inch.

Pressure in Buffers:
Approximately.......................... 200 lbs. per square inch.

Tension on Wire Ropes:
Total load for ij^-in, cable..................  18750 lbs.

X. B.—This corresponds (bv experiment) to an initial factor of safety 
of about nine and one-third.

Pressure for Screw Threads of Rear Column Pedestals:
Approximately..........................600 lbs. per square inch.

Shafting:
Intensity on extreme fiber for 

combined twisting and bend
ing ............................................. ioooo lbs. per square inch.

Minimum Thickness of Metal
Below roadway ..........
Above roadway ........

I ’elocity:
Greatest velocity of span.......................... 4 ft. per second.

It will be noticed that the assumed dead load makes the span weigh 
only 533 000 lbs., while the actual weight is about 580 000 lbs. Of the 
latter amount, however, some 50000 lbs. are concentrated either at or 
very near the ends of span (for instance, the weight of the hydraulic 
buffers, water tanks and their ballast, end floor beams, portal girders, 
rollers, etc.), and do not affect materially the stresses in the trusses ; 
consequently the assumed dead load is about right.
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Extracts from the General Specifications.

The following extracts from the general specifications upon which the 
contract for building was let will give a correct impression as to the 
quality of the materials in the structure and the manner in which it was 
built. The extracts will he taken in the regular order in which the various 
items mentioned appear in the original specifications, and will be con
densed to the greatest extent that is compatible with a clear understand
ing of them. In fact, in some places, instead of making extracts the 
writer will simply describe tersely certain portions of the specifications, 
especially those which are standard.

Piles.—Straight, live, white oak timber, free from cracks, shakes, 
rotten knots and all defects; not less than io ins. in diameter at tip, nor 
less than 16 in. at butt.

Timber in Foundations.—Yellow pine, 12x12 ins., drift-bolted bv 
%-in. round bolts 22 ins. long, spaced pot to exceed 3 ft., and driven into 
£4-in. holes.

Masonry.—Regular coursed ashlar of the best description. Stone 
to be of the best quality of Kettle River sandstone, quarried near Sand
stone, Pine County, Minn., or other stone equally good.

Backing.—Backing of piers to be of Portland cement concrete. Mor
tar for same to be mixed in the proportion by volume of 1 part cement 
to 2*4 parts sand. To this is to be added as much broken stone as the 
mortar will thoroughly cover without leaving any voids in the mass.

Cement.—Best quality of English or German Portland, 90% fine, 
with 2 500-mesh sieve. Tensile strength of neat cement 100 to 140 lbs. 
at one day, and 250 to 500 lbs. at seven days.

Metal Work.—All metal in span and towers to be medium steel, ex
cepting adjustable members, which are to be of wrought iron ; rivets, 
which are to be of soft steel, and portions of the moving parts, which 
are to be of cast iron. All wrought iron to comply with the Manufac
turers' Standard Specifications. Cast iron to be of tough, gray iron, 
free from injurious cold shuts or blow holes, true to pattern, and of a 
workmanlike finish. Sample pieces. 1 in. square and 4 ft. 6 ins. long 
between bearings to carry a central load of 500 lbs. All steel to be 
manufactured by the open hearth or Bessemer process. Ultimate 
strength of medium steel from 60000 to 68000 lbs. per square inch 
That of rivet steel from 53 000 to 61 000 lbs.

Tests to be made according to the usual practice.
Workmanship first class in every particular.
One coat of lead paint in shop, and two coats in the field.
Workmanship on the large wheels, their axles and bearings, to be of 

the very best that is given in machine shops to that class of work.
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Timber in superstructure to be of the best quality of white or yellow 
pine. Floor planks to be sized to a uniform thickness. Pavement to 
be cedar block and built in strict accordance with the standard specifica
tions of the City of Chicago.

Machinery.—The entire machinery is to be bid upon in a lump sum, 
and is to include the following :

1. All of the machinery (of whatever kind that may he adopted) 
located in the machinery house beneath the street.

2. Apparatus for operating bridge by man-power, in case of break
down of machinery.

3. All operating ropes from machinery to bridge, with their adjust
ing details.

4. All apparatus in operating house and that leading from same to 
machinery in machinery house.

5. Ropes sustaining span, together with all details attached thereto 
and pertaining to same.

6. Rockers between ropes and counterweights.
7. Counterweights.
8. Counterweight rods with their details.
9. Straps for keeping the component parts of the counterweights 

in position and letting the adjacent tiers of castings slide by each other.
10. Cast iron weights either to rest on ends of span or to be attached 

to counterweights, so as to adjust the balancing of weight of bridge.
11. Counterbalancing chains, with their attachments to bridge and to 

counterweights.
12. All guide wheels on span, together with their bearings and the 

details by which they attach to the chords.
13. Four hydraulic buffers at top of tower and four at bottom of span.
14. Glycerine tanks and their connections to the hydraulic buffers.
15. Glycerine for filling buffers.
16. The peeper, complete, with all its attachments to structure.
17. All signals and electric alarm bells.
18. All apparatus or machinery not herein specified that may here

after prove necessary to operate the bridge properly and satisfactorily.
Machinery in Machinery House.—Each bidder will be required to 

furnish with his bid an outline plan and complete typewritten descrip
tion of the machinery which he proposes using. There will be no re
striction as to the kind of machinery to be used, whether steam, hydraulic 
or electrical, but in any case it is to be first class in every particular and 
acceptable to the engineer. Its capacity must be such that under the most
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unfavorable conditions of wind pressure, unbalanced weight, etc., it will 
be capable of lifting the bridge to a clear height of ioo ft. above the water 
in 50 seconds by using one engine only, the other engine acting as a 
reserve in case of breakdown. The second engine must, however, be 
capable of being thrown into action instantly, so that the bridge can be 
moved rapidly out of the way in case of the too close approach of a vessel.

All parts of this machinery must have ample strength, so as to avoid 
all possibility of a breakdown, more especially in those parts which are 
not duplicated, such as winding drums, with their shafts and gearing.

Man-Power Hoisting Apparatus.—Each bidder will be required to 
furnish an outline plan and complete typewritten description of this ap
paratus. It must be so designed as to be capable of hoisting the bridge 
slowly out of the way of vessels in case of any serious breakdown in the 
machinery, and must have sufficient strength and be of simple and easy 
application.

Operating Ropes.—There are to be eight of these for raising, and 
eight for lowering, the bridge. They arc to be of Ji-in. “ Hercules ” 
rope as manufactured by the A. Leschen & Sons Rope Company, of St. 
Louis, Mo., or other rope of the same diameter, and equal strength, 
quality, and pliability.

The adjustments of these ropes are to be made by means of long- 
threaded rods of sufficient strength, and the connecting details are to be 
of the most approved design.

Sheaves or Idlers.—These are to be about 5 ft. in diameter, of cast 
iron, each cast in one piece. The workmanship thereon is to be first class.

Operating Apparatus.—Each bidder will be required to furnish with 
his bid an outline plan and complete typewritten description of this ap
paratus, which must be made perfectly effective in every particular, 
amply strong, quick in action, and to the approval of the engineer.

Sustaining Ropes.—These arc to be ins. in diameter, and of the 
same kind and quality as specified for the operating ropes. There are 
to be 32 of these ropes, eight at each corner of the bridge. All con
necting details for these ropes are to be of the best standards in use.

Rockers.—Rockers between ropes and counterweights are to be built 
of steel in strict accordance with the requirements of the specifications 
for metal work.

Counterweights.—These are to be cast as smooth and true as prac
ticable for ordinary castings, so that they will work smoothly up and 
down in the guides, and so that the adjacent tiers of castings can pass each 
other vertically without undue friction.

Counterweight Rods.—These are to be of wrought iron, of the quality 
specified for the metal work, upset, arid furnished with nuts and washers 
of standard type.
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Sliding Straps.—These straps, which serve to keep the counterweights 
in position, are to be of wrought iron, and are to be made as shown on 
the drawings.

Counterbalancing Chains.—These arc to be of wrought iron, the 
weight per vertical foot of all chains being just equal to the weight per 
foot of the 32 supporting ropes. They are to be attached to the counter
weights so as to distribute their weight equally over the supporting ropes.

Guide Wheels.—All guide wheels between span and tower are to be 
made of the pattern shown. They are to be of the best workmanship, so 
as to reduce the rolling friction to a minimum. The springs employed 
are to be manufactured according to the directions of the engineer.

Hydraulic Buffers.—These shall have sufficient capacity to bring the 
bridge to rest without shock from a velocity of 4 ft. per second, which 
is to be the greatest velocity allowed by the governors that are to be at
tached to the machinery in the machinery house. These buffers are to 
be of the most approved type, and of ample strength.

Glycerine Tanks.—These, with their connections to buffers, are to be 
of the best quality and ample strength.

Glycerine.—Glycerine for filling buffers is to be of the best quality 
used for such purpose ; and as much of it shall be used as the engineer 
may deem necessary.

Peeper.—The peeper and all its connections shall be built to the satis
faction of the engineer ; and the contractor shall pay any royalty that may 
be required by the holder of the patent for this apparatus.

Signals, etc.—Signals for warning passengers and for communicating 
with vessels, such as used on other bridges over the Chicago River, shall 
be furnished and put in place by the contractor, including two electric 
alarm bells of size and capacity to be determined by the engineer.

The span shall be erected on pontoons and shall be floated into position, 
but not until the machinery is all ready to connect to the bridge ; and the 
obstruction to navigation, caused by putting the span into position, shall 
be reduced to a minimum.

Description of Details.

Span Details.—As can be seen on Plate II., the style of span does not 
differ essentially from the ordinary, although it has several rather un
common features, such, for instance, as the slight inclination to the verti
cal of the end post, as previously mentioned, the carrying of the posts 
below the bottom chord pins so as to have the floor beams below the 
chords, and the division of the upper lateral system by a continuous 
longitudinal strut lying in the central plane of structure. This last detail 
was rendered necessary by the great distance between central planes of
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trusses. The dropping of the floor below the bottom chords is required 
by the condition of making the distance from its surface to lowest part 
of span a minimum. An inspection of Fig. 2 shows that the floor beams 
are altogether too shallow for economy of metal. The same plate shows 
that the paved roadway is pitched from the middle to the sides so as to 
draw off water rapidly.

The heavy portal girders are required for two reasons : first, rigidity ; 
and. second, to take up the shock of the blow given to them by the buffers 
at the tops of the towers.

The pedestals hang from the feet of the end posts, and arc pin-con
nected. There is a strut passing from each of the feet to the first panel 
point from the end. This strut would prove useful if. in winter, when 
there is no navigation, the suspending cables were removed in order to re
pair them, and the span is thus made to act like any ordinary span, 
changes of temperature would cause a bending on the extended portions 
of the end posts. The struts prevent this, and would, in such a case, 
cause the span to slide sufficiently to accommodate the expansion and 
contraction. The end posts are figured to carry both the entire dead 
and live loads, although under ordinary conditions the former is never 
carried by them, but is taken up by the suspending cables.

The top and bottom chords (the latter being stiff in the end panels) 
project beyond the end panel points so as to afford connection for the 
rollers. Behind each longitudinal roller is a spring which keeps the 
roller pressed at all times against the column. Should the span tend 
to lurch forward, there is a stopper in each spring, which prevents such 
lurching from exceeding a certain limit. The connections of all rollers 
to the span are strong enough to withstand the wind pressure and any 
blow from the masts or rigging of a vessel ; but should the hull of the 
latter strike the span, these connections would fail and allow it to swing 
sideways, which it would do until the vessel would he brought to rest.

The connections of cantilever brackets to floor beams around the 
posts, as shown in Fig. 2, have been objected to as being too elaborate 
for the size of the cantilevers; but the writer holds that such a detail 
is necessary in any case, in order to avoid direct tension on rivets. The 
tightly fitting straining angles at the post feet are also just as necessary as 
the upper connection, unless some equally efficient detail, such as an 
underneath plate extending from cantilever to beam, be adopted.

The detail for attaching the span to the cables is shown on Plate II 
and Fig. 1. Some difficulty was found in designing a satisfactory and 
efficient connection for the ends of the sustaining ropes. The Cram- 
Elevator Company objected to the detail first proposed by the writer on 
account of expense ; consequently, at his request they submitted a design 
of their own. Upon examining it, the writer pronounced it inefficient
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and proceeded to submit it to test, with the result that his judgment was 
verified. The company then submitted another similar, hut improved, 
design, shown in Fig. i, which the writer judged would be strong enough 
to develop the full strength of the rope. Some tests to destruction proved 
the correctness of this surmise; and it is the writer's opinion that this 
design for the clips is the best and most efficient that can be made, 
although it must lie confessed that its appearance is somewhat clumsy. 
Hitherto no one appears to have used clips that would even begin to 
develop the full strength of wire rope; hut in this case it is essential, not
withstanding the fact that it is contemplated to use these cables until 
they have lost as much as 40% of their strength.

Tower Details.—Each of the main columns of the towers is built of 
a single J/j x 20-in. plate and four 6 x 6-in. 50-lb. angles, which form 
a built I-beam that is riveted between two 15-in. 150-lb. channels turned 
face to face, the web of the builtl-beam lying in a plane transverse to the 
length of span. The front face of this column is left open so as to permit 
of the travel of the vertical roller, hut the hack face is stay-plated occa
sionally. Wherever the rollers touch the column, the rivet heads are 
countersunk so as to be perfectly flush with the web. The column is 
expanded at the foot, as shown in Fig. 5, so as to give a sufficiently low 
hearing pressure on the masonry and to distribute it uniformly without 
overstraining any of the metal. The boxed spaces in the foot are filled 
with bituminous concrete.

At the top of the tower each column is expanded, as shown in Fig. 6, 
so as to afford proper support for the journal boxes of the main sheaves. 
These boxes are lined with bronze, which is grooved spirally so as to carry 
the lubricant to the bottom of the hearing and distribute it uniformly.

Attention is called to the rigid character of the sway bracing in 
numerous planes in the vicinity of the main sheaves. No metal was spared 
in the endeavor to obtain the greatest practicable rigidity.

The bracing in the plane of the main columns consists of a heavy 
plate-girder portal near the bottom carried down the sides of the columns 
to the large floor beam and connected to it, and a similar, hut lighter, 
plate girder at the top to aid in carrying the main sheaves, and to take up 
the uplift from the buffers. Between these girders there is a double can
cellation system of sway bracing, each diagonal and transverse member 
of which consists of four angles in the form of an I-beam with a laced 
web. This system of sway bracing has much greater strength than the 
computed wind stresses require, hut it was put in thus for the sake of 
rigidity.

The single cancellation system of sway bracing between the main and 
the rear columns consists of struts, each built of two angles in the form 
of a star, and stayed to each other by short pieces of angle iron spaced



550 HALSTED STREET LIFT-BRIDGE.

about 3 feet centers ; but one member in the first tier below the main 
sheaves is a built I-beam, designed lo carry the counterweights before the 
span is attached to them by the sustaining cables, and the diagonal in the 
bottom panel is composed of four angles in the form of a star. These 
star stmts make a good and rigid bracing ; nevertheless, in a new design 
the writer would use more metal and adopt four Z-bars.

DETAILS OF FOOT OF MAIN COLUMN.

FIG. 5.

The sway bracing between the rear columns is put in for rigidity only, 
because its figured stresses are insignificant. The main sheaves are built 
up of steel plates and angles with a cast-iron periphery grooved to fit the 
wire ropes. This design is a modification of one made especially for the 
writer over two years ago by Thomas E. Brown, Jr.. M. Am. Soc. C. E.. 
who had been called in consultation when the plans for the proposed lift- 
bridge at Duluth were being prepared.
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Overhead Bracing Details.

As shown on Plate I., the overhead bracing between towers consists of 
two lattice girders built of angles and having a double system of cancella
tion for the web, which changes, however, at the ends into plates. Be
tween these girders there is a system of sway bracing similar to that 
between the top chords of the span and containing the same peculiar

DETAILS AT TOP OF MAIN COLUMNS.

FIG. 6.

feature of an intermediate longitudinal strut. In this case, though, this 
strut, instead of being continuous from end to end, is made in two parts, 
and does not extend across the middle bay. which is left unbraced, so as 
to permit the operating house to pass through. The detail for connecting 
this system to the towers is very simple and effective. It was suggested 
by Mr. Curtis and accepted with a slight modification by the writer. Its 
essential feature consists in cutting the girders (as originally designed)
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through the plate-girder portions near the ends by planes inclined to the 
vertical, so as to make the length of the top chord of the intermediate 
portion shorter than that of the bottom chord, facing all the cut ends with 
stiffening angles, riveting the short pieces on to the towers, and hoisting 
at one operation the two intermediate pieces with all their sway bracing, 
which had previously been assembled and riveted together on the false
work, so that the oblique ends met ; then these ends were riveted together, 
and the flanges of the girder were spliced above and below by cover plates.

Machinery Details.—As shown in Fig. 3, each hydraulic buffer consists 
of a cast-iron cylinder 12 inches internal diameter and 4 feet stroke, 
with a tightly fitting piston, that has through it four symmetrically dis
posed holes. Through each of these holes passes a tapered rod. When 
not in use, the head, owing to the weight of the piston, lies at the bottom 
of the cylinder, but. when struck, rises and forces the fluid (a light 
petroleum product) through the four annular spaces around the rods. As 
will he shown later on, the taper of the rods is so figured that the total 
pressure on the piston remains constant at all positions of the piston head 
for any one stroke. Should the calculations have been slightly at fault, 
the resistance of the buffer can be increased or decreased by lowering 
or raising slightly the rods by means of the screw adjustment provided in 
the design ; and should this be insufficient, it would be a simple matter to 
take out the rods and put in new ones with a different taper. Fortunately, 
though, the buffers, as nearly as can be determined by a casual examina
tion, appear to work exactly as they were designed to do. The writer 
had some doubt about the ability of the piston to descend of its own 
weight unless it were made to fit so loosely in the cylinder as to permit of 
the passage of some of the fluid around the periphery during the stroke, 
hut his fears were groundless, for only one of the eight pistons showed 
any tendency to stick, and that cue began to work all right in a day or 
two. The idea of running rods through the piston came from Edward 
Flad, M. Am. Soc. C. E. He very kindly placed his invention at the dis
posal of the writer, who personally made the original design, computa
tions, and drawings for the buffers of the bridge. This design was not 
varied from essentially in making the working drawings.

As the piston ascends, the total amount of metal within the cylinder 
is constantly increased; consequently the amount of fluid therein is cor
respondingly diminished, the excess passing out of a pipe at the bottom 
and into a small reservoir situated only a few feet above. As the pressure 
of the escaping fluid is quite small, the reservoir is left open to the air, 
and there is no loss of fluid involved

The attachment of the balancing chains to the counterweights provides 
for an equal distribution of the weight of the chains over all the sustaining 
cables, even should the latter stretch unequally.
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The design for the drum, shown on Fig. 4, is very simple, and requires 
no further explanation.

The driving wheels are placed symmetrically near the middle of the 
drum shaft. They are cast-iron spur gears, 10 feet in diameter. These 
and all the rest of the machinery between them and the engines were de
signed by the Crane Elevator Company under the inspection of and to the 
approval of Mr. F. Sargent.

The operating ropes are attached to the span and counterweights, as 
shown in Fig. 1, by means of ordinary clips, such as are used in elevators. 
The detail for lining up and clamping the suspending ropes was manu
factured and delivered on the ground, but the bridge was found to work 
so nicely without it that it was decided not to put it in.

Testing.—All testing was done by Messrs. G. XV. G. Ferris & Co., of 
Pittsburg, who are the regularly employed inspectors of bridge materials 
for the City of Chicago. The usual tests of the steel were made, and the 
results were fairly good, considering that the use of Bessemer steel was 
permitted. Some very interesting tests of wire rope were made by these 
gentlemen under the direction of the writer, who hopes that some of the 
engineers of the firm will see fit to contribute to the discussion of this 
paper by giving a full description of these tests and the conclusions to be 
drawn therefrom in respect to the ultimate strength and other properties 
of steel wire ropes.
„ - Calculations.Buffers:

Moving weight........................= 1 200 000 lbs.
Moving mass .......................... = 1 200 000 -4- 32.2 = 37 267.
Maximum velocity..................= 4 ft. per second.
Energy due to same................= 37 267 x (4)2 -4-2 = 298 136.

say—300000 ft.-lbs.
Number of buffers................... = 4.
Energy per buffer due to mov

ing mass .............................= 300000 -4- 4 = 75 000 ft.-lbs.
Stroke of buffer....................... = 4 ft.
Constant pressure on piston . . = 75 000 -4- 4 = 18 750 lbs.
Diameter of cylinder...............= 12 ins.
Area of cylinder........................= 113 sq. ins.
Area of four holes.................. = 4 sq. ins. (approximately).
Net area of piston....................= 113 — 4 = 109 sq. ins. = A.
Intensity of pressure on piston= 18750 -4- 109 = 172 lbs.
Hydraulic head due to 172 lbs.

pressure ............................ = 396 ft., say, 400 ft.
Formula for velocity through

holes .................................v'+ 0.7 V 2 gh.
= 0.7 x 8 V 400 = 112 ft. per second 

'...... M.
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Let t- = velocity of piston at any part of the stroke. Its value will 
diminish uniformly from 4 ft. per second to zero.

Let A' = net area of the four orifices for the jxjsition of piston cor
responding to the varying velocity v.

Then by the law of continuity—
- 1 v Av — l09„,Av — A v, and A = - — —v-t/ 112 0.973 «

A*
For v = 4, A' = 3.892 sq. ins., and — =0.973 stl- ”1.

4
Af

For v = 3,A' = 2.919 sq. ins., and — = 0.730 sq. in.
4
A'

For t* = 2, /F = 1.946 sq. ins., and — = 0.486 sq. in.
4

t- . A'ror r = 1, A = 0.973 sq. in., and — = 0.243 S(F ,n-
<4

For v ■= o. A' = 0.000 sq. in., and — = 0.000 sq. in.

Let us assume diameter of plug at bottom = ]/2 in.
Then area of plug at bottom = 0.196 sq. in.
Therefore area of hole in piston = 0.973 + 0.196 = 1.169 sq. ins.

Diameter corresponding to 1.169 sq. ins. = 1 -fa >ns- (nearly ).
Diameter of plug at top must be almost exactly 1 3\ ins., so as to fit 

the hole tightly, but without binding.
For v = 3. area of plug = 1.169 — 0.730 = 0.439 sq. in., correspond

ing to a diameter of 0.748 in.
For v = 2, area of plug = 1.169 — 0.486 = 0.683 sq. in., correspond

ing to a diameter of 0.936 in.
For v — 1, area of plug = 1.169 — 0.243 = 0.926 sq. in., correspond

ing to a diameter of 1.086 ins.
If the plug were conical, the diameters at the several quarter point- 

would be respectively 0.68 in., 0.86 in., and 1.04 ins., consequently it will 
have to be swelled a little beyond the conical surface in order to make the 
total pressure on the piston constant at all parts of the stroke.

These calculations were furnished by the writer to the subcontractors 
for the machinery. How closely they adhered to them in manufacturing 
the buffers he cannot say ; but, at any rate, the latter work satisfactorily, 
which is all that is really necessary. It is seldom that the span will 
strike the buffers with a velocity of 4 ft. per second, for two reasons 
first, it is not necessary to operate the bridge at such a velocity ; and 
second, the automatic cut-offs in the engine-room reduce the speed 
near the ends of the travel. On the other hand, though, if the span b>
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out of balance, the buffers will have to overcome an extra amount of 
energy equal to the unbalanced load multiplied by the buffer stroke.

If the unbalanced load for an extreme case be assumed equal to 5000 
lbs., the total extra energy to be overcome will be 20000 ft.-lbs., or 5000 
It.-lbs. per buffer. This is, however, less than 7% of the capacity of the 
buffer.

Power.—The amount of power required is dependent mainly upon 
the coefficient of friction in the journals of the main sheaves. Unfor
tunately, but little is known concerning its probable value for such a case 
as this. A study of the various authorities shows a very wide range of 
opinion. It is well, perhaps, to assume with Morin that its value is 0.05 
for ordinary working pressures and ordinary conditions.

Let us investigate three cases, viz. :
1st. No wind acting, balanced loads, and a maximum velocity of 3 

ft. per second.
2d. No wind acting, balanced loads, and a maximum velocity of 4 

ft. per second.
3d. Greatest assumed wind pressure acting, an unbalanced load of 

2000 lbs., and a maximum velocity of 2 ft. per second, which velocity 
will probably just suffice to raise the span, according to contract, 85 ft. 
in 50 seconds.

Case No. i.

Load on journals........................-
Frictional resistance of journals :
Velocity of axle in journal........
Work of friction........................ :

Corresponding horse-power ... =

Inert in.—Let us assume that in 
second will be developed.

1 200000
Mass.... = - = 37 267.

32.2

= 1 320000 lbs.
= 1 320 000 x 0.05 = 66 000 lbs.
= 0.25 ft. per second.
= 66 000 x 0.25 = 16 500 ft.-lbs.

16 500
=---------= 30.

550
15 ft. the full velocity of 3 ft. per

k (3)a = 167 700 ft.-lbs.

The average velocity during development = 1.5 ft. per second. 
Time required for development = 10 seconds.

167 700
Energv expended per second = ----------- = 16770.

10
16 770

Corresponding horse-power = = 30.5.
550
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Bending Cables.—For a velocity of 3 ft. per second, it will take ap
proximately 6 H. P.

Summation.—The sum of these three values is equal to 66)4 H. P., 
nearly. This seems high, and it is more than likely that the experiments 
about to be made will show, first, that the coefficient of friction is less 
than 0.05 ; and, second, that it takes ordinarily a greater travel than 15 ft. 
to develop a velocity of 3 ft. per second.

Case No. 2.

Friction.—The work of friction is directly proportional to the veloc

ity ; consequently in this case the horse-power will he 30.0 x — = 

37 267 x {4)1
Inertia.—Energy developed =-------------------= 298 136 ft.-lbs.

The average velocity during development = 2.0 ft. per second ; there
fore, the time, as before, will be 10 seconds.

298 136
29814 ft.-lbs.Energy per second

Corresponding horse-power

Bending Cables.—For a velocity of 4 ft. per second, it will take ap
proximately 8 H. P.

Summation.—The sum of these three values is equal to 102 H. P.. 
nearly. With this arrangement of speed, the time required would be as 
follows :

To attain maximum velocity............................. 10 seconds.
Duration of same = 116 -f- 4............................. 29 “
To overcome same in 4 ft..................................... 2 “

Total

If these figures arc correct the bridge must have been considerably 
unbalanced when it was moved the full height in 34 seconds. That it was 
somewhat unbalanced was known, because the span went up more quickly 
than it went down, although the difference of time for raising and lower
ing was ordinarily not very much.
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Case Xu. 3.

Friction.—For a velocity of 2 ft. per second, the horse-power required 
will (from Case No. 2) — 40.0 -4- 2 = 20.0.

298 136
Inertia.—The energy developed will be -------— = 74534 ft.-lbs., and

4
the time, as before, 10 seconds: therefore, the energy per second will be
74 534 „ . .. . . 7453 ,■-------- - — 7 453 ft.-lbs., corresponding to a horse-power of - = 13.6.

10 550
Bending Cables.—For a velocity of 2 ft. per second, it will take ap

proximately 4 II. I\
Unbalanced Load.—

Energy = 2000x2 = 4000 ft.-lbs., corresponding to a horse-power 
of 7.3.
Wind Pressure on Span:

Total wind pressure on span = 50000 lbs., nearly.
Diameter of roller = 15 in.
Diameter of axle = 5 in.

Velocity of axle = -- x 2 = 0.67 ft. per second.
*5

Coefficient of friction = 0.05.
Frictional resistance = 50000x0.05 — 2500 lbs.
Work of friction = 2 500x0.67 = 1 675 ft.-lbs.

1 675
Corresponding horse-power =-------= 3.0. nearly.

550
To this should be added about 1 H. 1*. for the rolling friction, making 

the total horse-power for rollers = 4.0.
Wind Pressure on Counterweights:

Areas exposed = 4x8 x 10 = 320 sq. ft.
Pressure on same = 320 x 30 = 9600 lbs., say, 10000 lbs.
Assume coefficient of friction =0.15.
Frictional resistance = 10000 x0.15 = 1 500 lbs.
Work of friction = 1 500 x 2 = 3 000 ft.-lbs. per second.

3 000
Corresponding horse-power = - - = 5.5, nearly.

55°
Summation.—The sum of all these values is 54.4 H. P. From this it is 

evident that, if the various assumptions are correct, one 70-H. P. engine 
will easily raise the span 100 ft. clear above the water in 50 seconds, under 
a wind pressure of 30 lbs. per square foot, and with 1 ton of unbalanced 
load on the span ; consequently the contractor has complied generously 
with the specifications.
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Erection.—The treatment of this subject will he left to Mr. W. VV. 
Curtis, the engineer who represented the contractors, and under whose 
personal supervision it was so ably done. There is but one adverse 
criticism to make concerning it, viz., the great length of time it took ; but 
for this there arc many extenuating circumstances. Under like condi
tions many a contractor would have thrown up the contract in despair; 
and. in the writer's opinion, if Mr. Curtis had the work to do over again, 
with everything favorable, instead of unfavorable, he would finish it all in 
the contract time. It was contemplated, when the specifications were 
written, to erect the span on pontoons, float it into place, and raise it 
clear of everything in a single day ; but the erection being delayed until 
after the close of navigation, the contractor was permitted to drive false
work piles all the way across the river. The passage of the latter for 
tugs was blocked in consequence only three or four days.

Estimates.—Owing to unavoidable changes in both substructure and 
superstructure, it is not practicable to check the total cost of bridge 
with the preliminary estimate, which was based upon the quantities 
given at the end of the “ General Specifications." There is only one 
item of all these that it is convenient to check, viz., the total weight of 
metal, 1250000 lbs. To this must be added the writer's preliminary 
estimate of 100000 pounds for raising the towers 15 ft., making the 
total estimate weigh 1 350000 lbs., which agrees within 5000 lbs. with 
an estimate made in the writer's office from the complete detail drawings.

The reasons why the total cost of the bridge is higher than was an
ticipated are as follows:

1st. Increased cost of superstructure (nearly $5000) because of the 
increased height of towers.

2d. Greater expense involved by the necessary change from pile piers 
to pneumatic piers.

3d. Adding to the legitimate cost of the structure that of removing 
the old pivot pier and doing considerable dredging for the purpose of 
deepening the channel.

4th. Extra expense for engineering and inspection due to the delay 
in completing the structure.

If the contract for building a duplicate of the Halsted Street lift- 
bridge were to he let to-dav, at present prices, with close competition, 
and if the engineer were allowed full sway in making plans and speci
fications for substructure, superstructure, approaches, and machiner) 
based upon correct data, it is not too much to say that the entire com 
would be reduced to, at most, $150 000, instead of $200000, which is 
about what the structure itself would cost, exclusive of outside extras.
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Advantages of Lift-Bridges.

The advantages of lift-bridges, in comparison with rotating draw
bridges, arc as follows :

ist. A lift-bridge gives one wide channel for vessels instead of the 
two narrow ones afforded by a center-pivoted swing-bridge.

2d. There are no land damages in the case of a lift-bridge, as the 
whole structure is confined to the width of the street. These land dam
ages in the case of some swing-bridges amount to a large percentage 
of the total cost of structure.

3d. Vessels can lie at the docks close to a lift-bridge, which they 
cannot do in the case of a swing-bridge; consequently with the former 
the dock front can be made available for a much greater length be
tween streets than it can with the latter.

4th. The time of operation for a lift-bridge is about 30% less than 
that for a corresponding swing-bridge.

The advantages of a lift-bridge in comparison with a bascule or a 
jack-knife draw, both of these being supposed to be without a center 
pier, are as follows:

1st. The lift-bridge can be made of any desired span, while, in the 
case of the others, the span is necessarily quite limited in length.

2d. A lift-bridge can be paved, while the others cannot.
3d. The lift-bridge is very much more rigid than any structure com

posed of two or more partially or wholly independent parts, a feature 
characteristic of the jack-knife bridge or the bascule without a center pier.

4th. In a lift-bridge, the operating machinery is much more simple; 
and, in case that it should ever get out of order, the span can be raised 
or lowered either by unbalancing, or by simple hand mechanism, or by 
both combined.

Conclusion.—In concluding this paper the writer desires to give full 
credit to the following gentlemen :

Primarily, as before stated, to the Hon. J. Frank Aldrich is due the 
fact that the bridge is in existence.

To W. XV. Curtis, M. Am. Soc. C. E., is due great credit, not only for 
the careful and conscientious manner in which all of his work was done, 
but also for his unfailing courage in dealing with continual occurrences 
"f the most disheartening character.

To Mr. T. XV. Heermans, engineer for the machinery contractor, is 
due the credit of the fact that every portion of the machinery went to
gether as it was designed.
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To S. M. Rowe, M. A111. Soc. C. E., the resident engineer, is due the 
credit of the correct location of all parts of substructure and superstruc
ture.

To Mr. Ira Ci. Hedrick, the writer's engineer and chief draftsman, and 
to Mr. Rudolf Markgraf, his architect, are due the credit of preparing the 
complete detail drawings for the entire structure, excepting the steam 
machinery and signal apparatus, which were designed, as well as built, by 
the Crane Elevator Company.

It would lie unfair to omit to mention Lee Treadwell, Assoc. M. Am. 
Soc. C. E., the writer’s principal assistant engineer, who, although but 
slightly connected with the designing of the I lalstcd Street bridge, was. 
nevertheless, instrumental in evolving many of the special details em
ployed therein, when studying with the writer on the design for the pro
posed lift-bridge for Duluth. Moreover, he assisted in making the draw
ings for the span of the Halsted Street bridge.

As before mentioned, the writer Is indebted to Thomas E. Brown, 
Jr., M. Am. Soc. C. E., for many valuable suggestions concerning general 
details, and to Edward Flad, M. Am. Soc. C. E., for his kind permission 
to use his idea for hydraulic buffers.

The Halsted Street lift-bridge has now been in operation long enough 
to show that all that was claimed for it by its projectors was true, and 
that it works even more easily than was anticipated. The writer is now 
engaged on the preliminary designs for several similar structures in 
which the manner of operation will reduce the cost to less than that for 
corresponding swing-bridges ; and. as the first cost of other lift-bridges 
can be made very much less than that of the pioneer structure, it is not 
improbable that in the next few years many structures of this type will be 
built over navigable waters in American cities adjacent to the seacoast 
and the Great Lakes.



.11

I l.ll.S lin ST R LILT Ul T-HRIIK,IL. 56*

DISCUSSION.

Gustav Lindenthal, M. Am. Soc. C. E.,

remarked that while the paper was very interesting, there were some parts 
which were omitted, for instance, the testing of the wire ropes. This ques
tion had recently come up in discussion in connection with the use of sockets 
for fastenings, and it was shown by tests that that method was unreliable, 
because it was very difficult in practice to pin every wire fast in the socket, 
and hence the full strength of the wire rope was never developed in testing 
to destruction.

The reason for the use of this type of bridge is given in full by the 
author, namely, that at the site of the bridge the U. S. War Department 
objected to the use of an ordinary draw-bridge as an obstruction to naviga
tion, and that the type adopted was thought to be one which would meet 
those objections. He did not think, however, that this type of bridge would 
be used generally as a substitute for draw-bridges, because it was more 
expensive in first cost and more expensive to maintain.

L. L. Buck, M. Am. Soc. C. E.,

stated that he had not been able to give the paper the attention which he 
would like to do before entering into a detailed discussion of it, but that he 
could not at the present moment see any good reason for raising the whole 
span to such a height as to permit the passage of masted vessels under it. 
His feeling was that, had the problem been presented to him, he would have 
exhausted all other resources before adopting the plan of the author. He 
had heard that objection to a draw-bridge was made bp the War Depart
ment, but on the Erie Canal the State of New York also objects to draw
bridges. It occurred to him that raising the floor of the bridge alone might 
be a more desirable method. The supporting structure could then be placed 
above and made stationary and permanent. An examination of a draw
bridge across the Chicago River had satisfied him that a satisfactory solu
tion of the problem might be worked out in this way.

G. H. Thomson, M. Am. Soc. C. E.,

called attention to the fact that on page 35 some of the advantages of lift- 
bridges are noted. One other advantage can be mentioned, viz., lift-bridges 
can be manipulated with ease while a stiff gale is blowing, and this has 
been tested with the type known as the end lift-bridge. The difficulty of 
manipulating circumrotary draws during gales has been experienced in 
both hand and power swing bridges of equal arms; while the bob-tail draw 
(unequal arms) presents much greater difficulties in the way of rotation.
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Another advantage in some types of lift-bridges is that the amount of 
coal required is less than the amount required for rotary draws of equal 
single span.

The statement that a lift-bridge of the bascule type cannot be paved 
(sic) will not find acceptance with those who think that there is no diffi
culty in laying wooden block pavement on bridges with inclined surface 
roadways.

He further remarked that the cost of this structure seems excessive; 
that how much of this cost is chargeable to t ubstructure does not appear, 
and that it would be interesting to know the weight of the towers. The 
paper, with its accompanying plan, does not disclose this, and an economy 
analysis is not easily made offhand. The magnitude of the counter
weighting (given at 290 tons) is something more than an “end” lift-bridge 
requires. An “end” lift-bridge needs but one tower of about one-half the 
height, with presumably less material than the Halsted Street bridge

He called attention to an end lift-bridge designed for W. Katte, M. 
Am. Soc. C. E. (see Plate V.), a view of which shows a double-track end 
lift-bridge on temporary line over the Harlem River, of a total length of 
106 feet, center of end pin to extreme end. It has been lifted about 50 
times a day for about six months, and one and one-half minutes is the 
usual time of a full lift, and it is responsive in action.

The Halsted Street bridge is rapid in movement. One double-track 
through plate (of 60-feet span) end lift-bridge has been lifted to the full 
height in nine seconds.

He thought the selection of any type of lift-bridge should be the result 
of mature deliberation after weighing all the conditions presented in each 
particular case; that some situations point to the selection of a lift-bridge 
as justifiable, whether viewed in the light of first cost or cost of mainte
nance, while others admit of no other type of draw, but that the usual con
ditions presented by most situations permit the use of the rotary draw, and 
economy and other matters indicate soundness of judgment in its adoption.

F. W. Skinner, M. Am. Soc. C. E.,

complimented the author on the excellent manner in which he had pre
sented the paper, and called attention to the elaborate and unusual screw 
adjustment at the base of the towers, which he presumed had been very 
fully studied, but which at first glance seemed to be somewhat remarkable. 
As adjustments wou*d require to be made very infrequently at most, it 
seemed to a casual observer as if it would have been better to simply 
arrange for differential loose packing plates and the temporary insertion of 
hydraulic jacks, than to use costly steel screw bearings.

He said further that the design of bridges that should cause the least 
interruption of traffic on the numerous highways and waterways of large 
cities is a subject that had lately received special attention by a large num 
ber of the most prominent bridge builders. Notably interesting and original 
designs were prepared by the late Mr. Scherzer, and the engineers associated
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with the elevated road in Chicago, while the author had carefully developed 
a fundamentally distinct line of construction. He called attention to a type 
of bridge differing from that described by the author, consisting essentially 
of a bascule bridge, the leaves of which are made to slide back, with their 
centers of gravity moving always in a horizontal line and revolving about 
them until they reached the wide open position, of which type there is a 
bridge in Milwaukee already completed, and another for which George H. 
Benzenberg, M. Am. Soc. C. E., has prepared plans of a structure without 
any towers. By this arrangement the distortion by necessity for absolute 
adjustment and danger from settlement is considerably relieved.

Charles E. Emery, M. Am. Soc. C. E.,

desired to add his testimony to the very thorough way in which this sub
ject had been presented. In regard to the type of bridge, he thought that 
those engaged in actual construction were best fitted to criticise, but as 
there seemed to be a difference of opinion among them, he might be per
mitted to remark that apparently something more in the way of land dam
ages might have been allowed, and a simpler bridge placed at that site. The 
raising of a span of only 130 feet to such a great height would seem to be 
unnecessary, for had the whole span been lifted in one direction, the tower 
spanning the river would not have been required and the load to be lifted 
have been reduced one-half. It might be, however, that the conditions 
were much worse than appear in the paper.

T. J. Long, M. Am. Soc. C. E.,

said that the only point which occurred to him was the statement of the 
author that one of the advantages of this type of bridge over the bascule 
and jack-knife lift-bridges is that it can be paved, while the latter cannot. 
His impression was that the Tower Bridge, of London, which is a bascule 
bridge, is paved, and that the two bridges of the jack-knife lift type in 
Chicàgo are also paved.

J. Sterling Deans, M. Am. Soc. C. E.,

said that he was not prepared to discuss the details of construction, but 
would state that he had heard objection made to this special design of draw, 
by one of the assistant engineers of Chicago, on account of the great cost 
for operation. He had since heard, however, that a large proportion ol' this 
cost was due to some defect or inefficiency in the machinery and not due to 
any defect in the design of the structure proper.
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Lee Treadwell, Assoc. M. Am. Soc. C. E.,

remarked that in regard to the question of wire rope tests made were very 
interesting, and he was sorry that they were not embodied in the paper. 
The author expected, however, that their results would be given in the 
form of a discussion by G. W. G. Ferris & Co., who made the tests. When 
tested the rope parted at a point between and removed from the fastenings, 
showing thereby that its full strength was developed, and that the effi
ciency of the fastenings was all that could be desired. According to his 
recollection the maximum strength of a lj inch steel cable was found to 
be 175,000 pounds, or about 15 per cent, less than its estimated strength. 
The breaking strength of wire rope, as given in manufacturers’ catalogues, 
is generally arrived at by multiplying the strength of one wire by the 
number of wires in the cable.

He desired to say that about six weeks ago he went up on the Halsted 
Street bridge, and that the buffers worked in a perfect manner, there being 
absolutely no reaction such as is felt when an ordinary passenger elevator 
is brought to a stop.

Answering Mr. Buck, he said, that in working up the design for a pro
posed lift-bridge at Duluth, which finally led to the Halsted Street bridge, 
a number of different designs were carefully considered by the author, one 
of which was with a fixed span at the top of the towers, but, that when the 
cost of the span, together with the cost of the suspended floor and all the 
necessary cables, drums, counterweights, pulleys and attachments were 
considered, it was believed that there would be little or no saving in cost 
over the movable span. He thought a more serious objection, however, to 
the fixed span and suspended floor was that the long chains or cables going 
down to support the floor could not be protected from the weather and the 
swaying action of the wind. Moreover, a floor 130 feet long and suspended 
by cables 155 feet in length would be seriously lacking in rigidity, espe
cially under the passage of heavy coal wagons and similar loads. The de
sign was therefore abandoned as being entirely inadequate to meet the 
requirements of the case.

The unusual conditions that affected the Halsted Street crossing he con
sidered to be eminently favorable to the lift-bridge type of construction 
A rotating draw, with its pier and protection piles occupying a space 60 
feet wide by 200 or more feet long in the middle of the river, would inter 
fere seriously with navigation interests, for the river is both narrow and 
crooked at Halsted Street. A counterbalanced swing span, with one short 
arm and the pier on the shore, could probably have been constructed for n 
little less than the cost of the lift-bridge, but the damage to private prop
erty and the occupation of about 300 feet of wharfage would have mor- 
than offset the saving. Moreover, such a span, not permitting of a complet- 
rotation through 360 degrees, would require more time to open and dost 
There being continuously heavy traffic on Halsted Street, the item of time v 
opening and closing any bridge for the passage of boats was therefore 
most important consideration. The lift-bridge was built entirely within tl> 
street limits, there being no damage to private property and no interfe 
ence with boats receiving or discharging cargoes at the adjoining wharvt 
He stated, also, that so far as he was able to learn when in Chicago, tl 
lift-bridge is giving better satisfaction to both navigation interests and 
the general public than is any other bridge over the Chicago River. Tl e
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average time that street traffic is interrupted for the passage of a vessel 
at the lift-bridge is said to be less than the corresponding time at the 
swing bridges.

As to the cost of the bridge, he said that no bridge builders in this 
country had previously had experience with a structure of this kind, and 
consequently they bid with a large margin for contingencies. In addition 
to this, the contractor was required to give a bond for the successful opera
tion of the bridge, according to the requirements of the plans and specifica
tions, namely, that it should be raised 100 feet in 50 seconds. The ap
proaches and machinery house were included in the cost of $200,000. He 
believed that the bridge could now be built for something like $50,000 less 
than that amount.

In regard to the operation of the bridge, he was told recently by the 
day signalman on the span, that, excepting with the engines, not the least 
difficulty had ever been experienced in operating the bridge. Some weeks 
ago the main driving pinions on the crank shaft of the engines were broken, 
through rough usage by an inexperienced engineer, and, as a consequence, 
the span remained at the top of the tower for a period of 36 hours, at the 
end of which time the repairs were completed and the bridge again put in 
operation. He said another reason that the engines have not given perfect 
satisfaction is, that they are run at a much higher rate of speed than their 
designers ever intended that they should run. Instead of raising or lowering 
the span at the rate of 2 feet per second, as required by the specifications, 
it is generally moved at the rate of 3 or more feet per second; hence there is 
a tendency to shake the engines to pieces and to loosen the connections.

He further remarked that the force required to operate the bridge is a 
large item in the expense account, three engineers, two signalmen, four 
policemen, and one man to shovel coal, clean the machinery, oil bearings, 
etc., being required to make up the shifts for 24 hours. The cost of opera
tion is said to bo about $1,000 per month during the navigation season. 
He understood, however, that the author would in future designs use elec
trical power and make such other modifications as to reduce the operating 
expenses to about one-half of the amount given, depending on the weight of 
the bridge and the local requirements.

Foster Crowell, M. Am. Soc. C. E.,

thought that the author in speaking of the jack-knife construction refers 
to a structure of two parallel folding girders, and that those spoken of by 
Mr. Long were modifications of the bascule type. The old-fashioned jack
knife bridge evidently could not be paved unless the supports were made 
entirely free from the floor, which is impracticable. The pavement on the 
Halsted Street bridge he believed was wooden blocks, which would not be a 
great weight on a bridge of this length. While a permanent pavement 
would be a desirable thing, it does not seem to be a very serious matter.

He understood there was a report that the annual expenses of main
taining the Halsted Street bridge would be about $15,000, and that when 
a bridge of the same type as this was recently in contemplation, not far 
from New York City, the authorities abandoned the idea on account of this 
expense.
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CORRESPONDENCE.

T. W. Heei mans, Esq.,

said that in describing the construction, erection and operation of the 
machinery designed and erected by the Crane Elevator Company for the 
operation of the Halsted Street lift-bridge, it would, perhaps, be well to 
consider the subject under the following heads:

1st. The general plan and arrangement of power-house.
2d. The determination of power required.
3d. Type of engines to be used.
4th. Methods of connecting gearing to drum shaft.
5th. Mounting of the drum shaft and gearing.
6th. Friction clutch used in connection with gearing.
7th. Method of piping and running engines.
8th. Counterweights.
9th. Method of setting counterweights.
10th. Cable fastenings.
11th. Method of connecting cables to span.
12tli. Water counterbalance.
13th. Hand-power operating device.
14th. Signaling device.
15th. Peeper.
16tli. Suggestion for ascertaining power required for operation.

First.—In the general plan and arrangement for the machinery in the 
power-house, ample space had been set aside by the engineer for the ma
chinery, and consequently the only requirements were that the best use 
possible be made of this room, so that the machinery be readily accessible 
for maintenance or repairs. This was accomplished by placing the boilers 
on one side of the engine-room, with their fire doors toward each other, 
and sufficient space between them for fire irons or for renewing the flues in 
the boiler when necessary.

This arrangement of boilers allowed the engines to be placed centrally 
in the engine-room, with their working end readily accessible and near 
the firing space. It was so arranged that the man in charge of the ma
chinery, in caring for his boilers, would also be near the engines and 
operating levers when any signal is given from the operating house on 
the span. The engines were connected with the drum shaft by spur gearing, 
and are clearly shown on the plans submitted with the paper, which show 
also, what other arrangements have been made with respect to the ma 
chinery.

Second.—The determination of power required for operating the span 
has been very thoroughly gone into by the author in his paper. The 
figures made by him, or rather the results arrived at, were similar to those 
obtained by the writer. The proportioning of the gearing is such that the 
piston travel of the engine is to the motion of the bridge or span as 500 
is to 158, making the pressure available on one piston equivalent to a dis 
turbance of the balance between the bridge and the counterweights (with 
100-pound boiler pressure and the span uniformly belanced) about 20,00; »
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pounds. This appears, from all experiments made, to be ample for over
coming the inertia and friction. No absolute data has yet been ascertained 
as to the amount of power required to start, accelerate and keep the bridge 
in motion, but this matter is now being considered by the city engineer, 
and experiments will doubtless soon be made that will give reliable data.

Third.—The type of engine used for operating the machinery is one 
built by the Crane Elevator Company, and used largely in the steel plants 
for operating the transferring cables, cranes, etc., and is of the steam 
reverse type. While this engine is not as economical in the use of steam 
perhaps as some link motion engines, its construction is so much more 
simple that, like the valve motion used with steam pumps, it has come 
largely into general use where such engines are employed, and receive a 
maximum amount of use and minimum amount of care.

Moreover, as the engines are standing for a large portion of the time, 
it is easy to make steam for them, as the fires under the boiler may be kept 
in more uniform condition.

Fourth and Fifth.—The method of connecting the gearing to the drum 
shaft was such as to admit of the removal of any of the gears without dis
turbing the machinery. In other words, should any one of the gears 
forming the two trains of gearing connecting the engines with the drum 
shaft be broken, it might be remvved in a short time without disabling the 
operation ot the span.

Sixth.-The friction clutch used in connecting or disconnecting the 
engines from the drum shaft was of special design, and made necessary by 
the position in which it was placed. These clutches are of the Weston type, 
and are set up by a wedge and toggles operated by a screw passing through 
a stationary nut.

Seventh.—The plan or method of running the piping was arranged so 
that both engines are fed from a main header or drum supplied by inde
pendent pipes from the two boilers, thus making it possible to use either 
or both the boilers, as well as either or both the engines. In addition to the 
ordinary throttle valve, which is operated by a lever easily reached from 
the operator’s position, a small by-pass valve was supplied, having an area 
of a j-inch pipe. This valve is kept continuously open on both engines, 
so that the chests of these engines are kept supplied with steam at boiler 
pressure. The chests are also provided with steam traps for removing the 
water of condensation. It will be readily understood that with this con
nection, either engine can be placed in commission instantly by opening 
the throttle valve. In practical running it is customary to keep both 
engines in gear, allowing the one not used to be driven by the other. The 
small quantity of steam passing through the 4-inch by-pass valve, being 
of so small importance, is immaterial, and the advantage gained of being 
able to throw in the engine not in use instantly by opening the throttle 
valve is of much more importance.

Eighth.—The arrangement of counterweights was very clearly explained 
by the author. These counterweights, it will be remembered, are in 16 
groups, each group being carried by a double cable, having its bight at the 
counterweight, and the two ends at the suspension pin on the span.

Ninth.—The method of settling these weights was as follows: Wrought- 
iron stirrups were placed over a girder built in the construction of the 
tower near their highest point of travel, and to these suspension bolts X
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beams were fastened that would bring the bottom of the counterweights to a 
point 1 foot below their highest position. The weights were then raised 
to the platform thus constructed, and placed in their cage or guides by a 
small contractor’s engine. The counterweights when thus set form four 
groups, each group containing 44 weights, and each weight weighing about 
3,200 pounds, and were then ready for the suspension cable fastenings.

Tenth and Eleventh.—The cable fastenings for these suspension cables 
have been referred to by the author, and consist of an equalizing sheave on 
each of the four sections of each group, and clamps through which the sus
pension pin passes at the opposite or span end. These clamps were ren
dered necessary by the distance between the cables where they passed over 
the sheaves, this distance being only 2.1 inches. It was necessary to get 
some fastening that would securely hold the ends of the cables, and not 
occupy more room than the 2A inches mentioned above. These clamps are 
made of cast steel, and are clamped together with reamed bolts. The cables 
were measured to length, and fastened hi them before they were delivered at 
the bridge, the only work required at that point being the lifting of the 
cables in position and the driving of the pin through the clamp on the span. 
When this was done, the span, which was then in position, was lowered by 
jack screws until the suspension cables were taut. It will be remembered 
that the counterweights were within 1 fôot of their highest position, conse
quently the span, when lowered on the cables, had yet 1 foot to move before 
it reached its lowest position. This was easily accomplished, allowing the 
sustaining platform under the weights to be removed, and the operating 
cables from the power-house to be attached to both the span and the coun
terweights.

Twelfth.—The water counterbalance and its connections, mentioned by 
the author, consist merely of balance tanks on the span and a 2,000-gallon 
tank in one of the towers of the bridge, with supply pipes that can be used 
at the lowest position of the span or at its highest position. The tank on 
the tower is kept supplied by the boiler pumps in the engine-room, either 
of which car be used. It is also arranged so that steam can be admitted 
for the purpose of keeping the tanks thawed out in winter.

Thirteenth.—The hand-power device is simply a series of pawls arranged 
in much the same manner as on a ship windlass and for the same purpose. 
The proportion of lever arms is such that the power of two men applied to 
the end of the brake handle will operate the bridge.

Fourteenth.—The signaling device is operated in much the same man
ner as similar devices used on shipboard, with the exception that its con
nection to the moving span must be in some manner that will admit of 
transmitting signals while the span is in motion.

Fifteenth.—The peeper, which is referred to in the paper, has been set 
in position on the bridge, but, owing to the use of soft coal by the tugs 
and steam barges, it is not entirely satisfactory, as it is difficult to keep 
the lenses clean, and without being clean they are not satisfactory. It is 
not difficult, however, without the use of the peeper to so gauge the height 
of approaching vessels as to raise the bridge to the necessary height to an 
absolute certainty, and in actual practice the operator acquires the necessary 
skill without the use of the peeper.

Sixteenth—In regard to ascertaining the power required for operating 
the bridge, many plans have been suggested as to the most feasible test.
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The writer has suggested that a hydraulic cylinder be placed in the position 
of the friction clutch and used as a driver in actuating the drum shaft. A 
pipe leading from this hydraulic cylinder to a recording gauge could be 
made to draw a card of the pressure delivered at that point. This card could 
be divided, the spaces corresponding with the seconds during which the 
bridge was in operation, and points made on it with every revolution of the 
driving shaft to which the hydraulic cylinder is attached. With this it 
would be extremely easy to ascertain exactly the amount of power required 
at any given second, as well as the power required in starting and accelerat
ing the motion. Such information would be extremely interesting, and it 
is to be hoped that at some future time such data will be obtained.

Samuel M. Rowe, M. Am. Soc. C. E.,

said that as his connection with the erection of the Halsted Street lift-bridge 
was in a certain measure vicarious in this, that he represented the designer, 
so far as minor matters, in connection with the work that did not especially 
require his personal attention, and as the author had treated the matter of 
mechanical construction and operation of the bridge quite exhaustively, it 
would seem most proper and profitable that he should confine himself in 
discussion to those side matters of which he had especial knowledge and 
which might possess some interest in practical engineering.

A cursory examination of the river bed by means of a long iron rod 
showed a mean depth of water over the whole breadth of channel of about 
18 feet, but below this the earth was very soft, allowing the rod to pene
trate some 6 feet further almost without pressing it.

It was first understood that rock existed here at a depth of 35 to 40 
feet, and on this basis the plan contemplating pile and grillage foundation 
for the main pier was based; but, after pressing the matter, permission was 
obtained to make two borings, one at each dock, to definitely determine its

One hole was put down about midway between where the two main 
caissons were since sunk at the south tower, driving 4-inch casings to depth 
of about 20 feet. An earth auger was used to clean the pipe and to extend 
the boring below.

Progress of the boring was slow and tedious on account of the yielding 
nature of the clay, and it was only by repeated returns of the auger that it 
was penetrated, the walls closing in immediately on withdrawal of the 
auger. At about 26 feet a firmer clay was found and rock was supposed to 
be struck, but which proved, on sinking the caissons, to be fragments of 
limestone embedded in the hard cloy overlying the rock.

The boring at the north bank showed much the same formation, the 
harder stratum overlying the rock being slightly thicker. On reaching the 
rock with the pneumatic caissons its true elevation was found to be at about 
30 feet below Chicago datum at the south piers and about 1J feet deeper 
at the north piers.

He said that in relation to a foundation they reasoned thus: Using 
Chicago datum, which was here only a little below ordinary water level, and 
placing the elevation of the bottom of the grillage, which would be the
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elevation of the cut-off of the piles, at minus 15 feet there would be a length 
of pile of only from 14 to 16 feet, four-fifths of which would be in a very 
unstable material. The remaining one-fifth, should the pile reach the 
surface of the solid rock, would hardly afford that degree of stability that 
would seem to be required to insure against lateral movement of the pier.

He thought that when it is considered that the bridge is a piece of 
mechanism, in which any distortion from this source would be exceedingly 
mischievous, if not fatal, it would be seen that safety requires that the 
masonry should go to the rock. The fact that these piers may be subject to 
violent shocks from collisions from lake vessels of 4 JOO tonnage and over, 
either on the pier or cn the span, gives force to the objections to the plans 
originally made.

Consequently four pedestal piers 12 feet square were substituted for 
the two long ones and timber caissons were built on shore, launched into 
the river and floated into position. These caissons were built 18 feet 
square, of hemlock timber, the walls consisting of a double wall of 12-inch 
square timber chamfered off at the lower 2j feet, forming a cutting edge 
and roofed at about 8 feet, with three courses of 12 x 12 inch timber. The crib 
was built above the roof of the working chamber, a single wall of 12x12 
inch timber with ties of the same crossing alternately in the center, to such 
height as was necessary to receive the base of the masonry. Of course this 
could only be approximated, and when the caisson reached the rock, some 
of the masonry courses had to be recut.

After anchoring the caisson in place, concreting was commenced and 
continued until the crib was tilled, after which the masonry was commenced, 
laying courses slightly larger than the neat dimensions of the pier, to meet 
any tilting movement of the caisson in sinking.

When the caisson cutting edge was resting on the rock and all excava
tion cleaned except such fragments of rock or boulders ns could be utilized 
in filling, all interstices under the cutting edge were chinked with concrete 
deposited dry and rammed into place, after which the working chamber was 
filled with concrete in the same manner, except that water was increased ns 
leakage diminished. As soon as the caisson was fully sealed and such 
portions of the working shaft removed as was practicable by means of a 
wooden curb built around it, the masonry was brought in to its neat dimen
sions and finished.

The anchor bolts were set with a template and built into the pier.
The masonry was built of Cleveland (Berea) stone of best quality in 

courses from 2 feet to 18 inches in thickness, the stone being laid to form 
the face and angles, the backing consisting entirely of concrete well 
rammed.

The cement used was a German Portland—the Sphinx—used in the pro
portion of 1 part of cement to 2 A parts of good, medium sand, tempered 
before adding as much broken stone as it would take, the result being a 
very excellent quality of concrete.

The question of guarding against the movement of the abutments by 
reason of the tendency of the river banks to press toward the river channe 
thus bringing into play another possible disturbing element, was early

He said that most engineers are aware the Chicago River was originally 
a shallow slough or creek, and in making the harbor and docks as they aie
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now found, the channel has been deepened, and large quantities of earth 
have been removed from the channel and deposited on the bank adjacent, 
and although supported by a row of piles driven close together, timbered, 
and in mcst cases anchored to piles some distance back, yet there is a 
tendency to slide toward the stream.

Not only does the material removed becdme soft and unstable, absorbing 
water readily, but the formation of which the river banks consist being 
mostly a soft, stiff, tenacious clay, shows this same tendency, only in a less 
degree, to move toward the unsupported side.

Many instances could be cited where the wing wall of the abutments of 
the Chicago bridges have been broken and the face wall tilted toward the 
channel, and it is presumed that the same will hold true as to any heavy 
building erected on the dock, only perhaps in a less degree.

To guard the bridge pier and the machinery room against displacement 
from this cause, he stated that a clear space had been preserved between the 
machinery room and the abutment, and an elaboi :■ anchorage was planned 
for the abutment.

Five sets of four piles each were driven deep into the ground about 
40 feet back of the face of the abutment, and two iron rods from each set 
of piles connect to cast-iron washers bedded in the concrete abutment and 
drawn tight by nuts at the anchorage.

Notwithstanding these precautions, the wing walls have cracked 
through the entire depth, showing a slight tilting forward. It seems as if 
the anchorage should be heavier and should also be placed deeper and be re
inforced by a mass of masonry concrete, to render it entirely effective.

The measurements for the location of the bridge were made with a steel 
tape, which was carefully compared with standard measuring rods furnished 
by the Pittsburg Bridge Company and found to agree exactly with 25 
pounds pull upon the tape, the tape being supported; and the rods and the 
tape were found to agree with a standard 200-foot measure in the corridors 
of the City Hall at a temperature of .*0 degrees Fahrenheit.

The base line for the location of the bridge was an arbitrary line paral
lel to the center line of the street, both north and south, but, owing to the 
jog in the street at the river crossing, this base line corresponded with the 
curb line on the west line of the street northward, and on the east curb line 
southward. Using a point on this base line near the middle of the river as 
the middle of the bridge, the center line of the bridge was fixed by calcula
tion at an angle of 12 16^' to the right, and reference points on the street 
were set from which all work was located. A practicable point was chosen 
on each dock by which two auxiliary base lines were turned from this 
center line of the bridge and intersecting the first base line, which enabled 
the engineer to fix convenient points for location of the main piers, etc. The 
true centers of the main posts of the two towers corresponding to the centers 
of the caissons were the main points located, and when erection commenced 
these main posts were very carefully set.

The angles were carefully turned with the transit and calculated, and, 
when practicable, distances were checked with the steel tape.

From this basis every part of the foundation was laid off, even to the 
anchor piles back of the abutments.

The main posts over the piers were first set, the inclined posts following, 
and when the first section of the tower was complete, the inclined posts
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were adjusted by means of the large screw at the base until the main posts 
were plumb, after which the erection was completed, the towers reared 
nearly 200 feet high, and the truss joining the towers raised as a whole and 
bolted into its place without the least delay, showing that the columns were 
accurately located, that they were truly plumb and that the shop work of the 
Pittsburg Bridge Company was accurate. This result was creditable to the 
bridge company’s engineer and to Mr. Kellog, Assistant City Engineer, who 
did all the instrumental work on the location.

During the planning and erection of this bridge there was a feeling of 
doubt as to the result, a feeling of wonder at the audacity of the design, 
and incredulity as to its success. This was owing largely to the great mass 
that it was proposed to handle and the very considerable height to which it 
was to be raised, and, more than all other considerations, its controllability 
-in short, whether it could be handled promptly, moved quickly, and 

brought to rest safely.

W W. Curtis. M. Am. Soc. C. E.,

remarked that the problem of the erection of the Halsted Street bridge, 
so far as the towers were concerned, was by no means an easy one. At 
the base about 40 feet square, at the top 180 feet above, the tower 
was less than 11x40 feet in the clear. The members to be handled 
were in some cases over 58 feet long, the main post sections being 48 
feet long, and weighing over 5 tons. The best method of handling this 
work seemed to be by means of a traveler to pass up inside the tower; 
and such a traveler was designed 12 feet x 30 feet, in plan 40 feet 
high to the foot of two derricks, placed on the top. The width of 12 
feet was too great to clear the top, but it was intended to erect all but the 
cross girders between the tops of the rear columns with it, and then handle 
these and the large sheaves by derricks erected on the top of the work, 
then up. The traveler was erected on the ground, one section of tower put 
up, and then, by means of blocks attached to the top of the four columns in 
place, the traveler was hoisted bodily through two panels, and supported on 
beams running from front to rear face of tower. This was repeated to the 
top, three hoists in each tower being required. This traveler weighed 20 
tons, and as the drift between blocks when raised into its new position was 
only about 12 feet, with the blocks attached to the bottom of the traveler, 
which extended above some 60 feet, and during the lower lifts with a large 
side pull, due to the tower being much wider than the traveler, the operation 
was one requiring great care. To add to the difficulties, the first lift made, 
after being completely successful so far as the raising was concerned, 
through carelessness in placing on the beams on the second level, resulted 
in a complete wreck of the traveler, with loss of life. Being satisfied that 
the plan adopted was the correct one, a new traveler was built, and an 
attempt made to devise some attachment which would make a repetition of 
the previous disaster impossible. After consideration of various schemes, 
automatic stops, etc., such as are in use on elevators, a system of counter
weights was adopted. A snatch block was attached to the same chains to
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v/hich the blocks for hoisting the traveler were fastened, and through these 
was passed a steel cable, one end attached to one of the corners of the 
bottom of the traveler, the other to several yards of stone threaded on an 
eyebolt. These four counterweights weighed slightly less than the traveler, 
leaving a very small amount to be handled by the four lines carried to the 
engine. Other lines attached to the counterweights and carried to the 
ground and passed around snubs gave absolute control of the machine, 
regardless of the engine. It was soon found the time to attach the counter
weights was a small item, and the added security fully compensated for the 
lost time.

He thought that the expense of erection of such a bridge as this is very 
heavy, that possibly there might be some more economic method than that 
described, but he was not prepared to say that he would follow it in another 
bridge. There are various slight changes in design, which would much 
simplify the erection if the same method was followed.

The main sheaves, built up of plates and angles, are worthy of illustra
tion, as being something new, at least as far as his knowledge extends, and 
well adapted for special uses. Such a sheave would be desirable only where 
the load to be carried by it was excessive; or possibly where a high velocity 
was necessary. It seemed at first that a cast sheave could be made to 
answer the purpose, costing less, but on asking prices on such a construc
tion, it was discovered that the steel wheel could be built cheaper than the 
cast one. As an illustration of a bridge shop’s method of doing machine 
work, he offers the following description : By referring to the drawing of 
the sheave, Fig. 7, it will be seen to consist of a cast-iron rim resting on 
and attached to a steel rim of plates and angles. This again is supported 
by steel spokes of four angles running to a steel hub. The steel shaft and 
hub plates having been carefully finished, the sheave was built up in a 
special machine, as shown. The hub piece being keyed on the shaft, this 
was placed in the trunions of the machine, the spokes and rim added, bolted 
on, the wheel revolved and trued up. The hub plates were turned on both 
inside and outside edges, and the spokes were milled off on inner ends, and 
close contact with hub plates secured. After being made perfectly true, the 
holes were all reamed by machine, the rivets driven by hand, and the rim 
milled off. The interior surface of the cast rim having been previously 
planed by use of the cradle attachment to an ordinary bed planer, shown 
in Fig. 7, the sections were attached to the wheel, the holes reamed for 
turned bolts, and the wheel again revolved, with the milling tool replaced 
with one which turned out the eight grooves at one operation. When com
pleted, the rim sections were all match marked and numbered, removed and 
shipped loose. The result when the sheaves were in place on the towers 
was very satisfactory and creditable to the carefulness of the shop superin
tendent, Mr. A. T. Nichols.

He remarked that one of the many points of skepticism as to this bridge 
on the part of the general public related to the effect of wind on it. And 
while to an engineer such evidence is neither necessary nor conclusive, it 
was worthy of notice that during the construction, the span, with the floor 
and all other surfaces which would be exposed to the wind when the work 
was complete, was hoisted to the highest position and left up at night for 
about a week, during which time occurred one of the most severe wind 
storms ever experienced in Chicago.
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In such a structure the dead iuads in the towers are so great and the 
ecessary bracing to support the main section so large, that the wind does 

not enter into the question of design.
He called attention to the fact that the author had very clearly in

dicated the points of merit in lift-bridges. They are not adapted for general 
use, and cannot pretend to compete with a draw-bridge where this is ad
missible. For special locations, however, he believed their advantages are 
great, and for the condition of a railroad crossing, where a center pier is in
admissible, and the span over 100 feet, such a design is far superior to any

He further remarked that the only unfavorable criticism that has been 
passed on the Halsted Street bridge since its practicability and efficiency 
were demonstrated mechanically has reference to its first cost and operating 
expense; but that for both of these there is ample excuse in this particular 
instance, and the improvements provided for in future designs will modify 
greatly these objections.

E. Sherman Gould, M. Am. Soc. S. E.,

thought this paper and its discussion was very interesting. In commenting 
upon it, he wished to do so under great reserve, s ince the structure belongs 
to a class of work somewhat out of the line of his own specialties.

The oral discussion, at the time of reading the paper, turned mainly 
upon the design of the draw, that is, as to whether the principle of the 
direct, vertical lift, the tipping up on end, the horizontal swing, or the 
doubling up, or “jack-knife,” idea, is the true one. It is evident, * priori, 
that in this, as in all other engineering problems, local circumstances enter 
as important factors—frequently controlling ones. He would be willing to 
take it for granted that an important engineering problem so carefully 
studied on the ground by an acknowledged expert, as this was, had received 
the best possible solution for that particular case.

But passing to the general thesis, it would seem that the direct lift has 
much to recommend it on its own merits. The author claims that the time 
consumed in operating such a bridge is about 30 per cent, less than for a 
corresponding swing-bridge. This, no doubt, applies to the particular case, 
but if the proposition can be generalized, and made to apply to the class, 
it constitutes an advantage that it would require many drawbacks to offset. 
A draw-bridge is at best a makeshift, and in a busy city an almost in
tolerable nuisance, and whatever system shortens the duration of the inter
ruption to traffic which its operation occasions must be, on the face of it, the 
best. One point struck him at once: There must be many craft which only 
lack a few feet of going under the draw when in place. For these a very 
short hoist suffices; whereas, in other systems, so far as known to him, the 
draw must be either shut or open to its full extent. Indeed on an emer
gency the draw could be lifted when loaded, which would be impossible with 
any bascule system.

It seems clear thet the strains in the lift draw must be more uniform 
than in any other system. There is no change in their character, whether 
it is open or shut. As a mechanical principle, the direct vertical lifting of 
an object seems the simplest and smoothest way of removing it, when it is 
desirable to disturb the object as little as possible.
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The comparative cost cannot, he believed, be determined upon general 
principles; each case must be a special one. He would be inclined to think 
that the operation of a lift draw would be nearly always more satisfactory 
than that of any other system, but that its cost might frequently be the 
greatest.

F. W. Wilson, Jun. Am. Soc. C. E.,

remarked that the author states that ‘"should the rigging of the vessel, how
ever, strike the span, the effect will be simply to break off the masts without 
injury to the bridge.” It appeared to him that the effect of such a collision 
is possibly undeiestimated, although the author states that it has occurred 
once with the results mentioned. The use of wire rope in the rigging of 
vessels is now so common that if the masts should be well stayed by wire 
guys, it would seem that the effect might even be serious, particularly if 
the wire ropes became entangled with the truss span, and in case the head
way of vessels was such as to make a sudden stop impossible.

He would like to inquire how it occurred that when the engines broke 
down and the span was left suspended for some hours that the many devices 
described in the paper for meeting such emergencies were not called into 
play. For example, the water ballast, the additional counterweights, and 
the hand-operating arrangement.

He thought that a detailed statement of the total cost would be an 
interesting addition to the paper, and that it would at least be more satis
factory to know how much of the $200,000 was expended for substructure.

Samuel Tobias Wagner, M. Am. Soc. C. E.,

stated that in reading this valuable paper his attention had been attracted 
to the following general points which are of interest.

In all large cities where swing, draw, or lift bridges must be used there 
should be laws requiring the use of automatic gates across the open ends 
of both roadway and sidewalks when the bridge is open for the passage 
of vessels. Such places are specially dangerous to street traffic of all kinds, 
and some suitably designed automatic gates should be used wherever it is 
practicable. He thought it is rather surprising that in a city operating as 
many movable bridges as Chicago there are no existing laws bearing upon 
this subject. In a railroad grade crossing there is a chance of the très 
passer not being struck by a train, but the result of stepping or driving off 
the open end of a movable bridge is a sure one.

The matter of the operator in the house on the bridge being sure that 
his signals to the engine-room have been understood is one of important • 
under the existing conditions, and repeating the signal is a good way of 
avoiding trouble. He remembered having seen on a lake- steamer some yen 
ago an automatic electrical device connecting the pilot-house with the 
engine-room, which enabled the pilot by means of different sounding bells 
by night, or by colored signals by day, to tell immediately whether the en
gineer had obeyed his signal. The use of this device was occasioned by a
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steamer running into a swing-bridge at Buffalo through a misunderstand
ing by the engineer of the pilot’s signal. This was only another instance 
of the value of automatic machinery for safety appliances.

In specifying the steel to be used for a bridge of any kind, in view of 
the existing knowledge of the metallurgy of the metal, Le would always 
specify: “All steel to be manufactured by the open hearth process, and all 
eyebars to be of acid open-hearth metal,” and thus exclude the use of the 
Bessemer process. This is on account of the uniformity and homogeneity 
of the open-hearth product ns compared with the Bessemer. The words of 
Mr. H. H. Campbell, in a paper on the “Open-Hearth Process,” read before 
the International Engineering Congress in August, 1893, and published 
in the Transactions of the American Institute of Mining Engineers of that 
date, express his views.

“Uniformity and homogeneity, therefore, are two of the most important 
factors in the comparison of the merits of the Bessemer and open-hearth 
product; but unfortunately no conclusive testimony can be given to the 
skeptical or even the careful mind, although ex-parte arguments are easily 
constructed. No one conversant with the facts doubts that Bessemer heats 
can be made which are as homogeneous throughout as any open-hearth 
charge as was ever melted. No one doubts that in good practice the pro
portion of Bessemer heats which are no,, homogeneous is a small percentage 
of the whole number. But the question is not as to the homogeneity of 99 
heats; it is about the quality of the hundredth. And it is not one single test 
of this hundredth charge that it required, but a large number of tests taken 
from all parts of the cast. One piece of steel differing radically from the 
rest wipes away all favorable arguments drawn from any number of other 
tests indicating homogeneity. The foregoing comparison of the open hearth 
and converter may not be a convincing argument against Bessemer metal. 
It may justify engineers in using the cheaper article in many structures, 
but it will also sustain the more cautious members of the profession who 
refuse to incur a known or a probable risk.”

He added that the author does not say whether he has specified any 
chemical analysis for the steel in this structure, and it would be interesting 
to know what was done in this direction. Probably it is not fair to the 
manufacturer to give both physical and chemical requirements, but in view 
of the history of the failures in steel, it does not seem safe to omit giving 
a reasonably low limit for phosphorus in the specifications.

Horace E. Horton, M. Am. Soc. C. E.,

remarked that the author gives portions of the specifications for the work. 
In the way of discussion it occurred to him that further extracts from the 
specifications under which this work was built might be interesting.

“Contractor” * * * “for the machinery” * * * “shall give the
city of Chicago a bond for the sum of $50,000” * * * “as a guaranty 
for” * * * “successful operation of the bridge, and this sum shall be 
collected from the bondsmen and retained by the city of Chicago in case 
said contractor fail to make the bridge operate successfully.”
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“Substructure is to be paid for upon completion and acceptance thereof 
by the commissioner of public works, but the remainder of the work will 
not be paid for until the bridge is completed and accepted.”

“Hydraulic buffers are to be designed by the engineer and contractor’s 
expert jointly.” * * * “All apparatus or machinery not herein specified
which may hereafter prove necessary to operate the bridge properly and 
satisfactorily.”

“At any time before the bridge is accepted, should the commissioner of 
Public Works decide that any apparatus not covered by this specification is 
necessary to the successful operation of the structure, such apparatus shall 
be furnished and put in place by the contractor without extra charge.”

Such, he wished to state, were the conditions presented to contractors. 
They were asked to give bonds in the sum of $50,000 forfeiture upon failure 
to make the structure a success, and no prudent man will undertake work 
under such stipulations at ordinary profits. There were no plans of ma
chinery. Several tenders were, however, made for the work under the harsh 
conditions outlined.

The only detail of the fixed structure the author describes at any length 
is the ball and socket screw adjustment of the rear bent of the tower, which 
he implies cost extra money. The sketch Fig. 8 clearly shows adjustment 
to be impossible, except as the pedestals are moved upon tne masonry. He 
ventured to suggest that the author in future designs for lift-bridges will 
eliminate the ball and socket screw adjustment for back bent of towers, 
because there are many ways to accomplish the adjustment, which will 
“adjust.” beyond any question or argument.

He believed that the ability of the Halsted Street bridge to withstand the 
shock of collision with moving vessels can best be shown by experience.

There can be no argument, he thought, as to the necessity of some
thing other than the pivot draw-bridge under the condition?, existing in 
Chicago. The Chicago River, which is the harbor, approximating 200 feet 
wide between dock lines, with a demand for bridges at every street of 60 
feet in width, real estate adjacent of such value as to preclude the purchase 
of property to allow a pivot-bridge to be swung from one side of the river. 
In fact, there should have been developed folding or lift-bridges twenty 
years ago. The public were very slow to recognize the necessity for change 
in design, and up to this time only four structures of the folding or lift 
type have been built (two completed and two approaching completion). The 
next few years, he thought, will see considerable evolution in design for 
Chicago River lift or folding bridges. The first example is the folding 
bridge on Canal Street, 32 feet wide by 80-foot span, which cost the city 
$18 per square foot of the area of the movable parts. The second structure, 
the Halsted Street lift span (subject of this discussion), is 52 feet wide by 
118 feet opening, and cost the city $35 per square foot of opening. The 
third structure, Van Buren Street (not fully completed), bascule type, de
signed by the late William Scherzer, M. Am. Soc. C. E., 58 feet wide by 108 
feet opening, cost $2*4 per square foot of opening. The fourth is the 
Metropolitan Elevated Railway span, a four-track structure of the san e 
general design as the Van Buren Street bridge.

The Halsted Street structure has been in use for some time, and Ins 
given fairly satisfactory results, leaving much to be desired, however, in 
the way of economy of maintenance, as well as certainty of operation.
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He regretted that the author did not give particulars of the failure to 
operate, whereby the lift remained at its extreme elevated position some
what over 24 hours. His understanding was that it resulted from the 
breakage of a pinion in the power operating gear. This calls attention to 
the fact that the hand moving appliance spoken of can be made of use at 
such times as the power operating machinery is in order, and not under 
other conditions.

As to maintenance, he thought the 14,000 feet of wire rope in use on the 
Halsted Street bridge, of necessity to be renewed at short intervals, was 
somewhat appalling, and that it is more than likely the apprehension of 
failure, and the certainty of the wearing out of wire rope necessary to 
manipulate bridges of this type accounted for the seeming want of con
fidence of both the public and engineers in such structures.

The only example that had come to his attention, of a lift-bridge other 
than the Halsted Street one, is the bridge on the West Shore Railway across 
the Erie Canal, at Syracuse, N. Y., designed by Albert Lucius, M. Am. Soc. 
C. E., and built by the Hilton Bridge Works, of Albany, in 1882, this 
structure being a double-track railroad bridge on a skew, 104-foot span, 
the lift being about 8 feet, the motive power being a water motor worked by 
pressure of Syracuse city water. There was an interval of fully 10 years 
as between the building of the West Shore railroad bridge at Syracuse and 
the Halsted Street bridge, which is reason for the conclusion that this class 
of design is not a favorite.

J. A. L. Waddell, M. Am. Soc. C. E.,

remarked that it was fortunate that Mr. Treadwell was present at the 
meeting at which the paper was read, for he was able to answer many of 
the questions raised in the discussion. On this account, in replying to 
the various discussions, he would omit all reference to those points dealt 
with by Mr. Treadwell.

Answering Mr. Skinner, he stated that his first design for rear column 
adjustment involved the use of “ differential loose packing plates and 
hydraulic jacks" ; but that he abandoned it for the reason that such an 
adjustment is troublesome to make, and would, in consequence, in all 
probability be neglected, while with the design adopted the trouble is 
reduced to a minimum.

Answering Mr. Long, he said that the folding bridges of Chicago are 
planked and not paved. It would be difficult to keep paving blocks in 
place when the entire floor is lifted continually from the horizontal to the 
vertical.

Answering Mr. Wilson, he understood that there had been two col
lisions of vessels with the Halsted Street bridge, and that the structure 
had not been injured to the slightest extent. A glance at the bridge i 
almost sufficient to assure one that no rigging, even with wire rope guys, 
can do it any harm.
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The failure to use the hand-power apparatus when the break-down of 
the engine occurred was not due to any inefficiency thereof, but because 
it was considered best to interrupt wagon and pedestrian traffic rather 
than to interfere with navigation. No one imagined at the outset that the 
operation of the bridge would be interfered with more than a few hours ; 
and it was only because of a complication of peculiar circumstances ( in
volving a strike of foundrymen) that any difficulty was experienced in 
getting a new gear wheel.

Answering Mr. Wagner, he stated that his original specifications stipu
lated the use of open-hearth steel only, but that he was forced to accept 
Bessemer. In the building of this bridge he was by no means a free agent, 
so had to make many concessions which he did not approve of, deeming 
himself fortunate in being allowed to build the bridge at all.

If he were to enumerate all the unnecessary difficulties encountered by 
both the contractors and himself from start to finish, far more space would 
be occupied than would be permissible. He thought it sufficient to say 
that until the span was hung neither they nor he could feel at all certain 
that they would ever he allowed to finish the bridge, such being .the preju
dice against it on account of a preconceived notion among engineers as 
well as laymen that it would be impossible to move such a great weight in 
any reasonable time.

Answering Mr. Horton, he acknowledged that the specifications were 
severe and “harsh,” but would say that in preparing them he had no choice 
in the matter, as the city officials would not consider for a moment the 
building of such an innovation, unless the contractor would guarantee the 
successful operation of the bridge.

The papers for bidding upon were prepared under high pressure, and 
were made as complete as the limited time permitted ; moreover, the only 
portions of the machinery left to the contractor to design were the steam 
machinery with its connections to the operating drums, and the hand- 
power apparatus. As the contractor was compelled to guarantee the opera
tion of the bridge, it would have been manifestly unfair to handicap him 
by forcing him to use steam machinery of a design and power determined 
without reference to him.

As for maintenance and repairs of wire rope, he believed that, owing 
to the large factors of safety adopted, in all probability there will be no 
large expenditure necessary for many years to come.

The automatic gates suggested on page 11 have since been put in for 
the footwalks, but not for the main roadway. They operate very satisfac
torily.

In conclusion he desired to state that, while in making a design for 
another lift-bridge there are many improvements which he would intro
duce (principally in the line of economy of operation), he was well satisfied
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in every particular with all of the details of this structure ; for everything 
worked just as it was designed to work, and there was no cutting or fitting 
necessary to ensure this result. Moreover, most of the important changes 
now contemplated would have been made in this case, had he been at lib
erty to design according to his own wishes. On this score, though, he 
desired to make no complaint, for he was well content in having had an 
opportunity to prove the practicability of his lift-bridge designs, even with 
the accompanying irksome restrictions.

N. 13.—The following letter was published in Engineering News of 
April 18th, 1895, as a supplement to the discussions :

Kansas City, Mo., April 6, 1895.
Editor of Engineering News:

Dear Sir.—My attention has been called to a point in Mr. Horace E. 
Horton's discussion of my paper on the Halsted Street Lift-Bridge that I 
overlooked in making my reply to the discussions. The reason for the 
omission is that the secretary of the Society failed to send me a copy of the 
diagram that accompanied Mr. Horton’s discussion, consequently I did not 
recognize the importance of the accusation. Had I received the diagram. 
I would certainly have answered Mr. Horton’s objection in my résumé, as 
I now beg permission to do in the columns of your paper.

In the first place, Mr. Horton’s assumption of a play of twelve inches 
in the screw is manifestly absurd, for the reason that the screw at present 
has only fourteen inches grip, so that if it were moved out twelve inches 
there would be only two inches of grip left. The adjusting detail was 
designed for a possible variation of only an inch or two, but is good for 
as much as three inches on a pinch.

In the second place, Mr. Horton’s method of finding the horizontal 
movement is incorrect, liecause it is not a matter of rotation. The main 
piers rest on bed rock, consequently no sinking on their part is possible. 
Then the vertical columns resting thereon are anchored down to the 
masonry, and are held together at their tops by the overhead horizontal 
girders. If any adjustment of the screws be required, it will be caused b> 
the settlement of the rear pedestals. That settlement multiplied by the 
secant of the angle of batter of rear columns will give the corresponding 
elongation of the screw. Or, if the elongation be assumed, its value multi
plied by the cosine of the inclination will give the sinking, and the same 
value multiplied by the sine of the inclination will give the horizontal 
shifting of the foot. The tangent of the inclination or batter is 0.16327 
for which the corresponding sine is 0.160, which multiplied by an assumed 
elongation of twelve inches gives 1.92 inches for the horizontal shifting 
instead of the 2$ inches found by Mr. Horton. If we assume three inches
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as the greatest allowable lengthening of the screw-end, the corresponding 
horizontal shifting will be forty-eight hundredths of an inch, while the 
sliding plates and slotted holes for anchor bolts in my detail permit of half 
an inch motion in each direction. Should this amount ever prove to be 
insufficient, which is highly improbable, the elongation of the holes can be 
easily increased by a small amount of work put on them with a cold chisel, 
it is evident, therefore, that the detail criticised by Mr. Horton has not the 
defect which he claims.

In the third place, a few minutes’ computation will show that, even if 
we grant Mr. Horton’s method of finding the horizontal motion to be right 
(which it is not) the gentleman was somewhat careless in his arithmetical 
calculations ; because if we take the final difference in elevation of main 
and rear column feet at forty-eight inches, which his diagram scales, as 
nearly as may be, the horizontal sliding will be only one inch instead of 
the two and seven-eighths inches which he finds.

Very respectfully yours,

J. A. L. Waddell.
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COMMENT.

The Halstvd Street Lift-Bridge is a peculiar and individual structure, 
not one of a type, since, for reasons before mentioned, it is not probable 
that another such bridge will ever he constructed ; but some of its principal 
features merit more attention than they received in Dr. Waddell’s paper 
and the discussions which follow it.

It will immediately occur to any engineer who is familiar with mechani
cal work that it would have cost little more to install electrical machinery, 
and that by doing so the cost of operating the bridge would have been 
greatly reduced. It is only fair to say, however, that this was the procedun 
advocated by Dr. Waddell and that his preference was overruled by the 
city authorities. Electric motors cost materially more than steam engines, 
hut the cost of the boilers, the pumps, the steam piping, and the portion of 
the machinery house necessary to accommodate the toilers and the coal 
supply would go far toward offsetting the extra expense. It is not at all 
impossible that it would have proved economical to place the hoisting 
machinery in the towers and thus avoid altogether the construction of the 
expensive subterranean machinery house. The use of electric engines would 
make it possible for one man to operate the bridge, while the cost the small 
amount of electric current required for such intermittent service would 
certainly be less than that of the coal used to keep up steam continuously ; 
hence the resultant saving by electric operation would be very great.

The speed with which the bridge is operated is all that could be desired, 
for it is commonly raised to the full height of 155 feet above the water in 
thirty seconds and lowered at the same speed. The calculation of the power 
required to operate the bridge is not a difficult matter, yet it is noteworthy 
that many Chicago engineers expressed their convictions before the struc
ture was completed that it could never be made to work.

The buffers perform their function admirably, bringing the bridge to 
rest in either the upper or lower position from full speed without noticeable 
shock. They are not patented and may be freely used, consequently they 
should be of service in many mechanical constructions.

The provision for the adjustment of the rear tower legs was a wisi 
precaution, but its use1 has never been required. It would appear easil 
possible to avoid the lateral movement criticised by Mr. Horton by making 
the adjustment vertical instead of in the direction of the post. In th< 
light of the experience with this structure, however, it would appear thal 
the simpler and less expensive adjustment suggested by Mr. Skinner is a:i 
that could be required.
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The principal details of the structure are not unusual. It is the idea, 
the design as a whole, that is novel. The great height of the structure and 
the great weight to he lifted were adversely criticised by engineers and lay
men alike ; but, while a better type of movable bridge suitable for the con
ditions which governed the design of the Halsted Street Lift-Bridge has 
since been developed, there was nothing better in that day. All things con
sidered, it is a substantial and creditable piece of work which will serve its 
purpose admirably for many years to come.
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INTRODUCTORY NOTES.

Dr. Waddell presented his paper on “ Elevated Railroads "* to the Ameri
can Society of Civil Engineers for discussion early in 1891, while the con
struction of the Union Loop Elevated Railroad and the Northwestern Ele
vated Railroad was still in progress. The preparation of the preliminary 
studies and estimates and the designs for these roads had required about 
three years, and he had previously designed the Austin Avenue Extension 
of the Lake Street Elevated Railroad. Before taking up this work Dr. 
Waddell had made a thorough study of the elevated railroads already in 
operation in New York. Brooklyn, and Chicago; consequently he was 
peculiarly well prepared to present to the engineering profession a well- 
rounded treatise on the older roads and their faults and the theoretical and 
practical considerations which should govern the design of future structures. 
The paper itself and personal letters from its author to many prominent 
engineers who were interested in elevated railroads evoked a discussion in 
which the chief characteristics of the designs of the earlier roads, the most 
favored materials of construction and processes of manufacture; and the 
theoretical and practical considerations which affect the design of elevated 
structures are treated exhaustively. It is, of course, impossible to reconcile 
the views of the manufacturer, whose chief purpose is to fabricate and erect 
the structure in the most profitable manner, and the engineer employed by 
the railroad company, who seeks to obtain the best possible structure con
sistent with reasonable cost; yet a free and full discussion not only dis
seminates the special knowledge of each participant and makes it available 
for general use, but also tends to bring about a compromise which results 
in the most satisfactory and economical construction.

It is unusual for an engineer to make such exhaustive studies as those 
Dr. Waddell presents before preparing the designs for a structure; but, if 
any justification were needed, it is furnished bv the fact that an elevated 
railroad consists of a few units many times repeated with little if any 
modification. The cost of the unit is small, but that of the aggregate is very 
large, hence unduly expensive or faulty details in the unit arc of large im
portance when their repetition is considered.

Dr. Waddell’s paper and the discussions upon it will undoubtedly influ
ence greatly if not govern the design of the elevated railroad of the future. 
Since the paper was written the Boston Elevated Railway and the elevated 
portion of the New York underground system are the only elevated railroads 
that have been constructed. The South Side Elevated Railroad Company 
of Chicago is building an extension to its lines, and elevated roads for
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Philadelphia and Pittsburg are under consideration. Dr. Waddell was con
sulted at the outset regarding the plans for the Boston Elevated Railway ; 
and, though his advice was not strictly followed by the engineers who de
signed the structure, the impress of his ideas is very evident in the com
pleted road. There can be no doubt that the faulty design and construction 
which were long since abandoned in railway bridges but which were con
sidered good enough for an elevated rood when the earlier New York and 
Chicago roads were built will never be employed again ; for the opinions so 
forcibly stated by Dr. Waddell and those who discussed his paper make it 
impossible for any designer to revert to antiquated ideas of design.

The underground railway has recently Income prominent among the 
rapid transit systems of large cities ; Boston has a small road which i< 
being extended ; the lines in operation, under construction, and under 
consideration in New York promise to form a system which will permeate 
every section of the city, and Chicago has begun a vast system ; but there 
will probably lie an increase rather than a decrease in the construction of 
elevated railways. Their first cost is much less than that of the under
ground railway, hence, notwithstanding their many objectionable qualities, 
their construction and operation will be profitable where the cost of the 
underground system would be prohibitive. Present systems will be ex
tended and renewed, and new lines will be built as our smaller cities grow 
and demand transit facilities superior to those of the surface lines; hence 
every influence which tends to increase the strength, safety, appearance, 
and economy of the roads of the future is of large importance. Dr. Wad
dell’s paper is the most important work written on this subject, consequently 
no apology is necessary for reproducing it and the discussions and thus 
making them more generally available.
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Presented February 17th, 1897.

WITH DISCUSSION.

The principal object of this paper is to bring out an exhaustive dis
cussion on the subject of the designing and construction of elevated 
railroads.

For some years the author had felt that the methods in vogue for 
constructing elevated railroads were radically wrong, hence, when he 
assumed the duties of Consulting Engineer to the Northwestern and Lake 
Street Elevated Railroads, in July, 1894, he began an elaborate investiga
tion concerning the best way to design, manufacture, and build such 
structures. In reporting on some proposed plans for the Wabash Avenue 
Extension of tlfe Lake Street line, which forms one side of the Union 
Elevated Loop Railway, he gave the following list of essentials of elevated 
railroad construction :

First. Loads.—The loads to be considered are these :
A. Live load.
B. Dead load.
C. Thrust of braked trains, or traction load.
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D. Wind load, or in reality an assumed transverse load to provide for 
sway of trains.

E. Centrifugal loads on curves.

Second.—Designing.
E. Longitudinal girders should have sufficient sectional areas, and 

should be properly detailed.
G. A proper system of bracing between contiguous longitudinal girders 

should lx? provided.
H. There should be a proper connection of longitudinal girders to 

cross-girders.
I. There should be adequate means of transmitting the thrust of 

braked trains from longitudinal girders to columns without overstraining 
the cross-girders.

/. The cross girders should be properly designed in respect to both 
sectional areas and details.

K. There should he a proper connection of cross girders to columns 
to provide for transmission of both longitudinal and transverse horizontal 
loads.

L. The sections of the columns should lx? properly designed to provide 
sufficient strength to resist direct load, bending from longitudinal thrust, 
bending from transverse thrust, and, on curves, bending from centrifugal 
loads.

M. There should be a proper anchorage at the foot of each column to 
make the latter, as far as strength and rigidity are concerned, absolutely 
continuous with the pedestal.

N. There should be an adequate wooden floor, effectively attached to 
the metal-work of the superstructure.

O. The general construction of the entire structure should be as eco
nomical as practicable in respect to both quantities of materials and facility 
in erection, due respect being paid to the more important requirements 
affecting strength and rigidity.

P. The aesthetics of the design should be considered as much as possi
ble without involving extravagant expenditure therefor.

This list of requirements will lx? referred to later in commenting upon 
the details of existing American elevated railroads.

The immediate prosecution of the Lake Street Elevated work was a 
fortunate circumstance, as far as the investigations for the Northwestern 
Elevated were concerned, for it gave the author an opportunity, which 
he might otherwise not have had, to make certain experiments and re 
searches, notably in relation to the bearing capacity of Chicago soil, the 
details of structures occupying streets, and cold-pressed threads for bolts.

In these investigations the author has received valuable assistance
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from Charles V. Weston, Esq., who holds the position of Chief Engineer 
on the Northwestern Elevated, the Union Loop, and the Lake Street 
Elevated Railroads, and from Samuel M. Rowe, M. Am. Soc. C. E., who 
was retained temporarily to aid in the preliminary work.

The design of the Wabash Avenue Extension will he referred to later 
on ; meanwhile the investigations for the Northwestern Elevated will be 
taken up in their consecutive order.

Before proceeding with these, however, it will be well to give a short 
description of the road. It starts as a double-track structure from the 
Wabash Avenue Extension of the Lake Street Elevated at the corner of 
Fifth Avenue and Lake Street, runs north across the Wells Street Bridge 
to Michigan Street, thence west to Franklin Street ; thence north to Chicago 
Avenue, where it expands into a four-track structure (leaving the street 
and running into private property), whence it continues in a northerly 
and westerly direction to a point on Wilson Avenue between Evanston 
Avenue and the Chicago, Milwaukee, and St. Paul Railway tracks, making 
the total length of line a little more than 6]/i miles, of which all but i mile 
is four-track structure.

1.—Medium Steel versus Soft Steel.

At the outset it was necessary to determine whether it is more econom
ical to use unreamed soft steel at a low intensity of working stress, or 
reamed medium steel at a higher intensity. This question was quickly 
settled in favor of the medium steel, which can he strained legitimately 
io per cent, higher than the soft steel, and costs practically the 
same per pound at the rolling mills. The ratio of weights of 
structure foi designs in medium steel and soft steel is about as 93 is to 
too, a saving of 7 per cent, in weight of metal in favor of the medium 
steel. Assuming the price of metal erected to be 3 cents per pound makes 
the saving in pound price 0.21 cent, while the cost of sub-punching and 
reaming varies from 0.1 to 0.2 cent per pound, according to the facilities 
of the bridge shop for doing such work. At present perhaps there is a 
slight difference in the pound prices erected of soft and medium steel in 
favor of the former, enough possibly to offset the net saving by reduced 
weight of the latter, so that, as far as the total cost is concerned, it is 
immaterial whether unreamed soft steel or reamed medium steel be 
adopted.

There is another point involved here, however, which is of far greater 
import than mere economy in cost of erected metal, viz., the proper 
matching of rivet holes in the component parts of built members. For 
several years the author has favored the sub-punching and reaming of 
all metal (although he has not always insisted upon it) not so much
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for the sake of the somewhat disputed benefit derived from removal 
of cracked metal by reaming, as for the greater certainty of obtaining 
properly matched rivet holes. His late investigations in this line, made 
by examining the shop work of the various bridge manufacturing com
panies of this country, both personally and through his assistant engineers 
and inspectors, confirm him to such an extent in this opinion that lie is 
now prepared to make the following statement and to invite both criticism 
and denial thereof.

All structural metal-work, whether it be medium steel, soft steel, or 
even wrought iron, should be punched at least % in. less and reamed to 
a diameter TV in. greater than the diameter of the cold rivet, and there 
is no bridge shop in existence which can turn out truly first-class work 
without sub-punching and reaming or drilling.

Even when the greatest care is taken in punching the metal of the 
component pieces of long members, many of the rivet holes will fail 
to match by as much as % in., and the author has within a year or two 
seen /8 in. rivet holes elongated to i14 in., merely to admit the rivets. 
Where several component pieces containing badly matched rivet holes 
are placed together and a tapered flexible reamer is used to enlarge the 
hole sufficiently to admit the rivet, the latter cannot possibly fill com
pletely the irregular hole, and, therefore, if left in the piece, cannot act 
effectively. If condemned by the inspector on account of looseness, and 
then driven out. it will, on account of its crookedness, materially injure 
the metal about the hole and thus weaken the structure, perhaps doing 
more damage than it would to leave in the loose rivet.

The use of a tapered, flexibly connected reamer is all humbug, and 
is not true reaming at all. but merely a means of making it practicable 
to get the rivets through badly punched holes that assemble irregularly.

Real reaming can only be done with rigid reamers or drills that re
main at all times at right angles to the surface reamed, and cut a cylindrical 
instead of a tapered hole. Such reamers are the only ones that ought to 
be employed on first-class metalwork, excepting, of course, in confined 
spaces where they cannot be used, and where the flexibly connected reamer 
must of necessity be employed.

The author knows well that these opinions are at variance with those 
of a majority of the manufacturers of structural steel, and it is on this 
account that he presents them so forcibly. That many manufacturers are 
opposed to sub-punching and reaming was shown very clearly at the 
lettings of the contracts for the Wabash Avenue Extension of the Lai 
Street Elevated, and for the Northwestern Elevated, one manufacture 
going so far as to make a difference of one-third of 1 cent per poun i 
between reamed and unreamed work.

At these lettings good evidence was also given confirming a statement
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of the author, viz. : “It has been hitherto the general opinion that almost 
any kind of a structure in respect to design, quality of material, and 
workmanship will suffice for an elevated railroad.” One manufacturer 
remarked to the author in criticism of the plans and specifications sub
mitted to bidders: “Why, your requirements in regard to details and 
workmanship are as rigid as if you were about to build a railroad 
bridge.” The reply to this was, “Yes. 1 consider this structure to be 
just as important as any railroad bridge every built." And why should it 
not be just as important? Are not the live loads more continuously ap
plied, and is not the assumed maximum load very nearly reached many 
times per day ? On these accounts, is it not even more important to 
make an elevated railroad absolutely perfect in every detail of design and 
construction than it is so to make a railroad bridge ?

The author is by no means alone in his opinion that nearly all the 
elevated railroads of this country will, in the not very distant future, 
have to be replaced, mainly on account of faulty detailing. Of what the 
faulty detailing consists will be dealt with further on.

At this point the author wishes to call attention to a very reprehensible 
practice on the part of the bridge companies, which these lettings exem
plified quite forcibly, viz., attempting to overthrow the engineer's plans 
and specifications submitted for tendering. In the case of the Wabash 
Avenue Extension letting a most determined but unsuccessful effort was 
made to alter the author's plans, so when the specifications for the North
western Elevated were drawn, the following clause was inserted with the 
permission of the president of the company :

“ All work herein outlined is to be done in strict accordance with the 
following specifications, the accompanying plans, and such instructions as 
may be given from time to time by the company's engineers. Bidders 
are hereby warned that they will be held strictly to the spirit of these 
specifications, and that it will be bad policy for any one to bid with the 
expectation that concessions will he made after the contract is closed in 
order that the work may be cheapened : *or while the company's engineers 
desire at all times to aid the contractors -in every legitimate manner to 
do their work expeditiously and economically, at the same time they have 
given these plans and specifications the most thorough consideration, and 
know exactly what they need in respect to both design and quality of 
materials and workmanship. On this account bidders are respectfully 
requested not to complicate their tenders by putting in alternative bids based 
on proposed changes in either plans or specifications ; because such alterna
tive bids will not be considered.”

The result of the insertion of this clause was rather amusing, for 
attempts were made to overthrow not only the plans but the specifica-
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tions also. However, but little difficulty was encountered by the engineers 
in throwing out all alternative bids ; and the contract was let to parties 
who were willing to tender without suggesting changes in the plans and 
specifications submitted to the bidders.

Another question that came up at these lettings was that of using 
acid or basic open-hearth steel. Preference was given to the former 
in the specifications, but such evidence was submitted to the engineers as to 
convince them that the basic product can be made as satisfactory as the acid, 
and at a trifle less cost ; consequently, it was adopted. Since then, how
ever, the reports of the company's inspectors indicate that the basic steel 
is not quite so uniform in quality as the acid ; and that it may prove 
advisable in future specifications for basic medium steel to reduce the 
average ultimate stress limits from 64,000 lbs. to 61,000 lbs. per square 
inch.

It appears to the author that the general adoption of basic open-hearth 
steel is fast tending to the employment of soft steel for bridges. As 
far as short and medium spans are concerned, this is all right, but it is
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the opposite for long spans, especially for very long ones, where the dead 
load is the ruling factor in proportioning the members. Perhaps in the 
near future some alloy of steel, such as nickel steel, can be made cheaply 
enough to warrant its use for very long span bridges.

II.—Weights and Dimensions of Motor Cars and Trailers.

After due deliberation it was decided to make both the motor car> 
and the trailers 40 ft. long out to out, and to carry each car on four 
axles, the weight of a loaded motor car being 60,000 lbs., and that of 
a loaded trailer 40,000 lbs. The distribution of this live load is shown 
in Pig. 1.

III.—The Pest and Cheapest Kind of Portland Cement to Adopt, 
and the Best Proportions for Concrete Made with Same.

This investigation was made by Samuel M. Rowe, M. Am. Soc. C. P. 
As a result of it the author has modified his standard specifications for 
cement so as to read thus :

“ All cement used in the work shall be Portland cement of the verv 
best quality obtainable, equal in every particular to the best brands of
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American manufacture. It shall be ground so fine that at least ninety- 
seven (97) per cent, in weight will pass a standard sieve of five thousand 
(5,000) meshes to the square inch, and so that at least ninety (90) per 
cent, will pass a standard sieve of ten thousand (10,000) meshes to the 
square inch.

“ When moulded neat into briquettes and exposed three (3) hours, 
or until set. in air and the remainder of twenty-four (24) hours in water, 
it shall develop a tensile strength of from one hundred (too) to two hun
dred and fifty (250) pounds per square inch.

“When moulded neat into briquettes, and after exposure of one 
( 1 ) day in air, and six (6) days in water, it shall develop a tensile strength 
of from two hundred and fifty (250) to five hundred (500) pounds per 
square inch ; and after exposure of one ( 1 ) day in air, and twenty-seven 
(27) days in water, it shall develop a tensile strength of from four hun
dred (400) to six hundred (600) pounds per square inch.

“ It shall he an eminently slow-setting cement, must develop its 
strength gradually, and must show no drop therein. When moulded 
into pats with thin edges, and either left on glass or not to set in water, 
the edges must show no signs of checking.

“Briquettes mixed in proportion (by weight) of one (1) part cement 
to three (3) parts sand, and kept one day in air and the remaining time 
in water, shall show a tensile strength of from one hundred ( 100) to one 
hundred and fifty ( 150) pounds per square inch after seven (7) days, 
and from one hundred and fifty (150) to two hundred and fifty (250) 
pounds per square inch after twenty-eight (28) days.

“ In any case the cement adopted must be first approved by the Chief 
Engineer.”

The proportions of Empire or Aalborg cements, which were the brands 
adopted for the Northwestern Elevated Railroad pedestals, used in mak
ing concrete, are :

One part by volume of cement.
Three parts by volume of sand.
Six parts by volume of graded broken stone.

Unless the stone be of several graded dimensions, so as to reduce the 
proportion of voids to a minimum, its proportion in the concrete should 
be reduced to five ; for while these brands of cement will stand a three- 
to-one dose of sand, the resulting mortar will not fill completely all 
the voids in the stone at one, three and six, unless the grading of the 
stone be done very carefully, and unless the various sizes of stone be 
thoroughly mixed.
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For concrete for bridge pier caissons, using these brands of cement, 
the author would recommend the following proportions :

One part by volume of cement.
Three parts by volume of sand.
Five parts by volume of broken stone.

In case, however, the concrete be deposited under water or in places 
where special strength and solidity are required, the proportions should 
be changed to one, two, and four.

IV.—Tin: Bkst and Cheapest Kind of Metal Paint to Adopt.

Mr. Rowe conducted this investigation also, but, unfortunately, was 
not able to complete his experiments. He has promised to give in his 
discussion his results as far as they go. It was decided to use for the 
Wabash Avenue Extension Eureka paint, and the National Paint Com 
pany’s No. 31 for the Northwestern Elevated. In another structure, if 
the author could have his own way in respect to paint, he would give the 
metal a good coat of boiled linseed oil at the mills before it is exposed 
to the weather, one priming coat of Eureka paint at the shops while 
the metalwork is still under shelter, and two coats of first-class iron oxide 
paint after erection.

V.—Prices of Tim her F. O. P>. Cars Chicago.

This investigation was made in order to determine what kind of timber 
to adopt, and whether it be advisable to specify all heart or a certain 
portion of sap, the result being that it was decided to use the best quality 
of long-leaf southern yellow pine entirely free from sap. This question 
of timber will be further treated in Section 12.

VI.—Best and Most Economical Span Lengths.

This question was investigated very exhaustively, considering every 
item of expense, including not only the cost of metal in place, but also 
that of concrete, excavation, back-filling, and pavement ; also the pos 
sibility of expense for the moving of water pipes and other conduit< 
The investigation showed that for plate-girder construction through 
private property the economic span length is about 40 ft., while for 
construction in the street it varies from 47 to 50 ft., or even 3 or 4 ft 
more in case of cross girders spanning wide streets from curb to curb.

The theory of true economy in elevated railroad designing, as far 
as length of bays is concerned, is simply this : “The cost of the long!
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tudinal girders should be, as nearly as may be, equal to the cost of the 
bents and their supporting pedestals. In case of doubt adopt the longer
span.”

VII.—Four-Column versus Two-Column Structures.

Detailed estimates of cost show that as far as economy is concerned 
there is but little, if any, difference between these two styles of bent. 
Whether the total cost of the four-column bent will exceed that of the 
two-column one for a four-track structure depends upon the various 
schedule prices for metal, concrete, excavation, paving, etc., as well as 
upon the character of the soil. As there is no great difference in the cost 
of these two types of structure, and as the four-column bent is decidedly 
the more rigid of the two, it was a * wherever practicable. Fig. 2 
gives a general elevation and plan showing the steelwork. Cantilcvering
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an entire train load beyond the exterior column of a two-column bent is 
not conducive to rigidity, but this is the only method that will bring the 
cost as low as that of the four-column bent.

VIII.—Braced Towers versus Solitary Columns.

Where an elevated railroad occupies private property and crosses the 
streets by spanning from curb to curb, it is practicable to use braced 
towers and thus stiffen the structure and check vibration : and, moreover, 
this arrangement is very economical.

For the Northwestern Elevated, upon which it is proposed to run trains 
at a speed of 40 miles per hour on the inner tracks between the inter-
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track stations, which are situated about a mile apart, the consideration 
of the extra rigidity afforded by the braced towers is quite important. It 
was therefore decided to use both longitudinal and transverse sway brac
ing forming braced towers spaced about 150 ft. apart (or two towers per
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fig. 3.

block) and to use the transverse sway bracing on all bents on curves, 
wherever practicable. Fig. 3 gives the details of the longitudinal sway 
bracing for a 23%-ft. span.

1 wo only of the three spaces between columns are to have transverse 
sway bracing, thus leaving a longitudinal passage-way for wagons at the 
center of the structure.
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The saving in weight of metal per lineal foot of four-track structure 
on tangents by adopting braced towers instead of solitary columns was 
found to be about 140 lbs., or nearly 9 per cent, of the total weight.

TX.—The Rest Weight and Dimensions of Track Rails.

After thorough investigation it was decided to adopt, as the best and 
most economical section, an 80-lb. rail, 5 ins. high, with vertical sides, and 
containing 45 per cent, of its metal in the head.

X.—Best Arrangement and Dimensions of the Wooden Floor.

The result of the investigation on this subject was, for longitudinal 
girders spaced 5 ft. centers, the adoption of 6 x 8-in. ties laid flat and 
spaced 14 ins. centers; 6 x 6-in. inner guards and 6 x 8-in. outer guards 
on edge, all guards being fastened by soft steel bolts with pressed threads, 
and connections to the metalwork being made by means of hook-bolts. 
Fig. 4 illustrates the track system.

fig. 4.

XI.—Collection of Data of Variovs Kinds Concerning Elevated 
Railroads.

The results of this investigation, made by the author and his assistants 
by examining the principal elevated roads of the East and those then 
in operation in Chicago, as far as the designing of the metalwork is con
cerned, amount simply to the accumulation of a great mass of information 
exemplifying “how not to do it.”

Such negative data are, of course, useful : but, if a properly designed 
and constructed road in operation could have been examined, the informa
tion accumulated would have proved much more valuable.

Much useful information, however, was obtained upon such matters 
as track, stations, signals, etc., by the examination of existing elevate'* 
railroads.
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XII.—Treated versus Untreated Timber for Tracks and 
Platforms.

After considerable investigation it was decided to preserve the timber 
by the vulcanizing process. The following extracts from the author's 
report to the company on this subject may he of interest.

“ Unfortunately, the only vulcanizing works in this country are located 
in New York City; consequently, the freight rates on vulcanized timber 
delivered at Chicago are high, the average price for such timber as we 
need being about $32 per thousand delivered at site, while the untreated 
timber would cost only $18 per thousand. It will cost about $6 per thou
sand additional to put the timber in place.

“ Vulcanized timber has been used on the New York Elevated Rail
roads for twelve years without showing any signs of material deterioration, 
and the chances are that it will last fully twenty-five years.

“ Our investigations lead us to the conclusion that it costs about $1 
per tic to replace ties in the track without interfering with the traffic, over 
and above the value of the tie itself ; while for new work the cost of lay
ing a tie is only 20 cents, making a difference of 80 cents.

“ For the purpose of comparison let us take a mile of double track. 
The hill of timber therefor is as follows :

Ties ........... 9 052: 6 ins. x 8 ins. x 8 ft.... 289 664 ft.
Guards .... 920: 6 “ x 8 “ x 24 "... . 88 320 “ 
Guards .... 920:8“ x 8 “ x 24".... 117760 “
Planks ___ 5:2“ x8 “ x 5 280“___ 35 200 “
Joists ........ 1 508: 4 “ x 8 “ x 8 “ .... 32 171 “

563 115 ft.
Say 564 M.

“ In order to he absolutely on the side of safety, let us assume tin 
life of the vulcanized timber to be only fifteen years, or just twice that 
of the untreated timber, and that the excess of cost of replacing ties 
during traffic over that when there is no traffic is 60 cents instead of 
80 cents per tie. The rate of compound interest assumed is 5 per cent. 
At the end of fifteen years, then, according to these assumptions, the 
floor in either case would have to be renewed, and the total costs for 
the fifteen years would he as follows :

For Vulcanized Timber.
564 M at $38........................................................  $21 432.00
Compound interest on $21 432 for 15 years.... 23 125.13

Total ......................................................... $44 557-13



"2

ELEVATED RAILROADS. 603

For Untreated Timber.
564 M at $24......................................................... $13536.00
564 M at $24......................................................... 13 536.00
9 052 tics at 60 cents............................................. 5 431.20
Compound interest on $13 536 for 15 years.... 14 605.30
Compound interest on $18 967 for y/> years... 8 383.50

Total .......................................................... $55 492.00

“ According to these figures the untreated timber is about 25 per cent, 
more expensive than the vulcanized timber, even upon assumptions that 
are manifestly unfavorable to the latter."

XIII.—Rest and Cheapest Material for Pedestal Caps.

Estimates of cost were made on several types of pedestal caps, includ
ing castings like those used on the Metropolitan Elevated, Kettle River 
sandstone blocks, and granitoid ; and the last was adopted because it 
was considered both the cheapest and best. Experience with the finished 
pedestals has given the company's engineers no reason to regret their 
decision concerning this matter. The granitoid covering for the concrete 
of the pedestals is 6 ins. thick, and is composed of one part of Portland 
cement, two parts of fine granite screenings and four parts crushed 
granite, no piece being too large to pass through a ring >4 in. in diameter, 
the top surface being made extremely smooth, to exact elevation, and 
perfectly level.

XIV.—Rearing Capacity of Chicago Soil.

Mr. Rowe made a number of experiments on the bearing capacity of 
Chicago soil, using an apparatus designed by the author, by which a load 
of pig iron was applied centrally to a square block of timber. As Mr. 
Rowe has promised to treat this subject in his discussion, no further details 
will he given here, except to state that the safe load in some places ran as 
low as 1 ton per square foot.

XV.—Rest Style of Anchorage for Columns.

Where longitudinal sway bracing is employed, two anchor bolts per 
pedestal were used; but, where reliance was placed on the transverse 
strength of the column to resist the bending effects of longitudinal and 
transverse thrusts, four anchor bolts per pedestal were employed. All 
the anchor bolts of each pedestal were passed through a single anchor
casting or spider embedded in the concrete and set very carefully to exact
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line and level. The details of the foundation are shown in Fig. 5. The 
upper ends of the anchor bolts are enclosed loosely with a curved steel 
plate, long enough to contain an ample number of rivets for attaching to 
the column, and having a square and smooth top to receive a heavy steel 
washer plate. As there are enough rivets connecting the curved plate to 
take care of both the direct and the secondary or induced stresses due to 
eccentricity, this entire pedestal detail is such as to make the column and 
the pedestal absolutely continuous, so that they act as a unit in resisting 
overturning; hence all calculations of strength of parts were made upon 
the assumption that the foot of the column is fixed.

A detail similar to this was employed by the author in 1891 when 
designing the columns and pedestals of the Sioux City train-shed ; and,

FOOT AND PIER

FIG. 5.

as far as he knows, this was the first time that a column-foot detail involv
ing a truly fixed end for the column was ever used.

The ordinary method of running the anchor holts through the hori
zontal foot-plate of the column near its edges or corners docs not make 
a fixed-end column—far from it, as a few simple calculations will show.

XVI.—Plate Girders versus Open-Webbed Girders.

In designing these elevated railroads for Chicago, many estimates have 
been made for both plate-girders and open-webbed girders, which demon
strate that there is practically no difference in the weight when both 
girders are properly designed. As the open-webbed girders cost a trifle 
more per pound to manufacture, there is no economy in their use ; never 
theless they were adopted for all structures running longitudinally in the 
streets in order to comply with certain city ordinances.

The observance of these ordinances was sometimes carried to ex
tremes, producing ridiculous combinations of solid and open web in the
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same girder, and an evident waste of material and labor. For this the 
engineers are not to blame, because they did not frame the ordinances.

XVII.—Crimping of Web-Stiffening Angi.es versus the Use of 
Filling Plates.

An investigation of this question was made by writing to a number 
of the leading bridge companies, and propounding to them this query : 
“ If you had a lump sum contract for building a bridge, would you find 
it more economical to use crimped angles for web stiffeners, or to adopt 
plain angles with fillers beneath them ?” Some replies favored crimping 
and some did not ; but the majority, including most of the larger com
panies. considered crimping a little the more economical, especially for 
intermediate stiffeners ; consequently on the Chicago work all inter
mediate stiffeners are crimped and all end stiffeners have filling plates.

XVIII.—Best Sections for Columns.
Investigation concerning strength, capacity to resist impact, facility 

of erection, economy of metal, etc., determined that the section for 
columns located in the street should be two 15-in. rolled channels with the 
flanges turned inward and a 15-in. rolled I-beam riveted between to act 
as a central web or diaphragm, the flanges of the channels being held in 
place by interior stay plates spaced about 3 ft. centers. In most cases the 
column feet pass below the pavement and arc embedded in the concrete, 
to which, of course, they are bolted, but in some cases they rest on 
pedestals a little above the level of the sidewalk. The main object in 
turning the flanges inward is to enable the column better to resist impact 
from heavily loaded vehicles. Just alxwe the pavement there is a curved 
casting filled with concrete and surrounding the column to act as a fender.

This column is very satisfactory after it is erected, although it gives 
some little difficulty in the shops and involves a little more field riveting 
than usual. One complaint made was that the planes of the top and bottom 
flanges of I-beams are never exactly parallel to each other, hence some 
straightening was necessitated.

For columns located on private property or on sidewalks where the 
structure is transverse to the street, four Z-bars and a web plate were 
adopted as the most satisfactory section. At the top of the column a 
wide curved web plate and curved angles are used. This design makes 
a most satisfactory column, which goes through the shops readily, and 
which is well adapted for quick erection. It is true that it necessitated a 
special tool for cutting the webs to a circular curve, but after this was 
made, the manufacture was easy and comparatively inexpensive. The 
Union Bridge Company, of Athens, Pa., and the Elmira Bridge Company,
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of Elmira, N. Y., together took the contract for the metal-work of the 
entire North western Elevated and the Fifth Avenue side of the Union 
Loop. The Lake Street side of the Loop was built by the Phoenix Bridge
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Company, of Phocnixville, Pa., and the other two sides are being built by 
the Pencoyd Iron Works, of Pcncoyd, Pa.

Figs. 6 and 7 illustrate features of the column construction, the latt- r 
figure also showing the details of an expansion joint.



nun '.it ni y railroads.

XIX.—Rest Style of Expansion Joint.

The designing of a perfectly satisfactory expansion joint is no simple 
problem : consequently, it demanded considerable study, the result of 
which was the adoption of the pocket shown in Figs. 8 and 9 to receive 
the loose end of a longitudinal g t- The most important feature of
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this design is that the center of pressure from the longitudinal girder 
is distant from the cross girder about half the length of the pocket, 
which reduces the moment due to eccentricity upon the group of rivets 
connecting the pocket to the cross-girder, and prevents the hearing of 
the longitudinal girder from coming on an edge of metal, as would 
he the case were not the center of pressure thrown toward the cross
girder by the small base plate. Again, the number of rivets connecting
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the pocket to the cross-girder is ample for both the direct shear and the 
secondary stresses due to the moment caused by the eccentric hearing. 
The -longitudinal girder fits laterally in the pocket, and its top is held 
between angle clips riveted to the cross-girder. Thus the expansion ends 
of the longitudinal girders are held laterally to the cross-girders just about 
as rigidly as are the riveted fixed ends.

The detailing of the entire expansion end is so arranged that all 
parts of the metal-work are accessible to the brush for painting, al
though extra care will have to be used by the painter on this portion 
of the structure, in order to make sure that no portion of the surface is 
unprotected.

XX.—Style of Bracing ox Curves.

The extra bracing on curves is composed of two lower lateral sys
tems, each pertaining to two tracks, and consisting of a double system 
of cancellation, the diagonals being formed of two 4 x 3-in. angles riveted 
together and to the lower flanges of the longitudinal girders where they 
cross the same. The columns on curves are made larger and stronger 
than those on tangents, in order to resist properly the centrifugal loads.

XXI.—Proper Limit of Length of Structure between Expansion 
Joints.

This question involves the effects of changes of temperature, more 
especially in producing bending on the columns. The latter were figured 
for deflection with due regard to the fixedness of their ends, which in
creases the extreme fiber stresses due to changes of temperature. The in
vestigation showed that 150 ft. should he the ordinary limiting distance 
between expansion points. On almost the entire lines of the Northwestern 
and Loop this limit was observed : but in two or three case's, owing to 
peculiar local conditions, it had to be exceeded. I11 these cases, however, 
the columns most affected were strengthened.

XXII.—Track-Bolt Nuts Above versus Track-Bolt Nuts Below.

Each method has both good and bad features. With nuts below, the 
hole through the wood can readily be protected from the entrance of 
water, but the nuts may work off the bolts without notice being taken 
of the fact by the track-walker. With nuts above, any loosening of the 
bolts would be seen at once, but a water-tight joint is hard to make. The 
latter arrangement, after much discussion, was adopted, and cup-shaped 
washers let into the wood were employed. A liberal use of paint in these 
cups will probably seal them against percolation of water, but their in-
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sert ion in the wood seems like an invitation for rot. An important advan
tage in using these cups is that there are no projecting nuts above the 
wood to trip anyone walking over the track.

XXIII.—SlTKRKI.I.VATIOX ON CURVES.

Tt was decided not to attempt to obtain this by elevating or depressing 
the longitudinal girders, or by using wooden shims on outer girders, but 
to employ wedge-shaped ties. Three hevels only are used on the line, viz., 
i. 2 and 3 ins. in 5 ft. Such bevels, it is true, will not afford the theoretical 
superelevation required for the maximum speed on sharp curves; but it 
was considered that this maximum speed could not he maintained on sharp 
curves, hence the compromise between theory and practice. Experience in 
operation alone will tell whether the decision of the company's engineers 
in this matter is correct.

XXIV.—Best Styles of Stations.

For stations on the company's private property it was decided to adopt 
a single brick house to accommodate the entering passengers for all four 
tracks, the exit passengers leaving the platforms by special exit stair
ways leading to or near the street, each of the said stairways being pro
vided at its foot with a turnstile prohibiting entrance but permitting exit. 
'Eliis arrangement dispenses with several platform employees and prevents 
the station house and stairways from obstruction by passengers moving in 
opposite directions.

At first it was intended to run the exit stairway at right angles to the 
line and land on the sidewalks of the cross streets, as shown in Fig. 10, 
hut it was found afterward that this method would in some cases involve 
the payment of unduly high damages to property-owners, hence it was 
decided to confine these stairways entirely to the company's property, as 
in Fig. 11. From the operating point of view the first design is the better 
one in that it does not cut up the already somewhat narrow platforms with 
apertures for exit, as does the design adopted. However, the pressure 
if the financial department was too strong for the engineers ; consequently, 

the proposed change was adopted.
The following extracts from the specifications for stations on the 

Northwestern Elevated, together with occasional reference to Figs. 10 and 
11, will give a fairly clear idea of what these stations will be like when 
completed.

" There are two slightly different styles of stations on the line, viz.:
Interior Track Stations’ and ‘ Exterior Track Stations,’ the former being 

placed at intervals of about one mile, and the latter at intervals of about 
a quarter of a mile.
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“ The essential points of difference in the two styles of stations are 
in the platforms and in the vestibule and stairway leading thereto.

“ In the Kxterior Track Stations the platforms are outside of the tracks, 
while in the Interior Track Stations they are between the exterior tracks 
and those adjacent, the exterior tracks being spread so as to pass around 
the platforms.

“ There will he hut one house to each station, passengers entering it 
from the street, hut not passing through it when leaving the line, as special 
exit stairways leading to the street are provided.

“ The houses are to be built as follows : The basement walls are to 
be composed of rubble, resting on dimension stone footings ; the main 
walls arc to he of common brick, faced with pressed brick and terra 
cotta trimmings ; the roof is to he a composition gravel roof; the floors 
are to be of white oak. resting on common yellow pine flooring over 
yellow pine joists ; and the finish is to be of antique oak. The houses 
are to he lighted by both electricity and gas, and are to be heated by 
hot water.

“ The ticket office is located on one side of the rear vestibule which 
leads to the entrance stairways, that in turn lead to the platforms.

“These platforms are to he constructed of transverse and longitu
dinal timbers with a two-inch (2") vertical-grain yellow pine flooring on 
top. They are to be sheltered by canopies of corrugated iron supported 
by steel frame construction.

“ Around all stairway openings, along the outside of exterior plat
forms, and at ends of all platforms are to be gas-pipe hand-railings pan
eled with grillework screens.”

XXX*.—F»f.st Method of Heating Stations.

After considerable deliberation and discussion it was decided to heat 
all stations with hot water. This is undoubtedly the most satisfactor 
method for houses on the ground : hut for the Loop stations and tin »- 
of the Northwestern which are supported by the metal-work the autlv 
would have preferred heating by gas so as to avoid the carrying to and 
fro of coal and ashes, with the unavoidable accompanying dirt and 
trouble. The use of gas, though, would have been more expensive tli 
that of coal.

XXXT.—Relative Costs of Double-Track Structure with Colum
in the Street and with Columns Just Inside of Curb Lines.

This question was investigated so as to determine whether in cert.vn 
cases it would be worth while to strive for permission to put the col un s 
in the street. As will be seen in the table given under Section XXVI i,



ELEVATED RAILROADS. 615

the cost of structure per mile of double track was estimated to be $267,760 
with columns inside of curbs, and $240,537 for columns in street, making 
a difference of $27,223 per mile of double track, or a relative difference 
of between 11 and 12 per cent.

XXVII.—Pressed-Thrf.ad Bolts versus Cut-Thread Bolts.

As the manufacture of pressed-thread liolts is a patented process, the 
author first obtained from the patentees a guaranteed pound price for 
their holts delivered f. o. b. cars Chicago, at the same time getting cor
responding prices for both upset and plain holts with cut threads. He 
then had his metal inspectors test to destruction several specimens of 
pressed-thread liolts so as to determine their strength in comparison with 
cut-thread liolts.

As the difference in the pound prices was small, and as the strength 
of the pressed-thread holts is fully 50 per cent, greater than that of the 
cut-thread bolts, the comparison resulted greatly in favor of the former, 
consequently they were adopted for all the anchor bolts and track bolts 
on both lines of road. The author feels that he cannot speak too highly 
of these pressed-thread holts, for the results of the tests were surpris
ing. W hen it is considered that the cold-pressing process reduces the 
effective diameter of the soft steel rod at the root of the thread, and in 
fact increases it hut little at the edges, it might lx* imagined th.it when 
the holt is tested to destruction, it would break in the threaded portion. 
Such, however, is not the case, for all the specimens broke in the body of 
the rod, and, strange to say, the threads were so little injured that the nuts 
could he turned readily over the whole length of same.

XXXTII.—Studies Involving a Xvmrer of Designs for Different 
Styles of Structure.

The investigations included under this heading are the most elalmrate 
of all those made. They involved careful designs and estimates of cost 
of the following types of structure, all of which are shown in cross-section 
in Figs. 12 to 24 inclusive.

Design 1. Four-track structure with longitudinal bracing, sup
ported by four Z-bar columns, the cantilevers and columns being 
made in one piece in the shops.

Design 2. Similar to Design 1, except that the cross-girders are 
riveted to the columns in the field, and the brackets are omitted.

Design 3. Four-track, two-column structure, with longitudinal 
bracing.

Design 4. Four-track, four-column structure, without longitudinal 
bracing.
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Design 5. Four-track, two-column structure, without longitudinal 
bracing.

Design 6. Double-track, two-column structure, with longitudinal 
bracing, similar to Design 1.

Design 7. Double-track, two-column structure, with longitudinal 
bracing, similar to Design 2.

Design 8. Double-track, two-column structure, with longitudinal 
bracing, the columns being spaced 17 ft. centers transversely 
to the structure.

Design 9. Double-track, two-column structure, without longitu
dinal bracing, similar in construction to Design 4.

Design 10. Four-track, four-column structure, without longitu
dinal bracing, the columns being flared out at the top and ex
tending only to the plane of the bottoms of stringers, and the 
column section being coth posed of two 15-in. I-beams.

Design 11. Four-track, four-column structure, similar to Design 
10, except that channels are used instead of I-beams in the 
columns.

Design 12. Double-track, two-column structure, without longi
tudinal bracing, for the alternative route along Fifth Avenue 
and Franklin Street, the columns being placed on the curbs.

Design 13. Double-track, two-column structure, without longi
tudinal bracing, also for the alternative route along the streets, 
the columns in this case being placed in the roadway.

The following is an almost verbatim extract from the author's report, 
all references to drawings being omitted.

In explaining and discussing each of these designs, the following ques
tions in the order here given will be considered : First, general descrip
tion; seconîl, strength : third, rigidity ; fourth, economy : fifth, aesthetics; 
sixth, uniformity of construction ; seventh, facility of manufacture and 
erection.

In making these various calculations there has lieen assumed a typical 
block 292 ft. long, simply for purpose of comparison. This block, how
ever, is of about the average length of the blocks through which the line 
will pass.

Design 1, Fig. 12.
Design 1 is a four-track structure which is supported by four Z-bar 

columns.
General Description.—Each track is carried by a column which is lo

cated directly beneath its central line. The stringers are spaced 5 ft 
apart, and are, therefore, almost directly beneath the rails. They are 
carried by short cantilevers, one on each side of the column. The
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web of these two cantilevers and that of the top of the Z-bar column are 
all in one piece, this web being carried through the top of the column. 
Tlie top flange of the cantilevers is also continuous over the top of the 
column, and its web is carried far enough down the column to form a good 
bracket on each side.

The spans are all to lie 40 ft. in length, excepting those over the 
street, which arc 45 ft., and those having longitudinal bracing, which are 
23 ft. 6 ins. There will he two such braced spans to each 292-ft. block, 
and a correspondingly greater number for blocks of greater length. This 
longitudinal bracing is designed to take up the entire horizontal thrust 
due to braked trains or to traction, the intermediate columns being de-

DESIGN No. 1

signed to carry only the direct load and transverse thrust from wind
load.

The stringers or longitudinal girders are plate girders, riveted solidly 
to the cantilever brackets, except at the expansion ends. The expansion 
joints are spaced about 150 ft. apart, and will be similar in design to 
those used on the Wabash Avenue Extension of the Lake Street Elevated 
Railroad. The longitudinal thrust due to expansion and contraction of 
the stringers is carried to the column in each bent by short struts, but the 
longitudinal thrust due to braked trains is carried by the stringers directly 
t" the longitudinal bracing.

On curves, where permissible, a system of vertical sway bracing will 
be used, and. where it cannot be employed, the columns will be made 
strong enough to transmit the transverse thrust to the pedestals.

These pedestals are to be made of concrete, covered with granitoid.
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Strength.—Every portion of this structure has been made amply 
strong to carry the greatest stresses and loads which can come upon it. 
It would he difficult to make stronger or more efficient columns and can
tilevers than the ones used throughout this design : for these columns, 
cantilevers, and brackets are made in one piece in the shops, and there 
is not a weak point in them.

The bracing towers, if they may he so termed, are well braced, both 
longitudinally and transversely in vertical planes, and horizontally at the 
top. and take care most effectively of the total longitudinal thrust.

Rigidity.—The stringers arc thoroughly braced together so as to 
prevent as much as possible all transverse vibration, and this bracing, 
together with the longitudinal sway bracing in the towers, prevents any 
undue longitudinal vibration. As the columns are placed directly beneath 
the centers of the tracks, there is no possibility of unequal deflection in 
the transverse girders and cantilevers, such as might occur if the columns 
were not so placed. All columns are anchored to the pedestals by long 
anchor bolts which extend well into the concrete and make the coin mi1 
and pedestal act as one piece. Upon the whole this design is so con
structed as to make it as rigid a structure as can he obtained.

Economy.—While this structure has been made thoroughly first clas; 
in every respect, no material has been wasted in so doing. The spans 
have been made of the most economical lengths; the spacing of columns 
transversely to the structure, the sections of columns used, the style <>f 
cantilever, and the stringer bracing are all examples of true economy of 
design, but probably the feature that saves more metal than any other is 
the use of longitudinal sway bracing in the towers, as will he seen In- 
comparing the weights of Designs 4, 10, and 11, with the one now under 
consideration. This comparison shows that from 140 lbs. to 165 lbs. < f 
metal per lineal foot of structure have been saved in Design 1, or fr< ni 
$8,000 to $11,000 per mile, and at the same time a more rigid and stronger 
structure has l>een evolved than that illustrated in any of the other four- 
track designs.

From an economic point of view, only one of the designs, viz., De
sign 3, offers any advantage over Design 1, hut there arc other consiik ra
tions which offset this apparent economy in Design 3.

Æsthctics.—This structure is light and airy, and upon the whole ]'re
sents a very neat appearance; more so, perhaps, than any one of the other 
designs.

Uniformity of Construction.—The style of construction will he the 
same throughout, with only very slight alterations at stations and 011 
curves, the double-track structure included. This will not be trm of 
several of the other designs.
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DESIGN No. 2

Facility of Manufacture and Erection.—The style of column used 
makes it practicable to do nearly all of the riveting in the shops, the 
cantilevers and brackets, as before stated, forming a part of the column. 
As the cross girders have to carry no direct load whatsoever, they are 
made very light, and are to be connected to the cantilevers in the field, the 
rivets necessary to make this connection, together with those connecting 
the stringers to cantilevers and sway bracing, being the only field rivets 
required.

The work is all plain and straight, excepting the curved brackets. All 
parts are made of as few pieces as possible, and there are no large or un- 
wieldly members to handle.

This design will be easier to manufacture and erect than any one < f 
the other designs now under consideration.

FIG. 13.

Design 2, Fig. 13.
This is similar to Design i.
Strength.—As far as the strength of the various parts of the structure 

is concerned, this design is almost the same as Design i. The same sec
tions are used in the stringers, columns, cross-girders, and transverse and 
longitudinal bracing.

Rigidity.—This design will not be quite so rigid as Design I. as there 
are no brackets beneath the cross-girders, and the method of connecting the 
cantilevers and cross-girders to the columns is not so good, for in Design 
1 the cantilevers and columns arc all made in one piece ; otherwise, the two 
designs are identical.
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Economy.—The cost of Design 2 is the same as that of Design 1, viz., 
$65.10 per lineal foot (average), including curves.

Æsthctics.—Owing to the omission of the brackets, this design does 
not appear so well as does Design 1.

Uniformity of Construction.—What was said of Design 1 applies to 
Design 2 as well.

facility of Manufacture anil Erection.—In this case the cantilevers 
and cross girders are riveted to the columns in the field ; this necessitates 
driving more rivets in the field than in case of Design 1, hut all the 
work is plain and straight and will be easy to manufacture and erect.

DESIGN No. 3

Taking it as a whole, this design is not quite so satisfactory as Design 1. 
and it costs quite as much money.

Design 3, Fig. 14.
Strength.—Design 3, as well as all the others, has been made good and 

strong in all its details.
Rigidity.—This design is a two-column, four-track structure, with tlv 

two outer tracks cantilevered out beyond the columns, which arc spaced 2\ 
ft. centers in planes transverse to the direction of the tracks. While tin- 
structure has been designed to be as rigid as is possible with this sty 
of construction, the unequal distribution of load and the lengths of can1 
lever and girder necessary do not insure the rigidity which is obtained 1 
Designs 1 and 2.

Laterally, the structure is well braced ; and, longitudinally, the brae 1 
towers are used, as in the preceding designs.
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DESIGN No 4

il «g

Economy.—This design is a trifle cheaper than Designs 1 and 2. on 
account of the saving in pedestals, the metalwork costing considerably 
more, though, than in those designs.

Cost of Design 1............................... $65 10
Cost of Design 3............................... 64 60

Difference........................... $0 50, or $2,640 per mile.
Æsthctics.—This structure is by no means pleasing in appearance.
Uniformity of Construction.—In this design in changing from four- 

track to double-track structure, it will be necessary to change entirely the 
style of construction, which is not the case in Designs 1 and 2.

FIG. 15.

Facility of Manufacture and Erection.—In this design all cross-gird
ers and cantilevers must he riveted to the columns in the field, and, owing 
to the great depth of these girders, this will make this structure difficult 
to erect. The girders are all heavy and unwieldy, much more so than in 
the four-column structures. The work in the shops will be easy.

While the structure is, perhaps, apparently a little more economical 
than Design 1, it has the disadvantages of being unsightly, of lacking 
rigidity, and of being difficult to erect.

Design 4. Fig. 15.
General Description.—Design 4 differs from Designs 1, 2 and 3 in the 

fact that no longitudinal sway bracing is used, but each column is made 
strong enough to take up the longitudinal thrust coming upon it. The 
spans through the blocks are about 50 ft. long.
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This is a four-column, four-track structure, each column being fixed 
at top and bottom in planes both transverse and parallel to the structure. 
The* columns are anchored to the pedestals by four anchor bolts, instead 
of the two used in the preceding designs.

Rigidity.—As the longitudinal rigidity is obtained solely through the 
ability of the columns to resist bending, it is evident that this design will 
not be as rigid in this direction as Designs i, 2 and 3. There are no 
brackets transverse to the structure : hence, it will not be as rigid laterally 
as Design 1. The stringers are well braced together and to the columns. 
On curves, transverse sway bracing will be used where permissible, and 
where it is not the columns will be strengthened so as to take care of the 
centrifugal load.

DESIGN No. 5

Economy.—This is the most expensive design yet considered, the 
average cost per lineal foot being $66.65 instead of $65.10 for Design 1.

Æsthctics.—Design 4 bas nothing to commend it from an aesthetic 
point of view.

Uniformity of Construction.—Like Designs 1 and 2, this design has 
the advantage of being adapted to both double and four-track structures

Facility of Manufacture and Erection.—This design would be easier 
to erect than Design 3, but not so easy as Design 1. The shopwork wouV 
be somewhat difficult.

Design 5, Fig. 16.
General Description.—This is a two-column, four-track structure, and 

like Design 4, has no longitudinal sway bracing. The columns are buil



ELEVA TED RAILROADS. 623

up of plates and angles, and are designed to carry the longitudinal and 
transverse thrusts due to braked trains and to wind load. The spans are 
of the same lengths as in Design 4.

Rigidity.—The remarks made under this head for Design 3 apply to 
Design 5 as well; hut, in addition to the defects of the former. Design 5 
lacks the longitudinal sway bracing, and so will not he as rigid as Design 3.

Economy.—Design 5 is the most expensive design on the list, the cost 
per lineal foot being $67.60.

Æsthctics.—Like Design 4 it has 110 commendable features in this 
respect.

Uniformity of Construction.—Like Design 3 this style of structure 
could only be made to apply to the four-track railway,

DESIGN No. 7DESIGN No. 6

FIG. 17.

Facility of Manufacture and Erection.—The style of columns used 
would be somewhat difficult to manufacture, and the great amount of 
field riveting would make the erection expensive.

From the foregoing facts it will be seen that this design has several 
disadvantages and is also very expensive, although it has some good 
features.

Design 6, Fig. 17.

General Description.—Design 6 is similar to Design 1, hut is a double
track structure. The remarks under Design 1 in relation to rigidity, 
aesthetics, and facility of manufacture and erection apply to this case also.

Economy.—The cost per lineal foot is $32.65.
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Uniformity of Construction.—By using this design for double-track 
structure and Design i for the four-track structure, the design will be the 
same for columns, stringers, bracing towers, expansion ends, etc., through
out the whole line. If at any time it be considered necessary to convert 
the double-track structure into a four-track structure, it can be done by 
simply adding a column at each side of the double-track structure, and 
putting in the additional stringers, cross-girders, and sway bracing.

Design 7, Fig 18.

Design 7 bears the same relation to Design 2 that Design 6 bears to 
Design 1. The cost per lineal foot will be $32.65.

DESIGN No 8 |

Design 8, Fig. 19.

General Description.—In this design, which is for double track, the 
columns are made of four Z-bars, as in Designs 1, 2, 3 and 6, but instead 
of the columns being directly beneath the center of the tracks, they are 
placed beneath the outer stringers, thus making the spacing 17ft. centers, 
transverse to the structure.

Strength.—The end webs in the cross girders extend through the col
umns, forming the webs of the latter at the top, and pass down far enough 
to form good brackets, thus making the column, end of cross girder, and 
brackets all in one piece, which is riveted up solidly in the shop. This 
makes a very strong connection.

Longitudinal bracing towers are used as in Designs 1, 2, 3, 6 and 7.
Rigidity.—This design is thoroughly braced in all directions, and will 

be very rigid ; but as the columns are attached to the outer stringers, and
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as the inner stringers are supported by the cross-girders, it is probable 
that there will be some unequal deflection in the stringers : otherwise this 
design will be as rigid as Design 6.

Economy.—This is the cheapest design on the list for a double-track 
structure, the average cost per lineal foot being $32.30, while Designs 6 
and 7 each cost $32.65. This shows a saving of 35 cents per lineal foot, 
or $1.850 (nearly) per mile of double track.

/Esthetics.—The cross-section of this design is probably the most 
aesthetic of any of the designs, and the side elevation at street crossings 
can be improved by putting in longitudinal brackets beneath the outer 
stringers.

Uniformity of Construction.—This design necessitates considerable 
change in the style of construction from that used in the four-track 
structure, and it would be difficult ever to convert the double-track struc
ture into a four-track structure in case it should be considered advisable 
to do so at some future time.

Facility of Manufacture and Erection.—The style of columns and 
cross-girders used dispenses with nearly all of the field riveting, and will 
make this a very easy structure to erect. In the shop the work will also 
be very easy. The lateral system on curves and the stringer bracing used 
throughout the structure will be easier to connect to the columns and 
stringers in this design than in any of the other double-track structures 
now under consideration.

With the exception of the lack of uniformity in construction this 
design probably offers more advantages than any other for the double 
track structure.

Design 9, Fig. 20.
Design 9 is a double-track structure similar in construction to Design 

4. and the remarks made under the latter in relation to strength, rigidity, 
economy, aesthetics, uniformity of construction, and facility of manufac
ture and erection apply to this case also. The cost per lineal foot is $33.31.

Design 10, Fig. 21.
Design 10 is different from any of the designs yet considered, for in 

all these the columns are carried up to the tops of the cross-girders, while 
in this the column is carried up only to the plane of the bottom of the 
stringers, the top of the column being flared out wide enough to receive 
the two track stringers, which are spaced 5 ft. centers. No longitudinal 
bracing is used, hence each column is figured to take up in bending its 
share of the longitudinal thrust.

The columns are made of two I-beams, well laced from the bottom up 
to the point where the flaring begins, and from this point to the top a
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large plate is riveted on each of the transverse faces of the column. This 
design is somewhat similar to the one used on the Metropolitan Elevated 
Railway of Chicago.

Strength.—Design 10 has been made amply strong in all of its parts.
Rigidity.—As the columns are placed directly beneath the center line 

of the tracks as in Designs i, 2, 4. 6, 7 and 9, there will be but little 
vibration or deflection so far as the vertical loads are concerned, hut as 
the columns are not carried up to the tops of the stringers and cross
girders, it is impracticable to make the structure rigid against the longi
tudinal thrust due to braked trains. Longitudinal brackets have been used 
to fix the upper ends of the columns ; but as each of these brackets has to

DESIGN No 10

FIG. 21.

take hold at the center of a small I-beam 5 ft. long, it is evident that the 
only rigidity that can be procured in this way is dependent upon the effi
ciency of this I-beam to resist bending, and a very small deflection in the 
I-beam will permit of considerable deflection in the column. With this 
bracket and connection, it is not legitimate to call the column fixed at tin- 
top. The.stringers are well braced together, and the structure would be 
very rigid laterally, both on tangents and on curves.

Economy.—This design will cost $67.22 per lineal foot, while Design 
1 costs but $65.10; hence. Design 1 costs $2.12 less per lineal foot or abou 
$11,200 less per mile than Design 10. The pedestals are more economic:^ 
in Design 10 than in Design 1, owing to the greater span length used i 
the former. The additional cost is due to the great amount of metal n 
quired to provide for the longitudinal thrust.
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DESIGN No. 11

mm

/Esthetics.—Design 10 has probably ns much to commend it from an 
aesthetic point of view as any of the designs under consideration.

Uniformity of Construction.—This design, like Designs 1,2 and 4, can 
also be used on the double-track structure without any changes in the col
umns or cross girders.

Facility of Manufacture ami Erection.—This design is very easy to 
erect, as there is very little riveting to he done in the field. The stringers 
rest upon the flaring tops of the columns and require only a few rivets to 
hold them in place. There would be about the same amount of field 
riveting to be done in this design as in Design 1. There is considerable 
curved work in both plates and angles in the details at tops of columns,

fig. 22.

which details are rather complicated; hence the shopwork will be expensive 
and unsatisfactory.

From the foregoing facts it is evident that Design 10 offers but few 
advantages and is also an uneconomical structure.

Design 11, Fig. 22.

Nearly all that has been said in regard to Design 10 applies also to 
Design 11, the principal difference in the two designs being in the sections 
used for the columns. In Design 11 there are two 15-in. channels strength
ened by 3*4 x 3-in 23-lb. angles, and near the top the channels are curved 
outward, so as to provide bearing for the stringers or longitudinal girders. 
Experience shows that these curved channels are liable to crack.
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The cost of Design 11 is exactly the same as that of Design io. The 
same provisions are made for longitudinal thrust, but Design io would 
be easier to manufacture, and would he preferable to Design n.

Design 12, Fig. 23.
Design 12 is for the alternative route, and is therefore to he placed in 

the street. Instead of having the columns located in the roadway, as in 
the Wabash Avenue Extension of the Lake Street Elevated, they will 
be placed back of the curb lines on the sidewalks, and a heavy cross girder 
will span the roadway and support the longitudinal girders, which will he 
spaced, as in all the other designs, 5 ft. centers, with the two tracks 12 
ft. centers. No longitudinal swav bracing can be used, therefore the col-

DESIGN No. 12

FIG. 23.

umns are figured to take up the thrust by bending. The column section 
will consist of one 15-in. I-beam riveted between two 15-in. channels turned 
face to face.

Strength.—This design is made very strong, and is thoroughly braced 
laterally. The columns are each anchored to the pedestals by four anchor 
bolts which fix their feet, while the tops are fixed by heavy struts extend
ing from the columns to the stringers.

Rigidity.—Owing to the great distance between the columns, transverse 
to the structure, this design will not be as rigid as Designs 6 and 7. but 
every precaution has been taken to avoid vibration and deflection. An 
efficient lateral system has been provided throughout, on tangents as well 
as on curves, and it will be as rigid a structure as could be expected on this 
plan.
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Economy.—This cannot he called an economical design when compared 
with the preceding designs for double track structures, as the total cost 
per lineal foot amounts to $42, while that for IXsign 8 is hut $32.30. This 
excessive cost is due to the spacing of the columns and the extra weight of 
cross girders this involves.

Facility of Manufacture and Erection.—This will he a very easy de
sign to manufacture, as it is all straight work ; the erection, however, will

he much more difficult than that of any of the other double-track structures 
under consideration, owing to the large number of field rivets to lx- driven 
and the great weight of the cross-girders.

Design 13, Fig. 24.
Design 13 is also for the alternative route in case a franchise can he 

secured permitting the columns to he placed in the roadway. This design 
is similar to the Wabash Avenue Extension of the Lake Street Elevated, 
but plate girders will he used throughout for the stringers. The estimate
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for Design 13 is based upon the assumption that the columns can be spaced 
17 ft. centers on Franklin Street and 22 ft. 8 in. centers on the remainder 
of the line.

The average cost of Design 13 would be $36.81 per lineal foot, in
volving a saving of $5.19 per lineal foot over Design 12, or about $27,400 
per mile.

Summary of Cost.

Weight per lineal 
foot on tan- Weight per lineal 

foot on curves.
Cost of line 

per lineal foot.
Cost of Une and 

stations per

, 156; 1765 $65 to $3«3 7-i«
1565 1 As 3«3 72«

3.................. 1 590 I 790 6460 381088
4.................. I 700 I 920 6665 391 912
5.................. 1 750 I 950 6760 3<X> 02«
6.................. 775 «75 •to f>5 210 000
7.................. 775 «75 3» 658.................. 770 «.to 3* 30 208544
9.............. 850 <Xx> 33 31 213 876

10.............. 1 7*5 f>7 22 394 921
II.................. 1 745 394 921
12.................. 1 142 1 182 267 760

13......... 9,6 966 36 81 240 357

In the preceding table there have been assumed four stations to the 
mile. In the four-track structure one of these is an interior station and 
the other three are exterior stations, while in the double-track structure 
all arc, of course, exterior stations.

It is in order now to discuss faulty details in existing elevated rail
roads. This will be done without reference to any road or roads in par
ticular, as the sole object of this discussion is to call attention to important 
defects in order that they may be avoided in future work.

1.—Insufficiency of Rivets for Connecting Diagonals to Chords of 
Open-Webbed, Riveted Girders.

This defect is more noticeable in old structures than in later ones, 
especially as the tendency nowadays is very properly to substitute plat* - 
girder for open-webbed construction. In many of the older elevated roads 
there is no connecting plate between the diagonal and the chord, but one 
flange of each of the angles in the diagonal is riveted directly to the vertic il 
legs of the chord angles. This detail involves the use of either two or 
four rivets to the connection, which is evidently very bad designing, , s
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there should be more rivets used, even if the diagonal stresses do not call 
for more on purely theoretical considerations. Where the theoretical num
ber of rivets is very small, additional rivets should be used for two reasons, 
viz. : first, one or more of the rivets may be loose, and. second, there is 
nearly always a torsional moment on each group of rivets owing to ec
centric connection.

2.—Failure to Intersect Diagonals and Chords of Open-Webbed 
Girders on Gravity Lines.

It is very seldom indeed that the designer even attempts to intersect 
at a single point all of the gravity lines of members assembling at an 
apex. The failure to do so involves large secondary stresses, especially in 
the lighter members. By using connecting plates, it is always practicable 
to obtain a proper intersection ; and it is always better to do this than to 
try to compensate for the eccentricity by the use of extra metal for the 
main members.

3.—Failure to Connect Web Angles to Chords by Both Legs.

Some standard bridge specifications stipulate that in case only one leg 
of an angle be connected, that leg only shall be counted as acting, although 
this stipulation is generally ignored by the designer working under such 
specifications. It is seldom, indeed, that both legs are connected. In or
der to settle the question of the necessity for this requirement, the author 
has had made, ir connection with his Northwestern Elevated work, a 
series of tests to destruction of full-size members of open-webbed girders, 
attached in the testing machine as nearly as practicable in the same way 
as they would be attached in the structure. It was intended to settle by 
these tests the following points : first, effect of connecting by one leg only : 
second, effect of eccentric connection ; and, third, the ultimate strength of 
star struts with fixed ends, each of these struts being formed of two angles. 
As these tests are not yet finished, their results cannot lx* given here. The 
principal deduction to be made from the tests thus far completed is that 
an equal-legged angle riveted by one leg only will develop about 75 per 
cent, of the strength of the entire net section, while a f> x 3^2-in. angle 
riveted through the longer leg will develop about 90 per cent. It is there
fore more economical for short diagonals to use unequal-legged angles 
connected by the longer leg than to employ supplementary angles to try 
to develop the full strength of the piece. In fact, the experiments made 
up to date indicate that these supplementary angles will not strengthen the 
diagonal essentially. However, further experiments may show the con
trary.
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4-—Failure to Proportion Top Chords of Open-Webred Longitu
dinal Girders to Resist Bending from Wheel Loads in 

Addition to Their Direct Compressive Stresses.

This neglect is common enough in the older structures, and the fault 
is a serious one, although the stiffness of the track rails and that of the ties 
tend to distribute the load and thus reduce the bending.

5.—Insufficient Bracing on Curves.

Too often in the older structures the curved portions of the line are no 
better braced than are the straight portions. A substantial system of 
lateral bracing on curves extending over the entire width of the structure 
and carried well into the tops of the columns adds greatly to the rigidity 
of the structure, and, consequently, to the life of the metal-work.

6.—Insufficient Bracing Between Adjacent Longitudinal Girders.

The function pf the bracing between longitudinal girders is an impor
tant one. for it is the first part of the metalwork to resist the sway of 
trains. Not only should the top flanges of adjacent girders be connected 
by rigid lateral bracing, hut the bottom flanges should he stayed by occa
sional cross-bracing frames, one of the latter being invariably used at 
each expansion end of each track.

7-—Pin-Connected Pony Truss Spans and Plate Girders with 
Unstiffened Top Flanges.

These defective constructions are noticeable in some of the older lines, 
but fortunately, not often in the newer.

What the ultimate resistance of the ponv-truss structure is no man can 
tell without testing it to destruction ; hut in the opinion of most engineers 
it is much less than it is assumed to he by those designing pony-truss 
bridges.

8.—Excess of Expansion Joints.

Too many expansion joints in an elevated railroad are nearly as had 
as too few. In the former case the metal is overstrained by the vibration 
induced by the lack of rigidity, while in the latter case it is overstrained 
by extreme variations of temperature. There arc elevated roads in exis-
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tence with expansion joints at every other bent, ami there is one with them 
at every bent. For long spans there should he expansion provided at every 
third bent, and for short spans at every fourth bent.

9.—Resting Longitudinal Girders ox Tor of Cross Girders With
out Riveting Them Effectively Thereto.

This is by no means an uncommon detail, especially in the older 
structures. It is conducive to vibration, and its only advantages are ease 
of erection and a cheapening of the work by avoiding field riveting.

10.—Cross Girders Subjected to Horizontal Rending by Thrust of 
Trains.

The resistance that can he offered by a cross girder to horizontal bend
ing is very small; nevertheless, cross girders are rarely protected from the 
bending effects of thrusts of trains. What saves the cross girders from 
failure is the fact that the continuity of the track tends to distribute the 
thrust over a number of bents. Nevertheless, it is not legitimate to depend 
on this fact ; for, especially on sharp curves, the tendency is to carry the 
thrust into the ground as directly as possible. In the author's opinion the 
only proper way to provide for this thrust is to assume that 20 per cent, 
of the greatest live load between two adjacent expansion points will act 
as a horizontal thrust upon the columns between these two expansion 
points ; and all parts of the metal-work should he proportioned to resist this 
thrust properly.

By running a strut from the top of each post diagonally to the longi
tudinal girder at a panel point of its sway btacing, the horizontal thrust 
is carried directly to the post, and a horizontal landing moment on the 
cross girder is thus prevented. Such construction should invariably be 
used where the conditions require it.

11.—Cutting Off Columns Below the Bottom of Cross Girders and 
Resting the Latter Thereon.

This style of construction, which until lately was almost universal, is 
extremely faulty in that there is no rigidity in the connection, and that 
the column is thus made more or less free-ended at the top.

It has been said that no harm is done to the column by making it free- 
ended, as it can then spring letter when the thrust is applied. Unfortu
nately, this reasoning is fallacious, because the few unlucky rivets which
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connect the bottom of the cross girder to the top of the column tend to 
produce a fixed end, and are, in consequence, racked excessively by the 
thrust of the train. In all cases the column should extend to the top of 
the cross girder and should be riveted to it in the most effective manner 
practicable.

12.—Paltry Brackets Connecting Cross Girders to Columns.

Brackets are often seen composed of a pair of little angles attached at 
their ends by two or three rivets. Such brackets are merely an aggrava
tion, and are sure to work loose sooner or later. It is impracticable to com
pute the stresses in this detail ; nevertheless, good judgment will dictate 
the use of solid webbed brackets riveted rigidly to both cross girder and 
column so as to stiffen the latter and check the transverse vibration from 
passing trains.

13.—Proportioning Columns for Direct Live and Dead Loads and 
Ignoring the Effects of Bending Caused by Thrust of 

Trains and Lateral Vibration.

The practical effects of this fault can be seen to best advantage by 
standing on one of the high platforms of one of the elevated railroads in 
New York City. The vibration, by no means small, from an approaching 
train can be felt when it is yet at a great distance. Some may claim that this 
vibration is not injurious; hut they are certainly wrong, for what does it 
matter so far as the stress in the column is concerned whether the deflection 
be caused by vibration or by a statically applied transverse load, so long 
as the amount of the deflection is the same in both cases ? It takes metal, 
and considerable of it, to make columns strong enough to resist bending 
properly, and a sufficient amount should invariably be used to attain this 
end.

14.—Omissions of Diaphragm XVers in Columns Subjected to 
Bending.

If the diaphragm web be omitted in such a column, reliance must he 
placed on the lacing to carry the horizontal thrust from top to bottom. 
But even if the lacing figure strong enough to carry it, which is unusual, 
it is wrong to assume it so, for the reason that one loose rivet connecting 
the lacing bars will prevent the whole system from acting, as will als a 
lacing bar that is bent out of line. Decidedly, every column that acts a - a 
beam also should have solid webs at right angles to each other.
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FIG. 27.
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15.—Ineffective Anchorages.

On account of both rigidity and strength every column ought to be 
anchored so firmly to the pedestal that failure by overturning or rupture 
would not occur in the neighborhood of the foot, if the bent were tested to 
destruction. The flimsiness of the ordinary column-foot connection is 
beyond description.

16.—Column Feet Surrounded dv and Filled with Dirt and 
Moisture.

The condition of the average column foot is simply deplorable. This 
is caused by failing to raise it so high above the street as to prevent dirt 
from piling around it, and by omitting to fill its boxed spaces with con
crete. When rusting at a column foot is once well started, it is almost im
possible to stop it from eating out the metal rapidly.

17.—Insufficient Bases for Pedestals.

False ideas of economy on the part of projectors and indifference on 
the part of some unscrupulous contractors occasionally cause the use of 
pedestal bases altogether too small for the loads that come upon them, 
especially where the bearing capacity of the soil is low. The result is 
sunken pedestals and cracked metalwork. In figuring the pressure on the 
base of the pedestals it is not sufficient to recognize only the direct live 
and dead loads, but it is necessary also to compute the additional unequal 
intensities of loading caused by both longitudinal and transverse thrusts.

.•Esthetics.

In relation to .-esthetics in the designing and construction of elevated 
railroads something may be said, although but little has been done. The 
extra cost of decorating an elevated structure is certainly considerable, 
and on this account projectors are chary of attempting to do more than 
make the work strong and durable, preferring to let the appearance take 
care of itself. Notwithstanding this, the careful designer can general!v 
manage to make his construction more or less sightly without addinu 
materially to the expense. This the author attempted to do in l>oth th- 
Northwestern and the Loop. It is for others to say whether he ha 
succeeded or not. At the Diversey Street and Sheridan Road crossing' 
of the Northwestern Elevated some extra ornamentation was compulser 
and it was put in at increased expense ; but elsewhere no extra money wa 
expended on appearance.
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Some time before the Northwestern Elevated was contemplated, and 
while several parties were trying to obtain concessions for a down-town 
loop, the author made a special study of an «esthetic type of structure 
for this locality, in which the consideration of expense cut no figure.

fig. 28.

The result of his studies is shown in Figs. 25 to 29, inclusive, Fig. 25 
being a cross-section of such a structure, Fig. 26 a plan and elevation of 
a single-track railroad. Fig. 27 a side elevation showing some of the de
tails of construction, Fig. 28 a cross-section of a street with a road of this 
type, and Fig. 29 a cross-section of the same street with a double-track
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elevated railroad. These designs involved not only appearance, but also 
comparatively noiseless operation and freedom from dripping of water on 
the * beneath the structure. Although no line was built according 
to these drawings, they have, notwithstanding, proved of practical utility

fig. 29.

JU_J

in several ways ; and the author now offers them to the engineering pro
fession as his idea of what an elevated railroad for a large city should 
he where expense is no object and where appearance is the gnat 
desideratum.
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DISCUSSION.

By O. F. Nichols, M. Am. Soc. C. E.

Elevated railways are continuous bridges on which the loads are lighter 
but more frequently applied than on ordinary bridges. No special inspira
tion is required for their design. If they are built strong enough; if, since 
they cannot be made beautiful, it is possible to avoid making them ugly; 
if they are built to suit public convenience and at relatively low cost—then 
about all has been accomplished that lies in the mind of man to do for the 
ordinary elevated railways.

It seems that much of the structure treated of in the paper is for four- 
track service and some of it on private property. The four-track system, 
like the loop system, is theoretically perfect, and yet seldom used in prac
tice. New York City is probably the only place in which a four-track 
elevated railway would be bound to be successful, and where four columns 
under four tracks would be necessary. Designs 3, 6, 7, 8, 9 and 13 are all 
quite familiar as having been considered, in their essential features, in the 
studies made for the Suburban Rapid Transit Company of New York City 
in 1886-87.

For a railway on private property and where the space under the rails 
cannot be utilized for business purposes, as in cities like Chicago and 
New York, it seems the better way to build a viaduct; to surround the plot 
with a retaining wall of concrete and fill in with dirt; then place girders 
over the cross streets and lay the rails. An estimate made in 1888 showed 
that such a railway could be built cheaper than the structures considered 
in the paper.

There have been a number of types of foundation for elevated railways. 
In no place has the peculiar aversion to concrete been more notable, and in 
few instances has its use been more satisfactory. The several types of 
foundation used on the Brooklyn Elevated Railroad are shown in Fig. 30. 
The reduction in cost, corresponding with the changes in form and material, 
has been notable, passing from $190 each in 1885 to less than $90 in 1893. 
It will be seen that the type D, adopted early in 1892, is the one copied in 
the studies now under discussion. The author has, however, missed the true 
spirit of the design, and, misled by his column theory, has misused this 
really serviceable and economical foundation.

In securing the column to the foundation the author repeats, he says, 
the fastening he used in Sioux City in 1891; he certainly duplicates the 
fastening designed for the Union Depot shed in St. Louis.

If one were anchoring to solid rock or to massive foundations and 
resisting much greater stresses, these lugs might be necessary, but when, 
as in the sketches, 40,000 pounds of tensile strength in anchor bolts is 
opposed to 13,000 pounds of concrete, and the bolts are doubled for assumed 
extra stress, while the concrete mass remains the same, the lugs have a 
questionable value. This fastening keeps the bolts too near the center of the 
foundation, makes the resistance to rocking depend too much on the stress 
in the bolts, and is needlessly awkward and expensive.
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A striking feature of the designs in the paper is the distribution of 
material in the columns themselves, in their connections and in the lateral 
bracing, and in the complex machinations necessary to endeavor to utilize 
this material. Indeed a series of troubles arises from the opinion that 
"20 per cent, of the greatest live load between two expansion points will 
act as a horizontal thrust upon the columns between these expansion 
points.,, This is pure fiction; it is not even empirical. There is nothing to 
justify it. Even the emergency stops in the airbrake tests do not give 
much more than 10 per cent, of retardation, measured at the rails. If the 
trains were skidded without wheels, the retardation would hardly reach 
the figure named. The dynamometer rarely shows more than 4,000 pounds 
as the pull necessary to start an elevated train, and little, if any more, is 
needed to stop it. Then this thrust is not concentrated or limited in its 
action to a few feet of structure; it is spread through the rails and track 
system and structure generally to the next curve. The actions of the several 
trains counteract each other to a certain extent, and the net effect may possi
bly correspond to a pull or thrust at the rails equal to 3 per cent, of the 
total moving load on a half mile of structure, and would be distributed over 
about a hundred columns.

There is a phenomenal continuity in these structures. It is impossible 
to close up an expansion joint except by expansion, which never amounts 
to as much as the ordinary theoretical requirements, because provision is 
made for excessive ranges of temperature. Owing to the continuity of the 
structure there is, in practice, very little lateral stress on the cross girders, 
even in extreme cases and on curves. The older builders fixed the base of 
the column, and left the top free to vibrate; the more recent structures have 
the base of the column held and the top firmly fixed to the transverse 
girder; as a consequence, the stiffness of the column is brought fully into 
action and is then generally sufficient to resist the slight tendency to vibra
tion. The recent structures do not vibrate, and have been likened to a 
common table, in which the legs are securely fastened to the top.

The entire effect of the extension of the lateral system beyond the longi
tudinal girders is to fix the columns partially at the top. Unfortunately 
the sketches do not give a clear idea of the details of construction; it would 
seem, however, as if none of the connections of the columns to the girders 
are either very simple or thoroughly effective.

No one has ever made a very satisfactory column from I-beams. The 
Z-bar is somewhat better for column construction, but both sections arc 
unsatisfactory when it comes to connections with girders or with column 
feet. The author’s condemnation of the straight brace and his unqualified 
approval of the curved bracket are somewhat irrational and will not be 
generally approved. The curved bracket is unsatisfactory, because it pro
fesses so much and accomplishes so little; it is ugly, and, unless very heavy, 
it is ineffective.

Far too much stress is laid on the necessity for a web plate in a column 
especially in a direction transverse to the axis of the structure. It is un 
necessary to consider wind pressure, as such, in connection with an ele 
vated railway of the ordinary height. There are, of course, lateral stresse.^ 
to meet. They are, however, generally quite indeterminate, and may be 
fully provided for by simply fixing the column to the cross girder at the



O
k'

 "JI
J

CONCRETE

i| CONCRETE

CONCRETE

CONCRETE

CONCRETE

CONCRETE

BLUE STONE

CONCRETE

1876 TO 1885 1885 TO 1888 1888 TO 1892 1892 AND 1893

ELEVA
TED R

A
ILR

O
A

D
S.



644 /:/-/•/ \ I TED RAILROADS.

top, and providing a double-riveted lacing of tha column in this, lateral 
direction.

It certainly seems strange that Designs 12 and 13 should have much 
larger column sections than Design 3, which may easily have twice as 
great a load. This all follows quite logically, however, from the use of the 
column theory prescribed in the paper. It would be interesting to see, and 
weigh, the lateral brace for Design 3, when properly made to satisfy this 
column theory.

The expansion pocket (Figs. 8 and 9) has nearly all the defects of the 
old strap pocket of a generation ago, and is, constructively, a corruption 
of a pocket designed by Theodore Cooper, M. Am. Soc. C. E., in 1886, for 
the Suburban Rapid Transit Company, and since used on the Brooklyn road, 
with a reduction of the length of the lever arm of the load. Expansion 
joints need not be placed nearer together than 200 to 250 feet; the latter 
distance was used latterly in Brooklyn, the joints occurring at the middle 
of every city block. These structures do not reach the high ranges of tem
perature generally assumed, and rarely expand and contract more than 
1-2 inch in 100 feet, and often not so much.

It is important that the cost of elevated structures should be kept 
down, although there is a possibility of exaggerating the importance of this 
matter. For the New York City roads, the interest on the present cost of 
stronger structures would constitute less than 15 per cent, of all annual 
expenditures. The problem is to get the best effect for the least money, i. e.. 
for the least weight of structure. It has been well said that existing ele
vated structures have plenty of material in them, but not rightly distrib
uted. In this respect, the studies of the paper mark but slight advance 
over previous practice.

One of the most economical structures ever built was the stem line of the 
Suburban Rapid Transit Company. It was located on private property ex
cept at street crossings, and had but two tracks, although these were located 
with reference to the possible addition of two more. Masonry piers were 
used on the private property, instead of columns. Continuity of structures 
was not necessary or desirable; the longitudinal girders rested on iron plates 
placed on the granite coping of the brick piers. One end of each girder 
was fixed, the other slotted over jj inch bolts set in the coping. There was 
absolutely no vibration; the bents were substantial, imperishable and 
economical; the cost of the structure for double track was about $35, and a 
type was designed estimated to cost $30 per lineal foot. The loading was 
nearly twice that provided for in the paper under discussion.

The following approximate data for the Brooklyn Elevated Railroad 
is based on actual construction rather than on studies, and excludes siding, 
yards, water, coaling and interlocking plant, and all stations, other than 
noted, and reduces the cost of structure to 3 cents per pound.

Ol.l
j Brooklyn Viilon Lines.

Sea-Hide
Kxten»i"ii

Average length of spans ................ 44.7 ft 5» Oft 52.5 ft.
Weight of structure per linen 1 foot.................. 870 11m. 1 ON lb». 1 i:m II,H.
CoHt of Htruetnre per lineal foot, Including

$:u 70 $80 50
280 OTiO (IIIPont per mile, Invlmllng passenger station* ..

Percentage of cost of bents to cost of spans.. 75". «M*
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The length of span is about the same as that recommended by the 

author, but the percentage of cost of bent to cost of span is much less. If 
the “true theory of economy” is correct, about 30 per cent, should be added 
to the cost of these Brooklyn bents, and since this must be put into the 
metal, the foundations being the same, it would add about 12,000 pounds 
of metal to these bents, which has, heretofore, been considered unnecessary.

The track system of the Manhattan Railway seems to have been ac
cepted without much question. This system illustrates the persistency of 
minor errors and the ability of individuals to perpetuate their idiosyn
crasies. The ties are not thick enough, nor is the outer guard rail wide 
enough. The inner guard rail is of little use in new structures, other than 
to space the ties and to give a sort of moral confidence to the timid, and 
these are its principal uses in the recent Brooklyn lines. If the only ob
jection to projecting nuts was the danger of tripping one up in walking 
over the track, they would not be so studiously avoided or yield so easily 
to the cuspidors formed by the Manhattan cups. Fig. 31 illustrates the 
principal types of track system used on the Brooklyn lines.

The beveled ties provided for in the studies of the paper were first 
used on the Brooklyn lines in 1889, and had, no doubt, been used before 
that time, if not on elevated railways. They are theoretically all right, but 
the trackmen prefer the old wedge block as more convenient to handle and 
reset. The author apologizes for a compromise between theory and practice 
in using low elevations of the outer rail on curves, and says, “experience in 
operation alone will tell whether the decision of the company’s engineers in 
the matter is correct.” There need be no uncertainty on this score; these 
low elevations have been in use on all elevated railways from the beginning. 
There is no compromise with theory, since the lower elevations correspond 
with the slower speed absolutely required on sharp curves to avoid unseat
ing the passengers

It is unfortunate that the details of the longitudinal girders and theii 
connections are not given in the paper, as there are indications that close 
adherence to the scholastic methods has led to the retention of some of the 
antique errors of girder construction.

The simpler an elevated railway can be built, the better; the smaller 
the number of parts and the simpler the shapes of those parts, the more 
satisfactory will the work be. No attempt at ornamentation should be 
tolerated, and the illustrations in the paper show this to be true. Orna
ment, to be good, must be necessary, and must be true. These conditions 
are not satisfied on elevated railways, except in the most rigorous sim
plicity of treatment.

The columns, in the aesthetic studies, are very large, and the spans in
conveniently short. The arch span has no practical value. It does nothing 
that could not be better done without it; it is. in consequence, insincere and 
misleading and cannot be justified. It is intended to hide the girder, which 
really does the work, and is therefore a deluding member.

The aesthetic structure does not seem to require the heavy holding-down 
lugs and bolts of Designs 1 to 13; it will, perhaps, hold itself down. Here 
is, indeed, a structure. Figs. 27 and 29, which does not require holding - 
down bolts; which could, in fact, be skidded along over thick ice on its 
feet without falling simply because its legs are stiff enough and are well 
fastened to its body. In this respect it sustains the recent practice in the 
East, if it does not fully satisfy the theories of the paper.
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By Henry B. Seaman, M. Am. Soc C. E.

In studying the requirements and the necessary expedients of an en
gineering problem, and in making the usual examination and research for 
precedent, many features will be found which indicate the influence of ex
traneous conditions over which the engineer has no control. This may be 
considered to have been the cause of such details in elevated structures as 
the use of flat plates for the main compression diagonals of lattice girders, 
or the construction of cross girders with inclined end posts, and with no 
other column connection than that afforded by an iron casting; but, though 
such details may, indeed, teach how not to do it, to say there are no other 
lessons to be learned from these structures is to forget that when first con
structed some twenty years ago. they were unprecedented, and their better 
and more successful features have become so blended with general practice 
that even the examining engineer may fail to recognize the very source of 
his better information. These elevated roads, after twenty years of service, 
under loads exceeding those for which they were designed; show no indica
tion of such deterioration as would justify the prediction of the author that 
they will eventually be reconstructed because of their faulty details.

There are several features of these elevated loads which are worthy of con
sideration by those engaged in the most recent practice, and one of these 
is the effect of the longitudinal thrust of stopping trains. The use of the 
co-efficient of 20 per cent, is extreme, even on a purely theoretical basis, as 
an examination of the tests of efficiency of air brakes will show. These 
tests, made under exceptionally favorable circumstances, show a resistance 
of about 15 per cent., and when it is considered that the compact wooden 
floor system distributes such force indefinitely, it may be doubted if the 
resulting strains are of any considerable importance. Vibration must occur 
so long as iron has elasticity, but that such vibrations produce excessive 
strains, or in any way injure the structure, is not indicated by experience. 
If the vibrations are unpleasant, the remedy is to build stations and plat
forms upon separate foundations, with no connection to the main girders.

The speaker had already discussed the use of steel. * Though the exigen
cies of manufacture have practically eliminated the general use of fibrous 
wrought iron, it is reassuring to note the gradual progress toward a soft 
steel on account of its greater uniformity and freedom from hard spots. 
It seems to be the growing opinion among engineers, that the use of high 
or medium steel so increases the contingencies of failure, due to hardness, 
that a decrease of section is not warranted.

The shop coat of paint should, in the speaker’s judgment, be one which 
will not conceal defects of manufacture, and for that reason he advocates the 
use of pure boiled linseed oil; but for a permanent coat of paint there is 
probably nothing much better than red lead, unless experience should prove 
that carbon paints afford better protection against locomotive fumes. Some 
time ago, while examining a railroad bridge which had oxide of iron paint 
on compression members, and lead paint on tension members, both applied 
about four years previously by the same painters, the oxide of iron showed 
heavy scales and rust, while the lead was still in perfect condition.

In rail sections it would hardly seem necessary to go beyond those rec
ommended by the Committee of this Society, which was composed of mem-

* Transactions, Vol. xxvi., p. 230.
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bers of special experience, and whose report was the result of extended 
deliberation.

The author’s device for securing a truly fixed base of column is a good 
one, but the cast-iron bases of the New York roads have been entirely effi
cient, and in these cases the anchor bolts extend nearly to the base of founda
tions, instead of half way through, as the author shows. The detail of expan
sion joint is likewise thoroughly scientific, and a similar device has been ex
tensively used in the vicinity of New York with very satisfactory results. 
The old style of pocket, formed merely of a bent plate, has, at times, proved 
weak at the bend.

The estimates of cost presented by the author are extremely interest
ing and valuable, but should not be considered with undue refinement, with
out the details on which they are based. For instance, Designs 6 and 7 are 
stated to be alike, except the additional brackets on No. 6, yet the estimate 
for each is the same; also, Design 8 has cross girder strains and brackets, 
yet it is said to be less expensive than No. 7. Again, in the comparison of 
plans, he places the four-column structure on the same basis as that with 
two columns, though he does not state whether or not he has considered the 
fact that the four-column structure would receive its maximum column 
load from each train that passes over it, while the two-column structure 
would practically never receive such strain.

While his brother engineers mày differ from him in a number of de
tails, it is not intended to detract from those main features of the author's 
paper which are beyond criticism, and for the presentation of which all are 
indebted. He is likewise to be congratulated upon receiving the endorse
ment which has enabled him thus to adhere to the most advanced practice.

By T. C. Clarke, Past-President Am. Soc. C. E.

The author gives a list of sixteen “essentials” to good elevated rail
way construction. Having laid down the law, he went on a tour of observa
tion to see if it had been followed. The results were unsatisfactory. He 
went believing “that the methods in vogue for constructing elevated rail
ways were radically wrong,” and came back having accumulated “a great; 
mass of information showing how not to do it.” If he had carefully exam 
ined and correctly reported the condition of the Second Avenue structure of 
the Manhattan Elevated Railway of New York, he must have admitted that 
it conforms in general design to all of his sixteen “essentials,” although in 
detail there are many differences.

The speaker took direct issue with the author’s sweeping statement 
and maintained that this structure, although designed twenty years ago. 
is not radically wrong, and has by its performance shown that it is not. The 
columns are of Phoenix section, but stronger than the section designed by 
the author. The foundations and their attachment to the columns are much 
better calculated to resist bending strains on the columns, and as there are 
none it is perfectly proper to stop the columns at the bases of the crosh 
girders. That they are none the worse for this is evident from the fact that 
there is no perceptible vibration for approaching trains, whatever may be 
thi» case elsewhere. The Second Avenue girders have “no connecting plat. »
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between the diagonals and chords,” and have fewer rivets than the author 
believes to be proper, but it is a matter of fact that after seventeen years’ 
service under a heavy traffic there are few or no loose rivets.

By the courtesy of Mr. Fransioli, General Manager, and Mr. Waterhouse, 
Chief Engineer of the Manhattan Elevated, the speaker was able to give 
the following interesting statistics as to the Second Avenue structure:

Age, 17 years. Length, 7.4 miles. Total cost of repairs to structure, 
not including track and painting, $40,613.23; per year, $2,390; per mile 
per year, $319. Cost of repairs per ton of structural iron in 17 years, $1.39, 
which is about 2 per cent, of the original cost. The total tonnage passing 
over this structure in 17 years is 252,356,693 tons.

Practical men would call this good design and good construction, how
ever it may be criticised.

The expansion joints and the entire floor system of the Second Avenue 
structure have been closely imitated by the author, and the speaker was 
able to agree with him so far. He also agreed with the author where he 
says that holes in riveted work should be punched smaller than the diam
eter of rivets, and reamed to a greater diameter. Either this or drilling is 
essential to first-class work. The speaker specifies it himself for swing- 
bridges and long spans. Whether it should be insisted upon for elevated 
railway work he has some doubts; it would, perhaps, be better to put the 
extra cost of reaming into increased quantity of metal.

The Second Avenue structure was not reamed, but it is unusually mass
ive. Its weight per foot for two tracks, the posts and cross girders being 
designed for four, is equal to that of the author’s four-track structures. It 
is believed that its durability is due in a great measure to the low strains 
and large areas of metal, as well as good workmanship.

By William W. Crehore, Assoc. M. Am. Soc. C. E.

The author’s statement as to the importance of good details and work
manship in elevated railroad structures is certainly commendable. There may 
be honest differences of opinion among engineers as to the comparative 
merits of two or more styles of detail to perform a given duty, but there are 
certain well-recognized principles which have been proved by experiments 
and experience to be fundamental in connecting and detailing the parts of a 
structure so that the full strength of each member is available when needed. 
That these principles either were not thoroughly understood or were not 
deemed of sufficient importance by the builders of elevated railroads ten 
or twenty years ago is very much in evidence in New York. The speaker 
had no more intimate knowledge of the Manhattan Elevated structure’s 
condition than any one may obtain by riding over it or looking at it from 
the street, but enough is evident to show that the structure could be very 
much improved upon if rebuilt. Although the rolling stock now used is no 
heavier than was provided for by the designers, yet the live load is now a 
maximum, the wear and tear is continuous, and the speed of trains has been 
much increased, notably on curves. Then, too, the improvements in the 
air brake during the last fifteen years have caused a substantial increase 
in the traction load. It was the opinion of the speaker that under these
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conditions no amount of patching can prevent a gradual decline in the 
factor of safety of the structure, and without wishing to arouse any undue 
apprehension, one might reasonably seek to know why, in a city that gives 
special attention to all other building construction, whose insurance com
panies inspect carefully and regularly the elevators in the tall buildings, 
and whose vigilance for the health and safety of the people is so practical 
and thorough in other directions, the elevated railroad structure which car
ries 500,000 people a day should be left, with no check except the occasional 
superficial inspection of the State Railroad Commissioners, entirely to the 
watchfulness of its own management, which in other matters is known to 
be not too particular.

It will be argued and figures might be produced to show that the ele
vated railroads in New Yoik have been remarkably free from accidents, 
having carried an enormous traffic during the last twenty years with prac
tically absolute safety; all of which is true, being due partly to the very 
efficient handling of trains, and partly to the fact that the factor of safety 
of the structure is not yet used up. A chain is no stronger than its weakest 
link; the factor of safety of a structure is no greater than that of its weak
est member or its weakest detail. A structure which is subjected to con
tinual vibration and is never painted must of necessity be wearing out. It 
therefore becomes a matter of great interest to all who are directly con
cerned to know how nearly worn out the individual members and details 
of the Manhattan Elevated Railroad structure are.

CORRESPONDENCE.

By G. Bouscaren, M. Am. Soc. C. E.

Two points are brought out by the author which are specially worthy of 
discussion, viz., the selection of the grade of steel most appropriate to the 
class of structure under consideration and the desirability of a more exten
sive application of reaming in riveted work.

The denomination of medium steel generally implies a degree of hard 
ness consistent with an ultimate strength of from 60,000 to 70,000 pounds 
per square inch, with a ductility measured by an elongation of about 25 per 
cent, in 8 inches. The corresponding figures for soft steel are generally 
from 50,000 to 60,000 pounds per square inch, and about 30 per cent, 
elongation.

Soft steel is a material eminently tough and ductile, the progress made 
in its manufacture leaves little to be desired in regard to uniformity in the 
qualities of products, and commands confidence in its ability to resist a coi - 
siderable amount of rough treatment. It is manifestly superior to iron in 
most respects, and is rapidly taking its place in ship building and boll' r 
making; it is without question well adapted to structures exposed to co - 
siderable vibration and impact, such as the deck members of railroad bridg‘ s 
in general, and all members of short-span elevated railroads in particule 
The same degree of uniformity in quality cannot be claimed for medivn
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steel at the present time; it may be obtained occasionally, but never with 
the same degree of certainty. Besides being a harder and less ductile ma
terial, medium steel is liable to extra hardness and brittleness in spots. Un
til it can be treated on the same footing as soft steel in point of uniformity, 
its use in the riveted members where exposed to sudden variations of 
«tress, or to shocks incident to derailments or collision, will not afford the 
same degree of security as that of the softer metal. The examination of 
a rail load bridge fallen under a passenger train, presumably by the work 
of wreckers, has recently confirmed the writer in his views as to the use 
of medium steel in deck members. A notable feature of the wreck was 
a 60-foot steel plate girder standing almost vertical with one end about 3 
feet in the ground. The only apparent injury to the girder besides the bent 
lateral angles at the end was in the bottom flanges, two of the four flange 
angles being cracked squarely across without any other deformation.

Steel of good quality is made by both the acid and basic process; the 
only marked point of difference seems to be that a lower content in phos
phorus is practicable for basic steel than is the case for acid steel. Phos
phorus being admittedly an objectionable element in steel, this considera
tion should seem to settle the question in favor of basic steel.

The writer is in hearty accord with the author in what he says in regard 
to the desirability of reaming rivet holes in all kinds of material. It is a 
universal practice to specify that all rivet holes should match exactly and 
be of the exact diameter required for the hot rivets. There is no difference 
of opinion as to the importance of these conditions to the good quality of 
the work. Every one knows that they cannot be secured without reaming, 
yet the stipulation as to reaming is generally omitted to save cost. It seems 
to be one of those instances of puerile self-deception where the engineer, 
unconsciously, perhaps, seeks to obtain a certain desirable result without 
paying for it. It is hardly necessary to add that such attempts are generally 
failures. Every one will also admit that punching is a brutal operation, 
which seriously injures the metal, be it iron or steel, within a certain dis
tance from the shearing surface. If flows are objectionable in the body of 
a plate, they certainly are more so in the bearing surfaces through which 
all stresses are transmitted. Under the old assumption attributing the re
sistance of a riveted joint to the friction between the plates, developed by 
the contraction of the rivets, it was a matter of little importance whether 
the rivets completely filled the holes or not, and punched holes answered the 
purpose well enough, but they are inconsistent with modern practice, where 
rivets are treated as pins.

The superiority of reamed work is no longer a matter for speculation. 
Carefully made tests at the Watertown Arsenal as far back as 1882 showed 
that it could be depended upon for a gain in strength of about 15 per cent. 
This result has been repeatedly confirmed by later experiments. As the 
matter now stands, it is simply a question between good work and inferior 
work, and whether the extra cost of reaming is worth the additional se
curity implied in the greater strength and uniformity of the work. These 
advantages acquire a special importance in short spans and decks of rail
road bridges.

The use of Portland cement In the concrete for the substructure is a 
wise provision, especially for the upper part of the pedestals exposed to 
severe stresses and weather



652 liLlil 'ATEl) RAILROADS.

In view of the fact that the columns are expected to act as cantilevers 
anchored to the pedestals, and to resist by bending all horizontal forces 
arising from curvature, from the wind, and from changes of temperature, 
it would be interesting to know the maximum degree of temperature, the 
wind pressure assumed per square foot, the speed of trains assumed on 
curves, the maximum range of temperature from the initial position where 
there is no temperature stress, and whether any provision is made for ease
ments at the ends of curves. If such provision is not made, a considerable 
percentage should be added to the centrifugal force for impact. It would 
also be of interest to know the units of working stress adopted for the dif
ferent parts of the structure, and in particular for the columns with the 
combination of all forces acting together.

By H. H. Rousseau, Jun. Am. Soc. C. E.

In regard to the reaming of holes for shop rivets in soft or even medium 
steel, the writer believes that due consideration should be given to the 
average number of component pieces the rivets pass through, to the amount 
of wear and tear the structure has to withstand, and to the financial re
sources of the purchaser, before arriving at a decision in any particular 
case. If the benefit of removing, by reaming, material possibly injured is 
waived, the question becomes reduced to ensuring sufficient bearing area for 
the rivets in the most economical, and at the same time a satisfactory, man
ner. The proposition is not that rivets in unreamed holes have no value, 
but what is a safe and proper value to give them. The question is not one 
of vital importance to the safety and stability of the structure, being only 
to establish the comparative value of a rivet driven in a reamed hole 1,ll 
inch larger than the cold rivet, and one driven in a punched hole, the mean 
diameter of which, according to general practice, is $*r inches larger than 
the diameter of the cold rivet. Justly or unjustly, no distinction is now 
made between the two, and, at present, the purchaser has only a choice 
between unreamed work, which is condemned on account of the deviation of 
punching from mathematical precision, and upheld on account of its cheap
ness, and the reamed work of admittedly superior workmanship and higher 
cost, the rivet values being taken the same for both. If a relation can be 
once established between the two, then by decreasing the number of rivets 
for reamed work, the two classes of work will be put more nearly on the 
same plane, as far as theoretical requirements and cost are concerned. It 
is of interest to determine what this will amount to on a 50-foot deck plate 
girder span weighing 14 tons, and costing, reamed, $60 per ton erected 
The number of rivets in the span will be taken as follows:

Flange angles to web......................................................................... 925
Flange angles to cover plates........................................................... 925
Stiffeners and web splice............................................................... 400
Bed plates................................................................................................ 50
Lateral bracing.................................................................................... 300
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At $3 per ton, the average price given by the author, reaming costs $42, 
about 1.6 cents per rivet. Any change in rivet values would affect appre
ciably only the number of rivets in the flange angles, and for the change in 
total shop cost caused by a rivet more or less may be taken the cost of 
material plus laying off and punching, and driving the rivet. At 5 cents 
per rivet, 840 additional rivets could be driven before the cost of reaming 
would be equaled, and in one-third the time it would take to ream, and it 
would thus not be economical to ream unless a rivet in punched work was 
worth less than about three-fourths a rivet in reamed work. The area of a 
$ inch rivet upset to inch, as in punched work, is increased over 20 
per cent., which excess is not considered in order to be on the side of safety. 
For a i inch rivet upset to inch in a reamed hole, there is less reason 
for disregarding the increased area of 14.8 per cent. Increasing the unit 
strain in proportion will cause a saving of 240 rivets in the flanges, which, 
at 6.6 cents, amounts to $16, over one-third of the cost of reaming. This 
may be stated as follows:

Cost. Per cent.
$798.00 100

824.00 103.3
840.00 105.3

Punched work......................................................
Beamed work, with increased rivet value. 
Beamed work, with ordinary rivet value. .

What is wanted at present is to know how long reaming lengthens the 
life of a structure or decreases its cost of maintenance. A practical experi
ment of the matter could be made on any railroad bridge having a number 
of spans of equal length, some spans being reamed and others punched, and 
by comparing results. The opinion is ventured that in general if the cost 
of a structure were to be increased 5 per cent., better results would be ob
tained by expending this amount on more material than for reaming. To 
those who are not in favor of reaming, the objection is not that reaming is 
not a good thing in itself, but that it is not worth, to the ordinary purchaser, 
in prolonging the life and increasing the efficiency of the structure, what he 
has to pay for it.

By Horace E. Horton, M. Am. Soc. C. E.

As to metal, material, and workmanship for elevated railroads, the 
writer does not understand the requirements are essentially different than 
for bridge work in general. It is interesting to note the modification in the 
ultimate strength of metal specified and used over a term of years. Thirty 
years ago iron of over 60,000 pounds tensile strength was demanded; how
ever, iron of 48,000 pounds tensile strength was the accepted standard when 
iron went out of use for structures. Steel first used in structures was of 
150,000 pounds tensile strength ; later, 80,000 pounds seemed to be the 
favorite, and now the author shows the exact percentage of advantage in the 
use of 64,000-pound steel. What is to be the ultimate strength demanded 
for structural steel in the future can only be a matter of conjecture, but the 
writer thinks it reasonable to conclude that within a short period steel for 
structural work will be demanded of under 56,000 pounds tensile strength.



654 ELEl A TED RA!LEO. IDS.

While in the past steel makers have not been prepared to furnish steel of 
this character, and it now can only be had at increased expense, indications 
are that this extra cost will be modified or eliminated at an early day.

No one at this time will offer to use 150,000-pound steel, and it is 
difficult to find an engineer who would justify himself in using three- 
quarters the bulk of 80,000-pound he would of 60,000-pound steel to 
accomplish a definite result. The author uses 7 per cent, less material of 
medium steel than he would of mild steel, and nearly offsets the estimated 
advantage by increased cost of manufactuie. If his estimate is modified to 
fit the market as it is at this time, that is, manufactured structural ma
terial, f. o. b. Chicago at 2 cents instead of 3 cents per pound, as he indi
cates, his estimate of the cost of reaming would be from 5 to 10 per cent., 
or an average of 7$ per cent., somewhat in excess of the advantage named 
for extra strength.

The writer does not believe any such objection exists in the minds of 
manufacturers to reaming as indicated by the author. That they are not 
fully advised as to the exact cost is undoubtedly the fact. Whether it is 
$2 per ton, the minimum named, or $7, the maximum asked, has not been 
proved. Further, the manufacturer finds himself at a loss in tendering on 
work which demands reaming, to judge whether it is to be accompanied 
by mental science process or by physical act. While reaming has been 
specified for most steel bridge work fqr the past fifteen years, many of the 
manufacturing concerns of the country are in shape to do reaming only by 
the method which the author terms “humbug,” while others are prepared 
to ream with drills from one-tenth to one-fifth the capacity of their rivet 
shops; hence, the conclusion is irresistible that a very large percentage 
of the reaming previously specified has been accomplished by an incanta
tion pronounced over the punching machine.

The author proposes to ream rivet holes inch, that is, inch on 
each side of the hole, as a remedy for misfits of inch named as common 
in punched work. Evidently he has been unfortunate in his acquaintance, 
and further seems to overlook the fact that a concern which has rivet holes 
misfit by inch will do slovenly work even when reamed. The writer's 
observation leads him to conclude that the punching of rivet holes and the 
driving of rivets is not more careless than much criticism. He has never 
seen a rivet go loose in service where the design was rational and there was 
any reason to expect satisfactory results from the rivet, and further diligent 
inquiry among those whose observation has been the broadest verifies his 
experience as stated.

The reaming of rivet holes in metal-work in the future must depend on 
the disposition of the proprietorship to pay for such reaming. The case 
where the ownership, as described in the paper, was ready to pay for ream
ing, in fact, insisted on having it done, turns on the further fact that the 
ownership was advised by its engineer that less reamed material would 
furnish a more valuable structure at less aggregate cost. It would be 
more instructive if there was an example of where proprietorship had 
shown a readiness to pay for the extra cost of reaming, where the extra cost 
would be 7J per cent, of the value of the manufactured material, and the 
advantage lies only in an improvement in the feelings of the engineer. Ex 
amples of this character would at once remove all objection on the part of 
manufacturers to reaming, but when the argument is based on building a
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better structure with a smaller quantity of less reliable material, the writer 
believes proprietors, manufacturers and engineers all have reason to be 
sceptical, and he doubts if practice will follow the suggestion.

There are at this time three elevated roads operating in the city of 
Chicago, all of recent construction. Two of them have been reorganized, 
and the third is in the hands of a receiver. A fourth has considerable work 
of construction done, and the daily press states that it is negotiating for 
funds to carry the enterprise to completion. All have to meet the competi
tion of well-equipped cable and electric street car lines as well as surface 
railroads, all of which competition would naturally point to the construc
tion of elevated lines in shape to serve their patrons with the least discom
fort, placing their cars as near the street grade ns possible.

The author shows a structure with an elevation above street surface 
at the base of the rail of 21 feet, which is essentially the elevation of the 
roads built and projected, while the city requires a clearance of 14 feet. 
This makes it possible to use an elevation of 15 feet to the base of the rail ; 
that is, the entire system of Chicago is built 6 feet higher to the base of the 
rail than the requirements of the city call for, while three of the four lines 
projected and built are largely on private right of way. The extra expense 
of building through bridges for street and alley crossings would have been 
balanced by the decreased cost of construction of the other parts of the 
line, while such parts of the line as have been built in the street would 
have been either through construction or carried on single columns on the 
curb line, where girders could have been placed under the rails. This would 
require modification of ordinance, and be attended undoubtedly with some 
difficulty, but it would be not at all impossible. Further, curves and inter
sections in the streets would be attended with greater difficulty than by the 
present method of construction, as undoubtedly many cases would develop 
where the tracks would have to be suspended from overhead girders.

It is also apparent the floor of car might readily be 3 feet from the base 
of the rail instead of 4 feet. Thus the elevated structure would fulfil the 
demands of the city for a clearance of 14 feet and be only 18 feet to the floor 
of the car, instead of 25 feet. How much of the financial distress, past, 
present and to come, the useless 7-foot elevation has and is to cause is en
tirely a matter of speculation. It surely requires energy on the part of the 
patrons of the road to overcome it. It cannot be demonstrated that the 
elevated structures would have been a great financial success if 7 feet 
lower. That they would have had a more nearly even chance is obvious.

By O. E. Mogensen, Assoc. M. Am. Soc. C. E.

An elevated railroad presents in its general character and in its manner 
of construction more uniformity than most steel structures, as the single 
members and typical details once adopted are to appear over and over again 
throughout the work. Hence a thorough and detailed study, such as has 
been made by the author, is of great importance in order to obtain the strict
est economy in construction, manufacture, and maintenance without sacrific
ing strength and rigidity in design. That the preliminary work had been 
successfully carried out by the author, and that every detail had been care-
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fully considered when the contract was let, is shown by the fact that the 
last portion of the structure now erected, as well as the first, stands as a 
true copy of the typical drawings on which the contract price was based, 
and from which the cuts aie reproduced.

This is evident from the fact that only one alteration, even of minor im
portance, was made in the lateral bracing, which originally was designed 
as shown in Fig. 2.

From this general plan it will be seen that the longitudinal thrust from 
the gilders is carried into the columns by a triangular bracing on both 
sides of each column. This was necessary in order to avoid the horizontal 
bending in the top and bottom flanges of the cross girders due to tempera
ture stresses. However, in detailing the cross girders the section adopted for 
the flange angles was found to be sufficient to carry the horizontal bending 
plus the strain due to the maximum live and dead load on the structure, for 
cross girders spaced but one span length from the tower bents. The brac-

LAY-OUT FOR BRACING, TOWERS 3 SPANS APART.

X w
LAY-OUT FOR BRACING, TOWERS 4 SPANS APART.

FIG. 32.

ing was, therefore, changed as shown in Fig. 32, thereby simplifying the 
manufacture and the field-work on the columns.

It should be noted in this connection that the omission of the triangu
lar bracing was made only in structures on tangents, whereas the structui-- 
on curves remained as shown in Fig. 2, with additional lower lateral brav
ing, as mentioned by the author in Sec. XX.

In speaking of the riveting of work punched to full size, the authoi 
condemns the use of the movable air reamer used to enlarge eccentric 
rivet holes. In this connection the writer would state that it is a well- 
known fact among inspectors that less loose rivets are encountered in work 
punched to full size than in reamed or drilled work. This may be explained 
by the fact that the looseness of rivets driven through an irregular hole is 
much more difficult to detect than loose rivets driven through a perfect, 
cylindrical and smooth hole, as the crooked rivet naturally gives much 
greater friction to the irregular surface formed by the eccentric holes.

This is another good reason which speaks for the sub-punching and 
reaming or drilling in main members of structural work; whereas, punch-
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ing to full size, when carefully done, will, in the writer’s opinion, suffice for 
light work and for members of secondary importance.

The full value of sub-punching and reaming rivet holes in preference 
to punching to full size is somewhat impaired by the fact that the adjoining 
plates in long members may not come in tight contact with each other at 
the rivet holes. It is not seldom found that these voids are wide enough to 
allow the blade of a pocket-knife to pass between the plates close to the 
rivet. These voids are caused by the drilling. When the tool has passed 
through one plate and commences to pierce the other, the two plates spread 
enough to permit the steel shavings to locate between the plates around the 
rivet to a distance of 3 inches from its center. The removal of such shav
ings is a very simple matter, which would hardly necessitate the loosening 
of the bolts, but which should be done in order to derive the full benefit 
of the reaming or drilling of rivet holes.

Among the various designs so thoroughly discussed by the author, a 
comparison between steel and wooden floor systems has not been taken into 
consideration. As the Northwestern Elevated Railroad, with the exception 
of a small portion of the line, occupies private property, it is hardly probable 
that any city restrictions would have excluded the use of a steel floor system, 
which for several reasons seems of advantage for a structure built so sub
stantially and for which, without doubt, greater economy in maintenance 
and durability during operation have been considered of more importance 
than an imaginary saving in the first cost.

The extra cost of a corrugated floor above that of a wooden floor sys
tem of vulcanized timber is justified by the following advantages:

FIRST.—When properly designed it will last as long as the main mem
bers in the structure.

SECOND.—As a lateral system it will increase the rigidity of the 
structure materially, and thus take the place of the upper lateral system, 
which is needed for the wooden floor system.

THIRD.—In case of fire from any of the adjacent buildings, destruc
tion to the structure and interruption of the traffic might be avoided.

FOURTH. —Cost of maintenance and inspection is considerably lower 
than that of a wooden floor system so heavily loaded.

FIFTH.—Fifteen, thirty, or forty-five years hence, yellow pine or 
equally good timber may not be had for the market price quoted to-day.

In using a corrugated floor the longitudinal girders may be raised far 
enough above the top flanges of the cross-girders to act as guard rails, 
which would necessitate a spacing of about 7 feet 2 inches center to center 
of the longitudinal girders.

The first cost of such a floor stands as about $11.10 per linear foot of 
structure to $6.28 per linear foot of structure for the wooden floor system, 
based on the price of $38 per 1,000 feet B. M. for vulcanized timber in 
place, as quoted by the author. This would mean an extra cost of about 
15 per cent, to be added to the total cost of the line, which is quoted as 
1632.65 per linear foot of line for Design 6.

If the life of the vulcanized timber be put at fifteen years, these figures 
show that in less than twenty-seven years the money expended for a wooden 
floor system would amount to the same as the entire cost of the steel floor, 
disregarding the greater cost for inspection and maintenance of the wooden 
floor system. It may be said that the steel floor directly supporting the rail
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would cause greater vibrations, noise and wear upon the structure than the 
wooden floor system. But has not the experience of recent years demon
strated the superiority of the steel floor system over the wooden floor sys
tem, which needs constant attention after a service of four to five years, 
which attention is especially dangerous on an electric elevated railroad, 
operated by the third-rail system?

By Wm. M. Hall, M. Am. Soc. C. E.

The author's specification for fineness provides that 90 per cent, shall 
pass the No. 100 sieve. It is believed that most of the foreign Portlands 
will not pass this specification, although they are equal or superior to the 
best domestic makes. It would, therefore, be interesting to know if the 
foreign makes were excluded by this specification, or if the manufacturers 
shipped, or proposed shipping, cargoes of especially fine ground cement to 
meet the requirements. The specification for tensile strength appears to 
give a maximum as well as a minimum limit. The minimum in all cases 
is very low. Most specifications give only the minimum tensile strength, 
which, for briquettes treated as specified, is now usually placed between the 
figures following, viz.:

Pure cement............ 7-day briquettes, between 400 and 500 pounds.
“  28 “ “ “ 475 “ 600 “

1 cement, 3 sand... 7 “ “ “ 120 “ 180 “
1 “ 3 “ ...28 « “ “ 170 “ 250 “

It has been considered not detrimental to a cement to show a higher 
tensile strength for short-time tests than any of the maxima given in the 
author's specifications, unless it was shown to recede later in strength. It 
is therefore, not clear to the writer why they are given.

In no part of these specifications is the temperature of air or water men
tioned. The temperature of both, however, is an important factor in the 
time of setting, and also in all other tests. Therefore the writer believes that 
the temperature of water for mixing should be accurately specified, and the 
temperature of air in the testing room approximately so.

By J. C. Ostrup, Assoc. M. Am. Soc. C. E.

In comparing the merits of the many excellent designs presented in the 
paper, the writer will confine himself to those of Design 1, Fig. 12, and to 
Design 10, Fig. 21. Some of the more important advantages in Design i 
are found in the fact that the short transverse girder for each track and its 
bracket and column are made in one piece in the shop, and that the web 
plate through these parts is practically continuous; its cheapness, costii 
about $11,200 less per mile; its greater rigidity and facility of manufactuie 
and erection. For these reasons this design was adopted for the Nortl 
western Elevated Railroad, but over this design, Design 10 has, in 11 
writer’s opinion, one material advantage. It will be seen in Fig. 9 that the 
short transverse girder projects 38 inches, which, with the addition • I
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amount of projection caused by the rivet heads, is increased to about 4 
inches, above the plane of the longitudinal girders. This feature is elimi
nated in Design 10, which would be a material advantage when placing 
the floor system or track work on the structure.

For various reasons, which are immaterial to this discussion, it is in
tended on all curves of the Northwestern Elevated Railroad and the Union 
Elevated Railroad to use beveled ties spaced 15 inches center to center, and 
to place them radially to the curves. Local conditions have in most cases 
rendered it impossible to place the bents or transverse girders radially, and 
their direction is therefore at variance with that intended for the crossties. 
Consequently, it will be necessary to change the direction of all ties in 
proximity to the cross girders, or to adze down the ties by 4 inches where 
they cross the top flange of the transverse girders, both of which methods 
are undesirable. Even supposing that all the cross girders could be located 
radially, the width of their top chord would, of necessity, caused by local 
conditions, vary from 10 to 14 inches. As the ties are 8 inches wide and 
spaced 15 inches center to center, this leaves a clear space of 7 inches be
tween two adjacent cross-ties. This space of 7 inches would be anywhere 
from 10 to 14 inches at every bent, and produce an irregularity which is 
also undesirable.

In regard to the merits of the braced towers, the author seems to have 
shown some unnecessary modesty in not describing their great and undis
puted advantages more fully. On all elevated roads the expansion pockets 
are generally spaced about 150 feet apart, with a clear opening in the 
pocket of from 2 to 4 inches, according to design and accuracy in the 
triangulation work, and, therefore, a structure of this kind forms a series 
of independent sections, each 150 feet in length. The chief object in view, 
when designing every detail of an elevated railroad expected to pay interest 
on its invested capital, should be rapid transportation. With the utmost 
universal use of electric power for the competing surface cars, its financial 
life depends almost solely upon this point. Therefore, it is necessary to 
propel a train over this non-continuous structure at a rate of say 40 miles 
nn hour, and to start and to stop the train as quickly as the traction will 
permit. All this causes a great amount of vibration. The idea of properly 
checking this vibration, which is greatly detrimental to the rigidity as well 
as to the life of the structure, seems to have been almost entirely overlooked 
heretofore, and is solved excellently and effectively in Design 1. Another 
highly commendable point in favor of this feature is the fact that these 
braced towers reduce to a considerable extent the total weight of metal in 
the structure, which reduction, according to the author, amounts to the 
surprising figure of 9 per cent.

By C. E. H. Campbell, M. Am. Soc. C. E.

In the author’s study of the elevated railroad question, it seems that he 
has almost exhausted the points of discussion himself by presenting some 
fourteen different designs and arrangements of structures, with comments 
thereon. As to the specifications and designs necessary for the construction 
of such structures, when certain requirements are fixed and conditions de-
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terminée! and the structural engineer takes hold of the case, the results are 
generally dependent on his knowledge and experience, assisted by informa
tion that he is able to collect from others who may be skilled in that line. 
The author seems to have pursued this method and reached out further by 
investigating defective features in existing structures, and such endeavors 
to remedy defects cannot fail to improve production, if the man who pre
scribes the remedy knows all about the disease.

The author dwells at some length on the matter of reaming. From the 
engineer’s standpoint, where the nearest possible approach to perfection is 
desired, his deductions cannot be denied.

From the manufacturer’s standpoint, objections will be in inverse pro
portion to his facilities for performing this class of work. The writer’s 
opinion is that if any built member, whether in tension or compression, has 
assigned to it a fixed value of working stress per square inch, this fixed 
value is based upon the physical properties of solid, perfect and faultless 
material, and the joining together of the component parts of the member by 
rivets, bolts, welds, or any other method, should be so perfect in detail that 
there will be no defect in the member against which it is possible to provide. 
Punching acts in the nature of a force applied almost instantaneously, with 
power enough to tear or shear a hole through the metal. The part that is 
thus disrupted is torn, bent, bruised and evidently damaged for at least a 
small distance around the hole, and it is evident that those parts that are 
thus distorted cannot have the same effective strength per unit as the 
original sound piece. Further, if part of the rivet holes match and others do 
not, there must be an unequal straining of the particles of metal in the 
member, even if the rivets fill the holes fairly well. The writer has heard 
some manufacturers claim that if reaming is deemed necessary, then each 
piece can as well be reamed separately before assembling. This is evidently 
wrong, as the chance for bad matching of holes remains the same as before 
reaming. To produce perfect results, all component parts should be as
sembled before reaming. The results obtained by the use of portable 
reamers tre somewhat questionable, depending to some extent on the intel
ligence of the workman handling the machine. The use of stationary 
reamers places results beyond question.

Regarding longitudinal bracing and the vibration incident to the lack 
of it, the writer had an opportunity to observe this defect in the Sioux 
City elevated road, some 6,000 feet in length, in which there was no pro
vision whatever made for traction force, and dependence was placed only on 
the riveted connections between the ends of girders and columns. The 
vibration was plainly noticeable at a point 2,000 feet from the moving train. 
What effect this will have on the connecting rivets remains to be discovered.

The question of painting metal in such a way as to preserve it for any 
length of time from the action of the elements has been the subject of con
siderable talk, with but small results. The custom of oiling metal at shops 
or mills produces no good results, further than protection from rust during 
manufacture and transportation. Oil is a poor foundation on which to 
spread the paint. The protective element in paint is the pigment, and the 
oil the medium by which it is applied. Therefore, if anything is put on the 
metal at shops or mills, it should be the best protective compound known.

The author takes occasion to mention the frequent practice of some bid
ders of attempting to thiow discredit on the plans and specifications of the
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consulting engineer. The writer ventured the opinion that he who knows 
all about the disease is qualified to prescribe the remedy. While the author 
has diagnosed the case in question, he has encountered another kind of 
disease. This malady often gets a grip on engineers and proprietors of 
some manufacturing concerns, and they determine that the consulting en
gineer does not know what his employers want, but that they do. Therefore 
they attempt to ignore the engineer's designs by submitting “much supe
rior” ones of their own special make. Such designs are generally made to 
conform to their individual shop practice and the most economical shapes 
rolled by their own mill, and the only object in view is cheapening the 
product to the manufacturer, and obtaining contracts with more profit than 
if taken on the engineer’s specifications.

By Frank C. Osborn, M. Am. Soc. C. E.

The writer takes pleasure in heartily indorsing the paper, as a whole, 
but would like to call attention to a few points mentioned by the author, 
with the idea of emphasizing them. The first of these is the requirement in 
regard to providing “adequate means of transmitting the thrust of braked 
trains from longitudinal girders to columns without overstraining the cross 
girders,” and the proportioning of columns to “provide sufficient strength 
to resist direct load, bending from longitudinal thrust, bending from trans
verse thrust, and on curves bending from centrifugal loads.” These features 
of design have frequently been lost sight of entirely, and their importance 
ought to be recognized fully, for the reason that the stresses requiring these 
provisions occur at every passage of a train. It should be borne in mind 
that any stress applied to such structures must eventually reach the earth, 
and proper provision ought, of course, to be made for its doing so.

In regard to the importance of good design, material and workmanship 
for elevated railroads, it seems that these requirements are, if anything, 
even more important than for ordinary steam railroad bridges, for the 
reason that trains are much more frequent, and they are being constantly 
stopped and started at stations which are comparatively short distances 
apart, making the punishment to which an elevated railway is subjected 
much more severe than that of an ordinary railway bridge.

The writer agrees with the author in the preference for medium steel 
with sub-punching and reaming over soft steel without the reaming. A 
gain is effected on account of the greater strength of the medium steel, and 
the reaming is certainly advisable, as it removes the injured metal in the 
immediate vicinity of the hole and makes a better job from a workmanship 
standpoint. Objections to reaming and drilling appear to come principally 
from manufacturers operating small plants without facilities for doing this 
kind of work. Some manufacturers, however, although fully equipped to 
do the work, are in the habit of bidding on work for which reaming is 
specified and then doing their utmost to have the reaming waived, solely 
with the view of increasing their profit. The practice of a number of manu
facturers of always endeavoring to have modifications and changes made in 
plans and specifications and solely with the idea of diminishing the cost
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of the work to themselves, without any advantages whatever to the pur
chaser, is one hardly to be recommended. This policy, in a number of cases 
known to the writer, has led to the placing of the contractor at a positive 
disadvantage on subsequent work.

In regard to faulty details, that of connecting members together by 
riveted joints without paying due attention to the proper intersection of 
gravity lines is probably as common as any. The only excuse for it ordi
narily is the saving of a very small amount of material in the gusset plates

The writer fully agrees with the author regarding the attachment of 
cross girders to columns. This connection should be as rigid as practicable, 
and this can best be accomplished by running the column up to the top of 
the cross girder and riveting the two together thoroughly.

It is the opinion of the writer that what is known as carbon primer is 
superior to linseed oil for a first coat for structural iron or steel. It is thin, 
flows readily, and unites firmly to the metal. It dries hard and does not 
give the greasy surface to metal that linseed oil does. It makes a finish 
to the metal surface that permits the laying out of work as readily as upon 
the raw material. The carbon primer should be applied as soon as prac
ticable after rolling, and certainly before any tendency to rust appears.

As to the aesthetics of structural steel designing, it is certainly time 
that engineers gave serious attention to this point. For the ordinary rail
way structure, architectural appearance is not particularly important, as 
but few people have occasion to view it. For city or suburban bridges, how
ever, and particularly for elevated railways, the question of appearance is a 
live one and well worth careful study and consideration by engineers. An 
engineer as well as an architect owes it to the general public to give a struc
ture satisfactory not only from a utilitarian standpoint, but from an artistic 
standpoint also. This artistic effect is not necessarily obtained by elaborate 
ornamentation, in fact too much or inappropriate ornamentation may be 
worse than none at all. The desired effect may frequently be obtained by a 
proper and careful study of the principal lines and form of the main struc
ture. A structure may have little or nothing of pure ornamentation and yet 
be very pleasing to the eye on account of its natural grace and apparent 
adaptability to the purpose for which designed. Engineers, as a rule, give 
too little attention to the architectural effect of their structures, and they 
will doubtless concede that the author has made a distinct and satisfactory 
advance over what has heretofore been done in this direction by American 
engineers.

By Wm. Arthur Pratt, M. Am. Soc. C. E.

The writer has had experience only with elevated viaducts designed for 
the heavy loads of ordinary steam roads. The conditions are different in 
the case of rapid transit lines in city streets, whether the motive power be 
electricity or steam, but the traffic is no less constant than in case of the 
heavier structures. To one who has had to do with the construction and 
maintenance of these viaducts, several facts are very apparent:

First.—The service is extremely severe, especially on those viadu ts 
forming approaches to important trunk line terminals.
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Second. The deterioration of the structure is much more rapid than in 
the case of equally well designed work of other types on other parts of the 
line.

Third.—The foundations require most careful treatment in design and 
construction, and frequently show settlement, and require more or less 
extensive repairs before the superstructure develops any weakness.

The writer therefore holds that minimum first cost is not necessarily 
synonymous with true economy, and that the use of medium steel with high 
unit stresses, thereby reducing weight and increasing deflections, is a move 
in the wrong direction. The writer believes from a careful observation of 
the beh&vior of many viaducts in actual service that the most durable and 
satisfactory are those very heavy structures with solid trough floors and 
stone-ballasted roadways. While this latter style of construction is prob
ably not available for a rapid-transit elevated railway built in the streets 
of a city, the engineer can at least use comparatively low unit stresses, 
thereby reducing deflections to a minimum and providing additional mass 
to absorb the impact of the moving load. If low unit stresses are used, 
there remains no imperative reason for using medium steel, as the ultimate 
strength and elastic limit of the material are no longer in question; and if 
soft steel is used, the writer sees no reason for a general reaming specifica
tion, as his experience shows conclusively that there are several bridge 
shops in the country which can turn out punched work with an accuracy 
leaving but little room for criticism.

The author’s figures are very seductive, but the writer is by no means 
convinced thereby that the four-column bent is the best arrangement for a 
four-track viaduct. The reason for this lack of faith is in what has been 
previously said about the uncertainty of foundations under viaduct columns. 
As a case in point the following te: Mmony is submitted. The facts pertain 
to a viaduct for which the wr' ter provided the superstructure.

Foundation beds, good, compact gravel. Lower course of masonry, con
crete 11 feet square, 3 feet thick. Balance of foundation, heavy, undressed 
ashlar in regular courses. Caps, sandstone, 42 inches square, 20 inches 
thick, four anchor bolts in each foundation. Maximum load, 250 tons, of 
which about 140 tons is live load. Pressure on foundation beds, about 2 
tons per square foot.

About 100 of these foundations were built, all of substantially the same 
character, the beds being nppaiently of the same good material throughout. 
After five years’ service, 60 per cent, of these foundations showed settle
ments varying from 1 to 3 inches, and of the remainder almost all showed 
an appreciable settlement.

Additional testimony could be furnished if necessary, but the tenor of it 
would not differ from the preceding. The writer therefore believes that 
having determined upon a satisfactory span-length, it is good practice to 
reduce the number of column foundations to a minimum, using not more 
than two in a bent, unless other conditions require a modification of this 
arrangement. This reduces to a minimum the number of points liable to 
settlement, and the consequent distortion of the structure becomes a less 
serious question. The liability to settlement of foundations leads the writer 
to believe also that wherever physical conditions will permit, it is better 
practice to design the structure with the longitudinal girders carried on the 
upper flanges of the cross girders, rather than riveted to the webs of the

II
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latter. In case of unequal settlement of adjacent bents, the latter detail 
would involve severe and possibly destructive strains in the header con
nections; while but small harm would be done if the track girders were 
simply seated on top of the cross-girders.

The author believes that a shop coat of boiled linseed oil on finished 
members is all that is required before erection, and this is also the present 
practice of the Pennsylvania Railroad Company. Some recent developments 
in connection with the bridge work of this company have led the writer to 
believe that this practice is not good. An order of plate girders with |- 
inch rivets passed the shop inspection before the oil coat was applied, and 
the riveting was fully up to the high standard of the shop which furnished 
the girders. After the delivery of the work and during the erection, the 
railroad company’s men discovered that far too large a percentage of the 
rivets was loose, and this led to a careful investigation with experimental 
pieces which were riveted up and tested for loose rivets before and after 
oiling. The fact was developed that rivets which were tight before oiling 
could in most cases be readily loosened with an inspector’s hammer after 
the oil had penetrated around the shank of the rivet. The effect of the oil 
was to soften the scale on t e surface of the rivet, at the same time reducing 
the friction of the rivet heads like any other lubricant. The test pieces 
were then cut through the center lines of the rivets and showed that the 
upsetting had been practically perfect. The experiments therefore seemed 
to show that while many of the rivets would have been condemned by an 
inspection after the oil was applied, the situation could not have been im
proved by cutting out and replacing these rivets. In the writer’s judgment 
the above facts are a possible explanation of the comparatively large num
ber of loose rivets which occasionally appear in certain girder spans that 
give no indication of poor work during the shop inspection. If the girders 
were placed in service while the oil was still fresh, they were subjected to 
substantially the same conditions as were the experimental pieces which 
were tested after oiling. In the writer’s opinion it is better to give the 
finished pieces a heavy priming coat of some approved paint in the shop 
than to use linseed oil alone.

By A. P. Boiler, M. Am. Soc. C. E.

In discussing a paper like the author’s elaborate examination of the 
problems involved in the construction of elevated railroads, it is impossible 
within reasonable limits to comment on all the points he takes up. In 
his sweeping condemnation of all past efforts in this direction, he seems 
to have forgotten all modern work is a development of the past, and his own 
excellent work would not have been possible except for the labors of those 
before him. In the early days of such roads, the science of constructive 
engineering was only taking shape in this country. The problems involved, 
as they are now seen, are*not complicated, unless one chooses to make them 
so. The construction is simply a continuous line of girders supported on 
columns resting on pedestals arranged, as to span and support, according to 
the local requirements of any given case, and an economical balancing of 
spans and supports as near as it is practicable to do so, subordinate to the
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necessities of street traffic. The constructive details necessitated thereby 
are a matter of the individual taste of the designer, so long as they are 
controlled by principles of statics and the laws of the strength of materials 
used, coupled with a full knowledge of shop methods and facilities.

Such structures are not subject to any architectural treatment what
ever, and should be built as unobtrusively as possible. The writer prefers 
plate girder work to lattice work, as it can be made shallower, even at the 
expense of a little more flange material. For straight-away work, he has 
always thought the type of the Third Avenue line in New York City, of 
course detailed with modern ideas, was about the best for a wide avenue, 
where posts could be put in the avenue, being the least obtrusive. For a 
narrow street, or where otherwise required, of course there is nothing left 
but to put columns inside the curb line and girder across the street.

As to pedestals he believes monoliths of well made concrete are the best, 
and that the specifications for cement in the paper are eminently sensible, 
and calculated to produce good results. He is prejudiced possibly in favor
ing natural stone for cap st< ues, although the author seems to have obtained 
satisfactory results with artificial granolithic stone. The author lays great 
stress on his manner of bolting his column to the pedestal, but in an ordi
nary standard pedestal there is the weight of a comparatively small volume 
of material above the anchor washers, and were there anywhere near the 
strain on the bolts he imagines, it would have told long since on some of the 
pedestals of the New York and Brooklyn roads. This idea of pull on the 
bolts he has derived from an assumption that 20 per cent, of the live load 
between two adjacent expansion points acts as a horizontal thrust. So far 
as the writer knows there are no exact da<a on this subject, but he does not 
believe it is anywhere near that figure. The rails, guards, etc., are con
tinuous, and distribute what thrust there is over a long distance. The 
author would ignore this part of the structure as a distributing factor, And 
go to much trouble and expense to make the structure entirely independent 
of it. The rails and guards exist, and will do their distributing work, what
ever it is, and why ignore them? Many years ago, when the original Green
wich Street line in New York was running, this question came up, and the 
late Milton Courtwright, M. Am. Soc. C. E., made some experiments as to 
the effect of braking trains on this, the flimsiest structure ever built for 
elevated railway purposes. The writer does not know that these experi
ments were ever recorded, and doubts if they were made with any scientific 
refinement, but he remembers Mr. Courtwright telling him that whatever 
horizontal thrust the brakes produced was so small that it was a matter 
of no moment, and demanded no special provision.

Growing out of this fear of horizontal thrust, the author has evolved a 
column of heavy cross-section necessitating some complication of detail. 
His column is a good one, of course, but from magnified assumptions of 
stress, he has magnified his column beyond necessary requirements. The 
writer likes his idea of running the columns past the ends of the cross 
girders, instead of simply resting the girders on top of the columns, when 
posts are on sidewalks, also throwing in a strut between longitudinal girders 
and column head, as well as solid plate girder corner brackets. These add 
much fo general stiffness, and such structures cannot be too stiff.

The author calls attention to rust conditions around the foot of planted 
columns, but just how this is to be avoided it is difficult to see. To carry up
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the capstone above the street surface sufficiently to remove the column 
above moisture is impracticable in most cases on account of creating too 
much obstruction in the streets. His idea of filling the boxed space around 
the column foot with concrete amounts to little as a protection, as no con
crete ever made is impervious to moisture, and it is impracticable to get 
intimate contact between concrete so placed and the detail of the metal
work. Presumably the only thing that can be done is. before concreting, to 
plaster the metal surface thoroughly with cement mortar, but even such 
mortar is only less permeable to moisture than the concrete. This matter 
is a serious one for all such constructions, and the writer knows of no way 
of getting rid of the difficulty. The nearest approach to protection is the 
column planted in a cast-iron pocket, the neck of the casting rising some 
inches above the plane of the roadway or sidewalk, the voids between 
columns and casting being well grouted with cement. The greater part of 
the New York elevated construction is of this character, but coupled with 
this form of construction is the difficulty or impossibility of getting solid 
contact between the post-end and the bottom of the cast socket, which 
cannot be faced. The writer would suggest in any case a thorough priming 
of the post foot with the best attainable primer, which will not corrode 
under moisture, and then asphalting with a good natural asphalt. In the 
darkness and under moisture the; volatile oils in such asphalt will probably 
hold for an indefinite time. Asphalted rails in the tunnel of the Fourth 
Avenue improvement have lasted well; the same asphalt exposed to sun
shine soon becomes powdery and useless.

As to the use of medium steel or soft steel, the writer is an advocate of 
the former as being perfectly reliable, of higher value and strainable to a 
higher unit. There is a tendency toward the use of soft steel, encouraged 
and promoted by the manufacturers, as the supply is abundant, and ease ot 
manipulation in the shop makes it cheaper to work. The engineer is im
pressed with the arguments of the manufacturer that he is using a safer 
steel, and one that will better withstand shock. This is all from mercantile 
interest, for can any steel be subject to higher shocks than rails, connecting 
rods, driving wheels, etc., all of steel of very much higher carbon than any 
contemplated for constructive purposes, the very hardness of which gives 
it value against deformations. Steel must be treated and manipulated 
according to its quality and grade, and the nearer it approaches homo 
geneous iron, which so-called soft steel really is, the less expensive is it to 
work, and the more desirable for the shop.

The author is quite right in all he says about reaming. All first-class 
riveted work should be reamed if only for the purpose of truly matching 
holes, and perfect work can be attained only by reaming through all the 
parts assembled together. The use of a tapered and flexible reamer should 
not be allowed, except in some out-of-the-way place that a rigid drill canno’ 
reach, but no prime joint or important connection should be designed so that 
the rivet holes are inaccessible. A concession for punched holes in soft ste> 1 
might be made for gussets and secondary connections, but all direct con
nections, such as webs and flanges, sliould be reamed in any sort of ste--l 
adopted. Metal below 6 to 3 inch in thickness may be sub-punched and 
reamed; above that thickness it should be drilled from the solid.

As to the choice between basic and acid steel, in these days there is not 
enough difference between them to warrant a preference, except perhnns
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for eye bars, where acid steel is the best, for the reason that the annealing 
of such bars causes such a drop in tensile strength from that shown by the 
initial steel, that as high a limit of ultimate strength steel should be used 
as is consistent with toughness and ductility. For this purpose acid steel, 
made as it is from the best quality of original stock, is the safest and best

The author lays none too great stress on painting, but it does seem 
almost impossible to have this well done, particularly the vital priming in 
the shops. The writer does not think much, if anything, would be gained 
by oiling material in the rolling mill, as the author suggests, for there is 
much mill scale to come oft' during shop handling and manipulation, and 
such oil as remained would interfere with the primer getting in immediate 
contact with the metal. The best attainable primer should be employed, 
and it should be properly put on under cover, and dry before shipment. 
Most work is painted outside with extreme carelessness and shipped frt >h, 
and between the cutting of cinders from the locomotives and the rubbing 
of pieces against each other, it reaches its destination in a condition no 
properly primed material should. As good priming is the essence of pro
tecting metal against rust, engineers should exercise more care in the 
material they use, and see that it is properly put on under proper condi
tions. If economy is the order of the day, let it be exercised on the outer 
coatings. Manufacturers are not wholly to blame for sloppy shop painting, 
as time for completion of work is usually set at such a date that the strain 
to meet time expectations is intense, to meet which work must be shipped 
almost as soon as the last rivet is driven, and the shop priming is done on a 
sort of catch-as-catch-can principle. No work ought to be crowded quicker 
than it can be done rightly, and engineers, in so far as they can control, 
should see to it that the time exacted can be properly met.

The author's account of his letting, at which certain manufacturers 
tendered on other conditions than those asked for by the specifications gives 
an exhibition of practices entirely too common. In public works, the law 
compels the throwing out of such tenders as irregular, and it ought to be 
done in private lettings. It is eminently unfair to other bidders, and 
derogatory to the right relation between the engineer and contractor. It 
is highly impertinent in a manufacturer, when asked to tender under a 
certain specification, to ignore the requirements of the same, by bidding 
on a basis that better suits his own shop facilities, hoping to go over the en
gineer’s head by attracting the buyer with a lower price. No self-respecting 
engineer should permit such an effort to succeed, and it is refreshing to see 
that the author stamped it out in his case. In making these remarks the 
writer does not wish to be understood as belittling the knowledge and 
experiences of the shops, for much of the marvelous advance in constructive 
engineering is due to them, fully as much, if not more, than has been con
tributed by the purely professional brethren. But the wise engineer will 
familiarize himself with shop facilities and experiences in details and 
methods of construction, which every shop accumulates in the course of a 
business career in contact with many minds, out of which he will edit, as it 
were, the best practice for his own particular work. The writer has not 
much respect for the engineer who tries to evolve everything from his own 
inner consciousness, oblivious of the many bright minds that have added to 
the wealth of experience and possibilities. The author has shown great
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familiarity with the best shop practices and modern ideas of designing, and 
he has gleaned well from past experience with an enviable industry that 
became crystallized in such an elevated railroad as he wanted to build. In 
the face of this, to have a contractor asked to bid upon that construction of 
road come forward and turn the engineer’s plans down, endeavoring to sub
stitute some of his own, for purely commercial reasons, advanced under 
cover of more or less technical speciousnebs, was a very high-handed pro
ceeding. It is certainly a satisfaction to know that the parties fell into the 
pit which they dug for others. In this connection the writer wishes to re
mark that after a work is awarded, it is perfectly proper to favor the suc
cessful shop by such modification of details as may best suit the special 
facilities and conveniences of that shop, without sacrificing any general 
principles. An arbitrary adherence to a notion is not good business or 
sensible engineering.

The author concludes his paper with some remarks on the aesthetics of 
designing, with an architecturally treated road as he would like to build 
one. It is sincerely hoped he will not have the opportunity, for if the 
elementary principle of sound architecture “not to construct decoration but 
decorate construction” can be violated, it has been certainly accomplished 
in the design submitted. There is a homely old expression, that “you 
cannot make a silk purse out of a sow’s ear,” which fits here, for you cannot 
make an architectural (aesthetic) structure out of an elevated railroad, 
despite false arches, foliated column caps, or gargoyles on the ends of the 
brackets.

By A. A. Stuart, M. Am. Soc. C. E.

While the writer desires to go on record as approving most of the con
clusions reached by the author in evolving the various details of construc
tion described in the paper, yet there are some statements made and details 
employed which he feels are neither founded upon facts nor sustained by 
experience. The initial statement that methods heretofore employed in 
designing structures for elevated railways are radically wrong is rather too 
sweeping to be sustained by facts, nor is it justified by a careful examina
tion of the designs presented by the author, since they do not differ in 
essential elements from recent designs employed in other cities where the 
limiting conditions were at all similar. There are differences in some of the 
details, but the relative merits of these are the subject for debate rather 
than the hasty judgment that any one is superior to all others. Such dif
ferences doubtless will always exist, and can well do so without subjecting 
any particular one to the charge of being radically wrong. The structure 
in Chicago chiefly treated by the author, being located on property owned 
or controlled by the railway company, made it possible to employ the braced 
tower construction, which has never been applicable to the structures in 
either New York or Brooklyn, because they are located wholly in public 
streets. This feature constitutes the only radical difference between the 
author’s design and the design of the structures built in New York or 
Brooklyn within the past few years, but its absence in the latter certainly 
does not warrant the statement or belief that their design is radical! ' 
wrong.
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As to the desirability of having all rivet holes precisely concentric in 
members to be united, there can be no question raised, but the writer's 
observation does not lead to the belief that the expense which would be 
entailed in securing this by the method suggested by the author would be 
justified. The use of riveted work in this country has been very extensive 
and covers a long period, but so far as the writer has been enabled to learn, 
the present methods of manufacture employed by the best shops have given 
satisfactory results under a large variation in service; hence any change in 
those methods involving so much additional expense does not appear to be 
warranted.

In the matter of Portland cement, the author’s specifications are gravely 
inconsistent in that he exacts the best possible quality obtainable, while in 
the next paragraph a physical requirement is stated which the poorest 
cement in the market would fully satisfy. Indeed the wide latitude per
mitted in the tensile strength is of itself generally regarded as unfailing 
evidence of poor quality. The writer makes special reference to this here 
in the hope that it may at least serve in a small degree to eliminate such 
inconsistencies or ambiguous expressions from specifications, believing that 
they are the most fruitful source of contentions and disputes between en
gineer and contractor.

As to the track system presented by the author, it is almost identical 
with that used on the older roads in New York and Brooklyn, which has 
been much modified as a result of long experience on those roads. The 
writer has never been able to conceive of any adequate reason for using 
inner guard rails on straight track, but, on the other hand, will state what 
he believes to be several rational ones for omitting them. While it is pos
sible for a derailment to occur on an unobstructed piece of straight elevated 
railway track, it is a very remote possibility when gauged by the fact that 
an experience of twenty-five years on the New York elevated railways 
furnishes no instance of such an occurrence. This fact alone would seem to 
deny the utility of these guards in averting calamity, the only purpose for 
which they are employed. Should a derailment occur, the question arises 
whether the outer guard rail does not offer ample security, if left to act 
alone, in preventing a truck from leaving the structure.

This is certainly true if the four guard rails are spaced, as in the au
thor’s design, so as to require each to act independently instead of in pairs. 
If inner guards are used at all, they should be so spaced that opposite wheels 
of a derailed truck would encounter an inner guard and the opposite outer 
one at the same instant, and neither guard should be laid so near the track 
rail as to prevent a derailed wheel from dropping into the space, except, of 
course, on curves. If the inner guards are never called upon to perform 
any service then their use is not justified, and they should be omitted for 
the reason that they add additional perishable material to be removed, and 
otherwise increase the cost of track maintenance by shutting out air and 
sunlight from the ties, thus hastening their decay, and they add much 
difficulty in making repairs to track rails and ties. It is a matter of much 
surprise to see the use of short hook bolts revived by the author, in view 
of the evident advantages possessed by the long hook bolt, which engages 
the flange of girder, tie and outer guard rail in one mechanical operation.

Referring to the use of treated timber in the track system, the author’s 
conclusions, not being based upon facts developed by experience, are very
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misleading. It is not true that yellow pine or any other timber used for 
structural purposes becomes unfit for further service after 7A years’ 
use in elevated railway tracks, or even in surface tracks. A very large 
percentage of the timber laid in elevated railway tracks 12 or 15 years 
ago is still in service, and will so remain a number of years. The writer 
believes it to be a safe assertion that its average life is quite 15 years in 
such a situation, if not destroyed by mechanical means, assuming that 
reasonable care and judgment are employed in its selection. The largest 
number of renewals made within the first 10 or 12 years are rendered neces
sary by mechanical agents and not chemical ones. While it is true that 
the cost of labor for renewing a single tie averages about $1, it is not a 
fact that the largest percentage of timber would be renewed in this way, 
but in continuous sections, where the circumstances would reduce the cost 
of labor to a sum not much in excess of that required for laying new track. 
These facts would materially alter the author’s conclusions if incorporated 
in his computations to ascertain the relative merits of treated and untreated 
timber.

From a theoretical standpoint, the author’s criticism of the neglect to 
proportion all columns for resisting flexure is fully justified, but the writer 
has satisfied himself by careful observation that the assumptions usually 
made as to the magnitude or stresses which the columns will be called upon 
to resist are very much in error, else few or none of the ructures in New 
York or Brooklyn would be standing at the present time. These structures 
themselves afford the best and most reliable evidence of their ability to re
sist safely both longitudinal and transverse stresses which are brought into 
the columns, and a careful observation of their behavior under conditions 
producing maximum stresses will fail to disclose any eviden whatever 
that they are excessively stiained. The writer has seen and y carefully 
noted the conditions where the transverse girders were cut entirely loose 
from the columns over a distance of nearly a quarter of a .ile, the struc
ture being supported temporarily on 15 inch square timb lamped to the 
remaining stubs of the iron columns, and while in th ndition a three- 
minute interval train service was maintained over the structure, which is 
on a 2 per cent, grade, without producing any increased vibrations so far as 
could be detected. * It seems to the writer that, in addition to other inter
esting features involved in this work, it furnishes confirmatory evidence of 
a very pronounced character that the customary assumptions relative to 
lateral stresses in such structures are not substantiated by facts, and it is 
believed that much metal has been wasted in providing for stresses which 
appear to exist only in the imagination.

The cement finish used by the author to cap the concrete foundations 
has given very satisfactory results on Brooklyn roads during the past four 
years, but the writer does not believe that a mixture of one part cement to 
to three parts of crushed granite, ns described by the author, will give satis
faction, either in the matter of finish or durability, since it is too porous 
to admit of good troweling and prevent disintegration by frost. Indeed, 
this mixture is no richer in cement than the concrete xised in the body of the 
work below the frost line, where it is protected from abrasion and the unit 
pressure is very much less than immediately under the columns.

♦See Transactions, Vol. xxxii, p. 363.
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By Albert A. Trocon, M. Am. Soc. C. E.

The author says that “there is no bridge shop in existence which can 
turn out truly first-class work without sub-punching and reaming or drill
ing.” The writer thinks there are a great many shops that can do so, or 
rather, that all of them worthy of the name can, if the proper care is taken. 
The care required to do this is much less trouble than that caused by having 
to sub-punch and ream. The writer knows that in the shop with which he is 
connected, the punching is usually done so accurately that very little or 
practically no drifting is required. When the holes did not match, it was 
generally found to be the fault of the laying off, and in these cases reaming 
would have been of no avail, as the holes were too far apart to be remedied 
in that manner.

The idea that rivets cannot be driven so ns to fill the holes completely 
when the latter are punched only, and they are left of slightly varying 
diameters, seems to the writer erroneous, especially where the rivets are 
machine driven, which is the universal method in bridge and structural 
work, except in the few places where they cannot be reached by a riveter. 
He has quite often seen specimens of riveted work, with holes punched only 
and not reamed, sawed through the center of the rivets, where they so com
pletely filled the holes that it was difficult to distinguish the lines separat
ing the rivets from the balance of the material. Some of these specimens 
contained five or six plates riveted together. The writer thinks that most 
manufacturers will concur in his views. If it is the case, then, that holes 
can be made to match so perfectly by punching without reaming that there 
will be no trouble in making the rivets enter into their places, what is the 
use of requiring manufacturers to sub-punch and ream (when punching 
alone does not injure the material), thereby causing an extra expense of 
from 0.1 to 0.25 cent per pound? The writer thinks it good practice to 
ream holes for field connections, as this facilitates erection, but not other
wise, unless in steel so hard that there is danger of cracking the material 
in punching. He is not so sure, however, that this is required, even for 
medium steel, and certainly not for soft steel. The fact that most manufac
turers do not like to ream work, as acknowledged by the author, goes to 
show that they do not think it. necessary, and that they can do good work 
without it, as they otherwise would certainly rather ream their work and 
get paid extra for it than punch it unevenly and have to drift excessively, 
which would cost them almost as much as reaming, and for which they 
would not be paid.

Another point the writer does not believe in is that “every column 
ought to be anchored so firmly to the pedestal that failure by overturning 
or rupture would not occur in the neighborhood of the foot, if the bent were 
tested to destruction.” He does not believe in it because it is impossible to 
accomplish it without a great deal of extra expense, and in some cases it is 
impossible anyway. All columns should be well anchored, so well as to 
resist all shear coming against their bottoms and to resist tension if there 
is any. He thinks it preferable to treat the columns as free at the bottom 
and increase the section in figuring for bending effects of longitudinal and 
transverse thrusts than to treat it ns fixed and attempt to build it as such. 
It is doubtful whether the cost would be any more that way, in most cases, 
than with the anchors proposed in the paper, and the column cannot really 
lie made continuous except by running it down and embedding it in the
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concrete for a considerable distance, which would be very expensive and in 
many cases an impossibility. Again, there are cases where the columns 
have no bending to take care of, when it would manifestly be a waste of 
money to anchor them so as to make them continuous.

ABOUT 80 BCTWEEf

M*BETWEEN COLUMNS

By Wm. Barclay Parsons, M. Am. Soc. C. E.

An elevated railroad, if built along a street, should be designed pri
marily from the point of view of the users of the street and not from the 
point of view of the railroad. A street is not a proper place for fast-running, 
power-driven railways. Such railways can be better built for their own

FIG. 33.

uses on right of way to be acquired for the purpose, and when so built can 
be more satisfactorily operated. If for any reasons it is necessary to use a 
street, and the abutting owners and the users of the street surface are 
made to suffer pro bono publico, the greatest consideration in the design 
should be shown for their convenience.

A design for an elevated railroad, apart from meeting the requirements 
of a bridge structure, as laid down by the author in his points F to 0, under 
the head of designing, should conform to the following general require

FIRST.—It should occupy as little of the street as possible.
SECOND.—Its columns should be placed so as not to interfere with 

vehicular traffic.
THIRD.—It should give the minimum obstruction to the passage of 

light.
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FOURTH.—It should be noiseless, or as near as it can be, to the passage 
of trains

FIFTH.—The tracks should be placed preferably over the center of the 
street and not over the sidewalks, so that the drip in wet weather will fall 
upon the tops of vehicles rather than upon pedestrians.

SIXTH.—The structure should be inoffensive to the eye.

Strict economy in the design should be the last point to be considered, 
and therefore the spacing of the girders, both longitudinally and laterally, 
should be made to conform to local requirements. In order not to interfere 
with steel travel, longitudinal and cross bracing between the columns, ex
cept at a clear height of 12 feet above the surface of the street, is not

FIG. 34.

possible. The ordinary heights, such as are to be found in elevated rail
roads, preclude any such bracing, and, therefore, the only stiffening that 
can be given either longitudinally or laterally is by means of corner brack
ets. The author points out very carefully the necessity for both longitudi
nal and lateral stiffness, and states that all elevated railroads as at pres
ent designed are merely examples of what not to do. Had he gone into a 
criticism of these awful examples, he would probably have mentioned their 
lack of stiffness as one of their chief defects.

The writer some years ago had occasion to investigate personally the 
movement of New York elevated railroads under passing trains, which he 
did by means of a transit. He was surprised to find that on curves there 
was no movement perceptible beyond vibrations. This, however, was not 
the case with respect to longitudinal movement. At points near stations 
when the approaching trains applied brakes, the whole structure would
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move forward perceptibly. The instant that the brakes were released, al
though the train might still be in motion, the structure would go back 
beyond its original position and then move forward beyond the vertical 
hair of the transit, and back again before coming to rest.

Of the various designs submitted by the author for two-track struc
tures, the writer prefers No. 8, where the outer stringers are in line with 
the columns. The objection urged by the author to this design in regard 
to the bending of the cross girders appears to the writer to be slight. Un
less a column can be placed directly beneath the track, with stringers 
balanced about it, one stringer or the other will periodically be depressed 
slightly more than its mate. There is the advantage, however, of making 
at least one good connection, and of being able to introduce longitudinal 
brackets, which, like portal braces, can take up strain or movement.

The plans which the writer has prepared for the Rapid Transit Commis
sion of New York include two designs for elevated railroads, one a high one 
across what is known as Manhattan Valley, 2,800 feet in length, and the 
other an ordinary structure. These designs are shown in Figs. 33 and 34. 
In the high one provision is to be made for four tracks eventually, but only 
the two outer ones to be constructed immediately. The intertrack space is 
to be utilized for island platforms. On account of the height, 55 feet, the 
structure in side elevation has been divided into alternating long and short 
spans with the towers rigidly braced. The design for the lower structure 
follows the general lines of the author’s Design 8, lateral and longitudinal 
stiffness being supplied by the curved brackets.

The author speaks of making elevated railroads pleasing to the sight. 
That is an exceedingly difficult matter, if not impossible, unless the straight 
lines of utilitarianism aided by the details of good workmanship, can add 
beauty. Any built-up ornamentation, as in the aesthetic designs submitted 
by the author, will tend to still more darken and injure the street, and there
fore by doing harm cannot be beautiful. It is to be remembered that true 
ornamentation should conform to, or suggest, the purpose of the whole, 
and the designs proposed by the author, while furnishing perhaps a pretty 
passageway to a ballroom, do not in their details, especially in the loose 
and festooned hand rail, seem to the writer as in keeping with a railway. 
The author has, however, done a good thing in calling attention to the need
less ugliness of most of our structures. That possibly the simplest details 
are the best is exemplified in the Stadtbahn in Berlin, where the Germans, 
although lavishly ornate in most of the design, were much restrained in 
treating the metal elevated way. The columns are small, so as not to take 
up space, and of cast or wrought iron. In either case the decorations are 
in keeping with the metal. The supporting stringers are usually of plate 
girder construction, and paneled between the stiffeners. The details of 
construction show care in execution and design. The side walls are brack
eted out and so cast a deep shadow. The whole is pleasing to the eye.

By J. E. Greiner, M. Am. Soc. C. E.
The design of an engineering structure necessarily ad.nits of a variety 

of means to accomplish the purpose intended, and the personal selection i f 
any particular means does not imply that the preference is positively the 
best, or that a modification or different arrangement proposed by sor.n
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other individual could not be equally as good. Therefore, while the author 
has pointed out what he considers the best cement, paint, span lengths, 
dimensions of track rails, arrangement of wooden floor, material for pedes
tal caps, style of anchors, sections for columns, style of expansion joints, 
etc., the selections made are to be understood ns only the best which his 
judgment dictates, and not as yet definitely settled by either common con
currence or the ballot box. As this is a matter of individual judgment and 
opinion, a discussion would be useless; but the writer would really like to 
know why one coat of linseed oil, one coat of Eureka paint, and one coat 
of oxide paint, all on the same structure, are considered the best metal 
paints to adopt. There must be some reason for this variety

The question raised concerning the use of the basic process for steel 
of a medium grade is an important one, as it is the tendency of the mills 
throughout the country, at the present time, to make just as little acid open- 
hearth steel as they possibly can. Basic open-hearth metal, when over 
60,000 or 61,000 pounds ultimate, is not so uniform in quality and prob
ably not so trustworthy as the acid steel, which must be made from a su
perior grade of ore, and the mills would always prefer to furnish the basic, 
which can be charged with cheap ores.

There is also a tendency at the present time among the different bridge 
shops, even those of the highest standing, to underrate the value of ream
ing and drilling a medium grade of steel. Of course all can understand 
that the object of the bridge shop is to manufacture a bridge just as cheaply 
as it can be done to the satisfaction of the buyer. If it can induce the 
buyer to avoid reaming or drilling, or planing sheared edges, it can complete 
its work at a somewhat less cost. It should not be censured when some of 
the most recent specifications allow this grade of steel to be used in the most 
important bridge structures at a higher unit stress than usual for soft steel, 
without requiring a better class of work. Personally the writer can see no 
reason why a higher unit stress should be allowed for medium steel than 
for a soft steel, if both grades are to be subjected to precisely the same 
treatment in the shops. If higher stresses be allowed for medium steel, then 
something more is required than merely an increased ultimate strength 
and an increased elastic limit, and any specifications which increase the 
unit stress for a medium steel, without at the same time providing for the 
necessary precautions to insure accurate workmanship and removal of in
cipient cracks, are taking a stand, which, while probably sanctioned by 
the manufacturers whose interest it is to cheapen work, should not meet 
with the approval of engineers who count on every square inch of section 
in their structures as available material undamaged by shop manipulation. 
Soft steel, that is, steel between 52,000 and 60,000 pounds, can be treated 

| just the same as iron up to a certain thickness was treated. This is gener
ally admitted. The metal flows easily, it is not liable to crack and will 
stand an immense amount of abuse, and if the shop punching is fairly well 
done and all important field connections matched in the shop and reamed, 

I there is no doubt but that the result will be a first-class structure.
What argument can be advanced which will justify the use of a harder 

metal at a higher unit stress than allowed for soft steel when this harder 
j material has nothing in its favor except a little higher ultimate and a little 

higher elastic limitP It is inferior in ductility, it is more apt to be brittle, 
it will not stand the same amount of drifting, bending or other abuse
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usually required for soft steel, and it is injured to a greater extent than 
soft steel by punching and other rough shopwork. When using a harder 
steel with a higher unit stress engineers should insist upon treatment and 
workmanship which will minimize abuse, and, as the author states, there is 
no bridge shop in existence which can turn out thoroughly first-class work 
without reaming or drilling.

The probability of increased train loads in the future, and an occasional 
blow from derailment, and the continual vibration due to fast speed, all 
have a tendency to develop flaws or defects invited by rough workmanship. 
This development may not take place to-day or to-morrow, but who can say 
that it will not occur the day after? Precautions taken in the interest of 
safety should not be sacrificed for the sake of a very small fraction of a 
cent per pound.

In this connection the writer desires to state that, while at the present 
time he is using both soft and medium steel, the former treated same as iron 
and worked with a low unit stress, the latter reamed or drilled and a higher 
unit stress used, he believes that should he have occasion to renew his 189(3 
specifications, he would specify but one grade of steel, having 60,000 pounds 
ultimate with a variation of 5,000 pounds more or less. He would use soft 
steel unit stresses for ordinary bridges, and work the steel without drilling 
or reaming except in important connections. For bridges having spans of 
250 feet or more, he would use higher unit stresses, and ream or drill all 
holes, and would consider that the benefit derived from the more accurate 
workmanship would justify the increased unit stresses for precisely the 
same grade of material.

By W. E. Belknap, Assoc. M. Am. Soc. C. E.

Taking up Section 3 of the paper, which is headed “The Best and Cheap
est Kind of Portland Cement to Adopt, and the Best Proportions for Con
crete Made with Same,” it will be found that in the specifications for the 
“best quality obtainable” of Portland cement, the requirements for neat 
tensile strength for twenty-eight days are 400 pounds per square inch. The 
specifications read, “from 400 to 600 pounds,” but the minimum limitation 
alone carries weight. The writer ventures to assert that there are quite a 
number of high-class domestic Portlands that will run, not only about 400. 
but far above 600 pounds on a 28-day test, and that it would be the com
mon opinion among engineers that such cements would be much better than 
a 400 pound cement. The same criticism is applicable to the requirements 
for sand briquettes. The writer has no intention of suggesting the require
ments for “best” Portland cement, but is of the opinion that while the 
author’s recommendations might secure the cheapest, they certainly do 
not assure the best.

The value of stating a requirement which ranges between limits from 
50 to 150 pçr cent, of the minimum apart is difficult to discern. Specifica
tions should as much as possible avoid compelling verbal explanation. If 
the engineer’s minimum limit for a certain quality is fixed in his own 
mind, he should state it explicitly and adhere to it. A dealer supply ng 
600 pound cement does not ordinarily place himself in competition with a
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400 pound article; and it is quite apparent that under the last clause of 
these specifications, to secure the chief engineer's approval of his own 
brand as a “best*’ cement with any meaning, he must also secure the dis
approval of 400 pound brands. These are specifications which do not 
specify.

With respect to the author’s suggestions concerning concrete for ped
estals, the writer is of opinion that with either graded or uniform-size stone, 
the voids of the same can be filled with mortar in a one-three-six mixture, 
and that this is more dependent on the manipulation and subsequent con
solidation of the concrete in place than on grading the stone very carefully 
and thoroughly mixing the various sizes, each of which precautions would 
probably cost considerable, were they literally carried out as the author 
suggests.

Mr. W. M. Patton, in his “Civil Engineering,” gives the voids in con
crete stone as follows:

Uniform size—2A-inch ring.......................................... 37.07 per cent.
Uniform size—2-inch ring............................................ 39.50 per cent.
Uniform size—1A-inch ring.......................................... 42.00 per cent.

Mr. A. W. Dow, in the “Report of Engineer Commissioner of District of 
Columbia, for 1896,” gives the voids as follows:

Average concrete bluestone............................................. 45.3 per cent.
Coarse concrete stone.........................................................45.3 per cent.
Mixture of 1 part average concrete stone, 1 part

small gravel...................................................................35.5 per cent.
Mixture of 2 parts average concrete stone, 1 part

small gravel...................................................................36.7 per cent.
Mixture of 3 parts average concrete stone, 1 part

granolithic bluestone..................................................39.5 per cent.
Gravel, “average gravel”..................................................29.3 per cent.

William M. Black, M. Am. Soc. C. E.. in “United States Public Works,” 
gives the voids in screened and washed, piled loose, concrete stone passing 
a 2 inch ring, as 46.5 per cent. The writer has found the voids in washed 
gravel of mixed sizes running from 2A to £ inch to be 41.0 per cent.

It will be noted that in none of these cases do the voids amount to 50 
per cent. Theoretically, therefore, in a one-three-six mixture the mortar 
would be in excess of the amount required to fill the voids. In the relation 
of mortar to stone this mixture is almost practically the same as a one- 
two-four mixture, with which the writer has experienced no difficulty in the 
matter of filling the voids without taking either of the precautions re
ferred to.

While it apparently stands so in the paper, the writer does not believe 
that the author recommends an “eminently slow-setting cement” for con
crete to be deposited under water.

A combination of Sections 5 and 12 of the paper leads the reader to 
infer that the only timber used was “vulcanized” long-leaf yellow pine 
passing “clear” inspection. It is difficult to conceive that a railroad com
pany would countenance the gross extravagance of using the most costly 
grade of timber when the preservative treatment of cheaper grades would
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give an article much more economical. The claims of economy set forth by 
the various preservative companies are based in a large part on the prob
ability of making the inferior grades of timber more durable than the 
higher grades. In relation to “Vulcanizing.” it may be pertinent to quote 
from a publication * of the Division of Forestry, Department of Agriculture. 
In this process it is claimed that “the chemical condition of the sap may 
be changed into a preservative composition” by heating the timbers to 
“from 300 to 500° Fahr. under air pressure of 100 to 175 pounds per 
square inch”; or “by substituting a vacuum for the pressure and a low 
temperature to effect the same result, namely, to ‘vulcanize’ the wood. There 
is no knowledge of the physiology or character of wood to sustain the claim 
of the physical change, nor has the material been long enough on trial to 
prove by experience the value of the process. Tests of treated and untreated 
material of such nature as to make the material comparable otherwise, made 
by the Forestry Division, did not show any increase in strength, as claimed, 
nor any chemical or physical changes.”

In view of this statement of the Forestry Division, which must be 
given considerable authority in such matters, such data and tests as the 
author may have contradictory to the preceding would be not only inter
esting but very valuable, particularly as his figures demonstrate a large 
economy on the assumption of the process being efficient.

By W. L. Cowles, M. Am. Soc. C. E.

The paper is a valuable contribution to the literature on this subject, 
and is especially commendable in calling attention to the defects in existing 
structures, and in laying down the broad principle that an elevated rril- 
road should be equal in all respects to the best class of railroad bridges.
It would seem that this proposition should need no argument, for, as the 
author says, the service of the structure is much more constant than that 
of most railroad bridges, and the maximum load effect is more frequently 
leached, while the successive starting and stopping, with the attendant 
longitudinal thrust caused by the braking, calls for special rigidity in its 
design and the best of shopwork in its execution. Surely an accident which 
might occur through faulty design or construction would not be attended 
with less serious results than a similar accident to a railroad bridge, while 
the possibilities of disaster as affecting adjoining property and loss of life j 
in streets, through a collapse of an elevated structure, furnish additional 
reason for thoroughness.

The selection of material made by the author was doubtless in accord
ance with the results of his careful investigation, and seems to have been 
determined upon as giving the most economical construction upon the basis 
of universal reaming. There is probably little question as to the benefit 
accruing from reaming all holes in medium steel for the purpose of in
suring solid metal around the holes, but the writer is not yet prepared to 
accept the statement made by the author that all material should be so 
treated. The author is quite correct in holding that even in the best shops 
it is impracticable to punch holes to match perfectly, and there is certaii ly

♦“Bulletin No. 9. 1894,” p. 243.
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advantage in the riveting if the component parts of members are so as
sembled that a.l rivets will enter the holes freely, but this object can be 
attained by the use of the tapered flexible reamer to which he refers. This 
he admits, but contends that in such holes the rivets will not completely fill 
out, and will therefore not act effectively. The writer understands that 
reference is made to long members, such as chords and posts of a bridge or 
columns of a building, and, as applied to such members, which constitute 
a large proportion of the work of most shops, he does not accept the force 
of the argument. The effective action of rivets in the body of such mem
bers does not depend upon the complete filling of the holes so much as upon 
the formation of full heads, well closed down upon the surface of the steel, 
since the office of the rivet is not to transmit shear, but to holds the com
ponent parts of the members tightly together, so that the strength of the 
unsupported portions of any part may in no case be less than the strength 
of the member as a whole. The rivets in reinforce or pin plates, in brackets 
on columns, in the ends of the flanges of girders, and in all positions where 
the full efficiency of the rivets in shear is required, should completely fill 
the holes, but such rivets ordinarily occur only in comparatively small por
tions of a member, and the component parts can generally be so adjusted 
that these holes will come fair, leaving what mismatching there may be to 
come in a part of the member where the rivets are not in shear, and where 
the flexible reamer will accomplish all that is necessary.

The writer is in favor of reaming all holes for field connections, espe
cially where the number of holes is large or the connection complicated, 
and does not intend to argue for poor workmanship or careless punching, 
but is of the opinion that while there may be a satisfaction in the conscious
ness that work is nicely done, the extra expense involved in the sub
punching and reaming of all holes in soft steel and iron is not commercially 
justified by any benefit derived therefrom. He does not believe that metal 
work constructed of such material, carefully punched and assembled and 
well riveted, «an properly be excluded from the term “first-class work.”

By A. C. Cunningham, M. Am. Soc. C. E.

Within the recollection of most members, when an engineer desired to 
build a structure of steel, it was only necessary for him to specify “steel" 
of certain physical properties. That he would obtain the product of the 
Bessemer converter was assured, for there was, at first, no choice or alterna
tive. Some of these first specifications are in use to-day with few or no 
changes of importance, though far better steel is furnished under them 
than they were originally intended to cover, owing to improvements in 
manufacture and increased knowledge.

Some of this early Bessemer steel high in phosphorus and sulphur, over
dosed with manganese, and filled with oxide of iron, would to-day be 
branded as a villainous mess. Of the structures made of this steel, many 
have been taken down, some have fallen down, and the balance will come 
down in some way in the course of time.

Engineers who were using steel presently had their attention called to
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another process than the Bessemer by which a better and more desirable 
product could be made, and which, by the time it reached the structural 
engineer, had become generally known as open-hearth steel. Where the 
best results were of more importance than the actual cost, open-hearth steel 
was now specified, and those whom necessity still compelled to use Besse
mer steel mad-» their specifications to read Bessemer or open-hearth steel, 
with little or no hope of getting the latter.

The deadly enemies of iron and steel have always been and always will 
be phosphorus and sulphur. Owing to the much greater cost of manufac
ture of the early open-hearth steel over Bessemer steel, a much better melt
ing stock, lower in phosphorus and sulphur, could be used for the former 
without much increasing its cost, and to this superior melting stock was 
largely due the superiority of the open-hearth steel.

The superiority of open-hearth steel to Bessemer being partly due to 
improved methods which largely increased its cost, and partly due to the 
use of a better stock which did not much increase its cost, manufacturers of 
open-hearth steel at once called attention to this superiority of composi
tion in advocating their product. Recognizing both advantages, the en
gineer who could not avail himself of the first took advantage of the second 
and began to put limits on the dangerous elements in Bessemer steel, rightly 
inferring that what would improve the one kind would improve the other. 
These first chemical limits for structural steel were quite generally con
fined to phosphorus.

Having discovered that phosphorus and sulphur could be neither 
utilized nor neutralized to any extent in steel, the steelmaker next turned 
his attention to eliminating these troublesome elements, with the happy 
result of developing the basic process of steel making. The mechanical 
differences between the basic and the older processes are slight, the chemi
cal differences are great. Being made in the same kinds of furnaces and 
converters as the older steels this new product needed only a qualification to 
have a name, and was quite naturally called basic Bessemer and basic open- 
hearth steel.

The acceptance of these terms made at once a family name of Bessemer 
and open-hearth, and the originals were christened acid Bessemer and acid 
open-hearth. Specifications reading Bessemer steel or open-hearth steel 
were no longer definite, since Bessemer and open-hearth steels could each 
be made by either the acid or basic process.

The original open-hearth steel, now called acid open-hearth, is made 
by a comparatively simple process. The hearth of the furnace is lined 
with silica, whence the name acid, and on this is placed the melting stock, 
consisting of pig iron, iron or steel scrap and iron ore. This charge is 
melted down, the silicon and manganese burn out first, and then the carbon 
to the point desired by the steel maker, when the furnace work is complete. 
If the phosphorus and sulphur burned out also, the basic process would 
never have been heard of, but unfortunately they do not. Whatever amount; 
of phosphorus and sulphur was in the original charge remains in the steel 
From this the reason for the well-known uniformity of acid open-hearth 
steel may be seen. The phosphorus and sulphur can be exactly estimated 
from the original charge. The steelmaker has only to give his attention 
to the reduction of the carbon to the desired point, and when he has mad ■ 
his manganese additions, the steel is finished. Unless chemical limitations
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are placed upon the dangerous elements, acid open-hearth steel may be 
uniformly bad, instead of uniformly good.

In the basic open-hearth process the hearth is lined with dolomite. In 
addition to the pig, scrap and ore, the charge contains lime. From the dolo
mite lining and the lime in the charge comes the name basic. The object 
of the lime in the charge is to unite with the phosphorus and sulphur, and 
pass them into the slag. Were lime charged into an acid furnace, it would 
act on the silica lining in preference to the phosphorus, but in the basic 
furnace it has no action on the dolomite. The greatest action of the lime 
in a basic charge is on the phosphorus; its action on the sulphur is much

The basic process being essentially a dephosphorizing one, it is possible 
to use for it a melting stock so high in phosphorus that steel made from 
the same stock by an acid process would be worthless. The regulation of 
the carbon becomes therefore of secondary importance to the reduction of 
the phosphorus to at least a safe limit, and as the carbon may be nearly 
all eliminated before the phosphorus is reduced, it becomes necessary in most 
cases to make carbon additions. It is not essential to the success of the 
process that the phosphorus in a basic open-hearth charge should be large; 
it may be ns low or lower than in a charge for good acid steel, in which case 
the phosphorus will be nearly all eliminated.

The irregularities of basic open-hearth steel may be best illustrated by 
assuming a specification, and then seeing what may happen under it. As 
sometimes happens a specification originally intended for acid steel is ap
plied to basic without change, and as this will give an extreme case, such a 
one will be taken; ultimate strength, 60,000 to 70,000 pounds per square 
inch, phosphorus not to exceed 0.08 per cent.

A cast containing 0.08 per cent, phosphorus would require 0.12 per cent, 
carbon to give 60,000 pounds in ordinary sections, and a cast containing 
only a trace of phosphorus would require 0.3 per cent, to give it 70,000 
pounds under the same conditions. By skilful treatment both these casts 
may be made to pass the same specification, though they are at the ex
treme limits. Now, under varying conditions, these two casts will give 
very different results. The 0.3 per cent, carbon cast will be found much 
more sensitive to heat treatment than the other, and can be hardened to 
a much greater extent, and correspondingly softened on annealing.

Specifications for basic open-hearth steel seldom allow the phosphorus 
to exceed 0.04 per cent, or 0.05 per cent., but they never prevent it from 
going to a trace, which frequently happens, and if the allowed variation in 
ultimate is, say, 56,000 to 64,000 pounds, steel having from 0.12 per cent, 
to 0.24 per cent, carbon may be found under such a specification.

Such variations as this are not likely to be found in acid open-hearth 
steel, for, if the phosphorus limit is 0.08 per cent., the steelmaker will 
not go much below this on account of the increased cost of the raw material. 
With basic open-hearth, however, the difference in cost between 0.04 per 
cent, and a trace of phosphorus is only the difference of the slight excess of 
lime required to produce it.

Basic open-hearth steel is naturally a soft material on account of the 
low point to which the carbon is reduced in the furnace, and if a high ulti
mate is desired, it must be reached by adding carbon to the steel at the end 
of the process. Such carbon additions are made by throwing coke into the
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ladle into which the steel is topped, and, as this does not always become 
thoroughly mixed with the steel, some parts are sometimes found to be harder 
than others.

From the foregoing it may be inferred that several heats of basic open- 
hearth steel may fill a specification, be of excellent quality, and at the 
same time of variable composition. Unless sulphur is limited in a specifica
tion for basic open-hearth steel, it is possible to get a product which is high in 
this dangerous element, for it is not reduced to the same extent by the 
process as the phosphorus.

There are advantages in connection with the basic open-hearth which 
are of great importance, „nd the principal ones are the possibility of pro
ducing a very low phosphorus steel and a very soft and ductile one at a 
moderate price.

The low phosnhorus scrap resulting from the basic process, however, at 
once permits of a low phosphorus acid steel at a competing price, and when 
strong steels are wanted, they can be made with more regularity and cer
tainty by the acid process than by the basic, for they do not depend on 
carbon additions to the same extent, and are, therefore, freer from the 
possibility of uneven mixing.

When it is desired to make a specification to cover both acid and basic 
open-hearth steel, it is well to make separate provisions for the chemical 
limitations at least. For acid steel a limit of 0.08 per cent, of phosphorus 
and 0.06 per cent, of sulphur, and for basic steel a limit of 0.04 pe.- cent, of 
phosphorus and 0.05 per cent, of sulphur will produce good results and 
admit of competition between the two steels.

A range in ultimate strength between 56,000 and 64,000 pounds will 
cover both steels to advantage. For basic open-hearth alone, 52,000 to 
60,000 pounds will give excellent results, while for acid open-hearth 60,000 
to 68,000 pounds will be found quite uniform and reliable.

By C. E. Fowler, Assoc. M. Soc. C. E.

The attention paid to the details of the work, as evinced by the paper, 
is certainly commendable. Very few realize, however, as can the bridge 
companies which are doing work under many different engineers, what a 
great variety of details are considered best. One point that has impressed 
the writer on most recent work is the tendency to err on the safe side, if such 
can be called error.

After working under specifications of many of the trunk lines and of 
many consulting engineers, the writer has adopted in his own specifications 
soft medium steel, from 55.000 to 65,000 pounds ultimate, as being the 
metal that will undergo the manufacturing processes with least liability to 
damage, and avoid the necessity for reaming.

As most shops get out work at the present time, making a wood templet 
for each piece in a structure, it can only be extreme carelessness if holes 
in assembled members do not match well, and it is usual to see the holes 
match perfectly in girder flanges for the entire length. Compressed air 
reamers are used in most shops on all work to clean out the burrs and true 
up holes, thus avoiding the cause of drifting, and saving delay and expen
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in shopwork. It is not usual to use reamers of such great taper as the 
paper seems to suppose, and practically true holes result. For reamed work 
where inch is to be removed, twist drills are used, and with experienced 
workmen work is done which cannot be distinguished from that of fixed 
machines. The adaptability of such machines to varying conditions in 
shops is no doubt what commends them to shop owners.

As to acid and basic steel, the question is being settled by the mill own
ers, who are preparing to furnish the basic product as against the acid. 
At one of the largest mills in this country basic steel is being turned out 
in which it is unusual to find the phosphorus exceeding 0.01 per cent., and 
the greater part of the output contains only a trace. That this will more 
than offset any small gain in the uniformity of the product of acid furnaces, 
which is no doubt due to the better stock used, will certainly be admitted 
by most users of steel.

As great a problem is presented in what paint to use as in any point 
in the paper. During the past two years each engineer has had his favorite 
paint, one for painting work at the shop and still a different kind in the 
field. After seeing scores of brands used, the writer has come to doubt if 
any paint is wholly good or accomplishes its purpose. There is certainly 
a growing assurance among engineers that linseed oil is not the proper 
shop coat, and curbon primer is the favorite as a substitute. Experience 
shows the change to be a wise one, as it forms an elastic covering and is 
said to act chemically on the surface of the metal. What to do to remove 
the scale from steel before getting this first coat is a question. Will the 
mills devise some way to free their product from scale, or will the buyer 
pay to have the steel pickledP This is a much greater question than the 
field coat, as any of a dozen paints are first class for this, with the lead 
and graphite paints counted best. This coat should always be a different 
shade or color from the shop coat to make it easy to see when all parts are 
covered.

That the granitoid caps to exclude moisture from the pedestals are 
excellent is true, but it is a question if Portland concrete, properly crowned, 
would not have been sufficient.

The proportions for concrete are such as would give excellent results in 
practice, and if care is used these proportions would give satisfactory re
sults under water. On some recent foundations, exactly these proportions 
were used by the writer and the concrete deposited under 15 feet of water; 
when the work was pumped out, the concrete was found to be very uniform 
and set firm and hard. The uniformity was accomplished by depositing it 
through a tube, the first filling of the tube being accomplished by sliding 
paper sacks filled with concrete into the tube until above water level. For 
such work as pedestals, proportions as high as one-four-seven for Portland 
will be found to give much better results, when the voids in the stone do 
not exceed four-tenths, than the more frequently used one-two-four natural 
cement concrete.

The limit for plate girders has been much extended, and it is customary 
for bridge shops to have orders booked for many spans at a time, from 
70 to 125 feet in length, while a few years ago riveted lattice spans would 
have been used. The usual limit for plate girders does not. however, ex
ceed 90 feet. The great difference in cost is in the cheaper erection of 
plate girders, as they can be placed in position as complete spans during
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the intervals between passing trains, as was done on the Cleveland, Akron 
and Columbus Railway during the past year, where each complete span
weighed about 40 tons. The girders were so designed as to go between the
trusses of the old Howe truss spans, after the old deck was torn away.

The limit usually adopted for crimping stiffeners is beyond 36 inches 
in depth, below which depth fillers are used. Some loss in stiffness is
caused by the omission of the fillers, but the same weight of metal could
more effectively be added to increase the size of the stiffeners.

Of the columns used, the two channels and one beam would find most 
favor in a shop, as the Z-bar column is difficult to keep from twisting dur
ing the punching and riveting. There is, however, a chance for some 
person to design a column which will meet the objections to which the 
different designs are subject, that is, a column where all the rivets are 
easy to drive, that does not twist so easily in making, and will have more 
satisfactory methods of detailing, as regards the development of the 
strength of the column as a whole.

The experiments as to the pressed threads are very interesting, and such 
threads should certainly be used for many cases where bolts are employed 
under heavy stress, such as anchor bolts and main connections where rivets 
cannot be put in.

It is to be hoped that the author will give fully the results of the 
experiments on angles connected by one leg and star struts, as these are in 
such general use that the information will be awaited with interest. They 
affect not only the class of structures under discussion, but more particularly 
the construction of mill buildings.

It cannot be too firmly impressed on the young members of the profes
sion, that one or two rivets do not make a connection. Even if the rivets 
are driven tight at the time the work is done, one rivet in a two-rivet joint 
may work loose and then it is left for one livet to ward off accident, when, 
perhaps, the structure has been subjected to heavier loads than those for 
which it was designed. The writer had supposed that spans of any size 
where the riveted members did not intersect on centers of gravity was a 
thing of the past, but a recently constructed riveted bridge of 100-foot span 
was seen in a Western city, with no attempt made to have the members 
intersect correctly. This lack of design has become so exceptional, how
ever, that anything of the kind is very noticeable, and most of the bad 
features of the older elevated roads which are mentioned are, happily, things 
of the past. While there is much room yet for the improvement of steel 
structural designs, there is reason for congratulation that there is a constant 
demand for the best in both material and design.

By Samuel Tobias Wagner, M. Am. Soc. C. E.

The question of sub-punching in order to obtain the accurate matching 
of rivet holes by subsequent reaming is one that, without doubt, is con
ducive to the best results as far as perfect riveting is concerned, although 
it has been the experience of the writer that the engineer who assumes that 
by this means he will obtain good matching of holes together with the 
removal of the T'y inch of injured metal around the holes will deceive him
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self. The same experience, however, lends him to believe that no serious 
injury to the metal will result, even if the higher limits of what is usually 
specified as medium steel are used. The inaccuracies in the holes alluded to 
are specially noticeable in the case of long plate girders where the web 
plates are rolled in long lengths and the chord angles have rivet holes in 
both legs, the stretching of the metal in the long chord angles producing 
the trouble.

The writer cannot too heartily agree with the statement that real ream
ing can only be done with rigid reamers, although in poorly matched holes 
the removal of the injured metal in the holes will not be entirely accom
plished, as would be the case if the reamer were allowed to follow the hole. 
He has more confidence, however, in the rivet practically filling an irregular 
hole when the rivet is driven by hydraulic power than the author of the 
paper has. Sub-punching and reaming must of necessity cost more than 
ordinary punching on account of the extra handling required and the delay 
in the transit of the material through the shops, and it is therefore simply 
a question for the engineer to decide as to whether the improved quality of 
the work is justified by the additional cost incurred. It is the opinion of the 
writer that foi shop driven rivets, and with soft steel of from, say. 57,000 to 
65,000 pounds ultimate strength, an ordinary fair increase in the cost per 
pound is not warranted. On the other hand holes for field-driven rivets 
cannot match too well, and even a decidedly increased cost would be war
ranted in obtaining them. This is, of course, due to the difficulty of obtain
ing a good rivet in the field when driven by hand.

Railroad bridge work has, on account of the special care which has been 
given in the past to its designing, represented the best practice in struc
tural work, but the writer agrees with the author that there is no reason 
why it should stand alone in this respect, and endorses the stand he has 
taken regarding elevated railroad work. He would even go further, and 
can see no reason why any structure carefully and economically designed 
should not receive equally as much care in the requirements of its manu
facture. It is to be assumed that when an engineer prepares a specification 
for any work, he does it in the interest of those paying for the work, and 
that it has received careful consideration, and should therefore stand after 
the contract is made. The practice of the contractor speculating upon future 
changes is much to be deplored, and is a condition of things which should 
never exist. No changes in the requirements should ever be allowed after 
the contract is signed unless the very strongest reasons exist for so doing. 
No alternate bid should in equity be considered unless it is asked for in the 
proposal.

The use of basic steel is a very pertinent one at the present time, and it 
would be interesting if the author would give his reasons for limiting the 
use of this metal. The writer is of the opinion that for most purposes (eye- 
bars possibly excepted) the basic metal is equal to that produced in an acid 
furnace.

As to the remarks on cements and concrete, the results arrived at are 
those specified for the construction of the work on the subway and tunnel 
on Pennsylvania Avenue in Philadelphia, for abolishing all grade crossings 
on that avenue, a work costing $6,000,000. The specifications for the Port
land cement (which is specified for all stone masonry and concrete) follow, 
and compliance with the specifications has so far been obtained without
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difficulty, and in some cases very much exceeded. Attention is specially 
called to the mortar-box tests, which are regularly taken and have proved 
of great value on this work.

“The acceptance of a cement to be used in the work shall rest with the 
Chief Engineer, and will be based on the following requirements :

“Portland Cement.—Portland cement shall have a specific gravity of 
not less than 3, and shall leave by weight a residue of not more than 1 per 
cent, on a No. 50 sieve, 10 per cent, on a No. 100 sieve, and 30 per cent, on 
a No. 200 sieve, the sieves being the same as previously described.

“Pats of neat cement \ inch thick, with thin edges, immersed in water, 
after ‘hard’ set, shall show no signs of ‘checking’ or disintegration.

“It shall require at least 30 minutes to develop initial ‘set,’ under the 
same conditions as specified tor Natural Cement.

“Briquettes of neat cement, 1 square inch in section, shall develop the 
following ultimate tensile strengths:

Age. Strength.
24 hours (in water after ‘hard’ set)............................................................ 175 lbs.
7 days (1 day in air, 6 days in water)................................................... 450 “

28 “ (1 “ « 27 “ , “ )...................................................... 550 “
7 “ (1 “ “ 6 “ “ ), 1 part of cement to 3

parts of standard quartz sand................................................ 160 “
28 “ (1 day in air, 27 days in water), 1 part of cement to 3

parts of standard quartz sand................................................ 220 “

“All cements shall meet such additional requirements as to ‘hot water,’ 
•set,’ and ‘chemical’ tests as the Chief Engineer may determine. The re
quirements for ‘set’ may be modified where the conditions are such as to 
make it advisable.

“Mortar taken from the mixing box, and molded into briquettes 1 square 
inch in cross-section, shall develop the following ultimate tensile strength:

Age. Strength.
7 days (1 day in air, 6 days in water), 1 part Portland cement

to 3 parts of sand........................................................................ 100 lbs.
28 “ (1 day in air, 27 days in water) 1 part of Portland cement

to 3 parts of sand........................................................................ 150 “ ”

A comparison of the specifications shows a fairly close agreement in 
the requirements, the specifications just given being slightly harder to fill.

The specifications for the concrete on this work require the same propor
tions as given by the author, viz., one part of cement, two parts of sand, and 
five parts of broken stone, which is not required to be graded.

The question of painting is one deserving of the greatest care, and the 
results of any experiments must of necessity be interesting. Without enter
ing into detail the writer from his experience warmly recommends the prac
tice of giving the metal a coat of linseed oil before leaving the cover of the 
mill and after all loose black scale is removed. He believes this to be 
one of the secrets of the prevention of a large amount of rusting, no matter 
what priming and finishing coats are applied. These latter coats must of 
necessity vary somewhat with the locality anc. use of the structure, while 
this first precaution he believes to be essential in any structural work
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By Chas. F. Stowell, M. Am. Soc. C. E.

The safety and longevity of any iron or steel bridge is inversely propor
tional to the amount and extent of motion in the structure. Motion, as 
regards structures, may be divided into two kinds; dynamic, or that motion 
due to and inseparable from the imposition of stress, and physical, or motion 
of translation, which may or may not be accompanied by internal stress. 
Except when a bridge is moved bodily off its foundations, no failure ever 
has or ever can take place except as the immediate result of excessive 
dynamic motion. As long as a bridge contains metal in sufficient quantity 
and so disposed as to restrict the dynamic motion within certain limits, its 
life, so far as is known, will be perpetual; but as soon as the limit is ex
ceeded in any one member, the failure of that member sooner or later is 
absolutely certain. In former times it was the rule, and even yet the prac
tice obtains to some extent, to proportion bridges for stress alone without 
regard to motion ; and many old bridges were simply statical stress sheets 
transformed into iron. If in any such bridges the dynamic motion was kept 
within safe limits it was a happy incident or accident of their construction. 
It is known now that a stress and section sheet is not a safe criterion of the 
value of a bridge, and that to insure permanence, not only the stress, but 
also the motion, must be considered and provided for.

When the earlier elevated structures were built, neither the loads to 
which they would be subjected were anticipated, nor was the subject of 
dynamic motion understood, and consequently these structures were soon 
found to lack both strength and rigidity. Remedies of various kinds have 
been applied to them from time to time to correct the former defect, but the 
latter is still obtrusively apparent to any observer. It can hardly be ques
tioned that the life of the Manhattan elevated structure must be a limited 
one for this reason. Whether the limit is close at hand or still far off can 
only be judged by those in charge of and constantly observing the structure 
under its daily task. That such a limit was long ago recognized by its 
owners appears to be shown by these words of one of its officers published 
fourteen years ago: “The structure is an iron bridge for the whole length 
of the railway, miles in length; whether this will have to be rebuilt in ten 
years or fifty nobody yet knows.”* The Chicago elevated structure offers a 
marked contrast to these older works in that not only strength but rigidity 
also is considered, and it is the first elevated structure within the writer's 
knowledge where the latter point has received any particular attention. He 
does not agree with the author as to the value of sub-punching and reaming. 
If such treatment is prescribed to cure the bad effect of punching, it is 
delusive. Solid drilling is the only safe course under those premises. The 
writer has yet to see any piece of work in which all the punched surface was 
removed from every hole, and unless it is so removed it is obviously useless 
to remove it from some and leave it on others. Instead of using material 
which is liable to injury in punching and then applying a remedy for the 
harm knowingly inflicted, it seems safer, and it is certainly cheaper, to get 
in the first place steel which will not be injuriously affected by punching 
and shearing. Such steel is not hard to get. A photograph, Plate X., 

Report of State Engineer and Comptroller in answer to resolution of 
New York State Senate, March 20th, 1883.
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Fig. 1, is submitted of some tests on steel of this kind recently used in 
bridge work, which has stood much more abuse than it could ever possibly 
get in any shop, and still without reaching its limit of endurance. These 
test pieces were not specially selected, but were ordinary pieces picked up 
at random, and the tests were not nursed in the making to produce a fine 
show, as is sometimes the case, but were actually made in the roughest and 
hardest manner. This steel was 55,000 to 65,000 pounds ultimate, averag
ing about 62,000 pounds. After knowing the quality of this steel from the 
stock used in making it, from the process of manufacture and from its 
chemical analysis, and having demonstrated its properties by physical tests, 
the writer feels perfectly safe in using the material without sub-punching 
and reaming, and without planing sheared edges; far safer in fact than he 
would in using an inferior metal and doctoring it afterwards. This particu
lar steel happens to be acid open-hearth, but he has no doubt that basic 
steel of corresponding good quality would show up equally well. This steel 
costs from 0.05 to 0.1 cent per pound more than ordinary steel, while the 
author’s figures for the extra cost of sub-punching and reaming are from 
0.1 to 0.2 cent per pound.

Reaming for fair holes and not primarily to remove the surface cut by 
the punch is quite another matter, but with care there need be very little, 
if any, such reaming done. Tlje author is certainly wrong in saying that no 
shop can turn out first-class work without sub-punching and reaming or 
drilling. The writer has been accustomed to specify that when the rivet 
holes match sufficiently to let a cold rivet through, but not a hot one, they 
may be drifted fair, but any greater degree of mismatching must be cor
rected by reaming. In a shop where some care is taken with the punching, 
the amount of reaming under this specification is exceedingly small. The 
habitual use of the reamer to get fair holes prevails generally where the 
punching is piece-work. When a man’s pay depends upon the number of 
holes he makes in a day, he is not likely to be over-careful where he puts 
them, especially if he knows some one will follow after him with a reamer 
to correct his inaccuracies. All this is unnecessary with a little care at the 
punch. Moreover, the writer is of the opinion that the rivets themselves 
hold better and are stronger in punched than in drilled or reamed holes.

Another consideration in regard to reaming to remove injured metal is 
this. Such holes are always punched in the first place, and often carelessly, 
as the man at the punch knows they are to be reamed afterwards. Before 
reaming, the work has to be fitted up and bolted through these punched 
holes, a process accompanied by more or less heavy drifting according to the 
degree of inaccuracy in the punching. If the original punching has started 
a crack in any hole, it will surely be extended by any drifting done on that 
hole. Can one always be absolutely certain that, whatever the amount of 
metal reamed out, it is enough to extend beyond the limit of any such 
crackP The writer thinks not.

One should, of course, use all reasonable precautions to get good and 
accurate work which will not require abuse of the metal in order to get the 
parts to go together. If in addition one is sure of having metal which can 
safely stand far more abuse than can ever possibly be put upon it, should 
it happen to get any, and which need not be gone over minutely to be sure 
that every bit of sheared surface has been removed, it is greatly conducive 
to a good night’s sleep.
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The steel specification for the Chicago elevated work called for open- 
hearth metal having an ultimate strength of 60,000 to 68,000 pounds per 
square inch; elastic limit, one-half of ultimate strength; percentage of 
elongation, ultimate divided by 1,500,000 (corresponding to about 25 per 
cent.); percentage of reduction, twice that of elongation; quench bend, 180 
degrees around a diameter equal to the thickness of the test piece, and drift 
test to show an increase of 50 per cent, over original diameter of punched 
hole. The chemistry was prescribed only for phosphorus, which was not 
to exceed 0.08 per cent, for acid, and 0.05 per cent, for basic steel. This is 
a very good specification as far as it goes, and far superior to many in use. 
But the writer believes that not only the phosphorus, but also the sulphur 
should be limited. He is aware the manufacturer will claim that, inasmuch 
ns sulphur is a red shortener, it may safely be left alone, as any excess will 
show itself in the breaking up of the steel in rolling. But this is not all. 
Experience has demonstrated that sulphur may exist so near the limit of 
red shortness that, while it does not cause the steel actually to disintegrate 
in rolling, it may leave the rolls full of minute fractures (micro-sulphur 
flaws) which cannot be detected by the eye, but which are liable to extend 
under stress and ultimately cause the fracture of the piece. For this reason 
the sulphur content should be kept well within the danger limit.

The author’s requirement of a drift test showing 50 per cent, increase in 
diameter of punched holes is a good and reasonable one, but too much stress 
should not be placed on the drift test as indicating the quality of steel. If 
it does not stand a moderate amount of drifting, the steel is certainly poor, 
but if it does stand it, it by no means follows that it is good or even 
passable. The evidence of the drift pin should be considered as corrobora
tive only, not absolute, as is the tendency in some quarters. There is a 
bridge specification very widely used and extensively copied throughout this 
country which provides a drift test showing an increase of only one-third 
in the diameter of punched holes, and making such a test the criterion for 
reaming and planing or their omission. To show how utterly worthless such 
a test is, the writer submits an illustration (Plate X., Fig. 2) of a piece of 
angle iron with a punched hole drifted from y to la», inches diameter, or 
about 58 per cent, increase, and still without reaching the possible limit of 
drifting. In other words, this piece has filled the requirements of the 
specification and about 25 per cent, more, and under its requirements might 
be used vithout reaming or planing for any kind of bridge work under any 
circumstances. Yet the steel is so poor that the piece shown in the photo
graph broke off while trying t > bend the angle iron to a curve of 40 feet 
radius. The peculiar feature of that specification is not only that it lays 
such stress on this worthless drift test, but, even should the steel be so 
unspeakably bad that it cannot stand this drifting, still it may be used 
provided only the holes are reamed and the edges planed.

The chemistry of this piece of steel is as follows: Carbon, 0.130 per 
cent.; phosphorus, 0.101 per cent.; sulphur, 0.056 per cent.; silicon, 0.040 
per cent.; manganese, 0.591 per cent.

The analysis stamps the steel as a quite ordinary grade of (probably) 
Bessemer metal, and on the analysis alone it would be rejected for use in 
any important place; but the specification mentioned would per nit its use 
for any purpose, as that specification ignores both chemistry i.nd process 
of manufacture. The writer believes more poor steel has probably been put
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into American bridges under that specification than under any other ever 
written, and the reason why it does not more often show itself in failures 
is because manufacturers generally make a much better quality of steel 
than that specification would permit the use of. There is, fortunately, a 
limit to poverty in steel beyond which it does not pay to try to make it. 
When more than a certain percentage cannot be run through the rolls whole, 
the cost of such of the product as can be finished more than offsets the 
saving in the use of cheap stock. The tendency in steel making, too, is in 
the direction of continued improvement in its quality, and most manufac
turers nowadays habitually turn out a pretty fair grade of metal, so that 
the purchaser under such a specification as is mentioned generally gets now 
a much better article than he calls for.

The author’s experiments on the relative value of angle irons connected 
by one and by both legs are in accord with facts long known to those 
familiar with riveted construction. A good many modern specifications 
stipulate that angles must always be fastened by both legs or the section 
of one leg only be considered as available for stress. If it were true, or even 
approximately so, that the strength of an angle iron fastened by one leg is 
that of this leg only, a great many old riveted bridges would have broken 
down long ago, but they persistently refuse to collapse and verify the 
theory.

The author's design for an elevated structure is, on the whole, a distinct 
advance over all previous efforts in that line, and the care and study ex
pended on the subject have resulted in a structure which apparently 
leaves little further improvement possible. The use of solid web girders 
instead of open web, the large and substantial knee braces at tops of 
columns, the scientific arrangement of the lateral bracing and the propor
tioning of columns and anchorages to withstand all possible horizontal as 
well as vertical loads, are particularly good features; and the writer ven
tures the prediction that future elevated roads will be largely modeled after 
this one.

The proposed design for an ornamental structure for city streets is a 
generally beautiful and tasteful design, unfortunately not likely to be 
realized in practice soon. There is one feature about it which the writer 
does not admire, namely, the making of the outlet for drain pipes through 
animals’ mouths. The representation of a beast’s head in the act of vomit
ing is not a pleasing spectacle.

By E. H. Connor, Assoc. M. Am. Soc. C. E.

The stresses used in the various members under varying conditions, and 
the unit prices assumed in the comparative designs, and their costs, are nil 
omitted in the paper. The several points mentioned from A to P should, 
without doubt, receive due consideration, but the author does not state when 
he deems the columns “properly designed to provide sufficient strength.” 
etc. The same may be said of many of the other articles. As all elevated 
railroads in Chicago are having a hard time financially, economy must b- a



/:/./:!linn RAILROADS.

very important factor in a design for that city. Certainly safety must not 
be sacrificed at any cost, but too much money should not be spent to over
come non-injurious vibrations. Vibrations are inherent in all metallic 
structures, and should simply be kept within proper limits.

The longitudinal girders used on the Northwestern Elevated road have 
been carefully designed and are well braced. Lattice girders are more pleas
ing in appearance, and admit more light to the street beneath. They are 
not so satisfactory for rigidity and maintenance as plate girders. The cost 
for 50-foot spans is about the same. The columns used on the same road 
were very difficult and expensive to manufacture on account of the large 
plate, over 6 feet square, with sectors cut out of the lower corners, on account 
of the connection taking the longitudinal thrust, with its irregularly cut 
plates, and on account of the many parts, over seventy in each column, 
which required the columns to be handled several times in assembling and 
riveting.

It is proper to allow high unit strains in the metal when the live load, 
dead load and bending moment are all considered ; 15,000 pounds per square 
inch would not be too much for medium steel columns on a tangent. The 
longitudinal thrust due to an application of brakes on the entire train is 
distributed by the rails, floor and girders over a considerable length of the 
structure. If it is considered distributed over a distance equal to twice the 
length of the train, and carried by the columns within that distance, the 
longitudinal vibrations would be confined to small limits.

Columns of more pleasing appearance and sufficient rigidity can be built 
more economically of 15-inch channels, flared at the end to receive the 
stringers directly without cross girders, than those adopted by the author. 
The channels may be strengthened near the base by angles when it becomes 
necessary in long columns.

The maximum fiber stress due to the Northwestern loading, longitudinal 
and transverse bending, assuming the longitudinal thrust to be two tenths 
of the entire weight of a train 200 feet long, and distributed over 320 feet, 
or 8 bents, in a column 16 feet high built of two 15-inch, 33-pound chan
nels would be about 12,500 pounds per square inch, a perfectly safe stress. 
The sectional area of this column is less than that of the one used, and no 
longitudinal tower bracing is required. The saving in columns and cross- 
girders would be considerable. Such columns have been in use in New York 
for many years, and are to-day satisfactorily performing their duties, 
though the vibrations are excessive, some of the details poor and the amount 
of care given them very small.

The rigidity could be increased by altering and strengthening the de
tails. Longitudinal brackets riveted to the columns and bearing against 
stiff cross frames between the stringers could be introduced. The writer 
sees no reason, however, for discarding entirely the main features which 
are economical in material and shop labor.

The writer is glad to see the firm stand taken by the author in regard 
to punching and reaming rivet holes, and is sorry to note that facing the 
end angles of the longitudinal girders, almost equally desirable, was not 
required. The additional cost is very small. Such workmanship decreases 
the factor of ignorance as to existing conditions and permits the use of 
higher unit stresses.
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By Henry W. Hodge, M. Am. Soc. C. E.

The paper will undoubtedly be of great advantage in improving the 
general designs and details of elevated railroad structures, though it is to 
be hoped that American cities are not to be afflicted with any large amount 
of such work. Aesthetics in an elevated railroad is, in the writer’s opinion, 
purely a matter of imagination, and such structures cannot but be unsightly 
and ruinous to the appearance and comfort of any city street.

The writer cannot agree that it is advisable to reduce the ultimate stress 
on basic steel to 61,000 pounds, nor has it been his experience that basic 
steel is less uniform in quality than acid. The material for the Duluth 
and Superior Bridge was ordered under the following specifications: Ulti
mate, 63,000 to 70,000 pounds; elastic, 55 per cent, of ultimate; elongation 
in 8 inches, 22 per cent.; reduction, 40 per cent.

The use of either acid or basic steel was allowed, except that acid was 
required for eyebars. The acid was not to contain more than 0.08 per cent, 
of phosphorus, or the basic more than 0.04 per cent, of phosphorus. No dif
ficulty was experienced in getting material of these qualifications, nor did 
the manufacturers object to it as difficult to make, and the amount of 
material rejected for failing to come up to these specifications was so small 
ns to be hardly worth consideration. There were about 1,000 tons of acid 
steel and 2,000 tons of basic steel, and the maximum and minimum values 
obtained from all specimen tests, including the tests on material rejected,
were as follows:

Acid Steel. Basic Steel.
Ultimate ...................... 58,710 to 74,840 51,780 to 76,700
Elastic ........................... 31,500 to 46,660 32,600 to 49,100
Elongation in 8 ins.. 14.5 p.c. to 34.5 p.c. 17.5 p.c. to 33 p.c.
Reduction ................... 25.6 p.c. to 63.7 p.c. 31.7 p.c. to 65.3 p.c.
Phosphorus ................. 0.018 p.c. to 0.08 p.c. 0.007 p.c. to 0.036 p.c

Considering there was twice as mtich basic as acid material, the writer 
thinks these results show basic steel to be not less uniform than acid. Of 
course, these values are all extremes from a very large number of tests, 
and in some cases are caused by hard or soft spots; so while they may not 
show the average character of the material, they at least show what extreme 
variations may be found in a large amount of material.

In this structure the metal for the wheel treads of the turntable was 
required to fill the following specification: Ultimate, 70,000 to 80,000 
pounds; elastic, 50 per cent, of ultimate; elongation in 8 inches, 20 per cent.; 
reduction, 35 per cent.

The results of tests on basic steel were: Ultimate, 70,980 to 72,050 
pounds; elastic, 47,240 to 49,150 pounds; elongation in 8 inches, 24.5 per 
cent, to 27.5 per cent.; reduction, 50.9 per cent, to 55.2 per cent.

As such a grade of basic steel can be made without greatly increased 
cost, the writer sees no reason for puting the ultimate so low as 61,000, and 
would advocate from 63,000 to 70,000 pounds. In the enumeration in the 
paper of faulty details, it seems to the writer that a number are not det tils 
at all, but main principles, as the designer who does not use sufficient brac
ing between longitudinal girders, or put sufficient rivets in joints, or pro-
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portion the chords of girders for bending as well as direct stress, or propor
tion columns for the horizontal as well as vertical loads, or use bases large 
enough to carry the loads under columns, is not worthy of the name of en
gineer. These and several other so-called details are such elementary mat
ters, now so generally attended to, that it is certainly useless to call any 
reputable engineer’s attention to them.

The writer thinks it unnecessary to increase the theoretical number of 
rivets in a member, if such number is small, for fear one may be loose, as 
such a possibility should be guarded against by setting proper valuations 
on rivet-bearing and shearing. If one started to ‘‘guess” how many extra 
rivets should be allowed t each joint, why trust to figures at all? Gravity 
lines should intersect in a point, of course, to prevent torsion on the riveted

Nor does the writer see any reason why lacing should not be relied on 
to carry horizontal thrust in the column, as the lacing is generally on each 
side of the column, and in most cases has two rivets in each lattice, so it 
will be necessary for four rivets to be loose instead of one, as stated in the 
paper, to destroy the efficiency of the lattice. The necessity of giving away 
material to avoid any such improbable contingency is difficult to see. As to 
aesthetics, the writer believes that most engineers had by all means better 
call in an experienced architect to give assistance in su"’- matters, as he 
thinks such a ma i’s idea would doubtless be a great improvement on the 
one suggested.

By Bernt Berger, Assoc. M. Am. Soc. C. E.

The author states that the results of his examination of previously con
structed elevated railroads amount simply to the accumulation of a great 
mass of information exemplifying “how not to do it.” It appears, however, 
ns if he has consciously or unconsciously made use of several features of the 
older systems of elevated railroads.

In all the early elevated railroad structures in New York the columns 
were anchored to the foundations, and the anchor rods were run through to 
the bottom and not stopped off in the middle of the mass. The writer does 
not mean to say that such anchorage is necessarily a point of excellence, but 
the idea is an old one. The rigid connection of the cross girders to the posts 
was used as early as 1878 in the City Hall branch of the elevated railroad in 
New York. Here the columns are formed of two 15-inch channels latticed 
and inserted into deep pedestal castings, which are anchored to the founda
tions. One channel is cut off under the bottom flange of the cross girder, 
which rests on it, and the other channel extends to the top flange of the 
girder and is riveted to its vertical end angles. Theodore Cooper, M. Am. 
Soc. C. E., who had charge of this work during its construction, copied this 
detail in his design of the elevated structure for the Pittsburg Junction Rail
road in 1883, and the same method of connecting the cross-girders to the 
columns has been used in several other elevated railroad structures.

In Fig. 35 is shown a rigid connection of cross-girders to columns, 
where the former overhang the latter, employed by Mr. Cooper in his design 
for the Suburban Rapid Transit Railway in New York in 1886. The chan
nels of the columns are cut off under the bottom flange of the cross girders,
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a batten plate extended up on each side of the girder to which are riveted 
two angles which again are riveted to web-stiffening angles on the girder. 
This top connection gives all the required rigidity to the structure. The 
foot of the columns is not anchored to the foundation, but rests on a cast- 
iron pedestal which raises it above the dirt and moisture of the street. The 
same cut also shows the expansion pocket. The pocket is particularly strong 
in the girder seat, the vertical webs of the channels precluding any pos
sibility of undue yielding of the seat and working of the rivets.

Fig. 36 shows the expansion pocket for the railroad stringers of the 
Asylum Street improvements at Hartford, Conn. This elevated railroad
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structure was built in 1888, is about 670 feet long, in part on a curve, and 
carries four tracks and three platforms. It was designed for Class A of 
Mr. Cooper’s specifications. The pocket is a very strong and rigid one. the 
side plates and angles having been extended the full depth of the cross 
girder. In the same structure stiff transverse sway bracing was used.

Both expansion pockets are provided with |-inch safety bolts to pre
vent any possibility of the contraction of the structure under falling tem
perature becoming concentrated at any one pocket.

The introduction of braced towers is admirable, and it is the autho s 
good fortune that his structure was so located as to permit it. The wri er
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is in accord with him in his strong plea for reaming of riveted members, 
which reaming must, however, by no means be understood to do away with 
careful work in punching.

By Walter T. Smith, Jun. Am. Soc. C. E.

The writer, who was connected for over two and one-half years with the 
Wabash Avenue extension of the Lake Street road and with both the North
western and Union Elevated construction, touches on the following features,
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not in a spirit of criticism, but rather that some views contrary to those 
of the author may be noted and corrected if wrong.

The first subject is the radical change over other elevated road con
struction in the introduction of tower spans, 23 feet 6 inches center to 
center of columns, braced both longitudinally and transversely to the 
column foot, as shown in the details. The reason given for this is the fact 
that express trains are to be run over the surface at a rate of 40 miles per 
hour, making this condition necessary to take the traction force due to the 
braked train. This assumption was made, evidently, owing to the fact 
that every fourth span has an expansion joint, thereby making it impos
sible to direct this longitudinal force into more than four spans or sixteen 
columns at one time, or at least during the period of maximum stress. This 
would be true without doubt were the structure proper only to be taken into 
consideration, buf this view does not show all the facts of the case.
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The maximum condition of stress is due to a loaded train consisting of 
one motor car and three trailers, weighing in all about 180,000 pounds, 
running at the rate of 40 miles per hour. It is found necessary to stop 
this train in the least possible time. By knowing the distance which the 
train travels after brakes are applied and the time necessary to bring it to a 
stop, the calculation of the force of traction or thrust could be made without 
difficulty. This whole force would be applied to a single section between 
two expansion joints, owing to the fact that the train length is about 150 
feet, while the distance between the expansion joints is, at times, more, 
were it not for the deck work, and this changes existing conditions totally. 
In each track system there are four guard rails and two running rails. 
These six rails form the structure into a mass in such a manner that if a 
strain is put upon any part of the deck, it is carried over a large extent of 
its surface. It is true that the space for expansion of the running rail 
would tend to cause a sliding of that rail were any considerable longitudinal 
strain put upon it.

In case this sliding does occur, the friction of the spike and tie bearing 
will convey the thrust into the tie, and from there it must either be taken 
up by the tie bearing of the girder or by the guard rail. Reason would cer
tainly denote the latter, for the ties and guard rails are bolted together in 
such a manner as to render it impossible for one to act without the other, 
while the connection between the tie and the girder is not by any means a 
complete one, for if such were the case, expansion of the metal would injure 
the alignment of the deck. This last statement is true to a greater extent 
of the roads in question than on the Metropolitan Elevated of Chicago, for 
that road has bolted all ties to the flange of the girder while the North
western and Union Elevated use hook bolts on each second tie only.

The conclusion drawn from these conditions is that the stress due to 
braked trains is not conveyed, to any extent, to the columns. It would be 
unreasonable to say that this stress does not affect the columns at all, for 
the fact that the longitudinals and columns are riveted together makes it 
impossible for one to act without some effect on the other. At the same time 
no bending can be produced upon the column, for it is counteracted by the 
deck. Were the longitudinals made continuous for long distances and the 
only connections with the columns were by bearing plates or rolls, so as to 
leave absolutely no resistance but that of a body at rest, there would be no 
direct longitudinal motion. This would have a tendency to aggravate the 
transverse stress greatly, in that it would be continuous, and for that reason, 
if no other, the author’s idea of carrying the columns to the full height of 
the structure is to be commended.

A point of contention might be as to whether the mass of the structure 
is in stable or unstable equilibrium. The fact that a large body is sup 
ported by a column of small area in proportion to its size, or a number of 
them, does not make it unstable, provided the forces acting upon that body 
do not tend to move it to a sufficient extent that its own weight is added 
to the forces already employed. Were the action of the train large enough 
in proportion to the structure affected to produce a tendency in the mass 
of the steel to move in the direction that the train travels and thereby lend 
its own weight to the force of the train, the bending of the columns would 
be severe. This is not, however, within the bounds of reason and can be 
at once dismissed. It will be assumed that the action of this longitudinal
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thrust is wholly taken up by that portion of the structure upon which the 
train runs, that is, upon two of the longitudinals with the deck. This 
assumption is greatly on the side of safety, for the design of the structure 
makes it impossible to strain this one-track system without affecting to 
some degree the other three, and especially that on the same side of the 
center. If the force is confined to this single track, however, and its action 
does not extend more than twice or three times the length of the train in 
either direction, there is a weight equal to three times that of the train 
which must needs be set in motion before bending can occur. Were it pos
sible to design a column section in any case, which would carry the load 
due to compression, without longitudinal strength, then some metal might, 
in this case, be necessary to withstand any light stress caused by thrust. 
This being impossible, however, the conclusion is drawn that any metal 
used in any part of the structure to withstand horizontal thrust in a 
longitudinal direction is superfluous and a needless expense. This same 
rule could be applied to the transverse bracing of the towers in a four-track 
structure. The force of impact is not severe, and the width of the structure 
makes it perfectly stable. This in no way applies to lateral systems used 
to stiffen girders, or to cross frames.

The question as to what construction of guards is the most useful seems 
to be one of great importance and interest to all who are concerned in any 
way with elevated roads. On the lines under consideration a 6 x 6-inch 
inner guard is used, while the outer one is 6 x 8 inches. Would not a 6 x 8 
inch be better for the inner rail? Without doubt, it is the more important of 
the two, and should the car jump the track, more lifting power would be 
necessary to carry it over the high rail than the low. It is true that in case 
of a blow the high rail would be more likely to split than the low, yet it 
would seem very doubtful if a blow of that severity could be produced on 
the inner rail, which is but 4 inches from the track rail.

The outer guard to a large extent is a matter of sentiment. Its only 
practical use can be that it stiffens the outer ends of the tie and might in 
that way prevent a wreck. Could the outer guard be placed far enough 
from the track rail to allow the entire right wheel of the car to pass over 
the inner guard before the left wheel struck the outer guard, its practical 
use would be established. As this is not possible in present construction, 
the matter need not be discussed. The outer guard, however, lends an ap
pearance of security for the traveling public which possibly warrants its use.

By Lee Treadwell, M. Am. Soc. C. E.

Few engineers will deny the fact that an elevated railroad should be 
built, not only to carry the assumed live and dead loads, but also to resist 
the longitudinal thrust of braked trains, the centrifugal force of moving 
loads on curves, and a lateral force on tangents due to wind pressure and the 
oscillations of moving trains. At the same time, however, each designer 
will probably have his own ideas as to how the longitudinal forces should 
be distributed. Judging from most of the elevated roads now in existence, 
it would seem that the general practice has been to assume that the track
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and guard rails make the structure continuous o*,er the expansion joints, 
and therefore, that the longitudinal thrust of braked trains is distributed 
over a long stretch of track. It is true that the track and guard rails do 
give to the structure a certa.n amount of continuity, but it is an uncertain 
factor and should not be counved upon, except in special cases. The author's 
method of treating that portion of the structure between expansion points 
as entirely independent and separate, and in designing it to resist all the 
forces that can be applied between those points, is undoubtedly to be com
mended; in fact it would seem to be the most scientific way of solving the 
problem. Granting, however, that so far as strength is concerned, the 
track does make the structure continuous, the author’s method would still 
be preferable, for it leads to the attainment of one of the most desirable 
qualities in an elevated railroad, namely, that of rigidity.

Again, few will question the author's statement that an elevated rail
road should be built with the same degree of excellence in respect to quality 
of material and workmanship as that of any railroad bridge, and he is 
probably not going far when he intimates that it might be well to make 
the details and conm s even more nearly perfect in the former than in 
the latter. The reason îor this is, as stated in the paper, that a railroad 
bridge will generally receive its maximum live load at comparatively long 
intervals only, while in the case of an elevated railroad the assumed maxi
mum live load may be applied many times a day. Another reason why the 
greatest care should be taken in detailing an elevated railroad is that owing 
to the frequency of the trains, it is in an almost continuous state of vibra
tion and tremor, which tends to work the connections loose and weaken the 
structure.

In respect to the use of “unreamed soft steel at a low intensity of work
ing stress, or reamed medium steel at a higher intensity,” the author shows 
his good judgment in his final decision to use medium steel throughout. If, 
however, it be claimed that rigidity is one of the essential qualities of an 
elevated railroad, it must be admitted, also, that the use of “soft steel at a 
low intensity of working stress” has at least one advantage over “medium 
steel at a higher intensity.” The advantage depends on the difference in 
the unit strains used, for, ns the elastic co-efficients of the two metals are 
equal, the deflections and consequent vibrations will be in direct proportion 
to the fiber strains used in designing. It necessarily follows, therefore, 
that, everything else being equal, the lower the unit strains used, the more 
rigid will be the structure.

It is also claimed by some engineers that soft steel is better suited than 
medium steel to resist suddenly induced strains; and for short-span bridges 
in particular, the use of the softer metal is urged. The author himself half 
admits these claims to be well founded. Then, if it be true that the nature 
of soft steel is such as to make that metal more reliable than medium steel 
under shocks of greater or less intensity, it would only seem proper under 
those conditions to strain the two metals about alike, up to, say, 8,000 or 
10,000 pounds per square inch, assuming that the advantage gained in the 
softer quality of one metal is sufficient to offset the greater elastic limit ol 
the other. If it be taken for granted, also, as claimed by many manufac 
turers, that the reaming out of the cracked metal around punched rivet 
holes does not materially increase the strength of the section, and especially 
its elastic limit, then soft steel would seem to be an ideal metal for a
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elevated railroad, and there would undoubtedly be a considerable saving in 
cost by using it in preference to reamed medium steel.

In the writer's opinion most of the advantages claimed for soft steel 
are entirely problematical, and, except for special purposes, he does not 
advocate its use. In point of endurance it lias been pretty well demon
strated among mechanical engineers that soft steel is far inferior to a 
higher carbon metal; and there seems to be no good reason why civil en
gineers should not profit by the experience of their mechanical brethren. 
Take, for example, car axles, crank shafts, piston rods, and steel rails—how 
is it that they manage to stand up so well when strained in almost every 
conceivable wayP Does not the chief reason lie in the fact that they have a 
high elastic limit and ultimate strengthP That is certainly the most plaus
ible explanation. It may be claimed that car axles and crank shafts are 
made of a better quality of metal, which is improved by forging; but, how
ever that may be, the same can hardly be said to be true of steel rails, for 
they are rolled from Bessemer steel, and have an elastic limit usually not 
below 50,000 pounds per square inch. It would seem to follow, therefore, 
that, other conditions being the same, the capacity of steel to resist in
definitely the application of externally applied forces without injury to 
itself is measured by its elasticity. The higher the elastic limit, the greater 
are its resisting powers and the longer will be its life.

Why, then, it may be asked, is soft steel so often called forP One 
reason is, that some engineers believe it more nearly approaches the nature 
of wrought iron, and that it is, therefore, more suitable for short-span 
bridges; in other words, that it is more reliable than medium steel under 
shocks and suddenly induced strains. As before stated, these claims do not 
seem to be thoroughly founded on facts. Actual experience with both 
metals under heavy strain, especially in the field of mechanical engineering, 
where the wear and tear is more easily observed, is constantly adding proof 
of the inferior quality of soft steel as a durable and serviceable metal.

Another and probably more important reason why unreamed soft steel 
is so widely favored is due to two facts; first, it is cheaper pound for pound 
than reamed medium steel; and, second, most manufacturers favor its use 
because it is claimed to be easier to make and easier to manipulate in the 
shop. Taken as they come from the rolling mill, there is practically no 
difference in the cost of the two metals, but in the shop it must be admitted 
that the softer and more pliable a metal is, the easier and less expensive are 
the operations of straightening and punching. The difference in manipula
tion is so slight, however, that most manufacturers will bid the same pound 
price on unreamed work whether it be of soft or medium steel. Neverthe
less, pay the contractor the added cost of straightening, punching and ream
ing, and he would still rather use soft steel and punch the rivet holes full 
size, simply because the operation of reaming retards the progress of work 
in the shop, while his interests require that it be pushed through in the 
shortest time possible. It is a business proposition that no contractor can 
afford to ignore in these days of strong competition, especially when there 
is a large demand for work to be delivered in a limited time. If the manu
facturer be paid for the extra work of sub-punching and reaming, it is not 
clear why he should oppose it on any other grounds than that it reduces the 
output of his shop. Conditions are changing somewhat, though, and fewer 
objections to reaming are heard now than formerly. Most of the leading
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bridge companies are well equipped for drilling and reaming, and they are 
still making improvements in their equipment along that line. The chief 
engineer of one of the larger companies told the writer recently that the 
reaming capacity of his shop was about equal to its riveting capacity.

How much cheaper is the finished product of unreamed soft steel than 
reamed medium steel? According to the author, the cost of reaming varies 
from one-tenth to two-tenths of a cent per pound. To illustrate further, 
suppose bids to be invited on 1,000 tons of structural work erected and 
painted, first, on unreamed soft steel; and second, on reamed medium steel. 
The bidders would make less than 10 per cent, difference in the pound prices 
for the two metals. The author states, also, that reamed medium steel may 
be strained 10 per cent, higher than soft steel. Some specifications allow 
15 per cent, difference. The author’s statement, therefore, that “as far as 
the total cost is concerned, it is immaterial whether unreamed soft or reamed 
medium steel be used,” is rather conservative than otherwise in favor of 
the latter metal. Then there still remains in favor of medium steel the ad
vantage gained in the superior workmanship due to reaming; such, for 
instance, as the perfect matching of rivet holes in the main members and 
the consequent better fitting of all the parts. It is self-evident that the 
more nearly perfect the joints and connections of any structure are fitted 
together, the more rigid and durable it will be.

By soft and medium steel, the writer refers to metals having average 
ultimate strengths of 56,000 and 64,000 pounds per square inch, re
spectively. It may be added that no such distinction is observed by the 
majority of rolling mills. With them the limits govern rather than the 
averages called for in the specifications. In specifications for soft steel the 
ultimate strength is generally limited to 60,000 or 62,000 pounds per square 
inch, while for medium steel it is generally required that the ultimate 
tensile strength shall be not less than 58,000 to 60,000 pounds per square 
inch. Here there is a maximum overlap of 4,000 pounds per square inch. 
The engineer who wrote the specifications for soft steel could not be per
suaded to change to medium, and the designer who called for medium steel 
would be highly indignant if asked to accept the softer metal instead. The 
truth of the matter is. however, that many of the mills are daily filling 
orders for both specifications from practically the same grade of metal. Its 
ultimate strength averages from 58,000 to 62,000 pounds per square inch, 
and as the limits of neither specification are transgressed, both the en
gineer and the designer are well pleased with what they get.

This practice on the part of the rolling mills of striking an average 
between soft and medium steel, rather than any lack of uniformity in the 
basic open-hearth product, is possibly responsible for the facts which led 
the author to state, that “the reports of the company’s inspectors indicate 
that the basic steel is not quite so uniform in quality as the acid; and that 
it may prove advisable in future specifications for basic medium steel to 
reduce the average ultimate stress limits from 64,000 to 61,000 pounds per 
square inch.”

Excluding metal rolled for rivets, it is probably safe to say that 90 
per cent, of the soft and medium steel rolled at the present time for struc
tural purposes has an ultimate strength between the limits of 56,000 and 
66,000 pounds per square inch, a range of only 10,000 pounds which some 
manufacturers claim should be allowed.

fc
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It is possible, then, that authors of specifications are splitting hairs and 
quibbling over the difference between soft and medium steel to no purpose. 
It is to be hoped that such is not the case, but it must be confessed that 
there is some ground for such a declaration. Why not adopt a single stand
ard at once and be done with it? There are three courses open; first, accept 
and be contented with the present imperfect system ; second, retain the dis
tinction between soft and medium steel, but require that the metal furnished 
shall have an ultimate strength equal to that called for in the specifications, 
and not an average 2,000 or 3,000 pounds above or below; third, abandon 
the distinction between soft and medium steel, and adopt, for all general 
purposes, a uniform metal of the highest grade the manufacturer can make 
consistent with the cost, regularity and reliability of the product. At 
present, an average ultimate strength of from 60,000 to 62,000 pounds per 
square inch would probably be about right. It would be necessary, of 
course, to continue to make rivets of soft steel; and for very long span 
bridges it would be advintageous to use a higher grade of steel, having 
an ultimate strength of, nay, 62,000 to 70,000 pounds per square inch, even 
if the cost should be increased somewhat.

If it were proposed to abandon the present distinction between soft and 
medium steel, there would probably be a vigorous protest from the en
gineering profession in general; but. however that may be. much may be 
said in favor of a single standard for structural steel. In the first place, 
the difference between the ultimate strength of such a standard and the 
ultimates now called for in specifications for soft and medium steel would 
be insignificant when reduced to the corresponding working stresses, espe
cially when it is remembered that authors of specifications differ greatly in 
the unit stresses allowed in designing.

Again, if a single standard were adopted, the manufacturer would doubt
less feel disposed to improve his metal in the direction of a higher elastic 
limit, and at the same time preserve its uniformity and toughness; but so 
long as he is required to make both soft and medium steel upon specifica
tions that overlap, so long will the metal produced be neither soft nor 
medium steel in the strictest sense, but an approximate average between the 
two. Then, too, if the manufacturer were required to make only one grade 
of metal, it would naturally be more uniform and regular in quality, which 
would tend, also, to decrease the cost of manufacture slightly.

In speaking of the relative merits of acid and basic open-hearth steel, 
the author states that “the reports of the company’s inspectors indicate 
that the basic steel is not quite so uniform in quality as the acid.” During 
the last two or three years it has been the writer’s privilege to spend con
siderable time in the shops of some of the leading bridge companies, and, 
in addition to observing closely the various manipulations the metal must 
undergo before it is finished ready to ship, he has conversed more or less 
with those who are familiar with the conduct of the metal at every stage 
of its manufacture. The information gained in this way, added to the 
results of the testing laboratory, tend to convince him that the product of 
the acid open-hearth furnace is somewhat superior to that of the basic fur
nace, notwithstanding the claims of some of the manufacturers to the con
trary.

In the first place it is perfectly rational that acid steel should be better, 
for it is more homogeneous in its molecular construction. When properly
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manipulated, it does not require to be recarbonized. Basic steel, however, 
is first run very low in carbon so as to reduce the amount of the impurities 
in the metal, and especially to lower the percentage of phosphorus. It is 
then recarbonized, and to perform that operation so as to obtain a thorough, 
complete and even distribution of the carbon throughout every particle of 
25 tons of metal in one mass is practically impossible. It must be admitted, 
though, that such a high degree of perfection has been obtained in this 
direction that it is exceedingly difficult to distinguish the two metals in the 
ordinary laboratory tests. If a large number of full-size members were 
tested to destruction, it is possible that the difference would be more notice
able. For instance, in the test to destruction of full-size eyebars of con
siderable length, it has been observed that the stretch as measured foot by 
foot is noticeably more uniform in the case of acid than in that of basic 
open-hearth steel. This fact alone would seem to prove that the former 
metal is more homogeneous than the latter.

With respect to the different melts or heats, however, it is believed that 
basic steel can be made just as regular in quality ns the acid product, and 
possibly more so. The reason for this is the fact that in the case of the former, 
the quality of the metal can be regulated in the furnace by reducing the 
percentage of the impurities, and then by reintroducing the proper amount 
of carbon ; but in the case of the latter, the quality of the metal depends on 
the purity of the stock charged into the furnace. In fact, owing to the 
oxidation of a certain portion of the iron, the percentage of the impurities 
in the final product is greater than in the original stock or scrap. About the 
only thing that it is attempted to regulate in the acid furnace is the per
centage of carbon, but if it is run too low in the finish and has to be re
carbonized, the product is inferior to basic steel. Probably the best quality 
of acid steel is that made from basic scrap containing small percentages of 
sulphur and phosphorus, with enough pig iron added to regulate the carbon. 
In one sense, therefore, acid steel is basic steel refined.

Reasoning along these lines, and not forgetting the results of the testing 
laboratory, it is difficult to understand how it is possible to produce basic 
steel superior to or even equal in quality to acid steel, provided the same 
degree of care and precaution is observed in the manufacture of both metals.

Assuming that acid steel is somewhat better than basic, it is largely a 
matter of cost whether the difference is great enough to warrant any decided 
preference being given the former. Acid steel being made principally from 
selected scrap, its first cost would be considerably increased if there was a 
large demand for it in preference to basic steel. In view of this fact alone, 
it is probably more economical in the end to use the basic product, especially 
if the ultimate strength required is not greater than 65,000 pounds per 
square inch. For metal with an ultimate strength above 65,000 pounds per 
square inch, the writer would give a decided preference to the acid product.

When it comes to sub-punching and reaming in general, much may be 
said pro and con. It is a subject on which there will always be a difference 
of opinion among engineers and manufacturers. The writer agrees with 
the author that it is just as essential to ream soft steel and wrought iron as 
it is to ream medium steel; for, so far as the elastic limit of the metal is 
affected, one is injured by punching, relatively, about as much as the other. 
Then, too, it is almost impossible to make long rivets fill punched holes 
completely, even when the greatest care is taken in heating and driving the
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rivets. Where the rivets are short, they can be made to fill the holes quite 
well, if properly heated.

The metal-work with the rivet holes punched 1, inch less than the 
diameter of the cold rivet and reamed to the required size after the several 
parts have been assembled, or to cast-iron templets, is better than work 
with the holes punched full size and often badly matched few will deny, but 
whether it is always better to the extent of the added cost of reaming is a 
very different question. The writer is in favor of sub-punching and ream
ing, and particularly so when applied to heavy and important structures, but 
he does not deem it essential to ream “all metalwork.” That high standard 
of perfection in workmanship might be very desirable, but owing to eco
nomic considerations, he believes there is a large class of light work in 
which it is perfectly allowable and even advisable to omit sub-puncliing and 
reaming, at least in those cases where the metal does not exceed v inch 
in thickness, and where the rivets pass through only three or four thick
nesses of plate.

It is not practicable to lay down an inflexible rule governing sub
punching and reaming. Each designer will have to depend on his own 
judgment in the matter, being guided at the same time by the importance 
of his structures and the funds at his disposal; but in case of doubt, his 
decision will always be a sale one if cast in favor of the higher grade of 
workmanship.

Probably the most valuable feature of the paper is the illustration, 
description, and estimate of the weight and cost per lineal foot of each of 
the thirteen designs worked out by the author. It is interesting to follow 
the comparison made between the different styles of construction, and to 
note that the best form, namely, that with braced towers, is the cheapest. 
One noticeable feature of all the designs is the ample provision of bracing 
to prevent secondary stresses due to longitudinal and transverse forces. 
When tower bracing is used, the necessity for fixing the tops of the columns 
in the direction of the longitudinal axis of the structure is not apparent. 
Such a fixed condition of the column only augments the temperature stresses 
without gaining anything in point of strength or rigidity. When the tower 
bracing cannot be used, however, it is certainly advantageous to fix the 
columns at both top and bottom.

Another noticeable feature of the author's design is the extension of 
the columns up to the top of the transverse girders. Whatever may be 
said against this practice, it certainly has the advantage of greater strength 
and rigidity. The sections of the columns themselves could hardly be im
proved upon, at least so far as strength and rigidity are concerned.

By Charles V. Weston, Esq. *

The importance of maintaining a high standard in respect to details and 
workmanship for elevated railroad construction cannot be overestimated, 
and the writer fully concurs in the author’s statement that an elevated 
railroad structure is just as important as any railroad bridge ever built, 
because the live loads are frequently applied, and the assumed maximum 
loads very nearly reached many times each day. The elevated railroad

♦Chief Engineer, Northwestern Elevated Railroad.
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designer should seek to obtain a structure combining the greatest possible 
rigidity, with economic distribution of metal. This cannot be accom
plished except by the most careful detailing and excellence of workman-

Sub-punching and reaming of rivet holes has been rigidly enforced 
throughout the Northwestern and Union Elevated Railroad work, and the 
results as indicated in the completed structure have removed from the 
writer’s mind any doubt which may have existed with respect to the ad
visability of specifying and enforcing sub-punching and reaming for ele
vated railroad work. Reaming is the only method which will insure an 
exact coincidence of the rivet holes in the component pieces of the various 
members of the structure.

The author’s statement in regard to the bearing power of Chicago soil 
seems to the writer to be misleading, and tending to leave the impression 
that the foundations for the Northwestern and Union Elevated Railroads 
were designed and constructed for a unit load upon the soil of 1 ton per 
square foot. The writer has had much experience in excavating and build
ing foundations upon the soil underlying Chicago, and he has seldom en
countered, except near the banks of the river, a soil which would not safely 
support a load of 3,000 to 4,000 pounds per square foot. At least two- 
thirds of the Northwestern Elevated Railroad line is located through a 
sandy district where the soil would safely support loads of 8 tons to 10 tons 
per square foot. Through this sandy district the foundations were propor
tioned for unit pressures of 3,500 to 5,000 pounds per square foot, the actual 
cost of foundations being greatly reduced below the estimated cost.

Every feature of the detailing of the Northwestern and Union Elevated 
Railroad structures has been very carefully considered, and the result in 
respect to rigidity of structure and economic distribution of metal is very 
satisfactory. If the writer were called upon to participate in the design and 
construction of another elevated railroad, he would not deviate from the 
principles which have been followed in the design of the Northwestern and 
Union roods in Chicago. One detail of these designs he would change, viz., 
the position of the top chord of the longitudinal girders, with respect to the 
top chord of the cross-girders. As shown on the drawings, the top chord of 
the cross girders projects from 1$ to 3 inches above the top chord of the 
longitudinal girders. This detail seriously interferes with the uniform 
spacing of the track ties, and will increase to some extent the difficulties of 
renewing the track. Track girders should project at least 1 inch above 
cross girders, which insures absolutely uniform spacing of the track ties. 
When one reflects on this subject it is seen that the entire structure of an 
elevated railroad, from the foundation to the top chord of the track 
stringers, is expressly built for the purpose of obtaining a perfect track, and 
the importance of preparing an absolutely unbroken surface for that track 
is apparent.

By G. Lindenthal, M. Am. Soc. C. E.

Three points occur to the writer in reading the paper. They are in con 
nection with the stairways, station platforms and the aesthetic considéra

The subject of proper stairways does not fail to impress itself forcibly 
on every passenger. To the writer’s knowledge there is not in this country
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a single elevated railroad, including the one that the author designed, of 
which the stairways are proportioned with thought of real comfort in as
cending or descending them. The daily blockades in the stations during the 
rush hours testify to it. The cause for them is plain. The average person, 
leisurely walking on the level, covers about 30 inches with each step. To 
prevent a blockade, that horizontal velocity should be maintained on the 
stairway during the descent or ascent of about 20 inches, equal to about three 
stairway steps. The leg motion for that purpose would have to be three 
times as fast on the stairway as on the level, involving some athletic skill of 
which the average passenger is not possessed. Hence the blockade. The 
proper remedy for it is to make the stairway three times as wide as the 
passage at the top leading to it, so that the crowd on descending can spread 
out sideways. The broadest stairway should always be provided for. It 
should not be more steeply inclined than in the proportion of two horizontal 
to one vertical. A very convenient proportion is 64 inches rise to 13 
inches tread. On all the elevated railroads the stairways are much too 
steep, and in wet and frosty weather positively dangerous.

One of the worst examples of badly proportioned stairways was in the 
first elevated Broad Street Station of the Pennsylvania Railroad in Phila
delphia. The first week after completion, so many persons fell down stairs, 
threatening the railroad company with suits for damages, that it was found 
necessary to build over the narrow marble steps wooden stairways with less 
slope and a more convenient proportion of rise to tread. The stairways in 
the present Broad Street Station are very comfortable and properly propor
tioned, and good examples of what stairways should be for large crowds.

The separation in the station of the incoming and outgoing passengers 
is not dwelt upon by the author with sufficient emphasis, although his 
stations show an attempt to meet that requisite. In nearly all railroad 
stations and in all elevated railroad stations in the East, the incoming and 
outgoing passengers are in constant collision. It shows a discreditable 
want of forethought and study.

Making the trains and tracks noiseless, or nearly so, should be one of 
the principal concerns of the engineer, whether the law requires it or not. 
That it must necessarily add to expense, as the author intimates, is a view 
which the writer does not share.

In mentioning aesthetics in connection with engineering structures, the 
author touches a subject little appreciated by many engineers. It may be 
that because the conception of beauty never was and never will be one ca
pable of precise definition, the engineering mind, accustomed to dealing 
with concrete matter in precise and scientific ways, has become incapable of 
judging good architectural appearance in connection with structures. Some 
engineers’ ideas of beauty are running to curves and those of others to 
straight lines; some claim any structure to be beautiful which is properly 
proportioned in strength and otherwise well adapted to its utilitarian pur
pose, and others desire their constructions to be called beautiful, conceived 
as tools doing their work, and to be classed presumably in the same archi
tectural category with crowbars and wedges. The confusion of ideas of 
beauty is clearly apparent in what the author says on this point: “The 
extra cost of decorating an elevated structure is considerable,” and as proof 
thereof plans of an elevated railroad of that supposed higher architectural 
order are shown, in which riveted railing brackets are hidden under orna-
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mental cast-iron consols, resting on air, in which supremely superfluous 
arches are abutting against slender posts, set off with Moresque caps and 
pedestals, in which the panels are fitted up with (in such place) meaningless 
scroll work, and in which lions’ heads are impaled on the ends of water 
spouts. No wonder that projectors of good taste and sense should refuse to 
grant a dollar for this kind of aesthetics.

It is unfortunately a frequent fact that prominent engineering struc
tures, after having their proportions and lines fixed with the usual inanity 
and indifference to harmonious and pleasing ensemble, are handed over to 
some decorator, who is to make it artistically acceptable, according to the 
amount of money that the owners may be persuaded to spend on so-called 
aesthetics. There are some such examples in New York, and there are to 
be more in one or two projected large bridges.

The author should be credited for also saying: “The careful designer 
can generally manage to make his construction more or less sightly, without 
adding materially to expense.” To which should be added, that it is the 
essence of the highest engineering skill to give a construction a pleasing 
appearance and agreeable character, without the addition of unnecessary 
parts and with the simplest means.

Without skill and thoughtful study a perfect work in that respect cannot 
be designed. The road to perfection is here, also, from the complicated and 
unsightly to the simple and aesthetically correct. Intimate knowledge of 
manufacturing methods is as essential for exercising that skill as freedom 
from construction and manufacturing bias. For the want of the latter 
condition, an architecturally meritorious design for an engineering structure 
may not readily be expected to issue from a manufacturing or contracting 
establishment.

The author invites criticism as to whether he succeeded in giving the 
structure for the Northwestern Railroad in Chicago a pleasing appearance. 
The writer will point out merely for illustration one feature. For every five 
or six spans there is a braced bent with shallower girders and with stout 
diagonals to afford longitudinal rigidity. With the technical reasons for 
this arrangement the writer fully agrees, but the break in the continuity 
of the beam or girder line at the bent is decidedly unsightly and unneces
sary. The observer, except he be a bridge specialist, is not acquainted with, 
and does not care for, the finesse of bending moments and shearing strains, 
which prompts the utilitarian engineer to use a shallower girder and to 
break the continuity of line. It is too unimportant a reason to the beholder, 
who experiences the disagreeable sensation that -something is the matter 
with the superstructure at that bent. He can readily understand the pur
pose and admit the propriety of the bracing every four or five spans, but 
to his mind uniform strength of the roadway in this structure requires uni
form beam height. The unity of appearance is violently interrupted to 
save a few dollars’ worth of iron, which if not saved makes the structure 
so much stronger and evidently better looking. No amount of cast-iron 
ornamental brackets and scroll work, put on by a decorating architect, could 
make up for such fault of the engineer, if a high aesthetical structure, of 
the kind before mentioned, were to be made of it.

Another unsightly feature, not difficult to avoid, is the track with the 
ties sticking out into the air, and giving the structure a ragged and un 
couth appearance.
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The natural black gray color of iron gives the impression of a strong 
and serious material, the appearance of which cannot be improved by 
colored paints. Preserved by oiling and varnishing, the natural color of 
iron is an essential part of its aesthetical appearance. Dust and rust are 
easiest discovered on it, and therefore most easily guarded against by timely 
repairs or reoiling. In rare cases, a colored paint may be more suitable, as, 
for instance, in wire cables covered with white paint. They absorb less heat 
from the sun and appear of larger diameter than with a dark color. Some 
parts of the New York Central Railroad viaduct on Park Avenue in New 
York are good examples of simple unadorned iron architecture, although in 
other respects it is not commendable, as it is atrociously noisy.

In connection with aesthetics in engineering structures it is opportunely 
interesting to note what the venerable German savant, Prof. Reuleaux, said 
in his well-known blunt manner in a recent paper* on modern bridge con
struction.

“I do not regard in proper taste extra ornamentation or attached decora
tive features, or style subsequently furnished by an architect. By archi
tectural designing, I mean the choice of the principal forms, the disposition 
of the masses, the arrangement of the lineaments of the structure.

“We are asked to call (das zweckmaessige) the suitable or fitting for its 
purpose beautiful; if this be so, we would have to regard a human skeleton 
as beautiful, because it is adapted for its purpose in a wonderfully high 
degree. But it does not give us the sense of beauty; on the contrary, it 
only fills us with aversion.

“The objection to this criticism might be made that the skeleton has no 
life, and that it lacks the rounded outlines of living flesh. But if in this 
respect the suitable to its purpose were always beautiful, then we would 
have to admit that a Hottentot Venus is beautiful; she is healthy, and she 
is not lacking in flesh, which we miss on the skeleton, and her build is 
eminently suitable, in that the dusky mother carries on her posteriors, pro
jecting 30 centimeters, her youngest offspring, nourishing it at the same 
time. I doubt very much whether even the defender of the utilitarian will 
claim beauty for her on that account.

“We old scholars belonging to the past call that beautiful in a being 
or in a structure which shows a certain harmonious combination of intellec
tuality with matter. In that way we have inherited through ages a con
ception of beauty which is not easily defined by words, but which anyone 
may appreciate, although he may not be able to create it.”

By George H. Pegram, M. Am. Soc. C. E.

The writer agrees with the author that medium steel with reamed holes 
should be used in preference to soft steel without reaming. Indeed, it 
would be better to require reaming all punched holes in steel which is to be 
placed in «structures where it will be highly strained or liable to receive

See Glaser’s Annalen, February 1st, 1897.
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blows. If the object is to get fair rivet holes rather than to remove the 
injured material around the hole, the rigid reamers recommended by the 
author are, of course, preferable, but the flexible reamers will remove the 
injured material more uniformly about the axis of the hole, and, the writer 
believes, will give generally good results.

An elevated railroad structure should be of the best character of bridge- 
work. Elevated roads are always built where the ground is valuable, and 
proper economy would seem to demand a two-column bent in preference to 
one of four columns, in order to leave the ground available for other uses 
as far as possible. This would also apply to braced towers. They no doubt 
give stiffness to the structure in a much cheaper way than any other, and 
where the ground can be spared for this purpose it is well to use them; 
however, experience shows that they are not necessary.

The writer has always believed that cross-ties are out of place on an 
elevated structure. On the ground, where they are necessary to distribute 
the weight over the surface, they have proved the best construction, but 
they are not needed for this purpose on an elevated road, and their effect 
there is to darken the street below, to intensify the noise, increase the labor 
of cleaning the structure, and lead to unpleasant drippings after a fall of 
snow or rain.

The writer submits in Fig. 37 a drawing of the superstructure of the 
Kansas City elevated road designed by him and built in 1886, in which the 
rails are carried in iron troughs which also acted as the top chords of the 
trusses. These channel chords serve also as guard rails, and in case of 
breakage of a wheel or similar accident, are in effect parallel skids on which 
the trucks, which should be provided with bolsters located but little above 
the tops of the channels, might slide. In order to take up as little of the 
street as possible, the spans were made about 50 feet; the total weight of 
steel per lineal foot is 478 pounds. Pin connections were used in this struc
ture, as it is the writer’s belief that a structure with much less ugliness and 
obstruction of light can be built with pin connections. It can be also 
strengthened with less injury to the remaining parts, and experience has 
shown that, where properly designed, it is quite as durable. The writer 
submitted a plan similar to this for the Hoboken elevated road in 1883.

By C. L. Gates, M. Am. Soc. C. E.

Regarding medium versus soft steel, the writer’s experience would lead 
him to prefer soft steel punched over medium steel reamed if the different: 
in unit stress is assumed at 10 per cent. While it may be right to select 
medium steel for structures under light traffic, such as that imposed by 
street railroads, as recommended by the author, the writer does not favor 
any extensive use of this grade of metal for ordinary railroad traffic exce] t 
for truss members of long spans which take their maximum stress grad
ually, and certainly never for short girders subjected to the heavy pound!r, f 
and vibration of heavy freight trains. The more liberal distribution f
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metal at a low unit stress seems to be more desirable, and the softer steel 
more preferable than the more brittle and higher grade of steel; and, if 
there be any need of reaming at all, by all means let all work be reamed, 
especially when the thickness of metal exceeds f inch.

As a matter of economy, there may be a leaning toward medium steel 
at a high unit stress for structures located at a great distance from the 
points of manufacturing and center of distribution; but for the Central 
States soft steel at a low unit stress will no doubt be used in the future.

Greater care is taken by shop men in matching rivet holes of component 
pieces of long members, when they know the work is not to be reamed, than 
when the requirements of specifications call for reamed work. In the former 
case, if punching is done by piece work the reaming over of misfits has to 
be done by and at the expense of shop men, and thus they find it to their 
interest to do good work. With the multiple punch and spacing table very 
accurate work is done in the shop the writer is connected with, so reaming 
can generally be dispensed with, notwithstanding the assertion of the author 
to the contrary.

In this connection, the writer would assert the prediction that for the 
bridge structure of the future, if not of to-day, good specifications will re
quire that every piece of soft or medium structural steel, and certainly all 
subject to tension in the finished member, shall be thoroughly and uni
formly annealed after the process of straightening and punching has been 
completed and before riveting is done, for obvious reasons.

As regards the use of basic open-hearth versus acid open-hearth steel, 
it would be profitable for the profession to hear from the steelmaker direct 
on this subject. While some inspectors are inclined toward a preference 
for acid open-hearth steel, owing to the apparent higher elastic limit, yet 
it must be admitted that in accepting acid steel a minimum of 0.08 per 
cent, of phosphorus must be conceded, while for basic steel it is safe to 
specify as low as 0.05 per cent, for phosphorus, and one can generally rely 
on obtaining as little as 0.02 per cent or 0.03 per cent. Phosphorus being 
known as the great enemy of good steel, especially in cold climates or where 
it is subject to sudden changes to very low temperature, this fact alone, in 
the writer's opinion, should lend to the more general preference of basic 
open-hearth steel, more particularly when the market price of the product 
is taken into consideration.

Referring again to design, the author has certainly shown a happy solu
tion in solving in an economical manner the problem of bringing wind stress 
or train vibration to the trestle posts, thus relieving the generally much- 
abused end beam from excessive longitudinal bending strain. The writer 
does not agree, however, with the author’s preference for the four-post bent 
for a four-track railway. All bents of an elevated railway must necessarily 
be an obstruction to the established street traffic at the lower or ground 
grade, and a four-post bent certainly offers more serious objections on-that 
account than a two-post bent; this is slightly intensified when first cost is 
in favor of the two-post bent. Another objection to the use of a four-post 
bent is that the foundations of the four pedestals are liable to differed 
settlements • under load, thus causing ambiguous stress in the main beam 
for which this member is not generally proportioned.
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By A. T. Tomlinson, M. Am. Soc. C. E.

The author hns evidently given much thought and study to the several 
designs for elevated railway structure discussed in his paper. The design 
adopted was chosen entirely on account of its superior rigidity, adaptability 
to the different conditions to be met and aesthetic effect, and without regard 
to the difficulties which would arise in laying, and later on, in maintaining, 
the track.

In the designs chosen for both four-track and two-track structure, the 
transverse girders project above the longitudinal stringers from $ inch in 
the double-track to 3 inches in the four-track. This is not a material ob
jection on straight track, but it will be readily seen that on curves where 
it is generally impossible to set all the transverse girders radially, :>nd 
where frequently some of the transverse girders make very acute angles 
with the center line of the track, the conditions are bad. The ties must be 
laid parallel to the transverse girder, or if laid radially, they will have to 
be fitted over the transverse girder, materially damaging the tie and render
ing replacement very difficult.

The author’s original specifications called for 6 x 8-inch ties laid flat 
and spaced 14 inches center to center. This was changed on the first track 
laid on Lake Street from Market Street to Wabash Avenue to 15 inches 
center to center, in order to bring the ties out even at rail joints. This track 
was laid without tie-plates. After the adoption of the Servis tie-plate, the 
spacing was increased to 18 inches on straight track, retaining the 15-inch 
spacing on curves and cross-overs.

The objection to wide spacing of ties, and the author’s reason for speci
fying 14-inch spacing, is that in case of a derailment there is a strong 
tendency for the ties to bunch. This, in the writer's opinion, is not a valid 
objection, as the ties are firmly bolted to the longitudinal stringers, and 
each tie is securely bolted to two of the four guard rails, to the inside and 
outside guards alternately. Many elevated railroad accidents have come 
under the writer’s observation, but in none of them has he known the ties 
to bunch.

By spacing 18 inches instead of 14 inches, a saving of 22j per cent, is 
made in ties, tie-plates, spikes, bolts, washers, etc., which is no incon
siderable item, being at least $1,000 per mile of single track for ties alone, 
and probably $1,000 more per mile for fittings and labor of laying track, 
to say nothing of the eventual cost of replacement.

The lumber used in the track is long-leaf southern yellow pine, vulcan
ized. The writer thinks a mistake was made in specifying that absolutely 
no sap would be allowed. In the first place, if 1 inch of sap wood had been 
allowed on two corners of the ties, guard-rails and heavier joists, the cost 
would have been reduced, but more important than this, is the fact that in 
almost every piece of dimension lumber, the heart of the tree and center of 
stick are generally coincident; consequently, whichever side is laid down
ward, the upper side checks badly. Had a small amount of sap been al
lowed, the heart side could always have been laid downward, and splitting 
on account of weather have been reduced to a minimum.

The author originally specified an 80-pound rail in which the metal was 
distributed as follows: Head, 47 per cent.; web, 20 per cent.; flange. 33 
per cent. The rail finally adopted was one which was already standard on
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the Lake Street Elevated Railroad, and known as No. 8001 in the Illinois 
Steel Company’s book of rail sections. This section varies but slightly from 
the standard 80-pound rail, designed by a committee of the Society, and 
having the metal distributed as follows: head, 42 per cent.; web, 21 per 
cent.; flange, 37 per cent.

In the track now being laid on the Union Elevated Railroad, and to be 
laid on the Northwestern Elevated Railroad, 60-foot rails will be used, con
nected by Weber rail joints, using four f-inch Harvey grip bolts, the 
joints suspended and breaking even, except on curves, where the joint of 
one rail is placed as nearly as possible opposite the center of the other rail.

By Samuel M. Rowe, M. Am. Soc. C. E.

The Northwestern Elevated Railroad Company directed experiments to 
be made to test various paints as to their relative ability to protect metal
work against atmospheric action, and particularly against the gases pro
duced by the combustion of coal, with which the atmosphere of the city is 
more or less pervaded. Each paint was tested by applying it to four steel 
plates, three coats on each plate. Some of these were exposed to smoke and 
steam from locomotives, and others to the smoke of bituminous coal in a box 
prepared tor that purpose. Neither of these methods were carried on long 
enough to furnish decisive results, but the condition of plates exposed to 
the atmosphere was observed at intervals during a period of two years.

The dark mineral paints were found to retain their color best, the effect 
of the weather on the oils being less than where lead and zinc were used as 
pigments. The use of graphite with white lead and zinc apparently gives 
the most permanent light shade.

In determining the adhesion of paint to metal, a toothed chisel was 
found advantageous. The blade is f inch wide, one-half toothed with a*g_ 
inch notches, T»g inch apart, and the other half with ,',-inch notches, fa 
inch apart. If the paint is loose or easily parted from the metal, this will 
be at once manifested if it is attempted to shave a strip of the paint from 
the metal; the surface of the latter will be free from paint and show any 
rust spots which may have formed in consequence of the damaged condition 
of the covering. If the paint is very brittle, the whole surface will be 
stripped clean, whereas if it is tough, elastic, and clinging closely to the 
metal, each notch in the tool will leave a fine, continuous line of paint.

The durability of paint and the thoroughness of the protection it affords 
to the metal depend largely on the resistance of the surface and body of the 
paint to the action of the weather. If the surface changes or loses its 
density, the body of the paint will soon do the same, and the whole become 
porous, absorbing moisture and opening a way for rust. The best degree 
of elasticity and toughness in the paint seems to be that which will prevent 
breaking or checking by alternations of the temperature to which it is ex 
posed and from the usage to which it is subject. A tough, elastic paint will 
roll before the tool and form a wad which will feel like soft leather when 
rolled between the thumb and finger. A hard, brittle paint will crumble 
into dust.
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Some of the paints tested were soft and sticky when exposed to a sum
mer temperature after the lapse of two years, a condition undesirable in any 
paint except one exposed to a combination of locomotive steam and smoke, 
one of the most destructive agents to be withstood. Some of the Chicago 
viaducts suffer severely from this action, the metal of the lower chord and 
floor systems being eaten away so rapidly as to require the renewal of these 
parts long before the less exposed portions of the structure are affected 
materially. In such cases anything that will withstand the action of the 
gases on the metal is invaluable. Neither time nor means were available 
to analyze these paints to determine the cause of the different results, but it 
has been suggested that the use of animal fats with the oils may produce 
the softness mentioned, while insoluble or very refractory gums of some 
kind may help to produce toughness and firmness, when combined with 
linseed oil.

The asphaltum paints harden like glass, forming a surface which seems 
to resist the action of the coal gases perfectly, but they are liable to check 
and do not cling to the metal, being easily broken and separated from it. The 
Eureka paint used by the author on the Wabash Extension structure covers 
and clings well to the metal, holding its color fairly, but when shaved with 
the testing chisel, it is hard and brittle, and seems to some extent porous 
and likely to absorb moisture.

The author’s suggestion to give one coat of linseed oil to all work be
fore it leaves the shop is a good one, and a complete immersion of each piece 
after it was thoroughly cleaned would be still better. By this means parts 
would be reached which will be inaccessible for painting afterwards. *

The question of the bearing qualities of the soils in Chicago, with refer
ence to foundations for an elevated railroad, is one that requires investiga
tion somewhat in detail, as there is a great variation in its character in the 
different parts of the city. That district traversed by the Union Loop, 
Wabash Extension, South Side Rapid Transit and part of the Northwestern 
elevated lines, consists of sand, gravel, or both in varying quantities, while 
part of the Northwestern Elevated and almost the entire extent of the Lake 
Street Elevated lines cross a section where the underlying formation on 
which the piers rest is a plastic clay.

The country on which Chicago is built is almost as level as the lake 
itself, and only 6 to 15 feet higher. At the level of the pier foundation, it 
is almost invariably saturated with water. The presence of water pipes 
and the slight settlement of elevated structure foundations on them have 
been found to contribute still further to the difficulties encountered. Where 
sand and gravel are found, the presence of the water does not materially 
affect their bearing qualities; but in the clay, failure in many cases is com
plete, the pier being sustained by the adjacent structure and swinging like 
a pendulum, distorting and tearing the plates and riveting of the structure.

In consequence of the early failure of many of the pier foundations on 
the Lake Street Elevated line some tests were made. The general practice 
seems to have been to make the base of the pier about 7 feet square, equal 
to 49 square feet, giving a pressure of about 20 pounds per inch. The 
testing appliance consists of a square wooden block or foot piece laid upon

•Mr. Rowe has tabulated the results of his tests of paints of various 
brands in a statement which is on file in the Library of the Society.
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the soil to be pressed, its upper surface being armed with a cast-iron plate 
with a socket to receive the pivot of a post on which the loading is placed; 
and a post provided with cross-arms and a platform to receive the loading, 
and a pin and guys at the top to hold it in a vertical position. The loading 
consists of pig iron, the pieces of which weigh as nearly as may be 80 
pounds each, to facilitate the estimate of the amount of loading. The com
pression from the loading is taken with an engineer’s level, the rod being 
placed on the cross-arms, and readings noted at each addition to the loading.

There were but three tests made, and these were secured only by per
sistency on the part of the consulting engineer.

In the first test the clay was tested at a depth of about 7 feet below 
street grade or 5| feet below the original surface. The clay was in its 
original condition, and was a plastic yellow mass mottled with a blue or 
slate color, and wet to full saturation. The wooden foot plate was 18 inches 
square.

The following is a synopsis of the results:

Load per Compression Total
Load. square inch. each loading. compression.

1,500 lbs. 4.6 lbs. 0.000 ft. 0.000 ft.
3,500 “ 10.8 “ 0.009 “ 0.009 “
5,500 “ 17.0 “ 0.008 “ 0.017 “
7,500 “ 23.1 “ 0.018“ 0.035 “
9,500 “ 29.3 “ 0.018“ 0.053 “

11,500 “ 35.5 “ 0.052 “ 0.105 “
12,000 failed by sliding cornerwise.

The second test, also in clay, under similar circumstances, except that 
a foot piece 2 feet square was used, gave the following results:

Load per Compression Total
Loading. square inch. each loading. compression.
1,500 lbs. 2.6 lbs. 0.000 ft. 0.000 ft.
3,500 “ 6.1 “ 0.027 “ 0.027 “
5,500 “ 9.5 “ 0.001 “ 0.028 “
8,200 “ 14.2 “ 0.005 “ 0.033 «
9,500 “ 16.5 “ 0.004 “ 0.037 “

11,500 “ 20.0 “ 0.002 “ 0.039 “
13,500 “ 23.4 “ 0.004 “ 0.043 «
15,500 “ 26.9 “ 0.007 “ 0.050 “
17,500 “ 30.2 “ 0.011 “ 0.061 “
19,500 “ 33.7 “ 0.013“ 0.074 «
21,500 “ 37.2 “ 0.019“ 0.093 “
23,500 “ 40.8 “ 0.029 « 0.122 “
25,500 “ 44.2 to complete failure, the block tipping slightly

cornerwise as before.

The third test on the Wabash Extension was made in the bottom of a 
pier foundation pit at about 1 foot below the original ground surface, the 
soil being an extremely fine, clean sand, the depth of which was not ascer
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tained, but assumed to be several feet, the sand being so exceedingly fine 
as to be taken for clay at first sight.

The foot block used was the same as in the second test.

Load per
Loading. square inch.
1,500 lbs. 2.6 lbs.
7,500 “ 13.0 “
9,500 “ 16.5 «

11,500 “ 20.0 “
13,500 “ 23.4 “
15,500 “ 29.9 “
17,500 “ 30.2 “
19.500 “ 33.7 “
21,500 “ 37.2 “
23,500 “ 40.8 “
25,500 “ 44.2 “
27,500 “ 47.8 “
29.500 “ 51.2 “

Compression Total
each loading. compressio

0.000 ft. 0.000 ft.
0.003 “ 0.003 “
0.003 “ 0.006 “
0.003 “ 0.009 “
0.003 “ 0.012“
0.003 “ 0.015 “
0.003 “ 0.018“
0.003 “ 0.021 “
0.003 “ 0.024 “
0.003 “ 0.027 “
0.004 “ 0.031 “
0.005 “ 0.036 “
0.005 “ 0.041 “

It will be seen that in the first two cases the compression was accelerated 
at about 20 pounds to the square inch, and in the third case at about 40 
pounds. In the case of the first two tests 20 pounds is the pressure at 
which the clay begins to flow, and may be safely called its ultimate bearing 
strength under a static loading. In the third test, however, the flowing 
could hardly have commenced at the point of acceleration, but it must have 
been due to a softer, less stable stratum a few feet below. Hesitancy to 
incur any further expense in this investigation prevented any examination 
of this subject.

Loading at 20 pounds per square inch is probably entirely safe in sand 
like that of the third test, and in sand and gravel, but on clay, with a base 
of the same area, there have been cases of complete failure, just as the 
tests indicate as probable, the column with the pier attached swinging, and 
being supported only by the adjacent columns, as before stated. The static 
load carried by each column is about 150,000 pounds, including the weight 
of the cars in the train, not taking into consideration the disturbing ele
ments caused by the impact of rapidly running trains and of the tremor 
produced by the action of the brakes, the effect of which is difficult to esti
mate, but evidently of very much importance. The last two causes are the 
main sources of failure, as the vibrations from the structure are trans
mitted by means of the column to the pier and whatever movement reaches 
the clay upon which the pier rests very quickly affects its bearing qualities, 
for in its saturated state it becomes a semi-fluid very quickly. That this is 
due largely to impact seems apparent when it is stated that failure first 
manifests itself between stations where the speed is greatest. The writer 
thinks this kind of foundation should not be trusted beyond 10 pounds per 
square inch under the existing conditions, and even then the pier should be 
massive enough to take up the tremor largely by its inertia. If ihe pier is 
too light for this, the interposition of 2 or 3 feet of broken stone between 
the base of the pier and the clay might be effective and economical.
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By J. A. L. Waddell, M. Am. Soc. C. E.

Medium Steel versus Soft Steel.—A comparison of the opinions on this 
subject expressed in the discussion shows quite a diversity of ideas, with 
the preponderance in favor of medium steel. Those who advocate the use 
of soft steel do so because of one or both of two claims, viz., first, when soft 
steel is adopted reaming may be dispensed with ; and, second, soft steel 
is safer than medium steel on account of its greater unifromity and less 
liability to crack. These claims do not hold, for the reaming of every 
quality of steel or wrought iron is necessary, not only to remove the in
jured material, but also to ensure proper matching of rivet holes, and the 
greater uniformity of soft steel as compared with first-class medium steel 
is problematical. It seems from the discussions that there should be a 
slight difference in the ultimate* strength of acid and basic steel, as sug
gested in the paper. Mr. Treadwell strikes the keynote to this question 
when he points out that the limits of soft and medium steel overlap to such 
an extent that manufacturers often make the same quality of metal answer 
for both classes, and when he suggests a compromise in the classification to 
suit the various manufacturers of structural steel. For such a compro
mise the author would suggest the following : Soft steel, 50.000 to 58.000 
pounds ; medium steel, 58,000 to 66,000 pounds ; high steel, 66,000 to 
74,000 pounds.

With this classification soft steel should be used for rivets and adjusta
ble members only, medium steel for all other portions of all viaducts, 
elevated railroads, bridges of ordinary span lengths, and the floor systems 
and lateral systems of long-span bridges, and high steel for the main truss 
members and pins of long-span bridges.

It is evident that basic open-hearth steel has come to stay, and that it 
will be used ordinarily in preference to acid open-hearth steel on account 
of its slightly lower cost. It appears also that the best results are not 
attained with the basic product by demanding an average ultimate strength 
as high as 64,000 pounds ; consequently, the proper thing to do is to lower 
the ultimate requirement to suit the manufacturers of basic steel. From 
the author's experience during the last three years, he would consider that 
a range in ultimate strength from 58.000 to 66,000 pounds would suit very 
well for basic open-hearth steel as at present manufactured. The soft 
steel, of course, would also be manufactured by the basic open-hearth proc
ess, but the high steel should preferably be made by the acid open-hearth 
process.

Sub-Punching and Reaming.—A comparison of the opinions on this 
subject expressed in the discussion shows considerable diversity, with the 
preponderance in favor of sub-punching and reaming. Some claim that
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accurate work and properly matched rivet holes are attainable without sub
punching. Such, unfortunately, has not been the author’s experience hith
erto, for he has had a great deal of trouble in the field from badly matching 
holes whenever the sub-punching was not called for.

Anticipating claims in the discussion that rivet holes will match prop
erly without sub-punching, the author a short time ago requested his chief 
inspector to procure for him from a certain prominent bridge shop, where 
some of his work was then being manufactured, some two dozen speci
mens of punching showing by the template center marks variations from 
correct location. Plate XI. is engraved from a natural scale photograph 
of fifteen of these punchings, the proper centers being indicated by the 
white spots, which were marked on the punchings by rubbing chalk into 
the template center holes.

The showing made by these specimens is most discouraging to those 
who hope to obtain good shop work, either by simple punching or by sub
punching and reaming. It took the inspector only about a minute apiece 
to find these eccentric specimens, which shows that badly matched holes 
at this shop are by no means uncommon, and confirms the author's opinion 
formed by previous experience with work from the same shop. The cause 
of such great eccentricity is certainly the objectionable piece-work system 
mentioned in Mr. Stowell’s discussion. In the author's opinion, piece
work in bridge shops should be discouraged in specifications for structural 
steel-work. Fortunately, though, such a bad showing as that given on 
Plate XI. would not be made by more than one or two of the large bridge 
manufactories, although Mr. Horton says in his discussion that jHn. 
eccentricities in punched work are of common occurrence. The author’s 
experience with two of the manufacturing companies on the Union Loop 
and Northwestern Elevated lines leads him to the conclusion that punch
ing can be done with a general limiting variation of in. To illus
trate the effects of variations of and i in. for both sub-punching 
and full-size punching, the author has prepared the drawings shown in 
Fig. 38. They give the worst possible combinations of eccentric holes for 
two, three and four pieces of metal connected by J-in. rivets. It is evident 
from these diagrams that if the limit of -fo in. variation be adhered to, 
and if the work be sub-punched and reamed, there will be no irregular 
holes to fill by the rivets. If the holes be punched full size, the resultant 
holes will often be quite irregular and probably often not completely filled. 
If the limit of J in. variation be permitted, the reaming will make the holes 
nearly true circles, and small enough to be completely filled by the rivets, 
hut when the holes are punched full size, the irregularity will often be so 
great that the rivets cannot fill the holes.

In the author’s opinion, inspectors ought to hold down the shops to a 
general limit of variation in punching of ^ in., passing occasionally a
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few variations between ^ and £ in., and rejecting any piece where 
there is a variation exceeding £ in.

Some one may remark that, if such variations as those just mentioned 
be permitted, the metal injured by the process of punching will not all be 
removed by the reaming ; but it must be remembered that it is only an 
occasional hole in good shop-work that will vary as much as j in. from 
correct location, that not more than one-fourth of the holes will vary over 
jV in., and that most of the combinations of eccentricities shown in Fig. 
38 will be, to say the least, unusual.

The author's experience on the Chicago elevated railroads has con
firmed him, as the same experience has convinced Mr. Weston, the chief 
engineer, in the opinion that, except solid drilling, which as yet is too ex
pensive, “reaming is the only method which will ensure an exact coinci
dence of the rivet holes in the component pieces of the various members of 
the structure and there has been hotliing said in the discussion which 
even tends to shake the author's conviction on this subject.

Cement and Concrete.—Answering Mr. Hall's question concerning 
fineness, the author would state that there was no intention of excluding 
foreign Portland cements by specifying that 90 per cent, should pass the 
No. too sieve. In fact, there was a considerable amount of a foreign 
cement used at one time on the work ; this was an extremely fine-ground 
cement and a very superior article, if not too old or damaged when used.

It has been the author's practice up to the present time to specify both 
superior and inferior limits for the tensile strength of cements, owing to a 
notion, which formerly prevailed, that a cement which develops its strength 
slowly is much more likely to retain it than one which develops it very 
quickly. The author must confess that he is still prejudiced this way, but 
acknowledges readily that he may be wrong in the case of Portland 
cements. In case of the natural cements, though, he feels confident that 
this notion is about right.

For field practice, the author does not specify the temperatures of the 
air and water, as these cannot always be regulated conveniently, but for 
laboratory tests he would do so.

Answering Mr. Stuart’s remark about the wide latitude allowed for 
tensile strength, the author would reply that his specifications are so drawn 
as not to exclude any really good cement because of a tendency to slow 
setting, and, again, the results of briquette tests depend greatly upon the 
personal equation of the man who made the briquettes.

Answering Mr. Belknap’s remark, that a one-three-six mixture of con
crete will have all the voids in the stone filled, the author would reply that 
such would in all probability be the case, were the concrete always thor
oughly mixed, but his experience proves that such a mixture often shows 
numerous voids. On this account, as stated in the paper, he prefers to use
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for bridge piers a one-three-five mixture for concrete deposited in the air, 
and a one-two-three mixture tor concrete deposited under water.

The author certainly never intended to recommend an “eminently slow- 
setting cement” for concrete to be deposited under water. Mr. Belknap 
does not recognize the fact that none of the cement for the Chicago 
elevated railroads was to be used in that way.

Paint.—It is to be regretted that the paper has brought out so little 
discussion concerning the painting of metal-work. However, Mr. Rowe’s 
investigations are valuable as far as they go, but they are unfinished.

It is often amusing to hear the conflicting opinions of even well- 
informed engineers concerning the paint question. Some say that the oil 
is everything and that any kind of a pigment will do, while others say that 
the pigment is the sole protective agent and the oil only a solvent. Some 
condemn in toto the use of thinners, while others say that they improve 
the paint and add to its life. Some say that red lead is the only proper 
paint to use, while others claim that it is inferior to iron oxide paints. 
Some think that the last-named pigments make the best possible paints, 
while others say that they are merely iron rust, and that their use is simply 
an invitation for rust to develop. Some say that patent mixtures and 
secret process paints are all humbug, while others pin their faith to some 
especial mixture or mixtures, or to some real or fancied manipulation of 
known or unknown ingredients. In short, the engineering profession is 
all at sea on the paint question, and is likely to remain there until some 
organized investigation is made. In the author’s opinion, the subject is 
one of sufficient importance to warrant the appointment of a special com
mittee of the Society to experiment and investigate on the subject for a 
term of several years until valid conclusions can be reached.

The author’s idea of coating the metal with oil before it leaves the 
shelter of the roof of the rolling mill is to prevent rust from forming while 
the metal is in transit to the shops or while stored outside of the latter 
waiting to be manufactured. This method would certainly give the mill 
people some extra trouble, but that could be paid for. It is claimed, ana 
perhaps justly, that the greasy surface of the oiled metal gives trouble in 
laying off the work in the shops, and that on this account a coat of carbon 
primer at the mills is preferable.

The author’s preference for Eureka paint was due primarily to the 
high recommendation given it by Mr. A. P. Boiler, M. Am. Soc. C. E., 
which was confirmed later by the results of Mr. Rowe’s preliminary ex
periments. Mr. Rowe found, however, several other paints that stood his 
tests as well as did the Eureka.

One objection to a coat of oil alone at the shops after manufacture is 
that when the metal is shipped there is often no certainty as to how soon 
it will receive its first coat of paint. The author has often noticed metal-



ELEI’ATED RAILROADS. 721

work badly rusted because it was only oiled at the shops and because its 
erection was delayed. The shipping of metal-work covered with undried 
paint, as mentioned by Mr. Boiler, is a very reprehensible practice and 
should be prohibited in standard specifications for structural metal-work.

The great uncertainty on the paint question is due to a number of 
causes, the principal of which are the following :

Permitting rust to form on the metal before the first coat of paint is 
applied.

Applying the first coat improperly, covering metal from which mud. 
ice, grease, etc., have not been removed.

Adopting cheap paints from false notions of economy.
Dishonest practices on the part of the manufacturer or mixer of the 

paint.
Carelessness in mixing paint and neglecting to keep heavy paints prop

erly stirred.
Slovenliness in applying the paint to the metal.
Using paint that has stood in pots over night and has deteriorated in 

consequence.
Neglecting too long to repaint and thus allowing rusting to set in.
The requisites for an ideal metal paint are the following :
Thinness, so that it can be applied readily, and so that it will cover a 

comparatively large surface per gallon.
Lightness of the solid particles, so that there will be no settlement in 

the bottom of the paint pot.
Great and close adhesiveness to the metal.
Quickness in drying.
Absence of blisters in both fresh and old painted surfaces.
Ability to receive well and retain closely one or more additional coats 

of paints of the same kind or of other kinds.
Durability.
Cheapness in first cost.
The man who will invent a paint that will fill all eight of these require

ments, and who can demonstrate to engineers that he has done so, can 
certainly make a fortune out of his invention.

Four-Column versus Two-Column Structures.—Several engineers ap
pear to disagree with the author in his preference for the four-column 
structure. He was influenced in his decision principally by the following 
reasons :

The cantilevering of an entire track beyond a column is rather awk
ward construction and causes reversing stresses in the cross girder.

The thrust from braked trains can be more readily taken care of with 
four columns than it can with two.
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The four-column structure will prove more rigid than the two-column 
structure.

Mr. Pratt's objection to the four-column structure on account of the 
possibility of the settlement of foundations is not a valid one, for properly 
designed and built foundations will never settle. If a single settlement of 
a pedestal on either of the author's Chicago lines of elevated railroad ever 
occurs, it will be a matter of great surprise to him, although he is not 
responsible for the sizes of the concrete pedestals, as Mr. Weston varied 
them to suit the different conditions as they developed. However, Mr. 
Weston has always tried to err upon the side of safety on this question of 
foundations, owing to the expensive experience he has had in repairing 
the faulty work on the old portion of the Lake Street Elevated, which was 
built before he was chief engineer.

Mr. Pratt's unfortunate experience with pedestal foundations may be 
due to a softer stratum of material underlying the gravel, or perhaps to the 
fact that it is within the realms of possibility to double the pressure on one 
side of a pedestal foundation bv the thrust of a braked train.

As the author has designed the metal-work on the Northwestern Ele
vated, a settlement of one pedestal in a bent would be less injurious to it 
in the case of the four-column structure than it would be in the case of the 
two-column structure.

Mr. Gates’ objection to the four-column structure because of obstruc
tion to traffic will not hold, as this class of construction is used only on 
the company’s private property, where no traffic exists.

Braced Toners versus Solitary Columns.—The author’s braced tower 
design appears to have met with general approval from those discussing 
the paper, although Mr. Smith dissents from it, stating that the thrust 
from braked trains “is not conveyed, to any extent, to the columns,” and 
that “no bending can be produced upon the columns, for it is counteracted 
by the deck.”

These statements are certainly incorrect, for no one will deny that 
there is a great thrust exerted by stopping in the shortest possible dis
tance, with the air brakes, a train moving at a velocity of 40 miles per 
hour, and that this thrust must eventually reach the ground. If there be 
longitudinal sway bracing like that adopted for the Northwestern Ele
vated, the thrust will travel by that ; but, if not, it must go by way of the 
columns and produce bending thereon.

It is true that the continuity of the deck tends to distribute this thrust 
over a number of columns, but the extent to which this distribution take 
place is a matter of surmise. Some engineers appear to forget that win e 
a light column carrying a vertical load is deflected from the vertical by t 
thrust, it is subjected to two bending moments, viz., that due to the thru ' 
itself and that due to the vertical load, the lever arm for which is the tot. 1
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deflection. The column has therefore to withstand the combination of 
these two moments and the vertical load. Mr. Smith says that the thrust 
upon one track is distributed over the other three, lie forgets that two 
trains on contiguous tracks will often approach a station at the same in
stant, running in the same direction, with the brakes set. If at the same 
time there be a train or two trains starting on the other tracks, all three or 
four thrusts will be in the same direction. Mr. Smith talks of setting the 
structure in motion before any bending of columns can occur. He would 
reduce the question to one of dynamics, while it is, upon the face of it, 
simply one of statics. He says:

"Were it possible to design a column section in any case which would 
carry the load due to compression without longitudinal strength, then some 
metal might, in this case, be necessary to withstand any light stress caused 
by the thrust. This being impossible, however, the conclusion is drawn 
that any metal used in any part of a structure to withstand horizontal 
thrust in a longitudinal direction is superfluous and needless expense.”

This is a bold statement by Mr. Smith, and probably he is the first to 
express it so plainly, although some such erroneous notion must have 
existed in the minds of the designers of most of the older elevated rail
roads.

Mr. Campbell's experience on the Sioux City Elevated, where the 
effects of both longitudinal and transverse thrusts on the columns were 
entirely ignored, is pretty conclusive as to the necessity of giving due con
sideration to horizontal loads. As Mr. Campbell states, the vibration of 
the structure “was plainly noticeable at a point 2,000 ft. away from the 
moving train.” The author has been told that during erection long por
tions of this structure moved as much as 2 ins. longitudinally and had to 
be moved back by jack-screws. In this work the columns were propor
tioned for the effects of live and dead loads only, as Mr. Smith would 
advise.

To illustrate the necessity for taking care of longitudinal thrust and 
traction of trains, the author herewith reproduces extracts from a letter 
concerning the paper from Mr. H. G. Kelley, M. Am. Soc. C. E.

"Many of the points involved are of special importance, and if accepted 
as correct will require a radical departure on certain lines from the present 
methods of design.

"The point to which mv attention has been especially directed by read
ing vour paper is the resultant of the traction force exerted by engines, 
and the effect of such resultant upon structures, due to the passage of 
engines and trains. The mathematical principles involved will no doubt 
be brought forth in the published discussions, and while your assumption 
that 20 per cent, of the greatest live load between two adjacent expansion 
points will act as a horizontal thrust may not be entirely agreed to. never
theless experience has shown that a considerable allowance should be made
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and provided for ; therefore any facts obtained by actual experience in con
struction and maintenance will assist materially in arriving at a true con
clusion, and in this consideration wooden trestle-work, which constitutes 
a large portion of the bridging of this country, should not be excluded, for 
it presents valuable information concerning structures in which theoretical 
considerations arc usually excluded, and details to take up or reduce longi
tudinal vibrations are seldom constructed.

“I will therefore present one case coming under my own observation, 
and in fact under my charge, which is an especially valuable one, showing, 
as it does, that a longitudinal vibration is transmitted through elevated 
structures for surprising distances. Hie structure is a wooden trestle, 
upon the line of the St. Louis Southwestern Railway. This trestle was 
constructed of pile bents, with panels of 13 ft. 8 ins. ; each bent contained 
four piles, except in the deepest portions, where five piles were used to the 
bent ; the piling was of oak and red cypress, with specifications calling for 
not less than 10 ins. of heart at the point ; the deck was composed as 
follows :

“Caps.............. 12 x 12 ins., 12 ft. long.
“Stringers----  6 x 14 “ 14 “ long, 3 ply on each side.
“Ties............... 6x8 “ 9 “ long, with 12 tics to the panel.
“Guard rails.. 6x8 “ 16 “ long, notched down 1 in. over

the ties, and bolted to 
every fourth tie.

“Every cap was drift-bolted to each pile under it, and each chord of 
stringers was drift-bolted to the caps.

“Upon examination of the drawing (Fig. 39), which I enclose, you 
will note that the trestle varies from 10 to 30 ft. in height, and has a total 
unbroken length of 9,338 ft., with three curves in its length.

“Upon assuming charge of the bridge department of the above-men
tioned road several years ago, it became necessary to make a personal 
examination of the various structures, and I have selected the case of 
trestle 492 as one out of several trestles of unusual length where the same 
results were noticed. My first inspection of this trestle showed a visible 
longitudinal variation of such extent, under the passage of trains, that a 
careful investigation was made to determine the extent and force of the 
thrust.

“To make the following facts perfectly clear, reference should be made 
to the accompanying drawing (Fig. 39). From this you will notice that 
at its north end the trestle connects with a bridge across the White River. 
This bridge at the time of the observation consisted of an iron draw span 
of 355 ft., and two combination Pratt trusses of 125 ft. each, one span 
being at each end of the draw span ; both of these combination spans wen 
upon falsework. The observations disclosed that, when any north-bound 
train, even at a speed of but 12 miles an hour, rolled upon the trestle at it- 
extreme south end, a longitudinal vibration was transmitted in a few sec
onds to the north end of the trestle, and by the time the train would reach 
the tangent, at station 902, the vibration at the span reached a maximut" 
of ins., this impulse being conducted to the span itself and vibrating it 
in unison with the trestle, the measurements being taken at the point whet 
the rails of the fixed span rested upon the end floor beam rail rests of the
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draw span. The construction of the trestle precluded the opinion that the 
vibration was confined to the deck alone, for the drift bolting to the caps 
made it certain that a portion of the thrust was communicated through the 
piling to the ground, causing the piling to act as beams as well as posts.

“I at once had constructed a system of struts to take up or reduce the 
thrust, the general plan of which is shown on the drawing (Fig. 39). It 
consisted of two yellow pine beams, 10 x 12 ins. in cross-section, running 
from the cap on one bent to a brace timber at the foot of the piling on the 
second bent each way from the first one ; and in addition to this, iron ten-
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sion rods, i§ ins. in diameter, were placed beside each strut and brought 
into tension with turnbuckles.

"This system of strutting was constructed at two points in the trestle, 
and practically takes up all vibrations, but under the influence of a heavy 
freight train 1 have seen these strut timbers buckle from j to § in. out of 
line in the direction of their least dimension.

“The necessity for this strutting has become so apparent that I provide 
for it on other important trestles of extreme length by using a modification 
of the original plan.”

Had Mr. Kelley tried the experiment of bringing the train to rest sud
denly on the trestle with the air brakes, he might have 'found a vibration 
even greater than the ins. observed, although this is large enough. Mr. 
Kelley's remarks about the buckling of his longitudinal timber struts from 
the longitudinal thrusts of heavy trains ought to be sufficient to convince
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even the most skeptical that such thrusts do exist and that they arc car
ried down to the ground by the columns.

Mr. Parsons' transit observations on one of the New York elevated 
railroads gives additional evidence of the effects of thrust from braked 
trains.

How any one can deny that large vibrations are injurious to metal
work it is difficult to conceive ; for, as before stated, they put a double 
bending moment on the columns, and tend to work loose the rivets that 
connect the deck thereto.

Mr. Nichols and two or three other engineers question the author’s 
assumption of 20 per cent, as the co-efficient of friction for the thrust of a 
braked train. Trout wine places it as high as 25 per cent., while Messrs. 
Cooper, Schneider and other writers of standard specifications make it 20 
per cent. As for the distribution of the thrust, the rails and guards on tan
gents certainly tend to distribute it over some distance, especially when the 
track is new : but. on sharp curves and with old track, it would not Ik* 
proper to place much reliance upon such distribution. Moreover, why 
divide up the thrust, when assuming it concentrated produces such benefi
cial results to the whole structure by increasing its rigidity ? When the col
umns are fixed at both top and bottom, as is the case on all of the author’s 
Chicago work, the lever arm of the thrust is only one-half of the unsup
ported length of the column, consequently the bending moment and the 
section of column required to withstand it are by no means excessive. 
This is shown by the comparatively small weights of metal in the author’s 
designs, viz., 391 pounds per lineal foot per track for a four-track 
structure on private property. 385 pounds per foot per track for a double 
track structure on same. 485 pounds per foot per track for a double-track 
structure spanning a double-track cable railway in streets, and 571 pounds 
per foot per track for a double-track structure in streets spanning from 
curb to curb with 41 ft. between centers of columns. It is true that thesv 
figures are for the comparatively light live load assumed for the North 
western Elevated, but the assumption of a heavier live load would affect 
little else than the sections of flanges of longitudinal girders, and in 
street lines those of cross girders also.

From the tables in Mr. Nichols' paper* entitled “The Brooklyn Elc 
vated Railway,” the author has compiled the following weights of metal 
per lineal foot of double-track structure, omitting the weights of station 
metal and not considering the “Old Brooklyn Line.” For columns on 
curbs the weights run from 1,095 pounds for a 32-ft. spacing up to 1,46 
pounds for a 45J-ft. spacing, and for columns in the street 1,195 pounds 
The corresponding weights for the Chicago Union Loop are 1,375 pound

* Proceedings Institution of Civil Engineers, Vol. cxxvii, p. 333.
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for a spacing of 41 ft., and 1,150 pounds for columns in the street. If an 
interpolation for a 41 -ft. spacing is made in Mr. Nichols' weights, 1.344 
pounds will be found ; and, averaging this with the weight of structure 
for columns in street, 1,270 pounds is obtained, as against 1.263 pounds, 
the corresponding average for the Union Loop, showing that the author's 
Chicago structure is a little lighter than the average for corresponding 
lines in Brooklyn, in spite of the fact that the author's live load is on an 
average for all parts of the structure 17^ per cent, greater than that used in 
designing the Brooklyn lines, as indicated in Mr. Nichols' paper. With 
such a showing as this, the author cannot be justly accused of extrava
gance in his designs because he proportioned his columns for the effects of 
thrust from braked trains and endeavored throughout his entire designs to 
conform in every particular with the principles of design enumerated in 
his paper.

If anyone doubts the advantages of putting a little extra metal into the 
columns and fixing them at both top and bottom, let him stand for a while 
on one of the platforms of the Union Elevated Loop of Chicago and note 
the vibration, then try the same experiment on a number of the elevated 
railroads of New York and Brooklyn, and compare the results. He would 
probably he considerably surprised ; for he would find hardly a tremor on 
the Chicago road, while on some of the East- rn roads the vibration would 
be so great as almost to prevent him from writing legibly in a note-book.

Wooden rioor.—Replying to the comments of Mr. Nichols and others 
on the wooden floor system adopted, the author would state that it was 
based upon the results of the experience of those who have been operating 
elevated railroads for many years. Whether both inner and outer guards 
are requisite is certainly problematical. In railroad bridges the author 
relies on the inner guards to keep derailed wheels from receding far from 
the rails, and on the outer guards to space the ties and keep them from 
bunching.

Mr. Weston has made two or three improvements on the original 
design for the floor system, notably the use of tie-plates.

Replying to Mr. Stuart's remark concerning the use of short hook 
bolts, they were necessitated by the 5-ft. spacing of the longitudinal 
girders.

Mr. IVgram’s design for a floor without cross-ties, as adopted for the 
Kansas City Elevated Railroad, has one very serious fault, viz., that the 
trough will collect snow and sleet, which in a cold climate would be liable 
to freeze to such an extent as to stop traffic altogether.

The author cannot agree with Mr. Tomlinson's view that an 18-in. 
spacing for 6 x 8-in. ties is an improvement on a 14-in. spacing, for the 
reason that a derailed wheel has a pretty deep hole to drop into when the 
open space between ties is 10 ins. wide, and that the bumping which would
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result from climbing over the tics and dropping between them would be 
liable to cause disaster. Fig. 40 shows relative conditions that would 
exist with a 30-in. derailed wheel, assuming that the flanges cut into the 
ties \ in. at the corners.

Answering Mr. Belknap s charge expressed thus, “it is difficult to con
ceive that a railroad company would countenance the gross extravagance 
of using the most costly grade of limber when the preservative treatment 
of cheaper grades would give an article much more economical,” the author 
would reply that, in asking for bids on timber, two specifications were 
used, the first being the author's calling for clear heart timber, and the 
second that of the Manhattan Elevated Railroad Company allowing a cer
tain amount of sap wood on the corners. The difference in the lowest bid 
on the two specifications amounted to about 50 cents per thousand, so the

fig. 4c.

president of the railroad company himself decided to adopt the heart 
timber. In spite of what Mr. Tomlinson says to the contrary, the author 
thinks that this was a wise decision, for it is the sap wood, both treated 
and untreated, that fails first.

Data Concerning Existing Elevated Railroads.—It is possible that the 
author has, much to his 1 egret, given offense to certain engineers by his 
sweeping assertion that “the results of his investigation, as far as the de
signing of the metal-work is concerned, amount simply to the accumula
tion of a great mass of information exemplifying ‘how not to do it.’ ” 
Such was certainly not his intention, although the statement was made 
with due intent and to accomplish an important object. Moreover, later 
and more extended examinations of existing structures confirm him in his 
opinion.

The raison d'etre for his statement is that, when both the Wabash 
Avenue Extension of the Lake Street Elevated and the Northwestern
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Elevated contracts were about to be let, the strongest kind of pressure was 
brought to bear upon the president of these companies to induce him to 
set aside the author's plans and specifications and to adopt others sub
mitted by bidders on the plea that the latter were the same as those used 
for the New York and Brooklyn elevated railroads, which roads repre
sented practically the ne plus ultra of both design and manufacture. It 
was with great difficulty that the author overcame this opposition ; but, 
thanks to the sound business policy of the president, he was finally suc
cessful in having both his plans and his specifications adopted and adhered 
to. Were it not for this stand which he then took, the unscientifically de
signed and crudely manufactured structures of the New York and Brook
lyn elevated railroads would still be the criterion of excellence for that 
class of construction, notwithstanding the fact that the Metropolitan Ele
vated of Chicago, then in course of construction, is in most particulars 
greatly their superior.

The true reason why elevated railroads have been so unscientifically 
designed in the past is that, as a rule, the designing has been left almost 
exclusively to the manufacturing companies, which being more interested 
in profits than in anything else, naturally detailed the metal-work so as to 
have it go through the shops quickly and erect readily ; and all considera
tions of scientific design appear to have been ignored because of these 
requirements.

The intent, therefore, of the author’s “sweeping assertion" is to estab
lish for all future elevated-railroad work a precedent for taking the design
ing and the preparation of the specifications entirely out of the hands of the 
manufacturer of structural metal-work and placing them where they be
long, viz., in the hands of the consulting engineer and expert in such con
struction. Whether the attempt will prove successful remains to be seen.

Thanks to the courtesy of Mr. Clarke, in forwarding an advance copy 
of his discussion, the author was convinced of the necessity of having a 
thorough examination of all the New York and Brooklyn elevated rail
roads made by a competent engineer, in order to enable him to answer 
properly, not only Mr. Clarke’s discussion, but also those of like tenor, the 
writers of which take exception to the author’s "sweeping assertion." It 
was therefore decided that the author’s chief office assistant, Mr. Ira G. 
Hedrick, Assoc. M. Am. Soc. C. E., should proceed East to make the 
necessary examination and report. Following are extracts from his letter 
of instructions :

“You will please proceed to New York at your earliest convenience and 
examine thoroughly all the elevated railroads of both New York and 
Brooklyn, with a view to ascertaining whether they show any signs of 
incipient failure, and, if so, what such failures consist of and the causes 
thereof. After your examination is finished, you will please make me a
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full and elaborate report of the results of your investigations. In this 
report 1 desire you to point out all departures in detailing from the require
ments of good construction as outlined in my paper on elevated railroads, 
and indicate the evil effects of such departures, if there be any. You will, 
when in New York, call on the Secretary of the American Society of Civil 
Engineers and obtain from him copies of all the discussions of my paper, 
so as to include in your investigations a study of all points concerning 
existing elevated railroads that are raised in the said discussions. In re
porting to me you will please answer all such points, so that I can incor
porate your report in my risuint, and thus let you reply for me to the state
ments made in the discussions.'’

In accordance with these instructions Mr. Hedrick spent some two 
weeks in New York and Brooklyn making his investigations, and after his 
return presented a report from which the following extracts are made:

“Referring to the discussion of Mr. O. F. Nichols, M. Am. Soc. C. E., 
the writer is of the opinion that in most instances in the New York and 
Brooklyn lines the connections of columns to foundations are strong 
enough to take care of all stresses that ever come upon them. Plenty of 
anchor holts are used, and these are carried well down into the foundations, 
and tile cast-iron bases grip the feet of columns firmly, so long as the 
cement or tilling used between the column and casting is well preserved. 
Where columns are placed in the roadway, cast-iron bases, such as are 
used for the Second Avenue line in New York, or for the Kings County 
Elevated in Brooklyn, are probably as satisfactory and economical as any 
that can he used. But where columns are on curbs, or on private property, 
the column foot shown on Fig. 5, which was used on the Northwestern 
Elevated Railway, is equally as good and certainly much more economi
cal."

“Where the bases are made of structural steel, no lugs are used on the 
columns, hut the anchor holts merely pass through the base plate and 
angles connecting the column to the base plate. Four anchor holts are 
used for each column, and they are placed very near the corners of the 
base plates ; therefore the strength and rigidity of the connection between 
the column and the pedestal depend entirely on the ability of the corners 
of the base plate and angle to resist bending. This style of base is certainly 
r.ot so strong as where the anchor holts pass through lient plate lugs which 
are firmly riveted to the feet of columns, as is done in the detail used for 
column bases on the Northwestern and Union Loop Elevated Railways in 
Chicago.

in regard to the actual amount of longitudinal thrust load from braked 
trains, and the distribution of this load over the structure, there seems to 
he considerable difference in opinion among engineers, and Mr. Nichols 
takes a very decided stand against the assumptions used in designing the 
Northwestern and L-nion Loop Elevated Railways.

“While it is no doubt true that the assumption that 20 per cent, of the 
greatest live load between two expansion joints acts as a horizontal thrust 
upon the columns between same is on the side of safety, yet it is a fact that 
light columns and weak connections between columns and cross girder^ 
are probably the causes of more vibration in the existing elevated struc- 
tures in New York and Brooklyn than are all the other objectionable
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features combined. On all of these structures, excepting in one or two 
instances, a very perceptible longitudinal vibration can be felt when the 
brakes arc applied to a train, ami in the taller portions of the Second and 
Eighth Avenue lines these vibrations seem to have an amplitude of from 
one-half inch to an inch.

"On most of these lines there is an expansion joint in each panel, which 
arrangement makes each bent act alone in resisting the longitudinal thrust 
that may come ' ; panel attached thereto, excepting, of course, the
aid it may receive through the track system.

“Tlie writer cannot agree with Mr. Nichols in regard to the continuity 
of track and the consequent distribution of this horizontal thrust or trac
tion load, as all joints in the track rails and guard timbers must adjust 
themselves for expansion and contraction of the metal superstructure, and 
consequently the whole structure is practically non-continuous over expan
sion joints; therefore the most scientific and rational way to design the 
columns and cross-girders is to proportion them so that each section of 
structure between expansion joints can take care of itself entirely indepen
dent of any other part of the structure.

"On the portion of the Suburban Rapid Transit Line which rests on 
brick piers there is, as stated by Mr. Nichols, absolutely no vibration, 
although the longitudinal girder construction is similar to that of other 
portions of the structure which are supported on steel columns and in 
which there is considerable vibration, yet not so much as in many of the 
older lines. This structure on brick piers certainly demonstrates the truth 
of your column theory in a most impressive way, and shows conclusively 
that the great cause of vibration in ordinary construction lies in the col
umns and their details, and the writer is therefore convinced bv his obser
vations that metal, properly applied, is never wasted in columns, although 
the sections may seem heavy.

"On none of the elevated railways in New York and Brooklyn is any 
attempt made to carry the longitudinal thrust directly into the columns by 
lateral struts, and consequently there is considerable cross bending on the 
transverse girders where the columns are placed on the curbs and where 
the tracks are located near the center of the streets. But this bending does 
not affect the structure so much where the cross girders are double and 
where the columns are in the street and the tracks placed over them. The 
bad effects of this bending are noticeable on some of the down-town lines, 
in which there is a slight canting of the cross girders when the brakes arc 
applied to passing trains, and in some cases the bolts attaching the longi
tudinal girders to cross girders have to be frequently replaced.

"By extending the lateral bracing out to columns and thus firmly fixing 
their tops, as is done on the Union Loop Elevated Railway in Chicago, the 
bending on cross girders is entirely avoided and a much more rigid con
struction is secured, which can best be appreciated by standing on the last- 
named structure while the brakes arc applied to trains. The writer regrets 
that he could not take vibration curves on the various structures he in
spected so as to give a more definite idea of their relative rigidities, and 
thus prove conclusively the superiority of the well-braced structure.

"The writer agrees with Mr. Nichols in regard to the spacing of expan
sion pockets, and the greater rigidity of the structures in which they are 
spaced from i so to 250 ft. apart is very noticeable. The limiting distance

C4B



732 nun a run /v. ulko. ms.

for spacing expansion pockets depends upon the stresses produced in col
umns by the expansion and contraction of longitudinal girders due to 
changes in temperature. The more rigid the columns, the greater will he 
the temperature stress for any given distance between expansion pockets, 
and vice versa. For the Union Loop the limiting distance was found to be 
150 ft., but on the Suburban Rapid Transit Line, with expansion pockets 
250 ft. apart, the metal in columns is probably not strained any higher by 
temperature stresses than that in Union Loop columns, on account of the 
much less rigid column section used on the Suburban Rapid Transit line.

“In regard to column sections, there is certainly a great diversity of 
opinion among engineers, as is evident from the many different styles used 
on the lines in New York and Brooklyn, and it is certainly a difficult task 
to design a column which is satisfactory in every respect. The Phoenix 
column and a column made of two channels laced together are used on the 
New York and Brooklyn elevated roads more than any of the other styles. 
There are objections to both of these columns. The Phoenix column is 
inaccessible for paint on the inside, and consequently its interior is sub
jected to the unmolested ravages of rust. It may be claimed that no mois
ture can get inside the column, and therefore that there is no necessity for 
the application of paint ; but that an abundance of moisture and water finds 
its way to the inside of these columns is proved by the fact that during the 
winter season these columns are often burst open by the freezing of the 
accumulated moisture inside. The possible occurrence of such a result 
makes another serious objection to the Phoenix column.

“The two-channel column with double-riveted lacing is certainly the 
most satisfactory column used on any of the elevated railways in New 
York or Brooklyn, but in most instances its efficiency is largely destroyed 
by cutting the column off below the bottom of the cross-girder. The Fifth 
Avenue line in Brooklyn and the Third Avenue line in New York fur
nish examples of this defective style of construction, and will be considered 
later on in this report. The columns built of two channels laced together 
usually have the webs of channels placed parallel to the center line of 
structure, so that the webs of channels carry the shear from longitudinal 
thrust, and the lacing carries the shear from transverse loads. The double- 
riveted lacing is surely ample to carry the transverse loads due to wind, 
but on curves the centrifugal load could be much more satisfactorily car
ried by solid webs, as there is in all cases considerable vibration from 
trains passing around curves. Two 15-in. channels with webs turned 
parallel to center line of structure do not give nearly as strong a section 
longitudinally as two channels and one I-beam, the section used on the 
Union Loop of Chicago. This I-beam column is just as satisfactory, as 
far as proper connections are concerned, as the two channel column, and is 
certainly much more rigid in both transverse and longitudinal planes.

“The investigations made by the writer verify your assertion that all 
columns should be extended up to tops of cross-girders, which should be 
solidly riveted into them.

“The assertion by Mr. Nichols that the later structures in New York 
have the tops of columns so firmly fixed that the structures could he slid 
bodily over the ice without the columns collapsing would, in the writer’s 
opinion, apply only to the Suburban Rapid Transit Line in New York.
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“The straight brackets in use on most of the lines in New York and 
Brooklyn consist of two small angles with two and three rivet connections 
to cross girders and columns, and are almost absolutely useless as bracing. 
The rivets in these connections work loose, showing that the details are 
weak and overstrained. A straight bracket with a solid web would be 
more efficient than a curved bracket, but less pleasing in appearance, but 
the curved bracket with a solid web is incomparably better than the angle 
brackets in such common use on the older lines.

‘‘Referring to the discussion by Mr. T. C. Clarke.*M. Am. Soc. C. E.. 
the writer made a careful examination of the Second Avenue line in New 
York, and in the following pages each of the seventeen essentials of good 
construction given in your paper arc applied to the above-named structure 
and the evil effects of the violation of these essentials are pointed out.

“i. Insuwciency of Rivets for Connecting Diagonals to Chords of 
Open-ll’ebbed Girders.—The diagonals in the longitudinal girders of the 
Second Avenue line arc each composed of two angles varying in size from 
6x4 ins. at ends to 4 x 3 ins. at center. The diagonals are of the single
intersection W arren girder type, and in no case do they intersect on Center

s'»" iUlf*pan-

FlO. 41.

of-gravity lines. There are only four or five rivets connecting these diago
nals to the chords, and as there are no connection plates in the girders, the 
rivets connecting the diagonals to the chords are hunched in such a small 
space that it is hardly probable that the full value of these few rivets is 
obtained. Some of these rivets are working loose, hut not so many as 
would he expected. Judging from the investigations made, there is proba
bly, on the Second Avenue line, an average of about twenty loose rivets 
per mile per month in the diagonals of longitudinal girders. This number 
is only about one-third as many as are found on the Third Avenue line, 
but certainly many more than should be found on a structure which has 
been properly designed.

“2. Failure to Intersect Diagonals and Chords of Open-Jl'ebbed Gird
ers on Gravity Lines.—In none of the longitudinal or transverse girders of 
the Second Avenue Line do the diagonals intersect on gravity lines, while 
near the ends of these girders where large angles are used these diagonals 
intersect in some cases as much as 8 in. off centers.

“It will be interesting to take the case of a 45-ft. span (Fig. 41 ) and 
figure the combined direct and bending stress on the top chord. The loads 
assumed for" these calculations are the same as were used in designing the 
Union Loop.
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Live load 
Total load

Dead load per lineal foot of track.. 700 lbs.
Live load “ “ “ .. 2.500 “

.. 3,200 lbs., or, 1.600 lbs. per lineal 
foot per stringer.

"Moment at center of girder—• x 1,600 x (45)2— 405,000 foot-
405,000

pounds. Effective depth of girder = 3.25 ft. Stress = 

600 lbs.

124.-
325

"Bending on top chord. Let us use the compromise formula M = 
0.1 Wl.

Live load, M = 0.1 x 11,000 x 42 = 46,200 inch-pounds.

Dead load M = -,1! x 350 x 35 x 42 = 4,290 inch-pounds.
Total bending moment — 50,490

Section for top chord, assumed, two 6 x 6-in. 72-lb. angles. 
Moment of inertia of top chord = 45 net.

4.25 x 50.490
4,768 lbs.

124,600
Direct stress =---------- == 8,653 lbs.

14.4
“Total extreme fiber stress in center panel of top chord due to com

bined direct load and bending = 13,421 lbs. per square inch. This is too 
high an intensity to use where the loads are so frequently applied as they 
are on this line. The intensity used for the top chord sections on the 
Union Loop was 9,000 lbs.

"Let us try the end detail of these longitudinal girders. End shear = 
22.5 x 1,600 = 36,000 lbs.; eccentricity = 12 ins.; moment due to eccen
tricity — 36,000 x 12 = 432,000 inch-pounds ; moment of inertia of section

r—• 3-5X432,000
on A B (Fig. 42) — 160 net: R =------------------= 0.4so lbs., which is

all right.
"Let us try an intermediate panel point "X,” Figs. 41 and 43. 

stress in second panel of top chord 77.540 lbs.

"Let us try an intermediate panel point "X,” Figs. 41 and 43. Direct

f p 77l54° o ,u fore P =---------= 5,385 lbs.
14.4

P — 5*385 lbs. Stress in diagonal = 15,600 lbs. 
Bending from wheels

R = 4,768 Lever arm for eccentricity = 8 ins. 
Moment = 8 x 15,600=124,800

Bending due to eccen
tricity R=\\ ,787 “ R

inch-pounds.

Total extreme fibre
stress = 21,940 “

124.800
1,787 lbs.
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“This is too high to strain the top Hanges of these girders. From the 
above figures it will be seen that the eccentric connections arc the cause of 
more stress in the top chords than the combined direct load and bending 
due to wheel loads. Such unnecessary stresses should certainly not exist 
in a well-designed structure.

“4. Failure to Proportion Top Chords of Opcn-IVebbed Longitudinal 
Girders to Resist Pending from IVheel Loads in Addition to Their Direct 
Compressive Stresses.—From the figures made for section 2, it will be 
seen that the stresses in top chord angles arc not excessive for the com
bined direct load and bending due to wheel loads on top chords, but that 
the stress due to eccentric connections combined with the two cases named 
above increases the total intensity to about too per cent, above what it 
should be. With proper connections the top chords of this structure would 
not be overstrained more than 45 per cent.

“5. Insufficient Bracing on Curves.—On the Second Avenue line no 
bracing is provided on curves, except the ordinary stringer bracing. As a 
result of this neglect, the stringer bracing connections on curves are badly

o <j> o \o id\ 000

FIG. 42.

overstrained, and the rivets are continually working loose. The bracing 
frames between adjacent stringers seem to suffer especially from the cen
trifugal load, and as the diagonals in these frames are of small fiat bars, 
connected by one rivet at each end, and at the intersection at center, they 
are entirely inadequate for the work they have to do. There is great vibra
tion on all curves caused by passing trains, although their speed is much 
reduced as they approach the curves.

“On Twenty-third Street, where the line runs from First Avenue to 
Second Avenue, there is a short tangent between two very sharp curves, 
and the lack of sufficient bracing is clearly shown by the swaying of the 
structure in both transverse and longitudinal directions as the trains pass 
around these curves.

“Rigid bracing frames placed at center of panels would add greatly to 
the rigidity of the structure. A comparison of the action of this structure 
with that of the Union Loop Elevated in Chicago under similar loads and 
conditions would show the great advantage to he derived from a rigid 
lateral system on curves.

“6. Insufficient Bracing between Adjacent Longitudinal Girders.—On 
the entire Second Avenue line the adjacent longitudinal girders are braced 
together with 3 x 3-in. angles in the planes of both top and bottom flanges,
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with a bracing frame at each end of panel, and one or more at intermediate 
points according to length of span. As stated before, the diagonals in the 
bracing frames are of small Hats and of very little value as bracing. The 
bracing angles between the adjacent longitudinal girders are ample to 
carry all stresses which can come upon them where the structure is on 
tangent, but as no plates are used for connecting these angles to the longi
tudinal girders, only two rivets are used to attach them to the girders. 
These two-rivet connections do not stand the wear and tear of the con
stant vibration produced by the heavy traffic, and as a result many of these 
rivets work loose. The single rivets in the bracing frame connections also 
frequently work loose. Enough metal has been used in the bracing be
tween longitudinal girders to make a thoroughly rigid system if properly 
distributed. If the bracing angles between bottom flanges of girders had 
been omitted and the same amount of metal had been used in providing 
suitable connection plates and rigid bracing frames joining the longitudi
nal girders at the center of panel, and if all connections had been made with 
three or more rivets, the structure would be more rigid and there would be 
no trouble with loose rivets in the lateral bracing.

“8. Excess of Expansion Joints.—In the Second Avenue structure, 
provision is made for expansion in every panel, and this excess of expan
sion joints is one great cause for vibration in the structure. Neglecting 
the continuity of the track, each bent has to take care of all longitudinal

X—x—

Flo. 43-

thrust from traction or braked trains, coming on the panel which is attached 
to it. There can be no real necessity for the expansion joints on this line 
being placed closer than at every fourth bent, or, say, from 175 to 200 ft. 
apart, and such an arrangement would add a great deal to the rigidity of 
the structure.

“9. Resting Longitudinal Girders on Top of Cross Girders Without 
Riveting Them Effectively Thereto.—The attachment of longitudinal gird
ers to the cross girders on the Second Avenue line is the same for l>oth 
fixed and sliding ends, except that the holes for the bolts used in the con
nections at sliding ends are slotted and are provided with washers, while 
for the fixed ends the holes are made to fit the bolts or rivets. The connec
tion of longitudinal girders to the cross girders is not well designed to 
transmit the longitudinal thrust from the former to the latter. The bolts 
connecting the ends of the lower flanges of the longitudinal girders to the 
cross girders are missing in s great many instances, especially in portions 
of the structure on curves.
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“The end details of these longitudinal girders have a great deal to com
mend them from a manufacturer's point of view, as they are simple, and no 
special details whatever are required for the sliding ends.

“ io. Cross Girders Subjected lo Horizontal Bending by Thrust of 
Trains.—No struts are used on the Second Avenue line in any case to carry 
the thrust from braked trains to column direct, hut the cross-girders are 
relied upon to carry this load in bending. Throughout the entire line all 
cross-girders are composed of two separate girders, each of four angles 
and a solid web plate, or a lattice web system. These girders have stay 
plates between them at all points where the longitudinal girders connect to 
the cross-girders, so these heavy cross-girders arc probably amply strong 
to carry all transverse bending that comes upon them in portions of the 
structure where the columns arc located in the street beneath the tracks. 
But on portions of the structure win.re the columns are placed on curbs, 
the bending should be taken care of by means of struts extending out to the 
columns. On some of the down-town portions of structure with the col
umns located on curbs, there is a perceptible canting of the cross-girders 
when the brakes are applied to passing trains, and the writer was told by 
persons in a position to know that this torsion on the cross-girders is the 
cause of a great many rivets and bolts working loose.

“iI. Cutting Off Columns Below the Bottom of Cross Girders and 
Resting the Latter Thereon.—The columns on this line are all cut off below 
the bottoms of cross girders and arc provided with cast-iron caps which 
are bolted to the tops of columns and to the cross girders. The cross 
girders are double, as previously described ; therefore they furnish quite a 
large bearing area on top of columns. A large plate i in. thick is inserted 
between the cast-iron cap and the bottom of cross girders, and about 
twelve J^-in. bolts are used in the connection of cross girders to columns. 
This detail, of course, docs not fix the tops of columns in such a rigid way 
as the details used on the Union Loop of Chicago, but the connection is as 
strong in every way as it is possible to make it when the columns are cut 
off below cross girders. The writer could find none of the bolts in these 
connections loose, and lie was informed by others that only a very few of 
these bolts had ever been replaced.

“No diaphragms arc used between the cross girders directly over the 
columns, and it occurred to the writer that if a solid diaphragm had been 
put in between the two cross girders,directly over the center of the column, 
riveted to both girders and bolted to the top of column, it would practically 
have made a fixed end of the top of column, so far as the cross girders are 
concerned. Such details for tops of columns cannot be commended, be
cause the only rigidity which can be obtained in such connections is due to 
the ability of the bolts to resist direct tension, and certainly better results 
can be obtained at much less cost by running up the columns and riveting 
the cross-girders into them.

“12. Paltry Brackets Connecting Cross Girders to Columns.—The 
brackets used on the Second Avenue line are small cast-iron sections 
curved to circular form and bolted at one end to the cross girders and at 
the other to the column. If these brackets were put on merely to improve 
the appearance of the structure, they may, to a certain extent, be said to fill 
the purpose for which they were intended, but if they were intended to 
serve as braces to aid the column in any way, they are certainly useless.
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"13. Proportioning Columns for Direct Live ami Dead Load and Ig
noring the Effects of Pending Caused by Thrust of Trains and Lateral 
Vibration.—The columns used 011 this Second Avenue line are of Phoenix 
sections and contain ample metal to resist all stresses that ever come upon 
them if they were firmly fixed at the tops in both transverse and longitudi
nal directions. The vibration in this structure is not due to lack of metal 
in columns, but to numerous defective details as outlined previously. 
While there is considerably more vibration in this structure than there 
should be, it is, nevertheless, the most rigid and durable of any of the 
elevated roads in New York, excepting the Suburban Rapid Transit line 
and the City Hall approach, and the better condition of this Second Avenue 
line is due largely to the great amount of metal used in its construction. 
As nearly as the writer can estimate the weight of this structure, it con
tains about 30 per cent, more metal per lineal foot of structure than does 
the Union Loop of Chicago. A large portion of this metal is in the col
umns and cross girders.

“As before stated, the Phoenix columns on this line are often burst bv 
the freezing of accumulated water on the inside of the columns. This 
water must get into the column by the bolt holes at top, through which 
the bolts pass that attach the cross girders to the column, also through the 
holes in the sides of columns through which the bolts pass that connect 
the curved cast-iron brackets.

“14. Omission of Diaphragm Webs in Columns Subjected to Bending. 
—The Phoenix column requires no diaphragm and is well adapted to carry 
shear in any direction.

“15. Ineffective Anchorage; 16, Column Eeet Surrounded by and 
Filled with Dirt and Moisture; 17, Inefficient Bases for Pedestals.—The 
bases of the columns are made of cast iron, and into these cast-iron bases 
the column is set in cement or rust grouting. The joints between the col
umns and castings are in good condition, and there are no evidences of 
any springing or movement of the columns. The cast-iron bases are ex
tended far enough above the ground to prevent the dirt and moisture from 
accumulating around the steel column. The columns are not badly rusted, 
considering the length of time this structure has been built. Each of 
these cast-iron bases is anchored to the masonry by four anchor bolts which 
extend to the bottom of pedestal. The anchorages are so strong that the 
columns and pedestals would act as one piece if tested to destruction. 
There have been but few if any repairs made to the anchorages and pedes
tals, nor has there been any settlement of the foundations. It is the opin
ion of the writer that the pedestals, bases and anchorages are first class, 
and if all parts of the structure were as well designed as these portions 
there would be but little adverse criticism to make.

“From the foregoing you will note that the writer does not agree with 
Mr. Clarke’s statement that the Second Avenue line conforms in general 
design to all of the seventeen essentials named in your paper, and main
tains that Nos. T. 2. 5, 8. 0. 10 and 11 of the defects named do exist in a 
very distinct form in the Second Avenue line, and that the evil results of 
such defects arc plainly shown by the action of the structure under loads 
and bv the necessity for repairs which are being made from time to time.

“Mr. Clarke’s figures of $319 per mile per year seem a large amount to 
pay out for repairs to metal-work alone, exclusive of painting and track- 
work. The writer is of the opinion that on a structure designed like those
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shown in your paper, the cost of repairs to metal-work alone would be 
practically nothing for the first 20 or 30 years : and with no increase in the 
live loads, the life of such a structure, kept well painted, would be indefi
nitely long.

“The writer wishes it to be understood that he does not criticise the 
design of the Second Avenue line as not being fully up to the standard of 
good construction at the time it was built, and he appreciates the fact that 
the art of steel construction was in its infancy 20 years ago, and that it 
has been by a process of evolution that the designs of to-day are so far 
superior to those of the earlier days.

"General Criticism of All the Elevated Railways in New York and 
Brooklyn.—In accordance with your request, the writer extended his in
vestigations to all the elevated railways in New York and Brooklyn, and 
in the following report will take up the 17 defective points mentioned in 
your paper, and apply them to all of these lines, and will show that some 
of these exist in all of the structures mentioned, and all of them in some 
of the structures.

“1. Insufficiency of Rivets for Connecting Diagonals to Chords of 
Open IVebbed Girders.—The longitudinal girders on the Third Avenue 
line were originally made with single intersection webs, each diagonal 
being composed of two angles ; lnit with increased live loads and constant 
traffic these girders began to wear out so rapidly that it became necessary 
to strengthen them. This strengthening was done hv putting in another 
set of diagonals, each diagonal being composed of two fiat bars which pass 
between the original angle diagonals at their centers and are riveted to 
them at their intersection by one rivet. Xo connecting plates are used in 
any of the connections of diagonals to chords, and even with the additional 
set of diagonals the girders are weak.

“If the loads were equally distributed between the two sets of diago
nals, the number of rivets in the connections of diagonals to chords would 
be ample; but, as the added diagonals are capable of taking tension only, 
they are of but little value, and the end connections are still overstrained, 
as is shown by the number of loose rivets to he found in them.

“The construction of the longitudinal girders in the Ninth Avenue line 
is very similar to that of the Third Avenue line.

"The longitudinal girders in the Kings County Elevated arc of much 
better design ; for in most cases plenty of rivets are used, as the diagonals 
are connected to web plates in top and bottom chords.

“2. Bailnrc to Intersect Diagonals and Chords of Open-lVebbed Gird
ers on Gravity Unes.—On none of the lines where lattice girders are used 
has there been any attempt to intersect the diagonals on gravity lines, and 
this is no doubt one of the great causes for the wear on these girders.”

“4. Failure to Proportion Top Chords of Open-Webbed Longitudinal 
Girders to Resist Bending from IVheel Loads in Addition to Their Direct 
Compressive Stresses.—No webs are used in the top chords of longitudinal 
girders in any of the New York lines, but as the panels are very short in 
most instances, the bending on top chords from wheel loads does not pro
duce excessive strains in them.

“On the Kings County Elevated, heavy web plates about 15 ins. wide 
are used between both top and bottom chord angles, which are ample to 
resist the bending from wheel loads in addition to the direct stresses. The 
connections arc eccentric, and the stresses due to the bending from ccccn-
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trie connections arc greater than those from the bending due to loads on 
top chords.

“To make a comparison of the details of the longitudinal girders used 
on the Union Loop in Chicago, and some of the New York and Brooklyn 
elevated roads, the writer herewith gives some typical details of the differ
ent designs in Figs. 44, 45. 46 and 47.

“By a careful inspection of Fig. 44, which shows the details of the 
longitudinal girders used on the Union Loop, it will he seen that all diago
nals intersect on the ccnter-of-gravity lines of the chords, thus eliminating 
all secondary stresses, while the diagonals of girders shown in Figs. 45. 46 
and 47, do not intersect on gravity lines ; consequently large secondary 
stresses are produced in all said designs.

“It will also be noticed that in the Union Loop design ample provision 
has been made for bending on top chords, by providing a web plate be
tween the two top chord angles, that large connecting plates are used for 
connecting diagonals to bottom chords, and that more rivets are used in 
all connections of diagonals than in the girders of the other structures.

“The girders for the Kings County Elevated, Fig. 45, have heavy web 
plates in top and bottom chords, and, although more metal is used in these 
girders than in those for the Union Loop, none of the diagonals intersect 
on gravity lines. The end detail of these girders which furnishes the bear
ing on cross girders is very eccentric, and it will be seen that on the section 
on AB, Fig 45. there is a large bending moment which must be taken up 
by the top chord and the reinforcing angles at the end, but the reinforcing 
angles are cut off so near the point of maximum bending that there is a 
great shear on the few rivets back of the section line AB which could easily 
have been avoided by extending the reinforcing angles back 12 or 15 ins. 
farther.

“Fig. 46 shows the details of the longitudinal girders on the Second 
Avenue line, which have been considered previously.

“Fig 47 shows the details of the longitudinal girders on the Third 
Avenue line since they have been reinforced. The eccentric connections, 
light top chord section, and few rivets in all connections should he noted.

“There is one commendable feature of the girders shown in Figs. 45 
and 46, which that shown in Fig. 44 does not possess, and that is the pro
jection of the top flange angles above the cross-girders. This arrange
ment of girders gives an unbroken surface of longitudinal girders on which 
to lay the ties.

“5. Insufficient Bracing on Curves.—No special lateral bracing is used 
on curves of any of the New York and Brooklyn lines.

“6. Insufficient Bracing between Adjacent Longitudinal Girders.—On 
the Second Avenue, the Third Avenue, and the Ninth Avenue lines, both 
the top and bottom flanges of adjacent longitudinal girders arc braced to
gether with angles connected to girders by two rivets, no connection platen 
being used in any case. On all of these lines there are loose rivets in tin 
bracing connections.

"7. Pin-Connected Pony Truss Spans and Plate Girders with Unstifi 
cned Top Flanges.—Pony truss spans arc used on the greater portion of 
the Sixth Avenue line, and of all the structures which the writer has ex 
amined, this one is undoubtedly in the worst condition. The evidences <,; 
wear and tear are too numerous to mention. The vibration is excessiv< 
and loose rivets are plentiful.
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"8. Excess of Expansion Joints.—With two or three exceptions, all of 
the lines in New York and Brooklyn have expansion joints at every panel. 
Two of the exceptions are the Fifth Avenue line in Brooklyn, in which 
the sliding ends are placed at every third bent, or about 150 ft, apart, and 
the Suburban Rapid Transit line, in which they are placed at every fifth 
bent, or about 225 ft. apart. The longitudinal rigidity gained by spacing 
the sliding ends as in the last-named structure is very noticeable by com
paring them with the structures in which the expansion joints are placed 
in every panel.

Stringer Bracing sit

no. 45-

“9. Resting Longitudinal Girders on Top of Cross Girders Without 
Riveting Them Effectively Thereto.—Various details are used on the dif
ferent lines for attaching the longitudinal girders to cross girders. The 
details adopted on the Kings County, the Second Avenue, and the Third 
Avenue lines are shown in Figs. 45, 46 and 47, and these are typical of 
those used on all of the older lines On the Suburban Rapid Transit line 
in New York, and the Fifth Avenue line in Brooklyn, the longitudinal 
girders are riveted into the cross girders, the top flanges of the former 
passing beneath those of the latter.

“The connections of longitudinal girders to cross girders on the older 
lines arc not designed to resist properly the thrust from braked trains, as 
will be seen from Figs. 45.46 and 47.
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“A great many uf tile rivets and bolts attaching the longitudinal girders 
to the cross girders work loose, especially those at bottoms of longitudinal 
girders.

“10. Cross Girders Subjected to Horizontal Bending by Thrust of 
Trains.—On none of the lines in New York or Brooklyn is any special 
bracing used to carry the thrust fmm braked trains directly to the col
umns, and thus relieve the cross girders from the transverse bending which 
comes upon them. A slight semblance of such bracing is used on the 
Kings County Elevated, but the struts are of small single angles, which 
are placed in planes of bottoms of longitudinal girders only, and are not 
capable of carrying the stresses which come upon them.

IT*i*ata

■O'TOM rvAM.CS

DE i AILS OF BRACING FRAME.

no. 46.

“On most of the older structures the cross girders arc all double, con
sequently they are capable of carrying more horizontal bending than are 
single-webbed girders, and when the columns are placed beneath or quite 
near the tracks, they are strong enough to carry the thrust to the columns ; 
but where columns are set on curbs, the bending effect of braked trains is 
noticeable in the vibrations of the structure, and in some cases by the cant
ing of the cross girders.

‘ The bracing used on the Union Elevated Railway of Chicago to take 
up the thrust from braked trains, also to fix the tops of columns, is shown 
in Fig. 44. From some of the discussions, the writer believes it will be 
interesting to give in this connection the method used in determining the 
size of these struts and the strength of their details.
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“Let us assume the span length to be 50 ft. ; live load = 1,800 lbs. per 
lineal foot of track (equivalent load for 150 ft. span ) ; total live load on one 
panel per track — 50 x 1,800- 90.000 lbs. ; co-efficient of friction = 0.20; 
longitudinal thrust = 90,000 x 0.20 = 18,000 lbs. ; distance from center to

18,000 x 17.33
center of columns — 22.66 ft. ; thrust on one column =-----------------

22.66
— 13.770 lbs. ; the depth of longitudinal girder is 5 ft., unsupported length 
of column = 16 ft. (see Fig. 48).

“As this bracing is designed to fix the tops of columns, and as the bot
toms ot columns are hrmlv hxeti by the anchorages, the lever arm is equal 
to one-half the unsupported length of column, or 8 ft.

fig. 47.

13 x 13,770
Stress on lower strut — -------------- sec. = 42,246 lbs.

5
8 x 13.770

Stress on top strut =------------- sec. e — 25,998 lbs.

“The unsupported length of these struts is about 4 ft. Least radius of
/ 48

gyration, two 4 x 3-in. 25-lb. angles = 1.2. Therefore, — = — = 40
r 1.2

Hence, these struts are good for 12.000 lbs. per square inch. They arc. 
therefore, strong enough to fix the tops of columns. Front Fig. 44 it will 
he seen that eight rivets are used for the bottom struts ; then stress on each

42,246
rivet in the connection for bottom strut = —^— = 5,281 lbs., and for

25,998
those in the connection for top strut = — •= 4,333 lbs. These stresse.1*

6
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arc well within ordinary working intensities. From these calculations, it 
will be seen that the tops of columns are fixed by these struts, and that all 
members and details are strong enough to take care of the stresses pro
duced by the assumed thrust of 0.20 of the live load.

“Having thus shown the method used in determining the size of struts 
required to fix the tops of columns, the effect of this horizontal thrust will 
now be used in proportioning a column.

“Assuming the same span length as before, we have the following :
“Live load = 2.440 lbs. per lineal foot of track (equivalent live load 

for 50-ft. span).
“Dead load — 650 lbs. per lineal foot of track.

“Total = 3,090 lbs. “ “
“Total load on one column from longitudinal gird

ers .......................................................  3,090 x 50 = 154,500 lbs.
“Weight of one column and half of one cross-girder... 6.500 "

“Total direct load on one column..................................... 161,000 “

FIG. 48.

"The total longitudinal thrust on one column, as given above, is 13770 
lbs. One-half unsupported length of column =8 ft. or 96 ins. Bending 
on column = 96 x 13,770 = 1,321,920 inch-pounds. Section used for 

, f 2 15-in. 100-lb. channels. Area of section == 52.3 sq. ins. colum" ( . 15-in. ,23-lb. I-beam.
“The web of I-beam is placed parallel to center line of structure. 
“The moment of inertia of section = 1,300 net.

8 x 1,321,920
“Therefore the stress on extreme fiber —----------------- = 8,135 lbs.

“Stress from direct load
1.300

= 5,000

“Total stress on extreme fiber due to combined direct
load and bending moment 13,135 “

which is allowable under such an unusual loading, as — is less than forty-r
five.
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“From the foregoing calculations it will be seen that all parts of the 
structure are designed to resist properly the assumed horizontal thrust; 
and it is interesting to note also that, although all possible combinations of 
stresses under the most unfavorable conditions are properly taken care of, 
the structure does not weigh as much per lineal foot as some of the older 
designs in which no provision is made for such stresses, although they are 
liable to occur.

“n. Cutting Off Columns Relow the Bottom of Cross Girders and 
Resting the Latter Thereon.—The columns of nearly all the structures in 
New York and Brooklyn are cut off below the bottoms of cross girders, 
except in the City Hall approach in New York, and on a portion of the line 
on Broadway in Brooklyn. On the City Hall approach the columns are 
built of two 15-in. channels, laced together with double-riveted lacing. 
The inner channel is cut off below the bottom of cross girder, and the 
outer channel is extended to the top of cross girder, the latter being riveted 
into this channel. This construction is certainly much better than that 
used on most of the New York lines; but the connection would be more 
rigid if both channels were extended to top of cross girder, and if a dia
phragm were placed between the two channels and extended down to the 
bottom of the curved bracket beneath the cross girder.

“The details used for attaching the cross girders to columns on the 
Rapid Transit line. New York, and given bv Mr. Berger in Fig. 35. is cer
tainly a good one, as it makes the cross girder and column practically con
tinuous, and is at the same time comparatively easy to manufacture and 
erect.

“On all lines where Phoenix columns are used, the columns are cut off 
beneath the cross girders, and are provided with cast-iron caps to which 
the cross-girders are attached by means of bolts. This style of construc
tion, with its defects, was discussed in connection with the Second Avenue 
line.

"On the Third Avenue line the columns are composed of two 15-in. 
channels connected with double-riveted lacing, and are flared out at the 
top to receive the longitudinal girders which rest thereon. The connec
tions between columns and girders are very weak, and are not capable of 
resisting properly the longitudinal thrust.

“The curving of channels at tops is objectionable, for, according to the 
reports of shop inspectors, the channels often crack while being bent. An
other objectionable feature of this style of column is that where the con
centrations from longitudinal girders come upon the edge of the column, 
there is very little metal to carry the load. There are many failures in the 
details at tops of the columns on the Third and Ninth Avenue lines, and 
in many instances bent plates have been used to reinforce them.

“The bolts and rivets which attach the longitudinal girders to tlie tops 
of columns fail in a great many instances, and in some cases the tops of 
columns have been reinforced with ?s. A portion of the Ninth
Avenue line is constructed in the same manner. On the Fifth Avenue lint 
in Brooklyn the columns are built of fwc 15-in. channels with double riv 
eted lacing bars. The inner channel is cut off below the bottom of cro- 
girder, and the outer one is extended up about 18 ins., and riveted to en 
of cross girder. The detail is similar to that used on the City Hall a] 
proach. but not nearly so good.

45
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“12. Paltry Brackets Connecting Cross Girders to Columns.—The 
brackets used on the Second Avenue line have been described, and the same 
style of brackets is used on all structures having Phoenix columns.

"The columns on Third Avenue are Hared out at top and thus form a 
kind of bracket. The brackets on the Sixth Avenue line are made of a 
single 3-in. or 4-in. T-iron and connected to columns and cross girders 
by four small rivets about $ in. in diameter, at each end. These brackets 
are absolutely useless so far as providing am lateral rigidity to the struc
ture is concerned.

"On the Kings County Elevated the brackets are made of two 3 x 3-in. 
angles connected to cross girders and columns by three rivets or bolts. 
These brackets are very weak, and add but little, if any, rigidity to the 
structure.

"A portion of the Fifth Avenue line in Brooklyn has brackets composed 
of two 6 x 6-in. angles attached to cross girders and columns by four 
rivets at each end of strut. These brackets are strong enough to take care 
of any stress that comes upon them On some portions of this line, where 
the structure is only of ordinary height, the brackets are omitted, and as 
the connection between cross girders and columns is weak, as previously 
described, the tops of columns are almost free ended. This portion of the 
structure is very vibratory, in fact the writer believes the vibration at the 
Sixteenth Street station on this line is greater than at any other elevated 
station in New York or Brooklyn.

"The City Hall approach has curved brackets with solid webs which 
serve their purpose well.

"The brackets on the Suburban Rapid Transit line are made of two 
4 x 3-in. angles, bent at ends on to cross girders and columns, and connect 
by six rivets. These brackets, and the superior details used to connect the 
cross girder to column help to make the structure rigid transversely.

"13. Proportioning Columns for Direct Live and Dead Loads and Ig
noring the liffccts of Bending Caused by Thrust of Trains and Lateral 
l ibration.—If all details were made so as to fix properly the tops of col
umns in both transverse and longitudinal planes, the sections used for the 
columns on most of the lines in New York and Brooklyn would be strong 
enough to carry satisfactorily all the loads that could ever come upon them.

"14. Omission of Diaphragm ll'ebs in Columns Subjected to Bending. 
—A great many of the columns used on the various lines are of Phoenix 
section, and consequently do not require diaphragms, and on several lines 
where channel columns are used the lacing is double riveted. The writer 
could see no signs of failure in any of the lacing on columns, even where 
single riveted lacing is used.

"15. Ineffective Anchorages.—The writer believes that the anchorages 
on nearly all the lines he examined are strong enough to carry satisfac
torily all the combinations of stresses which ever come upon them.

"70. Column Peel Surrounded by and Pilled with Dirt and Moisture.— 
There are a number of designs used for column feet on the different 
lines in New York and Brooklyn, but in nearly all cases the bases are made 
of cast iron, and are extended well above the surface of the ground, serv
ing as fenders where the columns are placed in the street. The feet of the 
Phrcnix columns are. in general, as well preserved as could be expected 
considering the age of these structures, and the little attention these bases
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have received. If the feet of columns were kept properly painted, and if 
the joints between the columns and the cast-iron bases were kept well filled 
with grouting, these bases would be entirely satisfactory.

“The bases of columns on the Third and Sixth Avenue lines and on a 
portion of the Ninth Avenue line are very different from those used with 
the Phoenix columns. As well as the writer could determine, these col
umns, which are in the street, are set in a cast-iron base which is entirely 
below the surface of the pavement, and a separate cast-iron fender is used 
above. These bases are not so satisfactory as those previously described, 
and in many cases the fenders arc broken and the feet of columns are badly 
rusted.

“The column bases on the Suburban Rapid Transit line are made of 
cast iron and the bottoms of columns are filled with grouting. The feet 
of these columns are in good condition.

"On a portion of the line on Broadway in Brooklyn, the bases arc 
made of cast-iron and are solidly,riveted to the feet of columns. These 
castings rest on stone pedestals which project 18 ins. or 2 ft. above the 
pavement and serve also as fenders. These column feet are in excellent 
condition ; the connections of columns to bases are very strong, and their 
bases are in turn attached to pedestals by four anchor bolts. There is no 
place for moisture or dirt to accumulate, and for durability and efficiency 
these bases are probably superior to those used on any of the other elevated 
lines in New York or Brooklyn.

“/7; Insufficient Bases for Pedestals.—The writer could not secure 
much information concerning the pedestals, but so far as he could learn 
there has never been any trouble from the settlement of foundations, and 
therefore it is probable that ample bases have been provided for the pedes
tals.

“18. Neglect of Painting the Metal-work.—It is surprising to note the 
false economy practiced on all the elevated railways in New York and 
Brooklyn, bv failing to keep the metal-work properly painted. It is safe to 
say that there is not a single line which is not badly in need of repainting.

“Without doubt the almost unmolested erosion of the metal on the 
older structures has done more to destroy them than the wear and tear 
due to both the heavy traffic and the excessive vibration from defective 
details. It is only a matter of time, and not a very long time either, unless 
some very effective means are employed to arrest the ravages of rust, until 
the older structures will have to be rebuilt. It is indeed remarkable that 
metal-work, the value of which runs up into millions of dollars, should be 
left to rust away, when a comparatively small sum of money, spent at the 
proper time and for the right kind of painting, would prolong the life of 
the structure indefinitely. The writer believes that the subject of painting 
should have received more consideration in your paper, as it is certainly a 
most important one. Engineers should certainly use their influence to 
prevent such great losses to the companies, which losses are as sure to 
come from lack of painting as from faulty details.”

From what Mr. Hedrick says it will be seen that Mr. Clarke was . 
trifle hasty when he stated that the Second Avenue line of New Yorl 
“conforms in general design to all of his (the author’s) sixteen ‘essen
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tials,' although in details there are many differences.” In truth, there are 
very few of the essentials of good construction that were not violated in 
the design of this Second Avenue line ; although there is this to he said in 
its favor—a plentiful, or. strictly speaking, an extravagant, use of metal 
reduces considerably the magnitude of the ill effects of the violation of 
first principles of design ; and, considering the lack of knowledge about 
structural metal-work at the time it was designed, it is a creditable piece 
of engineering. Nevertheless, this is no reason why it should continue to 
be a model for future elevated railroads.

Treated versus Untreated Timber.—It appears that Mr. Stuart and 
Mr. Belknap question the correctness of the data used in comparing the 
real values of vulcanized and untreated timber, so it behooves the author 
to make good his premises.

Most of his information concerning vulcanized yellow pine was ob
tained in conversation with the late Colonel I lain, who was for many years 
general manager of the Manhattan Railway Company. Unfortunately, 
there is no documentary evidence to verify the conversation mentioned, 
but the author is able to give the following extract from a letter by Colonel 
Hain to Professor V. Holbein, of Berlin, Germany, which will substantiate 
the statement that the former approved of vulcanized timber for elevated 
railroads :

"We first began the use of vulcanized wood in the spring of 1883. 
One million feet of vulcanized cross-lies and planking was placed on the 
line of our road that year, expressly to give it a fair trial on its merits. 
After the lapse of six years, a careful and critical examination was made 
of the vulcanized material laid in 1883. We found it entirely free from 
decay, and as sound and sweet as the day it was laid. There were no in
dications of decay at the end.of the vulcanized planking, while the planks 
and cross-ties not treated, placed on the structure at the same time, were 
decayed at the ends and where they were nailed or bolted to the supporting 
timbers.

"Since the foregoing examination, we have been using vulcanized ma
terial exclusively on the line of the road. Actual experience has satisfied 
us that vulcanizing is far superior to any other known treatment for pro
longing the life of timber. We find that vulcanized material neither wears 
out nor decays. We have had no occasion to take up any of it since we 
commenced its use.

"Our experience with creosoted ties proved unsatisfactory. Creosot- 
ing seems to soften timber and weaken its spike-holding quality. We 
have found great trouble in keeping spikes in place, especially on curves 
Spikes in vulcanized wood we find are as firmly fixed after the lapse of 
ten years as when first driven.

"Vulcanized wood does not seem affected by wind. rain, heat or sun. 
Before we adopted vulcanized wood it was necessary to constantly employ 
150 men painting our structure. Since its adoption, we have only 60
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painters, who work on the iron part of the structure exclusively. Vulcan
ized wood needs no paint to protect it.

‘‘The average life of untreated ties and timber on our structure has 
been about five to six years.”

Here is a distinct disagreement between Mr. Stuart and Colonel Hain 
concerning the life of untreated timber on elevated railroads. Mr. Stuart 
challenges the author's assumption that the life of such timber is as short 
as seven and a half years, while Colonel Hain says that on his lines it has 
been about five or six years. The author's experience with timber trestles 
in various parts of the United States indicates a life of from five to eight 
years for untreated yellow pine, although in certain cases two years’ 
longer duration has been obtained bv renewing defective parts and bolster
ing up the structure in different ways.

In order to satisfy Mr. Belknap's doubts concerning the efficiency of 
the vulcanizing process and the comparative values of vulcanized and 
untreated timber, the author has collected quite a mass of written evidence, 
extracts from which are given in the appendix.

Bearing Capacity of Chicago Soil.—The author regrets that, as pointed 
out by Mr. Weston, his statement that Mr. Rowe found the safe load per 
square foot for Chicago soil as low as r.ooo pounds, should cause any mis
conception concerning the character of the foundations for the North
western and Union Loop Elevated Railroads. Mr. Rowe’s discussion, 
though, will clear up any such misunderstanding.

Best Style of Anchorage for Columns.—Answering Mr. Nichols’ state
ment that the author duplicated in his column anchorage for the Sioux 
City train shed the corresponding detail used for the St. Louis Union 
Depot, the author would reply that the design for the former was made in 
June, 1891, before anyone did any figuring at all on the St. Louis train 
shed.

Best Sections for Columns.—Answering Mr. Nichols’ statement that 
no one has ever made a very satisfactory column froml-beams, and that 
the Z-bar column is “unsatisfactory when it comes to connections with 
girders or with column feet,” the author must take issue with him ; for it 
would be difficult to evolve a more satisfactory column for street work 
than that formed of two channels with an I-beam between, as used 
throughout the Union Loop. The author does not mean satisfactory to 
the manufacturer or to the erector, but satisfactory to the party who pays 
for and operates the structure. These columns arc not only extremely 
rigid, but also are well calculated to resist deformation from the heavy 
blows to which they are occasionally subjected by the street traffic. As for 
the Z-bar column of the Northwestern Elevated, one could not ask for 
better connections for detailing; and certainly the column tlms far has
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proved satisfactory in every respect, although it has not yet been subjected 
to the test of traffic.

Replying to Mr. Nichols’ question as to why the columns for Designs 
12 and 13 have larger sections than those for Design 3, the author would 
state that the latter design involves the use of longitudinally braced tow
ers, while the other designs do not. In Design 3 there is only direct 
vertical load on the columns, while in the other designs there are both 
vertical load and cross bending.

Mr. Connor criticises the Z-bar column on account of its expense in 
manufacture ; but when one considers that when the Northwestern metal
work contract was let the pound price bid was very much lower than any 
price previously tendered on elevated work, notwithstanding not only the 
alleged difficulty in manufacturing the columns, but also the reaming 
clause, the importance of his criticism reduces practically to zero. It must 
be remembered that the ultimate object in designing metal-work is to 
obtain results and not to keep down to the lowest possible limit the cost of 
manufacture.

The columns of two channels with flared ends advocated by Mr. Con
nor are defective for two reasons : first, the bending is injurious to the 
metal, and, second, the hearings for the longitudinal girders are inade
quate. Mr. Hedrick refers to these points in his report upon the New 
York and Brooklyn elevated railroads.

Best Style of Expansion Joint.—The author never claimed that he 
evolved his design for expansion pockets out of his inner consciousness. 
It represents simply an improvement on the older designs, in that the load 
from the longitudinal girder is applied as closely as practicable to the web 
of the cross girder, and in that the weight of metal required is reduced to 
about a minimum, with due regard for both direct load and bending 
caused by eccentricity.

Distance Between Expansion Joints.—In respect to the best distance 
between expansion joints, the author would call attention to the fact that 
when the columns are fixed at top and bottom the effect of variation of 
temperature is greater than where one end is loose, and that the extremes 
of temperature in Chicago are somewhat greater than those at New York. 
On these accounts he still prefers to adhere to 150 ft. as the regular limit, 
with an occasional length of 200 ft. at most, where the conditions necessi
tate it. The author's calculations were based upon an assumed extreme of 
expansion and contraction equal to 1 in. in 100 ft., although he considered 
it probable that not much more than three-quarters of this would be found 
after erection.

Superelevation on Curves.—Mr. Nichols must remember that it is 
intended to operate the Northwestern Elevated at much higher speed than 
ever before adopted for an elevated railroad, hence the author’s “apology



752 ELM AT ED RAILROADS.

lor a compromise between theory and practice in using low elevations of 
the outer rail on curves.”

Answering Mr. Nichols’ surmise that none of the connections of the 
author's columns to girders are either very simple or thoroughly effective, 
the author begs to submit through Mr. Hedrick’s report some detail 
sketches of the tops of the columns for the Loop. From these sketches it 
will be seen that the column tops are connected rigidly by an ample num
ber of rivets to substantial struts that form part of a complete system of 
lateral bracing, and that the connecting rivets arc in direct shear. It is 
shown by these sketches that "close adherence to the scholastic methods 
has not led to the retention of some of the antique errors of girder con
struction.”

It is evident from Mr. Nichols' figures that the spans on his Brooklyn 
Elevated could have been made a trifle shorter, so far as economy is con
cerned ; however, if he will deduct the cost of all the lateral bracing, and 
will compare that of the longitudinal girders alone with that of the bent, 
he will not find as much difference as 30 per cent. It is very easy to see 
that if the cost of a bent be practically constant for small changes in length 
of longitudinal girders, and if the cost per foot of the latter vary directly 
with the span, the greatest economy will exist when the cost of a bent is 
equal to the cost of the longitudinal girders of one span.

In order to reply to Mr. Nichols’ claim that an earth embankment with 
concrete retaining walls would be cheaper than the structure adopted for 
the Northwestern Elevated, the author has made such a design with an 
estimate of cost, and finds that, on the contrarv, the embankment would 
cost fully 7 per cent. more. The data for the estimate are as follows :

Height of embankment above street, 16 ft. ; w idth of embankment out 
to out, 48 ft. ; thickness of both wall and buttresses at top, 18 ins. ; thick
ness of wall at top of footing course, 3 ft. ; that of buttresses at same 
elevation, 6 ft. ; width of footing course for wall, 5 ft., and that for but
tresses, 8 ft. ; depth of foundation, 5 ft. ; front face of wall vertical ; rear 
face stepped off by 6-in. offsets ; three horizontal i-J-in. rods used to tie 
together each pair of opposite buttresses transversely to line; vulcanized 
ties 8 ins. x 8 ins. x 9 ft. spaced 2 ft. centers ; price of concrete $7 per 
cubic yard ; cost of metal 2.5 cents per pound ; cost of earth in place 30 
cents per cubic yard ; cost of excavation, including back-filling, 50 cents 
per cubic yard ; cost of rails for both cases, $2 per lineal foot of track ; cost 
of vulcanized timber in place $36 per M ft. B. M.

The length of line considered is one city block of 292 ft., of which the 
street takes 72 ft. and the alley 20 ft., leaving exactly 100 ft. as the length 
of each retaining wall. As it is not practicable to tie together opposit- 
buttresses in the end walls, the entire end walls were made of the samv 
section as the buttresses of the side walls.
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The following is the detailed estimate of cost :

Two Embankments.
Concrete......................... 1.502 cu. yds., at $7.00 $10,514,00
Earth........................... 4,187 " " .30 1,256.10
Excavation ................. 782 “ " .50 39100
Ties ................................. 400 “ 1.75 700.00
Rails, etc...................... 800ft.oftrack “ 2.00 1,600.00
Metal.............................. 16,400 lbs “ 2.5 cents 410.00
Grouting around the rods......................................... 200.00

Total $15,071.10

Metal Structure over Alley.
Metal.................................20,000 lbs. at 2 5 cents $500.00
Floor ............................... 20 ft. " $23.00 460.00

Total...................................................................... $960.00

Metal Structure over Street.
Metal ........................... 132,000 lbs. at 2.5 cents $3,300 00
Floor........................... 72 ft. “ $23.00 1,656.00
Pedestals .................... 6 “ 100.00 (av.) 600.00

Total.................................................................... $5,566.00

Summation.
Embankment ........................................................... $15,071.10
Over alley.................................................................. 960.00
Over street................................................................ 5,55600

Total.................................................................... $21,587.10
or, $73.93 per lineal foot.

Cost of Metal Elevated.
Metal, per foot, 1,765 lbs. at 2.5 cents..............................  $44-13
Floor and rails, per foot......................................................... I4-32
Pedestals (32 at $96)-4-292............................................... 10.52

Total cost per lineal foot............................................... $68.97
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The schedule prices used in these estimates are the same as those 
adopted for the preliminary estimates of cost for the Northwestern Ele
vated. Moreover, they have since proved to he almost exactly right, except 
that the concrete in foundations was somewhat cheaper ; but as the con
crete for the walls will be more expensive than that in the pedestals on 
account of the more complicated and larger forms required and the smooth 
finish of the exterior, it has been considered best to let the price stand 
unchanged.

The difference in cost per foot in favor of the metal structure is $4.96, 
or a little over 7 per cent.

The adoption of the embankment design would increase the cost of 
right-of-way almost as much as it would that of the construction, for, 
although it would not affect the price of the land occupied by the struc
ture, it would affect b amounts to be paid as damages to adjacent prop
erty. These will average as high as 30 per cent, of the cost of the land oc
cupied by the structure. The reason for the smaller damages for a steel 
structure is that with it the railroad company is able to grant to adjacent 
property owners access to the damaged property from the right-of-way, 
which could not be done were the embankment design adopted. The 
author has been informed by one of the officials of the Northwestern Ele
vated, who is best posted on right-of-way matters, that the additional 
amount to be paid for damages on account of the embankment design 
would be not less than 15 per cent.

The advantages of the embankment design are, first, a reduction in cost 
of painting to one-third of that for the metal structure, and, second, lower
ing the grade about 3 ft To offset these there are the extra first cost of 
construction and right-of-way, the more rapid deterioration of the ties in 
the embankment, and the prevention of use of ground beneath the struc
ture for storage purposes, small shops, etc. This last item is an important 
one, especially as the ground will become more and more valuable for such 
purposes as the city continues to grow and develop in the neighborhood 
of the line.

Answering Mr. Nichols’ criticism of the design for anchor bolts, take 
the worst case on the Loop, where the spans are, say, 50 ft. long, making 
the distance between expansion points 150 ft., and load two of the thro 
spans to the maximum, making the live load on one track about 200,0m 
lbs., for which the thrust would be 40.000 lbs., or 13,333 lbs. per bent. 
The spacing of tracks being 12 ft. and that of the columns 22 ft. 8 ins., tl ; 
portion of the 13,333 lbs. going to the nearer column would he about io,o< ) 
lbs. The greatest unsupported length of column, measuring from tl 
under side of the thrust strut to the bottom of the base plate, is 25 ft. ; an i. 
as the column is fixed at both ends, the point of contraflcxure will be at V e



ELUl'A T 1:1) RAILROADS. 755

middle, making the lever arm for the thrust 150 ins. and the overturning 
moment 1,500,000 inch-pounds.

In order to make all the conditions as bad as possible for the detail, no 
live load will be placed on the bent considered, and as the dead load per 
track, including weight of bents, is 800 lbs. per lineal foot, the dead load 
on the column is 40,000 lbs. It is difficult to say where is the centre of 
upward pressure to resist this weight ; but, if it be assumed at the same 
distance from the axial plane as are the anchor bolts, or 9} ins., no great 
error will be made. This makes the righting moment 380,000 inch-pounds, 
leaving for the net overturning moment 1,120,000 inch-pounds ; dividing 
this by the 19 ins. between opposite anchor bolts gives about 59,000 lbs. 
as the stress on the two anchor bolts. As these are i£ ins. in diameter, the 
intensity on the metal will be about 17,000 lbs., which, though high, is not 
excessive.

As this is the worst possible case, and as all the anchor bolts for the 
line pedestals are of the same diameter, there is evidently sufficient strength 
in all of these bolts ; and, moreover, there is no great waste of metal in the 
anchor bolts for the shorter columns. Again, on various accounts one 
would not think of using bolts of much less diameter on account of possi
ble future rust, especially as the diameter is reduced at the root of the 
thread.

The next matter is whether the anchor holts project far enough into 
the concrete, as Mr. Seaman, Mr. Berger, and others appear to question 
the propriety of not carrying them down to the bottom. In the first place 
it must be noticed that the mass of concrete is truly monolithic ; and, as 
the function of the bolts is to make the column and the concrete act as one 
piece in resisting overturning, it will suffice if the tensional strength of the 
concrete at the end of the bolts be as great as that of the acting bolts.

Now it must be noticed that only one pair of anchor bolts can act at a 
time, and that the ultimate strength of iliis pair is about 55,000 lbs. per 
square inch, or 194.000 lbs. The area of the concrete at the ends of the 
bolts is 49 sq. ft., or, say, 7,000 sq. ins. If the tension be distributed uni
formly over one-half of this area, the intensity will amount to less than 60 
lbs., which is far below the ultimate tensile strength of even the poorest 
concrete.

Now, as to whether the rods are long enough to distribute their pull 
into the concrete, above the anchor casting, past experiments prove that 
they are amply so: but, even if they aie not. the anchor plates will provide 
a proper distribution without overstraining the concrete.

It is, therefore, evident that there is no necessity whatsoever for carry
ing the rods any lower than they were carried.

In connection with the pedestals there remains but one point to be 
taken up, viz., whether the pedestals themselves have weight enough to
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resist the assumed overturning for which the anchor bolts were propor
tioned.

In the worst case on the Loop, the point of flexure in the column of 
which is about 20 ft. above the bottom of the concrete, the base of the 
latter is 10 ft. square. Taking the center of moments at one edge of the 
base, the overturning moment is 200.000 foot-pounds. The total vertical 
load on the base is composed of die 40,000 lbs. of dead load on the column, 
the weight of concrete, which is about 66,000 lbs., and the weight of earth 
on top of the pedestal, which amounts to about 36,000 lbs., making a total 
load of 142,000 lbs.

If the resisting moment of the weight is limited to that existing when 
the intensity of pressure at one edge of the base reduces to zero, the lever 
arm of the resisting moment will be one-sixth of the width of base, or 1.666 
ft., and the greatest resisting moment therefore will be 142,000 x 1.666 or 
about 236,000 foot-pounds.

It is therefore evident that, even if the earth about the pedestals were 
not tamped in, the pedestals arc large enough to resist properly the over
turning effect of the assumed thrust used in proportioning the anchor 
bolts.

As for the pedestals on the Northwestern Elevated, the conditions arc 
quite different, the anchor bolts, of which there are but two per pedestal, 
being required primarily for the assumed transverse load of 600 lbs. per 
foot of span. If the length of the latter is taken as before at 50 ft., the 
total thrust is 30,000 lbs., or 7,500 lbs. per pedestal. The greatest unsup
ported length of column is about 16 ft., and, as both ends arc fixed, the 
lever arm is 8 ft., making the overturning moment 60,000 foot-pounds. 
By assuming no train on the track of the column considered, the only load 
on the column will be the dead load, which amounts to about 32,000 lbs., 
and as its lever-arm is ins., the resisting moment will amount to 20,000 
foot-pounds, making the net overturning moment 40,000 foot-pounds, or 
480,000 inch-pounds, for which the lever arm is 15 ins., and therefore the 
stress on the single rod 32,000 lbs., or a little over 18,000 lbs. per square 
inch.

The point of flexure in the column is 17 ft. above the base of the 
pedestal, thus making the overturning moment 127,500 foot-pounds.

The total load on the base of the 8-ft. square pedestal consists of 32,000 
lbs. on the column, the weight of the concrete, amounting to about 48,000 
lbs., and that of the earth above the pedestal, amounting to about 20,000 
lbs., making a total load of 100,000 lbs., for which, as in the previous case, 
the lever arm is one-sixth of the length of the base, or 1.333 ft., making 
the greatest righting moment 133,000 foot-pounds, which is a little more 
than the overturning moment, showing, as before, that, even if the earth
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in the pits be not tamped, the pedestals are of ample size to resist properly 
the greatest overturning moment of the assumed loading.

It is therefore proved that all the adverse criticism of the design of the 
pedestals on both the Loop and the Northwestern Elevated is without 
foundation, and that the consequent objections to these designs are purely 
imaginary.

Mr. Seaman says, referring to the New York and Brooklyn structures:

"These elevated roads, after twenty years of service, under loads ex
ceeding those for which they were designed, show no indication of such 
deterioration as would justify the prediction of the author that they will 
eventually be reconstructed because of their faulty details."

Perhaps Mr. Seaman will change his opinion about this after reading 
Mr. Hedrick's report. If on some of these structures too rivets per mile of 
double-track elevated road must be replaced each month by reason of their 
failure or working loose, as was stated to Mr. Hedrick, does it not show 
that the details are greatly overstrained and that the structure is in conse
quence gradually wearing out? The author’s experience with ordinary 
railroad bridges of antiquated construction has been that, when such struc
tures begin to fail in details, they sooner or later have to be taken out and 
replaced, in spite of all the patchwork that may be done on them.

Mr. Seaman asks for the details of the author's estimates, meaning 
probably the schedule prices adopted. The principal ones are as follows :

Metal erected and painted, 2\ cents per pound ; vulcanized timber in 
place, $38 per M. ft. B. M. ; rails with their details and fastenings in place, 
three 80-lb. rails per track, $1.80 per lineal foot per track ; concrete, $7 per 
cubic yard ; and excavation, including back-filling, 50 cents per cubic yard.

What metal is saved in Design 7 is required for end stiffeners and 
cover plates for cross girders as compared with Design 6, thus making the 
weight of metal per lineal foot the same for both designs.

Design 8 is lighter than either of these designs on account of the 
greater simplicity of the horizontal bracing resulting from the abutting of 
the outer longitudinal girders against the columns, notwithstanding the 
“ cross girder strains and brackets,” referred to by Mr. Seaman.

It would not be feasible in such a paper as this to give every detail of 
all the estimates made.

Answering Mr. Boitscaren’s questions, the greatest variation in tem
perature was assumed to produce a variation in length of metal-work equal 
to 1 in. per too ft.; the wind load (or more strictly speaking the trans
verse horizontal load) assumed was 450 lbs. per lineal foot for the double
track structure, and 600 lbs. per lineal foot for the four-track structure; 
the speeds of trains assumed varied from 40 to 20 miles per hour according 
to the degree of the curvature : and all curves are compounded. The in-
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tensities of working stresses adopted in making the designs were as 
follows :

Flanges of longitudinal plate girders, extreme fibre, 8,000 lbs., allow
ing one-eighth of the web to act as a part of each flange ; tension flanges 
of open-webbed, riveted longitudinal girders, 9,000 lbs. ; compression 
flanges of same for combined bending and direct load, 9,000 lbs. ; diagonals 
of same, from 6,000 to 8,000 lbs., according to the relative dimensions of 
angle legs; flanges of transverse girders, 9,000 lbs., allowing one-eighth 
of the web to act as a part of each flange; columns in compression only 

/
12,000 — 45— ; columns for combined direct loads and bending of all 

r
kinds, including temperature effect, 20.000 lbs., where Z-v-r does not ex
ceed 45.

Mr. Horton points out that the author’s elevation of base of rail is 21 
ft., above the street. This applies only to the Loop, where various consid
erations necessitate a higher track level than that of the Northwestern, for 
which the height is from 18 to 19 ft, The height of the car floor was a 
fixed quantity, as it had to be made the same as on the other lines using 
the Loop.

Answering Mr. Mogensen's remarks concerning a solid floor, the 
author would state that the latter would not dispense with the use of 
timber ties, unless it involved great noise in operation ; hence, Mr. Mogen
sen's first claim will not hold.

As an example of noisy operation in a structure where there is no 
timber cushion under the rails, the Park Avenue viaduct of the New York 
Central Railroad may be mentioned. U11 this structure the noise from a 
passing train sounds like that of an approaching tornado.

If Mr. Mogensen were to make a complete design for a structure with 
a solid floor that would be comparatively noiseless, he would probably find, 
as the author has found, that the extra cost would amount to much more 
than 15 per cent.

There was an error made in the preliminary edition of the paper in 
respect to the composition of granitoid, which has been corrected. Mr. 
Stuart's criticism, however, would now apply with still greater force, as 
the composition is less rich in cement than was stated. As it was Mr. 
Weston who specified and put in this granitoid, the author wrote him. 
sending a copy of Mr. Stuart’s remarks, and has received the following in 
reply :

“Mr. Stuart's conclusions in respect to porosity of the mixture which 
we have used for the pedestal blocks on the Northwestern Elevated rail
road are erroneous. The fact is that the texture of the finished stone is 
very compact and free from voids. The mixture, when properly manipu
lated, produces a stone which resists perfectly the action of frost.
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“We have on the Northwestern Elevated road several thousand pedes
tals made from this mixture. These pedestals have been during the past 
winter exposed to temperatures of 20 degrees below zero. I have only 
recently examined personally nearly every pedestal on the line, and 1 failed 
to find one among them which gave any evidence of deterioration.

“As to the strength of the stones made from the mixture specified, they 
are superior in every respect to those made from the best limestones mixed 
with sand and cement mortar. Furthermore, it is the mixture in common 
use in Chicago for the best grades of cement sidewalks and continuous 
curb and gutter construction. Hundreds of such walks and gutters can 
be seen in perfect condition after having resisted the elements and extra
ordinary traffic for more than ten years. '

The author must take issue with Mr. Trocon concerning the fixedness 
of column feet, for he is convinced that where four anchor bolts per pedes
tal arc used on his Chicago work, the columns and pedestals are just as 
continuous as if the former were embedded in the latter to any depth.

The author agrees with Mr. Parsons in his preference for Design No. 
8. It is the most satisfactory of all the double-track designs figured upon, 
but, unfortunately, it could not be used on the Chicago work, as all the 
double-track portion of the structure is located in the street, where a spac
ing of 17 ft. between centers of columns is inadmissible.

Mr. Connor expresses his regret that facing the end angles of the 
longitudinal girders was not called for in the author’s specifications. The 
specifications contained this clause :

“The ends of all webs that abut against other webs must be faced true 
and square or to exact bevel, and the end stiffeners must he placed per
fectly flush with these planed ends, so as to afford proper hearing for the 
ends of the attaching girders."

In order to comply with these requirements the Union Bridge Com
pany decided to make the end stiffeners $ in. thick and to plane the ends of 
the girders after the stiffeners were riveted on, while the Elmira Bridge 
Company chose to plane the webs first and then put on §-in. stiffeners to fit 
the planed webs exactly. The latter company, however, agreed to use 
thicker stiffeners and to rivet them on before planing, in case the inspec
tors reported the work to he unsatisfactory when done by the method last 
described. No complaint on this score has as yet been made, or, in truth, 
on account of any other matter concerning shopwork : and the author feels 
that he cannot speak too highly of the character of all the shopwork done 
thus far on his Chicago work by both the Union and Elmira Bridge Com
panies.

Mr. Hodge seems to think that the stating of correct principles of 
design for elevated railroads by the author is superfluous ; but even to-day 
in designing structural metal-work these principles are more often honored
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in the breach than in the observance. As for “guessing” as to the number 
of extra rivets required for a connection, when the number required the
oretically is small, the author maintains that two rivets do not make a 
proper connection except for lacing, and that when the number of rivets 
required by pure theory conies out almost exactly three or even four, it is 
better to add another rivet as a matter of precaution.

The author agrees with Mr. Weston that, all things considered, it 
would have been better to place the top flanges of the longitudinal girders 
a little above those of the cross girders instead of a little below. The 
result would certainly facilitate laying the track, but would require a little 
more metal and would involve a somewhat clumsy detail at the junction. 
On the connection of the Metropolitan Elevated to the Union Loop, which 
connection was designed by the author, such a detail was adopted at the 
request of the officers of the Metropolitan Company. In future work the 
author would not attempt to make the top flanges of consecutive longi
tudinal girders continuous <>r semi-continuous over the cross girders ; hut 
would cut them square off so as to clear the top flang of the latter, upon 
which he would place pieces of steel buckled plate to receive the ties.

The author is glad to see Mr. Lin dent hal's remark about the separa
tion of incoming and outgoing passengers. If he could have his own way 
on this question, the author would make this a sine qua /?. in designing 
all stations for elevated railroads. The Northwestern st ons, as he de
signed them, certainly provide for such a separation ; an it is to be hoped 
that they will he built that way, although there is now me talk of aban
doning the exit stairways.

Mr. Lindenthal has failed to recognize the fact that there will be no 
side view of the four-track portion of the Northwestern Elevated possible 
except at street crossings, and that consequently the difference in depths 
of longitudinal girders at the braced towers can never be noticed ; therefore 
it would have been a needless piece of extravagance to make the webs of 
the short girders as deep as those of the long ones.

In respect to the question of æsthetics there seems to be such a variety 
of opinion that the author concluded to consult several architects of estab
lished national reputation and leave to them the settlement thereof. He, 
therefore, wrote to Mr. Henry Van Brunt, of the firm of Van Brunt & 
Howe, Kansas City, Mo. : Mr. Chas. A. Cummings, of Boston, Mass., and 
Messrs. Carrère & Hastings, of New York City, asking them for criticism- 
of his designs.

Mr. Van Brunt replied as follows :

“You have asked me for a frank architectural criticism of your propo 
sition to decorate the construction of an elevated railroad, as illustrated v 
the last pages of your paper presented to the American Society of Civi 
Engineers, Februarv 17th, 1897. The opportunity for the discussion 0:
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this difficult problem is so rare that 1 am disposed to avail myself of it 
seriously. The relations between our two professions are growing closer, 
and it is important that we should understand one another better.

“It has been observed that among semi-barbarcus nations forms of art 
are developed from an instinctive conception of beauty, which has free ex
pression because it is not embarrassed or sophisticated in its development 
by the knowledge of other forms of art indigenous to other people and re
sulting from other conditions of material and use. Thus, among civilized 
nations the accumulation and organization of knowledge, which to every 
other form of intellectual activity is a stimulus, seems to have proved, at 
least to some part of the art of the 19th century, a positive impediment. 
The cultivation of the mind through the knowledge of past achievements 
has in fact rendered the architect of to-day so self-conscious, and has sup
plied him with such a multiplicity of conflicting ideals, that his inherent 
creative power is weakened and his natural initial force is lost in a sort of 
intellectual timidity and vacillation. With the distractions furnished hv 
his familiarity with history he cannot adjust himself to his own environ
ment with the frankness and naivete, by which the masters of classic and 
medieval times developed architectural style.

“In this respect the modern engineer enjoys a distinct advantage over 
his brother, the modern architect. Fortunately in the practice of his pro
fession he is not embarrassed by these grave distinctions, and his art has 
consequently progressed with the general progress of the century. But 
when, in his bridge truss or his elevated railroad, lie has evolved mathe
matically an economical structure, which commends itself to his own scien
tific judgment, and to the approval of those whose capital he is investing in 
a purely commercial undertaking, and finds at last that the results are an 
offence to the æsthetic instincts of mankind, the correction which he at
tempts to applv to satisfy this æsthetic instinct subjects him immediately 
to the very same embarrassments which beset the path of the architect. 
For almost invariably and inevitably this correction, as in the present case, 
is a reminiscence or tradition from an entirely different form of structure, 
and is applied too late in the process of construction to make good art. In 
fact, the correction is an afterthought ; it is applied to a completed fabric, 
and forces it to assume an aspect which is not a harmonious development 
of its essential structure, but a concession to an arbitrary and conventional 
idea of beauty or grace.

“True architecture is construction carried to the highest point of devel
opment without the necessary addition of any elements foreign to its own 
conditions of stability and strength. Structure cannot be elevated into the 
domain of art merely by the application of ornaments. Ornament is con
tributory to a work of art and not essential to it. A Cistercian abbey has 
no ornament, hut its rank as a work of art is as high as that of a Clunisian 
abbey which abounds in the richest decorative accessories. Certainly the 
true function of ornament is not to conceal or obscure construction, but to 
illustrate it.

“T very highly appreciate the motive which has prompted your attempt 
at decorated construction, and I recognize the ingenuity with which you 
have tried to solve this most difficult of all problems in design, but I beg 
to call your attention to the fact that this most praiseworthy effort would 
never have resulted as it has in your careful drawings if your mind had not



been pre-occupied by the agreeable effect of the construction of a stone 
bridge. 1: is evident, however, that, executed, the phenomena of perspec
tive would destroy this resemblance to this conventional type, and substi
tute some more or less unexpected and not entirely agreeable effects. It 
seems to me apparent, moreover, that the important arch form given to the 
longitudinal web is not an evolution from its essential structure, but is 
imposed upon it for the satisfaction of an ideal of grace ; that the form of 
the brackets supporting the overhanging footway conceals, and certainly 
does not illustrate, the member which actually docs the work ; that the 
capitals and base moldings of the supporting piers are imposed upon a 
structure with which they have no sympathy, and arc a reminiscence of 
forms invented for an entirely different material ; and that the decorated 
entablature is merely a thin screen which does not suggest the structure 
which it masks, but recalls a structure of a very different sort, and is there
fore with its moldings and panels simply a conventional and purely arbi
trary symbol intended agreeably to beguile the spectator. You have done 
what a very large proportion of men in my own profession would have 
done, if called upon to make your completed construction more attractive 
to the eye, but all this decoration is applied and not inherent. It does not 
illustrate the essential and peculiar nature of the fabric and is not a part 
of it. Therefore, according to ethics of design, however agreeable and 
interesting to the eye, it is really a costly and ingenious deception and is 
not true art.

“If the structure without such masks is ungainly and uncompromising, 
the remedy to be sought for by the engineer should, it seems to me, be 
limited to bringing together the various members of a perfectly mathe
matical and economical construction with as much elegance of line and 
precision and finish of workmanship as he can possibly command. If he 
can use ornament, let him so use it as to illustrate the construction and not 
to conceal or weaken it. It is the misfortune of the engineer that he is 
dealing with a strictly mechanical problem, and is therefore constrained to 
use materials and methods which have as yet never been developed in the 
direction of that more perfect union which really constitutes the essential 
qualities of grace and beauty. T venture the proposition that, following 
the analogv of nature in the evolution of natural forms, no construction 
which is coarse or ugly can be perfect construction, and that the reasonable 
gratification of the educated eye must be the measure of such perfection.

“Centuries of experiment and study have been bestowed upon construc
tions in stone, baked clay, and wood, and certain ideals of beauty and fit
ness have been thereby developed suitable for such constructions. But 
the attempt to apply such ideals to constructions in iron or steel must re
sult in error. The form which is beautiful and fit for the old materials 
will not necessarily be beautiful or fit for the new materials. Time and 
repeated experiments must determine the character of the new ideals bv 
which we are to measure and judge the final perfection which apparently 
we have not yet reached in this department of human endeavor.

“We have all of us, architects and engineers alike, repeatedly com
mitted the same faults which are evident in the interesting example which 
you represent. Therefore, the critic must present his strictures with be
coming humility. I have simply stated the truth as I understand it, and 
I am very sure that your intelligence will receive it in good part.”
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Mr. Cummings* letter was as follows :
“I find the questions which you ask me rather difficult to answer cate

gorically. I quite agree with you that as a rule the engineering structures 
which we arc accustomed to see are unsightly and often hideous. 1 have 
in mind, at this moment, certain iron bridges in my own city, in prominent 
and most conspicuous positions, which are an offense to the eye and to the 
taste of thousands, so aggravated that 1 have often thought that every 
structure of the kind ought to he submitted to a competent commission for 
approval or rejection before being carried into execution.

"Certainly an elevated railroad is generally an extreme instance of de
formity, and every attempt to ameliorate its ugliness deserves to be wel
comed and commended.

"Yet, if I am to speak frankly of the design concerning which you 
have asked niv opinion, I must say that I do not feel that you have treated 
the subject in the best way. Your design would certainly conceal the 
rough features of the iron construction—the girders, the Z-bars, the struts, 
the rivet heads and the like—but the concealment is effected by covering 
them with an imitation of the forms of an architectural construction in 
stone, of which the decoration is drawn from classic examples. It is here 
that I conceive you to be working on a wrong theory.

"I do not believe in borrowing architectural forms and applying them 
to the service of an engineering construction. 1 have never seen an in
stance where such an application seemed to me successful ; and fortunately 
such a violation of the principles of decoration is not necessary. Every 
species of construction is capable of being made comely if not actually 
beautiful, without any concealment or denial of its materials or its meth
ods. If the great engineering structures have so far failed to bear out this 
assertion, it is because the engineers in the first instance, and in the second 
those for whom their structures are designed, have not yet felt the im
portance of making them attractive to the eye.

"It would perhaps be asking too much of a profession whose work is 
of so strenuous and practical a cast as that of the engineer that he shall re
ceive the training of an architect in design, but 1 think it not only entirely 
practicable, hut entirely desirable and important that our schools of engi
neering should take some account of the possibility of so treating a prob
lem of construction, whether of steel or stone, as to remove as far as may 
he done the reproach of ugliness and coarseness from the great structures 
which are one of the most conspicuous and most characteristic features of 
our later civilization.”

Messrs. Carrère and Hastings wrote :
“We beg to acknowledge the receipt of your letter of April 20th, with 

which you sent us extracts from a discussion on a paper which you read, 
treating of elevated railroads, and in which you ask for an expression of 
opinion.

"We feel very much complimented at being asked to advise you in this 
matter, treating, as it does, a subject which has' always interested us very 
much.

"In general, engineering works do not aim at beauty, and we think that 
this is alwavs a great misfortune—whether the work be important, as in 
the case of a municipal bridge, or whether it be trilling, as in the case of
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small railroad bridges. Any engineering work is a spot in the landscape, 
or in the city, which has either a good or had influence on the general ap
pearance of the panorama, and upon its enjoyment.

“The fact that the first aim of every work of engineering is practical, 
that the essential qualities are strength, simplicity, and economy of cost 
and of operation, lead many very able engineers to the conclusion that they 
fail in these qualities in the degree in which they may be artistic ; and for 
this reason many of them are not only indifferent, but are opposed to hav
ing their work beautiful. This is probably due to a misapprehension on 
their part of the elements required to make such a work beautiful, and 
perhaps, also, to the fact that the usual way of attempting this solution is 
so often irrational, and seldom, if ever, successful.

"It is, of course, a very desirable thing to consult a skilled architect as 
to matters of detail, such as ornamentation, the railing of a bridge, cande
labra and other small details, which, if successfully designed, may add to 
the general interest of the bridge ; but no amount of ornamentation can 
possibly add artistic interest to an engineering work unless the conception 
itself is artistic. In fact, ornament should be used very sparingly, and in 
an entirely subordinate manner.

“We believe that the great difficulty is due to the fact that engineers, 
not having been trained in matters of art, do not conceive or plan their 
structures artistically. They should seek the advice of the skilled architect 
at the very start, so that the entire work may be designed and constructed 
on artistic lines, which may even make the use of ornament absolutely un
necessary, or may make it of so little importance that it may be almost 
bad, and the structure still be beautiful.

“An iron structure, be it bridge, elevated railway or other, must be per
fectly simple and rational in its construction ; the material must always be 
used so as to express its individual character, and not try, either in its 
arrangement, proportions, or details, to assume to represent the use, pro
portions, or forms of another material ; the columns should be only as big 
as necessary to carry the weight ; the beams or girders only as big as 
necessary for the spans ; and the ornamentation should be so designed as 
to be characteristic of the material and of the process through which it is 
obtained, whether cast, wrought or otherwise.

“In the case of an elevated railway, the conception is inartistic, as well 
as irrational. There is no logical or artistic reason for encumbering a 
street or avenue, or other highway, with a purely utilitarian structure such 
as an elevated railway. It destroys the outlook and the light, and in every 
possible way the enjoyment of the street or abutting property, as also tin 
original purpose of the street ; and it has no raison d’être, excepting either 
the rapacity of the corporation which occupies the street in preference t<- 
buying its right of way, or perhaps the necessity for having it there as tin 
lesser of two evils, whether ugly or not. where the right of way is in 
otherwise obtainable.

“The thing, therefore, that makes an elevated railway inartistic is tlv 
very conception of the idea, and not the execution of it. We do not be
lieve that it would be judicious to have, as it were, a structure decorah 1 
throughout ; but whatever is done to make an elevated railway more sight1 
will have to be accomplished bv designing it in the simplest and nn -t 
straightforward way, so that the purely utilitarian portion of it will sc< 1 

as natural, simple and graceful as possible, and in contrast to the pur-
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utilitarian mass of the structure, by devoting some attention to the fre
quently occurring stations, and, where possible, by breaking the monotony 
by an artistic treatment, such as a viaduct, or the introduction of masonry 
or other features which may lend interest to these particular spots.

"We sincerely hope that you will succeed in convincing your fellow 
engineers that they have just as much need of the co-operation of Un
skilled architect in all of their work of this character, as has the skilled 
architect of the co-operation of the engineer in his work. As both works, 
that of the engineer and that of the architect, partake both of the useful, 
the true and the beautiful, it seems indispensable that there should be co
operation between the architect and the engineer and between the engineer 
and the architect, as the case may be.”

As the opinions of the three architectural authorities referred to are 
entirely in accord on the question submitted, there is nothing for the author 
to do but acquiesce gracefully in their decision and acknowledge that his 
design for "an elevated railroad for a large city where expense is no object 
and where appearance is the great desideratum” is not a success, but a 
violation of true art.

Far, however, from regretting that lie introduced the design as a con
clusion to his paper, the author is very glad indeed that he thought of so 
doing, for the reason that the remarks of the architectural authorities just 
quoted may have the effect of inducing engineers engaged in the designing 
of structural metal-work to pay in future more attention to the important 
question of architectural effect in their constructions.

The author desires to express here his hearty thanks to Messrs. Van 
Brunt, Cummings, and Carrère and Hastings for their courtesy in comply
ing with his request to decide this question of aesthetics.

As Mr. Van Brunt points out, steel construction is a modern innova
tion, and consequently no attention worth mentioning has yet been paid to 
the development of artistic features in its designing, for engineers have 
been influenced mainly by utilitarian and economic motives. If the old 
ideals of grace and beauty that pertain to constructions in wood and stone 
are inapplicable to steel, it is now in order to establish new ideals that will 
apply thereto ; and, as engineers in general have been too devoted to utility 
and economy to train themselves in the artistic, it would be eminently 
proper for some architect who is posted in the designing of metal-work 
and cognizant of the fundamental principles which guide the structural 
engineer in his designs, and who is an authority upon æsthctics in his own 
line of construction, to make a special study of the subject of the architec
tural features of steel bridges, viaducts, and elevated railroads, then write 
for the American Society of Civil Engineers an exhaustive paper upon it, 
from which and from the subsequent discussions could be established prin
ciples governing from an artistic point of view the designing of all classes 
of steel structures.



In bringing this résumé to a close, it is proper for the author to point 
out in what particulars he would change his plans and specifications for the 
Chicago elevated railroads in view of the criticisms made in 'the discus
sions, were they to be redrawn.

First.—He would reduce the ultimate strength for basic medium steel 
2,000 or perhaps even 3,000 pounds.

Second.—He would use carbon primer as the first coat of paint, and 
would endeavor to have it applied at the mills before the metal could he 
exposed to the weather.

Third.—He would consider very carefully and thoroughly the ques
tion of the advisability of omitting 011 tangents either the outer or the 
inner guard rails.

Fourth.—He would raise the top flanges of the longitudinal girders 
about 4 ins. above those of the cross girders, and block up on the latter 
with buckled plates to receive the ties.

Appendix.—Data Relating to Vulcanized Timber.

“Editor Railway World: "New York APril 4th’ ,895-
“Dear Sir,—A year or so ago much attention was given by railway 

journals, people who have to do with maintenance of way, and inventors, 
to the matter of ties for the road-bed. Columns in papers and many 
pamphlets were filled with articles on metal and glass ties. Little or no 
attention was bestowed on the plain every-day timber which has always 
been with us.

“Recently nothing has been said of would-be substitute ties. Is this 
caused by the failure of the experiments with the substitutes, or is it that 
better results have been obtained from the timber?

“I am inclined to the latter belief, and in support of the same offer the 
experience we have had with track timber on the Manhattan elevated sys
tem in New York City.

"When constructed, the elevated roads were equipped with 5-in. x 6-in. 
x 8-ft. yellow pine ties planed on all sides. The timber was of the best 
quality obtainable. It was not long before we discovered the ties suffering 
from decay. To the surface railroad man this may appear strange, con
sidering that our ties are laid on iron girders. We have, however, mam 
peculiar conditions to confront, and the cost of tie renewals was a ver. 
serious item of expense.

‘‘To find a remedy for this and reduce what was beginning to be an 
immense maintenance-of-way charge, many preservative processes weri 
tried, but none seemed to do the work until vulcanizing the timber was 
used. This process was first tried ten years ago, when we put in two 
sections of 6-in. x 8-in. x 8-ft. ties; one section of vulcanized timber and 
the other section of untreated material. It was not a great while until 
decay began on the untreated ties, while those vulcanized arc still in servic
es good as when first laid. . . .

“Respectfully yours,
“(Signed) R. Black, Roadmaster.'*
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The following are extracts from a report which is certified to by the 
same Mr. Black :

“Agreeable to appointment. Messrs. F. Holbein. F. M. Grumbacher 
and Daniel Meyers met Mr. R. Black, roadmaster of the Manhattan Rail
way, at his headquarters at South Ferry station, on May 3d, at 1 o’clock.

‘‘Mr. Black, who has been with the road since 1869, called attention to 
half a tie, not vulcanized, that had been in use five years. That portion of 
the tic where the rail had laid, and where iron bolts had been used, was 
very badly decayed, hut the space between the rails showed no signs of 
decay. Mr. Black stated that vulcanized wood was not in the least affected 
by contact with the rail or bolts or metal surface, hut that it seems proof 
against indentation by wear and friction, or pounding of the rail.

“The party was then conducted over the line of the Third Avenue 
Elevated, in order to be shown a comparison between vulcanized and un
vulcanized wood in actual use on the structure. The first stop was at 
Chatham Square Station, where special attention was called to the condi
tion of the natural yellow pine laid in 1886 on both City Hall and South 
Ferry branches. It was very much decayed and some portions so soft 
that it could he pierced with the end of an umbrella. It was a very rainy 
day and the timber was thoroughly soaked. This timber, Mr. Black re
marked, was being replaced as rapidly as possible with vulcanized wood.

“Our second stop was at the Grand Street station, where vulcanized 
ties and guard rails laid in 1883 were examined. This vulcanized timber 
was found in as sound condition as when first laid. Mr. Black called at
tention especially to guard rails which he had holted together in 1883, the 
inside rail vulcanized and the outside rail not vulcanized, in order to have 
both subject to precisely the same conditions in every particular, and to 
afford opportunity for comparison in later years. The vulcanized was as 
sound as when laid. The part not vulcanized was in a decayed, pttnky 
condition. Attention was called to the vulcanized flooring on the station 
platform. He stated that they formerly used tongued and grooved lumber, 
but now they used vulcanized slatting without tongue or groove, as it kept 
its place without warping or shrinking, although exposed to cold, rain and 
sun.

“The next examination was at One Hundred and Sixteenth Street. 
Ties not vulcanized, which were laid five years ago, were all being removed 
because of their decayed condition, and were being replaced by vulcanized 
ties.”**********

“Mr. Black stated that about four and one-half miles of crcosoted ties 
were now in use on the suburban branch and called attention to the soft, 
spongy character of crcosoted wood, that the iron plates supporting the 
ties were deeply embedded in the wood, and that it was difficult to keep the 
spikes in place, especially on curves. Extra appliances had been used to 
keep the rail in place. He also stated that during the hot season, when the 
temperature changed during the day from 40 degrees to 95 degrees Fahr
enheit, causing expansion of the rail, spikes near the center of the rail 
would be lifted out of place from crcosoted ties. He also stated that these 
ties were of yellow pine and the very best quality of creosoting, but that 
their experience was such that no more crcosoted timber would be used,
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as vulcanized timber gave much better satisfaction; besides it does not 
affect the hands and faces of the workmen who handle it as creosoted 
timber does."

The following is a copy of a letter directed to Colonel S. E. Haskin, 
under date of March ist, 1889:

“In replying to your enquiries as to the life of the cross-ties and plank
ing which has been treated by the vulcanizing process, which we placed on 
the structure six years ago this month. 1 have to say, timber is sound and 
the surface of the ties and planking very hard.

“There are no indications of decay at the end of those planks which 
were vulcanized, while the planks not treated and placed on the structure 
about the same time are decayed at the ends, or where they are nailed to 
the supporting timbers.

“I am inclined to think the process of vulcanizing will soon be found 
to be the best way of preserving timber.

“Very respectfully yours,
“(Signed) Rob’t I. Sloan, Chief Engineer

The following is a copy of a letter to the Haskin Wood Vulcanizing 
Company, under date of March 28th, 1891 :

“In replying to your enquiry regarding my opinion upon your process 
of vulcanizing for the purpose of preserving wood from decay, etc., and 
especially with reference to the yellow pine railroad ties, which were 
treated by your company's process, and laid in the tracks of the switch
yard of this company in the spring of 1884, having been in constant use 
and exposed to the full action of the elements, and subjected to extraordi
nary wear and tear, I have to say that, on the 6th day of March, 1891, I 
had two of said ties taken up for the purpose of making an examination of 
their condition, and was much surprised to find them in a perfect state of 
preservation, and practically as good as new ties, so far as wear was con
cerned, the spikes having held firmly, as they were originally driven.

“During mv experience in the railroad business of over forty years, 
during which time I have used all kinds of timber in railroad work, and 
have tried the various kinds of treatment for the preservation of timber 
from decay, I am free to state that I have never found any method that 
has shown such a satisfactory result : and I believe your process of vulcan
izing will increase the durability of timber at least 50 per cent.

“The remaining ties, which were treated by vour company’s process, 
are in the same place as they were first laid, and from present indications 
they seem good for seven years’ more service.

“In conclusion, I would say that I think it would be to the interest of 
any company using timber, which is exposed to the elements, to at least 
give this process a trial, as they could not fail to be convinced of its effec 
tiveness.

Yours respectfully.

“(Signed) Ron'r White, Supervisor of Tracks and Repairs."
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Mr. White wrote also to the same parties, under date of April 6th, 1891, 
as follows :

"Replying to your question as to the life of yellow pine ties, will say 
that, when used in the switchyard of this company, in their natural state, 
and exposed to the full action of the elements, they last, on an average, 
three years, during which time they have to be turned.

“The ties treated by your company's process of vulcanizing, and which 
were laid in the tracks of this yard in the spring of 1884, are perfectly 
sound, and have not been turned or respiked since they were laid.”

The following is the résumé of a report to Colonel Samuel E. Haskin, 
under date of November 26th, 1894, by Mr. Alfred P. Trautwein, who had 
made a series of comparative tests on vulcanized and untreated yellow pine 
timber on the testing machine of the Stevens Institute, Hoboken :

“These experiments show the following average results :
“Modulus of rupture : Untreated wood................... 10762

Vulcanized '*   13,098
elasticity : Untreated “   877.098

Vulcanized “   1,054,941

"These experiments, of course, were not numerous enough to determine 
exactly how much vulcanizing affects the wood, but they establish the gen
eral fact that so far from weakening the wood, the process of ‘vulcanizing* 
seems to strengthen it ; the modulus of rupture by transverse stress being 
21 per cent, higher. The crushing strength was increased 23 per cent.”

The author has been informed that the Hon. II. F. Tracy, ex-Secretary 
of the Navy, with a view of adopting vulcanized wood in naval construc
tion, appointed a special committee which visited the vulcanizing works in 
New York, and, after an exhaustive investigation, reported that vulcaniz
ing increases the strength and durability of timber, and recommended that 
vulcanized yellow pine be used for backing in one of the monitors. Their 
tests showed that vulcanizing increases the strength of yellow pine 18 per 
cent., and decreases the deflection over 13 per cent.

The following is a copy of a report to Mr. A. Bevicr, General Manager 
New York Wood Vulcanizing Company, by J. A. Deghuee, Ph. D., Chief 
Chemist of the Pure Food Department of New York City, under date of 
January 29th. 1897:

"As to the result of the various tests made of your vulcanizing process ; 
in order to condense it I will confine it to samples A and X. Tins will 
show you all the practical conditions of the changes brought about by your 
process.

“The piece of wood A was just twice the size originally of the piece I 
returned to you. The other half was cut up into fine shavings and the 
extractive matter dissolved out by cold ether, the contents being in bottle 
A. This piece of wood had been vulcanized by your process.
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"Block marked X, untreated yellow pine, was also cut up and the ex
tractive matter dissolved out by cold ether, contents being in bottle marked 
X. This block was also twice the size originally of the piece returned to 
you.

‘‘The vulcanized extract in bottle A shows a mixture of resinous acids, 
together with a number of bodies similar to those in wood tar creosote, all 
of which have strongly antiseptic properties.

“By your process nothing escapes but the free water. The amount 
that can be extracted from the wood will vary in keeping with the character 
of it, f. c., from a rich, resinous wood more can be extracted than from a 
lean porous wood. You will extract as much from vulcanized wood as can 
be extracted from untreated wood, nothing escaping in the process except 
water, and the amount will vary with the original condition of the wood. 
I do not believe that the Strength of the wood is impaired in the least by 
your treatment ; but on the contrary, the diffusion of the resins and other 
liquefiable matters throughout the wood, thereby adhering to the fiber, 
would have a tendency to solidify the contents and increase the strength. 
However, this is a mechanical question which can be determined by tests 
at Columbia College and Stevens Institute, where they have apparatus for 
making such tests.

"Besides the changing of the extractive matters into an antiseptic, you 
also coagulate the albumen, which has a tendency to seal up the pores.

"There is another benefit by your process which I think equally as im
portant as the creating of an antiseptic and the coagulation of the albumen, 
and that is sterilizing the wood ; and there is no doubt in my mind that 
from the amount of heat used, this is thoroughly done. In all wood there 
is living matter carried throughout it by the flow of sap ; either living 
matter or spores which produce the same. This hatching, as you may 
term it, is brought about by heat and moisture and develops the spores 
into mould which eats the wood and produces what is known as dry rot. 
Decay is due to living matter and in order to produce decay in your 
process, the living matter will have to enter from the outside.

“By the creosoting process in some cases resin is mixed with the creo
sote to prevent solubility, and by your process I consider that you are 
accomplishing the same result. Ÿour process also produces the same 
results to the very heart of the wood as are produced upon the surface. If 
the timber was of the quality of sample A, in mv opinion you would create 
from 190 to 200 lbs. of antiseptic matter to a thousand feet board measure. 
I arrive at this conclusion from your statement that the average weight of 
yellow pine, such as sample A, is about 4.000 lbs. to a thousand feet board 
measure. The condition of the wood in your treatment would not be 
changed by the separating or splitting of the timber, as the treatment goes 
throughout, thereby leaving no exposed surface.”

The author regrets the necessity for occupying so much of his résumé 
with testimonials as to the merits of vulcanized timber ; but, as Mr. Belk
nap has asked for such data and tests, he cannot well avoid giving them.
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COMMENT.

Ever since wrought iron and steel began to he used in engineering struc
tures, the metal-work for railway bridges has been better designed and more 
carefully fabricated than that for buildings. Bridges carry moving loads 
which produce indeterminate, dynamic effects, vibration and wear, while 
buildings commonly support statically applied loads that are much less in 
amount than those for which the sections were calculated. These facts have 
influenced engineers, often to an unwarranted degree, to strain the metal 
higher, to adopt cheaper and less satisfactory details, and to require a much 
lower grade of workmanship for buildings than for bridges. Bolts are very 
commonly employed where the use of rivets would Ik- more advisable, 
rigidity is sacrificed, and secondary stresses are ignored in buildings by 
engineers who would not for a moment accept anything less than the best 
design and construction in bridges. Grave errors have been made and are 
being made to-day by scientifically trained and generally competent, engi
neers, because they look upon the unscientific and often irrational methods 
of the ordinary builder, who is actuated solely by the desire for profits, as 
the established practice of the engineering profession. Good luck, force of 
habit, and the grace of God arc often more responsible for the continuance 
of a building in service than the skill and care of the designer and the 
thoroughness of the constructor. This practice in the construction of build
ings is all wrong, hut there is some hope that it will eventually be corrected. 
A disaster like that which befell the Darlington Hotel in New York startles 
the public and the city authorities, and builders become more careful in 
consequence ; hut the sound, scientific discussion of the principles of build
ing design to Ik* found in the paper Mr. C. C. Schneider recently presented 
to the American Society of Civil Engineers and in the comments upon it, 
promises infinitely more beneficial results. If engineers, architects, and 
builders generally an* brought to realize fully the faults in the present 
methods by Mr. Schneider’s opinions and those of the engineers who discuss 
his paper, only the most foolhardy or conscienceless constructors will dare 
to continue to violate the first principles of design.

Similarly, Dr. Waddell’s paper and the discussions upon it have un
doubtedly modified the design and construction of elevated railroads. As 
mentioned above, the difference in the mode of application of loads on 
railway bridges and those on buildings in some measure accounts for the 
difference in methods of design and construction, but the grossly inferior 
designs of elevated railroads as compared with those of standard steam 
railway viaducts and bridges of the same period cannot be accounted for in



772 ELEl A TED RAILROADS.

a similar manner ; for not only arc loads dynamically applied to the elevated 
railway structure, hut they are applied with much greater frequency than 
in the case of the standard railway. That the standards of design for the 
early elevated railroads were far inferior to those for steam railways there 
can be no doubt ; Dr. Waddell pointed out the faults in his paper and the 
discussions confirm his statements. These older elevated structures remain 
in service and their defects cannot be hidden, for they grow more apparent 
as time passes. Gangs of men may be seen any day on the older New York 
lines, replacing rivets and adding braces or reinforcing plates to strengthen 
the faulty details. It is true that the railway bridges with which these 
structures should be compared are largely removed and replaced, but it 
must not be forgotten that the loads on the railways have been more than 
doubled while those on the elevated railroads have been increased very 
slightly, if at all.

A large part of the discussion of Dr. Waddell’s paper turns upon the 
amount and action of the thrust from braked trains. The amount of this 
force varies with the condition of the track. If the rails are dry and free 
from grease the friction developed when the brakes are first applied will 
undoubtedly approach very closely twenty per cent, of the load, but tin- 
ratio decreases rapidly as the rails become wet or greasy. The editor used 
the dynamometer not long since to determine the tractive effort of an 
electric locomotive and found it to be as much as twenty-two per cent, 
of the load on good track and to average about eighteen per cent, on track 
in ordinary condition. There can be no doubt that the thrust which must 
be cared for will amount to from eighteen to twenty per cent, of the load 
under normal conditions : the only question to be considered is the method 
of carrying this load to the ground.

One commentator states that it is all absorbed by the floor. This recalls 
the argument of the contractor for a bridge company who was endeavoring 
to obtain the order for a mill building on a design prepared bv his com
pany. Competition was close; hence, though bracing had been provided 
in the roof, the rigidity of the siding had been relied u|)on to transfer tin 
wind stresses to the ground. The intending purchaser inquired what 
became of the wind stresses and was informed that the bracing in tin- 
roof carried them to the ends of the trusses and that they were then “dissi
pated along the eaves.”

Many of those who discussed the ]*tper argued that it is unnecessary 
to design the bracing and columns to carry the longitudinal thrust to tin 
ground and that the floor would distribute it over so many columns that 
the bending in each might be safely neglected. Such a method of earin 
for the thrust is directly opposed to the conservative, scientific custom 
of the bridge designer. The floor is far from a reliable medium for tin 
transmission of heavy stresses. The rail joints are made loose in ord*
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to provide for the expansion and contraction of the rails due to changes 
in temperature ; and the joints in the guard rails or the attachment of the 
floor to the longitudinal girders must provide for the difference between 
the expansion of the stringers and that of the guard timbers. The fric
tional resistance of the joints is considerable, hence the floor will undoubt
edly transmit appreciable stresses, but who shall say for how much it may 
be depended upon? And suppose the thrust is distributed over a largo 
number of columns; the stress on each is reduced in amount, but it must 
be provided for none the less, or large vibrations will lie induced.

Several commentators argued that the thrust of braked trains does not 
set up vibrations, but Mr. William Barclay Parsons’ careful measurements 
with the transit were not needed to refute this. If any one will stand on 
the platform of a New York elevated railway station as the train ap
proaches, no further evidence will be required to convince him that the 
vibrations arc so violent that all connections between the longitudinal and 
the cross girders and between the cross girders and the posts must be sub
jected to violent stresses and wear.

Many engineers advanced the arguments that vibrations do no damage 
ar it is more economical and satisfactory to construct a more flexible, 
resilient structure than one designed to carry the stresses to the ground by 
the most direct route. Mr. Pcgram especially advanced this argument 
and pointed to a structure of his designing, an elevated railway in Kansas 
City, as an example of the best type of such structures, predicting that it 
would give long and satisfactory service. The trusses arc illustrated in 
Mr. Pegram’s discussion. Unfortunately for the arguments in favor of the 
flexible structure, the longitudinal girders in ibis railway have worn so 
badly that they are now being removed and replaced. The structure has 
vibrated so much that the eye-bars have worn grooves in the pins as much 
as one-quarter of an inch in depth. The railroad has carried loads little if 
any heavier than those for which it was designed, yet its life was only 
eighteen years. This record is even worse than that of the old New York 
railroads.

One of the most evident distinctions between the work of the civil 
engineer and that of the mechanical engineer is to be found in the facility 
with which the character of a design may be determined. A few months 
at most is sufficient to settle whether a machine is economical to operate 
and to maintain; in fact, a very good idea of its probable life is easily 
gained; but it requires many years to determine the life of a railway 
structure. Even to establish the cost of maintenance is a matter of several 
years, hence the comparative value of good and bad design and workman
ship in an elevated railroad long remains a matter of judgment only.

The New York and Brooklyn elevated railroads continue in service, not
withstanding their many faulty details, but the cost of maintenance is un-

4
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doubledly very great. The figures are not available, but even the casual 
observer eannot fail to notice how constantly repairs are being made, 
rivets are being replaced, braces and gusset plates are being added, and the 
webs and flanges of girders are being strengthened at all times. In the 
course of time the cost of repairs will increase so that it will be more 
economical to replace the present structures with others of modern design 
than to continue to maintain the old metal-work.

The great majority of the well-versed bridge engineers of to-dav will 
undoubtedly agree that rigidity is the prime essential to a satisfactory ele
vated railroad; but the means for obtaining it must be governed by the 
conditions under which the road is to be built and by the judgment of the 
engineer. No general rules can be established except the almost self-evident 
one that the thrusts must be carried to the ground by the most direct route 
possible, and without overstraining any of the metal. To fix the lower 
end of the columns undoubtedly adds to the rigidity of the structure; for 
it enables the superstructure and the foundations to act as a unit and thus 
increases the mass available for the resistance to vibration.

The anchorage and pedestals proposed and used by Dr. Waddell have 
proved to be quite adequate even in the treacherous sub-soils of Chicago. 
In the comment upon his paper several engineers criticised the length of 
the anchor bolts and argued that they should extend to the bottom of the 
pedestal, if the end of the column be considered fixed. That the criticism 
is ill-founded goes without saying; for the cohesion of the concrete will 
cause the pedestal to act as a unit, and it is well known that the adhesion 
of the concrete to the metal will develop the full strength of a very short 
stone bolt which is not provided with a washer at its lower end, conse
quently the anchor bolts used are ample in length.

The methods of manufacture and the chemical and physical properties 
of structural steel received very careful attention, both in Dr. Waddell’s 
paper and in the discussions, Mr. Cunningham’s comments being especially 
noteworthy. The art of steel making was well understood seven years ago, 
but material advancement has since been made. The hard spots and lack 
of uniformity in medium steel have been overcome, and that grade of metal 
is now quite as reliable as soft steel. The manufacturers incessantly urge 
the use of soft steel ; and many engineers employ it because it is soft and 
easily fabricated and, consequently, is less liable to incipient cracks from 
punching and shearing. It is argued that, since the damage in working i< 
small, all holes in soft steel may be punched full size, thus saving material 
expense in fabrication, while the greater hardness of medium steel render.- 
such treatment of it unsafe. When the shop work is done with sufficient 
accuracy the argument is good, but only shops which are equipped with tin 
most modern tools and whose men are well trained and are habitually 
accurate can do the best grade of railway bridge work without sub-punching
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and reaming. Where the modern multiple punch with a well designed 
spacing table is used, the holes arc punched with the greatest accuracy; but 
even then flange angles for girders arc punched in both legs and stretch 
more than the web plates to which they are attached and, consequently, the 
rivet holes do not match perfectly.

Shops which pay their workmen by the piece arc liable to produce less 
accurate work than those which pay by the day, for when a man’s wages 
are dependent upon the number of holes he punches, accuracy will be sub
ordinated to speed. Where the piece-work system is employed fines are 
exacted for inaccurate work ; then the degree of accuracy depends upon the 
amount and rigor of the inspection, which is commonly regulated by the 
vigilance of the purchaser’s rather than the shop’s inspectors. There are 
many shops which do careful, honest work ; but there are many others which 
will sacrifice quality for cheapness ; and, since the consulting engineer 
rarely knows which contractor will obtain the contract, he must keep the 
most unfavorable conditions in view when drawing his specifications.

The quality of the finished product, however, depends almost, if not 
quite, as much upon the character of the riveting as it does upon the match
ing of the holes. If the holes arc sufficiently well matched to permit the 
hot rivet to be inserted without drifting, if the rivet is hot when it is 
driven, and if the machine has ample power, slight irregularities in the 
matching of the holes arc of no consequence, for the metal in the rivet 
will flow freely and fill the hole perfectly. But bad practices often prevail 
in riveting as well as in punching. I f the riveting machine has not sufficient 
power or if the rivets arc too cold the metal will not flow freely and the 
hole will not be filled, though, on account of the friction under its heads, 
the rivet may appear to be tight. It is not uncommon to sec a number of 
rivets driven when they are at a blue heat, because, after they have been 
inserted, the progress of the machine has been delayed until they have 
cooled. Under the piecework system such rivets will never be replaced by 
hot ones before driving unless the inspector is unusually vigilant. But with 
first-class punching and riveting soft steel may be fabricated in a thor
oughly satisfactory manner. The purchaser runs grave risk of getting less 
than the best of work, however, unless he restricts the bidding to shops of 
good reputation and employs competent and faithful inspectors.

IIow much more the perfect joint obtained by drilling or by sub
punching and reaming the rivet holes after the parts are assembled may Ik* 
strained has not been satisfactorily determined. The Watertown arsenal 
tests mentioned by Mr. Rouscaren in his comment indicated that the 
perfect joint thus made is worth fifteen per cent, more than the ordinary 
joint in which the holes arc punched full size, but the tests are inadequate 
and the data too meagre to warrant the acceptance of such results as final. 
The editor does not believe that a rivet driven in sub-punched and reamed
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holes is worth any more than a rivet which is properly driven in holes which 
have been punched with sufficient accuracy to permit the insertion of the 
rivet without drifting. Hut it must he accepted substantially without 
argument that sub-punching and reaming insure a higher quality of work 
than can he obtained when the holes are punched full size, unless unusual 
care be taken. Consequently, if medium steel can legitimately he strained 
so much higher than soft steel that the saving in metal will olfset the cost 
of sub-punching and reaming, the most satisfactory results will undoubt
edly be obtained by adopting this practice. The cost per pound of the base 
material is the same for medium as for soft steel ; hut the pound price of 
shop work and erection must be greater for the former than for the latter, 
since the weight is less and the amount of work remains substantially un
changed, if the reaming be excepted. Consequently, the additional pound 
price of reamed medium steel over that of punched soft steel is composed 
of two items, the cost of the reaming and the proportionately higher cost 
per pound of the other work on the lighter medium steel.

Whatever the origin of the higher pound price of the reamed medium 
steel, to satisfy the demands of economy the more expensive metal must be 
strained so high that the total cost of the completed structure will be no 
greater than if the lower priced soft steel had been used. Higher unit 
stresses for reamed medium steel are justified by the greater strength of 
the base material, the smaller damage in fabrication, and the greater average 
value of rivets driven in reamed holes; but how much higher stresses may 
be used is largely a matter of the engineer’s judgment. The latest Manu
facturers’ Standard Specifications call for three grades of steel, viz., rivet, 
railway bridge, and medium. The railway bridge is commonly known as 
soft steel ; and its ultimate strength varies from 55,000 to 05,000 pounds 
per square inch in tension. The medium steel varies from 00,000 to 
70,000 pounds per square inch in tension. Apparently the average ulti
mate strength of the former is 5,000 pounds per square in<ih less than that 
of the latter; but it will be noted that steel whose ultimate strength varies 
from 00,000 to 65,000 pounds may he classified as railway bridge steel 
or as medium steel, according to the convenience and wishes of the manu
facturer. As a matter of fact, the manufacturer endeavors to produce 
metal which will satisfy either specification and a range of 5,000 pounds 
in the ultimate strength permits him to accomplish his purpose quite com
monly. When the strength of a melt is high it is classed as medium steel, 
and when it is low the material is railway bridge steel, but the bulk of the 
steel rolled may be either. Hence it is manifest that the engineer is gen
erally employing one grade of steel, however it be named, unless he have 
material rolled to very unusual specifications. Consequently, it would 
appear that under ordinary conditions the adoption of higher unit stresses 
for reamed medium steel can be justified only on the ground that the supe-
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rior workmanship increases the strength of the completed structure and 
provides greater security against failure due to harsh treatment of the 
metal during fabrication. In the absence of satisfactory tests, and 
thoroughly satisfactory tests would be very difficult to make, whether the 
superior workmanship certainly secured by sub-punching and reaming justi
fies the higher unit stresses necessary to offset the cost of reaming is purely 
a matter for the engineer’s judgment.

After the introduction of steel for bridges and buildings it required 
many years for the manufacturer to perfect, his processes so that he could 
produce uniform and reliable materials and for the engineers to overcome 
their prejudices in favor of wrought iron and to establish the safe and 
satisfactory unit stresses for various conditions of loading. In fact these 
objects are hardly more than accomplished now, when the advent of cheap 
nickel promises to introduce a new alloy which will supplant carbon steel 
for many purposes and for which new values will have to lx* determined. 
Nickel steel is already in use for a variety of special purposes such as 
boiler tubes and forgings ; and prominent engineers have already advised 
its use for large and important bridges. Some time since Messrs. Waddell 
and Hedrick were retained by the leading producer of nickel to make an 
elaborate investigation and extensive tests to determine the most satisfactory 
and economical nickel steel alloy and the advisability of using it in railway 
bridges of both ordinary and extraordinary spans. Considerable progress 
has been made, and it is expected that the results of the investigations and 
tests will become available during the current year. It is now anticipated 
that nickel steel will be so superior to carbon steel in strength that long 
span cantilever bridges in which it is employed will be more economical 
than suspension bridges.

The comparative value of basic and acid open-hearth steel so pertinent 
eight or ten years ago is no longer of moment ; for the largest steel manu
facturer in this country does not operate an acid open-hearth furnace, in 
fact there is but one manufacturer prepared to furnish acid open-hearth 
structural steel in commercial quantities.

Though but ten years have elapsed since the foundations for the North
western and the Union Loop Elevated Railroads were constructed, the mate
rials commonly entering into the construction of concrete have been mate
rially modified. It was noteworthy then that Portland instead of Rosendale 
cement was used, for Portland cement was expensive and nearly all of it 
was imported. American brands had been established but a short time and 
were not generally considered equal to the brands of foreign manufacture. 
Since, the use of Portland cement has become almost universal, its con
sumption has increased enormously, and substantially all that is used in this 
country is of American manufacture.

It has been discovered, too, that better concrete is obtained at less cost
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by using without screening all the stone that comes from the crusher. The 
percentage of voids is thus reduced and the strength of the concrete is 
increased.

Notwithstanding the enormous increase in the production and use of 
Portland cement its quality has not been greatly improved, and. except for 
the use of the screenings, the materials composing concrete and their propor
tions remain unchanged.

In the choice of paint the engineering profession is as much at sea as 
ever. There are many good paints on the market and there are bad ones 
without number. It is the general opinion that even the best of them vary 
in quality; and fresh investigations on the part of the engineer generally 
lead to the adoption of some other brand than the one lie has been accus
tomed to use.

All paints fail in their purpose, however, if they are not properly 
applied. Structural steel is too commonly painted out doors, even in wet 
or freezing weather, and it remains the very general practice to apply the 
paint just before the material is shipped. Metal is very rarely cleaned 
thoroughly before it is painted, and much of it is well rusted in the stock 
yards of the mill or the shop before it is fabricated. The mills never 
remove the scale or take any precautions to prevent the material from 
rusting while it is in their possession, and the shops do not even store their 
stock under cover.

These bad practices are well established in our commercial methods of 
steel construction and no one or two or dozen engineers can uproot them. 
Competition is keen, and a great portion of the business is done without 
the aid of an engineer other than the one employed by the bridge company; 
a great many of the engineers retained by railways and other purchasers 
of steel accept the common practice without protest ; consequently, upon 
the great bulk of the work there is no demand for improvement, and it is 
impossible for the few who appreciate the value of dean steel and good 
paint well applied to obtain what they desire. The mills make their profit 
by producing a large quantity and any treatment of the steel which would 
apply to only a small portion of the product would reduce the output; con
sequently, innovations are strenuously opposed, even though their value be 
well recognized. In a like manner the shops oppose any process which is 
not applicable to the principal portion of their product. Therefore no 
serious reform can he effected until a considerable percentage of buyers of 
structural steel liecome willing to pay for and demand the adoption of 
effective means of preserving the materials.

The treatment of timlier for all important constructions is rapidly 
becoming a necessity, for the destruction of American forests is progrès- 
ing and prices of luml>er are increasing accordingly. The quality o( 
Georgia yellow pine used on the Northwestern Fdevated Railroad now 
costs about sixty per cent, more than it did eight years since, and oth.
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varieties of lumber are increasing in value at a similar rate. First-el ass 
white oak is very difficult to obtain at any price. The Department of Agri
culture, Bureau of Forestry, is exerting the utmost effort to bring engineers 
and other users of lumber to a realization of the situation and to enlist 
their help to preserve the forests by treating timber so as to prolong its 
life. In Europe the cost of railway ties has risen till it is economical now 
to increase their period of service by expensive methods of treatment, and 
it will not be many years until similar conditions obtain here.

In the résumé of the discussions upon his paper, Dr. Waddell clearly 
proved the economy of treating the track timbers for the Chicago elevated 
railroads and showed that the New York roads had already found the 
treated timber the most economical when prices were much lower than they 
arc now. No designer of future elevated railways can afford to use ties and 
guard rails in their natural state.

In the discussion relating to the best column section the bulb angle, 
a shape which has been used in the New York subway, was not men
tioned because it was not then generally offered by the mills. Four bulb 
angles and a plate form an excellent column: the metal is well distributed; 
the exposed edges are formed by the bulbs and are. consequently, able to 
resist a heavy blow; and since but two lines of rivets are required, the 
column is economic in construction. It promises to be widely favored for 
light work.

The design of the stations on the Northwestern and I'nion Loop Ele
vated Railroads is distinctly in advance of anything to be found in New 
York. The separate exit stairways alone are of untold advantage, as any 
one can testify who has tried to go up or down the common stairway of a 
New York station when most of the travel is in the opposite direction. The 
use of the turnstile offers a serious impediment to the movement of passen
gers and is a source of annoyance when travel is heavy.

Dr. Waddell and his commentators have discussed in detail s 
every point of importance in relation to the design and construction of 
elevated railroads. The result is not complete agreement by any means, but 
I)r. Waddell succeeded in establishing firmly the essential principles of 
design, and no designer will in the future disregard them. There need bo 
no fear that, another expensive structure will be constructed on the old, 
unscientific lines. No engineer will care to assume that an elevated railroad 
is less important and should be less carefully designed than a railway 
bridge. To design a structure which is distinctly in advance of what has 
been done before is a substantial contribution to the science of civil engi
neering, but to place on record where they are available for general use 
the results of the careful and expensive studies upon which the design is 
based and to evoke the opinions and practices of other engineers so that 
they are also available, is an inestimably greater service to the profession.
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INTRODUCTORY NOTES.

A sound education and a broad and thorough experience constitute the 
essential preparation for consulting practice in any branch of civil engi
neering, hut after graduation the reading and work should, so far as 
possible, follow the line of the chosen specialty or its allied branches. The 
plan outlined by Dr. Waddell in bis addiess to the students of the Rensselaer 
Polytechnic Institute upon the preparation for consulting work in bridge 
engineering is exceedingly comprehensive and should provide a sound knowl
edge of both the theory and the practice of bridge engineering and a work
ing knowledge of the lines closely related to it. Railway construction is 
probably the most useful of these from the technical point of view, but the 
detailed knowledge of the fabrication and erection of bridges is the best 
practical experience mentioned.

There is one line of work, however, which Dr. Waddell has not included, 
but which should be of the highest value in establishing and conducting a 
consulting ollice, namely the contracting portion of a bridge company’s 
business, or of any similar business in which engineering is an important 
factor. The responsibility for the prices, and, consequently, for the net 
earnings of the company, lies largely with the man in charge of the ollice, 
but the man who conducts the negotiations must, if successful, be able to 
obtain business, often in the face of a competitor’s lower prices, on the 
merits of his company’s responsibility, its engineering skill, or the superior 
quality of its workmanship. It requires skill, tact, and diplomacy of a 
high order to obtain better prices than your competitor demands for a 
product not manifestly superior to bis. This is what a successful contract
ing engineer must do, and the skill which he must develop in order to do it 
is precisely what he will need to obtain work ns a consulting engineer.

To obtain engagements is probably the most difficult portion of a con
sulting engineer’s practice, lie must sell his services, something intangible, 
of which the value is difficult to determine. The bridge company oilers a 
completed structure for a given price in which the services of its engineers 
do not appear as an item, consequently, the short-sighted purchaser, and 
his name is legion, believes he is saving the engineer’s fee by purchasing 
directly from the bridge company. He believes he is buying only the struc
ture and his belief is hard to shake, though, as a matter of fact, he is paying 
for not only the design of his structure, but for that of several other struc
tures for which the bridge company prepared designs but did not obtain 
the contract.
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The experience in contracting is also of great value in extending the 
acquaintance, as it brings the engineer in contact with the purchaser of 
structures and with consulting engineers as well, and a broad acquaintance 
is one of the consulting engineer’s most valuable assets. Hence, a year or 
two spent in the endeavor to obtain contracts should be added to the experi
ence Dr. Waddell has prescribed for the consulting bridge engineer.
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THE BRIDGE ENGINEER.

By J. A. L. Waddell, '75.

Written for the Polytechnic.

As the title of this paper lias been chosen by the editors of the Poly
technic, the writer feels at liberty to take advantage of its vagueness by- 
treating it from the point of view which seems to him most advisable and, 
under the circumstances, most appropriate. This method of treatment will 
consist of an exposition of what course it is best, in the writer's opinion, 
for a young man to adopt in order to fit himself to become a successful 
bridge engineer.

Tlie first essential, as nearly every one nowadays will concede, is a full 
course of study in civil engineering at one of the leading technical schools 
of America ; and even this course might be preceded with advantage by 
two or three years at college, provided that no time be wasted there in 
studying dead languages, mythology, and a lot of similar rubbish that used 
to be considered the principal and essential part of a gentleman's education.

As a rule, students in technical schools are not sufficiently educated 
before entering, and as they are taught there but little besides technical 
studies, they graduate lacking, not only a polished education, but often
times a respectable common one. Ample evidence of the truth of this state
ment is furnished by the correspondence and printed papers of alumni of 
technical institutions ; for, in respect to style, spelling, and composition 
their authorship would often disgrace the average schoolboy.

Again, the preliminary education of the technical student should be 
broad and liberal, because technical education is essentially the reverse, 
confining the mind to a single channel, albeit a wide and excellent one.

It is not considered to be the province of the technical school to teach 
its students the English language ; nevertheless much can be accomplished 
in this direction by a compulsory thesis in each subject taught, and by pay
ing due attention to the diction and style as well as to the technical fea
tures of the papers submitted.

Then, too, scientific and literary societies among the students, encour
aged and fostered by the faculty of the institution, do much toward 
ameliorating the essentially technical character of the course of study.

But let us suppose that the would-be engineer has not only a thorough, 
sound English education, but also has» just completed his technical one by 
graduating at one of the leading engineering schools. What course is he 
to pursue, and what are to be the guiding principles of his professional
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career? Shall he, like most of his classmates, graduating with great 
notions of their own importance, look about him for the best paying posi
tion obtainable, and ever after be guided in the choice of work by the large
ness of the compensation ; or, on the contrary, shall he set aside for many 
years the question of financial recompense, contenting himself with earn
ing but little more than a mere living, and devoting all his energies to the 
acquisition of knowledge that will in after years “bear fruit an hundred 
fold”? Hut few newly fledged engineers would have the courage to adopt 
the latter course, nevertheless it is the one which will eventually, in the 
writer's opinion, lead to the greatest success.

Naturally, one would think that if a young man desires to become a 
bridge engineer, the first step to take after graduating is to enter the office 
of some well known bridge specialist, or that of one of the leading bridge 
companies, and thereafter devote himself exclusively to the study of bridge 
building. No greater error than this could, however, be made ; although 
it is true that such a course will generally lead to a certain modicum of 
success both professionally and financially.

An engineer, though, who could he content with earning a fair salary, 
but who does not care for the professional distinction that is to be ob
tained by earnest effort backed by good ability and sound judgment, is not 
an engineer of the ideal sort, although he may always do his work faith
fully and well.

If all the members of the engineering profession were to work simply 
and solely for their own personal, pecuniary advancement, how much prog
ress would the profession make ?

Is it not to the writers of engineering papers and standard books more 
even than to builders of great engineering works that progress in the pro
fession is due ; and is not the writing of such papers and books in ninety- 
nine cases out of one hundred merely a labor of love? All the reward that 
usually comes to the technical writer is the reputation that he obtains ; and 
very often good, solid work in writing is done, such as the accumulation 
and digestion of statistics, for which the author can hardly hope for any 
acknowledgment except, perhaps, from a very limited number of his pro
fessional brethren.

If we agree then that there should be a higher ambition for the young 
engineer than the making of a comfortable living or the accumulation of 
wealth, how will this conclusion affect the course that lie ought to pursue?

Evidently it will do so by showing the necessity for an accumulation 
of knowledge and experience that will form a fund of information which, 
in after years, will constitute the principal part of his working capital. 
Moreover, this knowledge should be by no means in one line of investiga
tion or in one branch of engineering ; for all the various branches arc so 
interdependent that he who has confined his researches to one specialty
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will be continually finding himself at a loss as to how to solve problems 
that confront him, but which are not in his direct line of work and thought.

If, therefore, the would-be bridge engineer wishes to pursue an ideal 
course of practice with a view to the future rather than to the present, let 
him for a number of years choose subordinate positions in various branches 
of engineering that arc not too widely divergent from his future specialty. 
The most nearly allied branch being that of railroading, let him serve for a 
year or two on a corps of railway engineers, obtaining experience in pre
liminary, location, and construction ; and, as lie attends to his regular 
duties, let him pay special attention to every question relating to bridges 
that arises, keeping full and systematic notes for future reference.

This matter of keeping notes is a most important one, and is too often 
neglected. A diary as a record of work should be kept, as well as a more
pretentious note book in which to record methods and facts that are not
to be found in text books.

During these years of preliminary training the young engineer should 
by no means neglect his reading, but should make it his business to peruse 
the principal technical newspapers and periodicals, and to keep posted con
cerning what new engineering books are issued, purchasing such as his 
means will allow and his time will permit him to read. It is a good plan
to carry at all times in the pocket some engineering book to read at odd
moments, for instance, when waiting for a railway train, or during the 
noon hour when in the field ; and the tendency of the reading should ever 
be towards the chosen specialty, although not devoted exclusively to it.

If a subordinate on a corps of railway engineers show that he is ever 
willing to aid others when not busy with his own special duties, and that 
he is always anxious to do extra work, he will be given many opportunities 
to obtain valuable experience. At the same time, it is true, lie will find 
that the indolent members of the party will be only too glad of the oppor
tunity to saddle their duties onto ready shoulders; and our friend may in 
consequence often find himself overworked; but he should then comfort 
himself with the refiection, that there is no royal road to success, and that 
the harder he works the more he learns and the fitter he becomes for his 
future career.

As soon as he finds that he has mastered thoroughly one set of duties, 
let him apply for some other kind ; and as he has already shown himself to 
he an efficient and willing worker, his request will in all probability be 
granted, more especially as the question of increase of salary will not be 
raised. It is bad practice for a young engineer to be continually demand
ing an increase of salary ; for if his employers fail to appreciate his services 
and to pay for them what they are worth, it will be much better for him 
to change employers. Let him bear in mind the fact that in this great 
country there is always emplovnient to be had by a willing worker ; and
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that no man need starve under any circumstances unless, perchance, he be 
lost in the bush, which accident, it is true, is liable to happen to railroad 
engineers.

As soon as our engineer finds that there is not much more in railway 
engineering that can be learned rapidly, it will be about time to make a 
change by taking up some other line of practice, for instance, municipal 
engineering. He can best obtain experience in this line by taking a posi
tion in the office of the city engineer of a large city. A few months, how
ever, in this branch of engineering ought to suffice. His attention should 
be devoted principally to the study of pavements, street grades, and 
bridges. If at the same time he can pick up a little knowledge of sewerage 
and water supply, so much the better, though this is by no means essential.

Next it would be well to obtain a few months' experience in a foundry 
and machine shop, learning by observation, by reading the best standard 
works thereon, and by conversation with the moulders, pattern makers, and 
other employees, how castings are made and how to handle the principal 
tools.

Just here it is well to observe that an engineer can pick up many val
uable points by talking with any intelligent and experienced workman ; 
and that it is by no means infra dig. to accumulate knowledge in this way.

Everything of value learned should be recorded, even if one be blessed 
with an unusually good memory ; because the work of a busy engineer is 
enough to ruin in a few years the best memory ever possessed by man.

Throughout his whole professional career, our engineer should make 
himself acquainted with the money values of engineering materials and 
work, not only for use in his future practice, but also for the purpose of 
making a favorable impression upon the parties who consult with him 
about various enterprises; because there is nothing that will give the 
average man greater confidence in an engineer than to see that he has a 
good general idea of the value of the work under discussion.

As soon as he is eligible for membership in the various grades of the 
American Society of Civil Engineers, our engineer should bv all meam 
enter them ; and he should never fail to become acquainted with as mam 
engineers of established reputation as possible, endeavoring in each ease 
to create such a favorable impression that the acquaintance will not bv 
forgotten.

If papers are under discussion by the Society, concerning which lu 
deems that he holds opinions of value, let him take part in the written dis 
cussion, stating his opinions modestly but firmly, and defending them vig 
orouslv until, peradventure, he be proven in the wrong, in which case 1 
him acknowledge his error gracefully. No one is thought any the less 
by high-minded individuals for acknowledging an error.

As soon as our engineer feels that he has discovered something usef 1
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and hitherto unknown, or has accumulated valuable statistics, let him 
formulate his ideas and present them in the shape of a paper to some 
engineering society ; but it is well not to begin writing too soon for fear of 
evolving something weak or valueless. It is much better not to be known 
at all as a writer than to be known as a poor one.

Should he be located for anv length of time in a city where there is a 
local engineering society, by all means let him join it, attend all of its meet
ings. and take part in its discussions, reading a paper occasionally, should 
the opportunity offer.

After completing his experience in the foundry and machine shop, let 
him devote some six months or more of his time to the inspection and 
testing of material for bridges, in the employ of some large and well known 
firm of inspectors. During this time lie should have the opportunity to 
learn much more than the mere inspection and testing of metals ; for he 
could acquaint himself with the various styles of details of bridges, and 
learn how ironwork goes together in the shop, and how it is manipulated. 
He should make a special study of detailing with reference to simplicity 
and ease in construction. In the course of six months or a year he would 
probably have opportunities to inspect manufactured metal at several of 
the principal bridge shops of the country, and could therefore learn the 
best methods of putting ironwork through the shops with the least ex
pense and delay. He should pay special attention to the loading of bridge 
members on cars, in order to be able in the future to specify how the metal 
for his own bridges shall be loaded.

Next, let him spend a year in the office of some bridge specialist, so as 
to learn correct methods of design, in which the factor of economy of 
metal will not occupy a too prominent place.

Next, let him serve as assistant computer for about a year in the office 
of one of the leading bridge companies, passing from there to the drafting 
room of the same company, where it would pay him to remain six months 
or a year longer.

During these two years lie ought to be accumulating most valuable 
knowledge and notes ; for. by means of friendly conversation with the 
various employees of the bridge company, he can obtain an insight into 
every department of the business.

Next, let him spend about six months on the erection of a large viaduct 
or elevated road, and when this is finished let him serve on the erection of 
a large bridge over some important river, starting in at the beginning and 
remaining until trains are crossing the structure. Here he would obtain 
experience on substructure as well as on superstructure, and would he able 
to learn the entire modus operamii of sinking piers by the pneumatic 
process, by open dredging, or by means of the coffer dam. During the 
preceding years he should have read all the literature of any value on sub-
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structure, so that when he takes hold of the work of putting down the piers 
he will be well posted on the theory if not also on the practice.

There is one important matter that he should not have neglected during 
all of these years of apprenticeship, viz., the collection and study of forms 
of specifications and contracts, with the idea in mind of improving on them 
in his future practice. Moreover, he should read and study the relations 
between engineering and law, so as to avoid legal complications when the 
time comes for him to manage and control great interests.

If. durii the years thus spent, there have not occurred sufficient 
mathematical k in his practice to prevent him from becoming rusty in 
his mathematk he should have occasionally read up thereon in some of his 
old text-books or in new ones, if any improved ones have been issued.

Some one may object to this schedule of work by stating that there is 
not time enough for it ; but, if so, the writer begs to differ with him on 
the grounds of personal experience.

Some one else may say that the amount of work laid out is either 
enough to kill a man with an ordinary constitution, or else it is so great as 
to render one's life a burden bv leaving no time for relaxation. To this 
the writer would reply that unless a young man be blessed with a good, 
sound constitution, it would be most inadvisable for him to choose engi
neering as a profession, and positive insanity for him to adopt the specialty 
of bridge engineering, if he have any intention of making his mark in it. 
But if a young man of sound constitution and good habits will follow out 
the course here indicated, at the same time paying due attention to his 
physical condition, he will find himself equal to the work.

It is about time now for our engineer to have a change, so let him ob
tain the position of assistant professor in one of the higher departments of 
some well-established technical school, with the intention of remaining 
there two years, but no more.

For the first year his time will be occupied almost exclusively in re
viewing his old studies in order to teach his classes ; and he will find that 
he never before got so thoroughly to the bottom of things as he does now 
for in order to teach anything to others one must understand it funda
mentally in every particular himself. There is no training in the cours- 
of an engineer's practice that wdl compare in effectiveness with that ob
tained in the class room, and in the preparation for teaching. Moreover 
there is nothing that will tend to give a man more confidence in himself 
and in his own powers, than will the teaching of a class of bright, earnc-t 
students, who are always on the qui vive to catch the professor nappii: 
and who are constantly pitting their mental powers against his.

For the first year of teaching our engineer will conclude that he nev r 
until now knew what is really meant by hard work. If he teach the liigl r 
branches of civil engineering, including applied mechanics, he will ofun
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after a séance of four hours find himself absolutely exhausted, both men
tally and physically. But, strange to say, after the first year, all this will 
be changed. By that time he will have gone over the entire course so that 
in future his teaching will be an old story ; and he will have attained such 
self-possession and confidence that he will with perfect equanimity permit 
himself to act as a target for class after class in their endeavor to floor 
him by asking questions

If there were no other work now than teaching for our engineer, it 
would be time for him to send in his resignation ; but there is plenty in 
addition to keep him occupied for another twelve months. In the first 
place, let him work up into papers the data that he has been accumulating 
for years ; thus serving a double purpose by adding to the recorded knowl
edge of the profession and by bringing his name before the public.

In the second place, there is surely some subject that he has run across 
in his practical life which needs experiment and investigation, and what 
circumstances are so favorable for this as the environment of a professor 
at a good technical school ?

In the third place, our engineer may have so developed his self-confi
dence as to have the audacity to write a technical book. This would be 
the only legitimate reason for his remaining a third year as instructor.

These years at a technical school will give him an opportunity to con
sider as to choice of locality for opening an office ; because during vaca
tions he can travel and look about him.

If he were twenty-three years old at graduation, which, in the writer's 
opinion, is the most desirable age for starting life as an engineer, he would 
now he from thirty-two to thirty-five years of age.

If he feel that he is old enough and has had sufficient practical experi
ence, lie can now start in for himself by hanging out a shingle in the city 
of his choice. But if, on the contrary, he feel at all diffident about starting 
thus, or if he have been unable to save up to this time a sum of money 
amounting to at least one thousand dollars, it will be better for him to take 
a year or two more as a subordinate in the direct line of his future work, 
with either some bridge engineer or some bridge building company, ob
taining now as remunerative a position as he can ; for with his ten or 
twelve years of experience his services must have become of real value to 
those who employ him. If he have not already done so by this time, let 
him now obtain a thorough knowledge of the designing of train sheds, 
going into the study of every detail ; for such knowledge will stand him 
in good stead in the years to come.

When at last our engineer has accumulated enough technical experience 
and capital and has developed sufficient confidence in himself to warrant 
him at least in launching his hark upon the seas of practical life, he must 
not be discouraged if at first he finds that the waters are rough and that
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the currents and counter currents of competition and envy render the steer
ing difficult. All that is essential is for him to maintain a brave heart, 
keeping his eyes fixed upon the harbor of his ambition, steering as straight 
a course as the aforesaid currents will permit, until finally he reach com
paratively calm water, by which time he will have learned how to handle 
his craft, if not with ease, at least without undue anxiety.

The conscientious engineer will at the start, and perhaps for several 
years, be burdened in mind with the responsibilities of his calling, because 
the lives of many people will depend upon the thoroughness of his work. 
For a while he will, naturally, worry over details, especially when his past 
experience fails him, as it often will, and each trifling error in his work, 
which the most painstaking cannot avoid making occasionally, will render 
him doubtful of the correctness of all that he does or has ever done, until 
presently he finds that, hv a system of checks and counter checks on all 
his calculations and drawings, he can assure himself that no error of any 
magnitude has crept into his results.

After this his mind becomes relieved to a certain extent; but it will 
never he entirely free from the responsibility that attends those who design 
and carry out great engineering enterprises.

As soon as business begins to come into his office, our engineer will 
find that it is absolutely necessary to manage his affairs systematically, 
keeping all records so that he can always find what he wants, without a 
minute's loss of time, and making a copy of some kind of everything that 
goes out of the office. Further, too, than this he must carry his system, 
by compiling directions as to how to do future work, based upon the past 
experience of the office.

Then the problem of what employees to engage and to keep will be a 
difficult one to solve, for an engineer's work comes in by fits and starts, 
rendering it necessary at limes for the entire office force to toil day and 
night, week days and Sundays, until the work on hand he completed, after 
which there may be a slack time of longer or shorter duration. The art of 
keeping his force employed advantageously during such slack times is one 
that our engineer will have to acquire. Of course, it is practicable to hire 
from time to time extra draftsmen to aid when there is a rush of work, but 
such draftsmen as can be picked up hurriedly arc seldom capable of mak
ing a respectable tracing, much less of doing any designing ; consequently, 
it is upon his trained office force that our engineer will have to rely in 
emergencies. It is evident, therefore, that the more friendly the footing 
between employer and employees, the better in every way for all parties 
concerned.

Respecting charges for engineering work it will be necessary to give 
our engineer a hint by saying that, if a man fail to appreciate his own 
merit and worth, it is not likely that others will appreciate them either,
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and that within the limits of reason the more an engineer charges for his 
professional services, the more highly thought of he will be hy the parties 
who employ him.

It is true that he will oftentimes lose work by the largeness of his de
mands, hut sometimes the very parties who have refused to accept his 
terms will come hack to him with a request that he take up the same work 
which they had entrusted to cheaper engineers, and which was botched, if 
not entirely ruined, in consequence. Such lessons as these have a very 
salutary effect upon the public and aid an engineer in establishing his rep
utation.

And now that we have brought our engineer into a successful business 
practice, we shall leave him there, feeling confident that his painstaking 
thoroughness, conscientiousness, and integrity will he sure in the end to 
enable him to reach the most lofty heights of professional ambition.
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COMMENT.

In good times, when the services of the engineer, experienced and in
experienced as well, arc in great demand, the young engineer may choose 
his work to suit a definite plan, but in dull years his choice is somewhat 
limited, and he may find it essential to take up a line of work which does 
not fit into his scheme. In this event the loss is not usually great, for even 
undesirable experience serves to strengthen and broaden the mind and 
develop judgment. A well considered plan which will lead to a high pro
fessional position is of great service, but more or less deviation from it 
should not be a serious discouragement, since any work well done will 
afford much preparation for practice in the chosen specialty. This fact, 
however, should not lead to the easy abandonment of any part of the pre
determined plan, because perseverance and enterprise will ordinarily imita
it possible to obtain the work desired if the compensation be subordinated.

Consequently, the plan Dr. Waddell has outlined is thoroughly sound 
and may be followed advantageously by the engineer who aims to become 
a bridge specialist. If his ambition is not set so high, and it is self-evident 
that comparatively few can satisfy such an ambition, the severity of the 
preparation will Ik- relaxed and more than a nominal salary will be sought 
long before the tenth or twelfth year after graduation. In fact, the love of 
money, the desire to marry and to earn enough to support a family, or the 
desire to hasten the success which is measured by money, leads the majority 
to abandon such high ideals early in the race.

But there are many important positions for which the training dis
cussed is eminently suitable. The chief and principal assistant engineer- 
of the bridge companies; the engineer of bridges of a railway company, 
position which often leads to that of chief engineer: and the bridge eng men- 
of a large city are of this character. In fact, there is a large and desirable 
field for men well and broadly trained for bridge engineering.

There is no doubt that a sound technical education is a prime requisite 
nowadays. There arc many successful engineers who lack the college trac 
ing, but they are generally among the older men. The lack of the school 
training will soon show itself very plainly in a young engineer, no mat! r 
how much experience he has had or how hard he has worked to overcot - 
the deficiency. The lack of thoroughness and breadth of training v I 
appear unexpectedly and generally to his detriment. In most manufaei - 
ing plants where engineers are employed, graduation from an engineer _f 
school of established reputation is almost an essential qualification.
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As the engineer increases in years and as liis services grow more valu
able, the tendency to change his position decreases rapidly. Experience 
in one line of work renders his services valuable in that line and diminishes 
the probablity that he will broaden his knowledge at the expense of his 
salary. Consequently, radical changes of work should be sought in his 
earlier years if he is to be broad.

The period during which very subordinate positions must bo occupied 
in order to gain experience in many lines should lie made as short as is con
sistent with a sound training in those lines, for long continued work as a 
subordinate is apt to deprive even a strong minded man of much of his 
self-confidence and cause him to depend to an injurious extent upon his 
superiors for direction. The work of large corporations is wisely reduced 
to a system which is made as nearly automatic as possible, and in these 
establishments the man who has no executive duties, who is responsible for 
no work but his own, soon loses his individuality.

It requires courage and energy for a man who has reached a position 
of responsibility in one line of work to take a similar position in another 
line with which he is but slightly acquainted, but these are two of the lead
ing characteristics of a successful engineer, hence, if the new position offer 
the right kind of experience, he should not hesitate. The experience to bo 
gained in a position of only moderate responsibility is very much greater 
than that obtainable from a very subordinate position, hence responsibility 
should be sought as early as possible.

In following the plan of staying in one position only so long as it is 
possible to learn rapidly, there is danger of a serious mistake. The writer 
recalls a bright, but conceited young man. who had spent but three weeks in 
the drafting room of a bridge company when lie demanded work in the 
designing and estimating department, saying that he had acquired a thor
ough knowledge of detailing. Then he spent some months contentedly 
calculating weights for estimating purposes. Too often a young man thinks 
he has mastered a subject when lie has gained only a very superficial 
idea of it. But sure, sound designing must be based on a thorough knowl
edge of details.

The range of work which an engineer who aims to attain eminence in 
bridge design should understand is exceedingly wide, for the engineering 
pertaining to the development of a large improvement cannot he so divided 
that each line may be given to a specialist, consequently, it will be obtained 
by some one who is capable of planning the whole. The financial problems, 
the operation of the property, depreciation and the methods of maintenance, 
increase in value, and all such matters must be thoroughly understood if 
the engineering is to be of the highest character.

One of the most serious objections to continuance in subordinate posi-
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tions is the inability to obtain a knowledge of money values of engineering 
construction. Manufacturers jealously guard their prices and costs, but 
even where these are known the basis of their make-up is still unavailable, 
and without it actual figures are of small value. Even the itemized prices 
bid upon various kinds of materials and work of which a piece of construc
tion consists, afford small clue to true values, for bids are generally bal
anced for diplomatic purposes. If it be found possible to obtain a few 
months’ work in the cost accounting office of a manufacturer or contractor, 
the opportunity should be promptly seized.

There is a vast difference between casual examination of a piece of 
work to learn how it is done and direct responsibility for it, consequently, 
no amount of such inspection will serve instead of detailed experience. 
Inspection of the right kind, in which responsibility for the fulfillment 
of the specifications is an essential part, is excellent experience, but even it. 
will not bring out the reason for the design. It will, however, be exceed
ingly valuable in showing what is diljieult and expensive to construct. 
Cases in which the purchaser pays dearly for the designer's lack of knowl
edge of construction are by no means infrequent.

Unless advised bv an older engineer, the recent graduate will hardly 
be able to map out for himself a course of preparation such as Dr. Waddell 
has indicated ; and even when such a course is laid out, it will lie found 
substantially impossible to follow it strictly, because opportunities do not 
offer themselves in the order desired, and frequently unexpected oppor
tunities occur to gain excellent experience which is not down on the sched
ule, and it is not always wise to stick to the plan and let them pass. And 
sometimes in dull seasons there is little or no choice of employment. But 
it is not difficult to adhere to a general plan close enough to satisfy the pur
pose for which it is made.

All this variety of experience is sought for the sake of information in 
the branches of engineering which are intimately related to the chosen 
work, hence all data which arc considered valuable at the time they are 
collected should be systematically recorded. The plan of carrying in the 
pocket a bunch of loose cards of suitable size and recording data as it h 
obtained is excellent, as it enables the matter to be classified and filed at 
once without rewriting. When properly indexed these cards form a useful 
permanent record. From time to time they should be gone over, data of 
doubtful value eliminated, erroneous information corrected, and scattered 
ideas collected and condensed.

This mass of data will ultimately form the engineer’s own pocket book 
and be infinitely more valuable than the published works of the same kind, 
for he knows its origin and reliability. It should contain full reference to 
the books he has rend and serve as a working index to his library.
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In si 11 his experience the young engineer will find that truth, honesty, 
judicious frankness, and a cordial, helpful attitude toward his fellows 
are the most satisfactory means he can employ to gain his ends. They 
cause no regrets, they make friends, and they gain assistance and advance
ment. Sharp practices bring hut temporary advantages, if any at all, for an 
engineer’s reputation follows him persistently.

One of the consulting engineer’s chief assets is his acquaintance, conse
quently, no effort should he spared to meet men in all lines of business.

Membership in the national engineering societies is valuable because 
it compels contact with other engineers and invites free expression of ideas. 
It is, in the public estimation, a guarantee of a certain professional stand
ing as well. Consequently, the young man should join the best societies 
in his line of work, and take an active part in their proceedings. Compe
tition grows more severe as the grade of work done grows more remunera
tive and more desirable. A high reputation is probably much more diffi
cult to obtain than money, hut it is a prize well worth winning. Money is 
not to he scorned, hut it is not the chief object of desire in the life of the 
true engineer. The greatest satisfaction in lift1 springs from good and 
noteworthy work honestly done, a high professional position, and the cor
dial esteem of one’s fellow men.
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INTRODUCTORY NOTES.

Dr. Waddell has done considerable professional work in Mexico within 
the last five years and has spent altogether probably a year in the City of 
Mexico. A protracted visit made in the winter of 1890-1 Di)0 gave him an 
excellent opportunity to make a study of foundations for tlu* heavy build
ings of the city. It is well known that the city rests or floats on the bed 
of an ancient lake and that the load is carried on the thin surface strata 
which confine the semi-fluid material beneath. Variations in the character 
of the soil and the loads placed upon it cause unequal settlement, conse
quently, heavy buildings crack and get out of plumb.

The construction of an important public building was under consider
ation during the winter of 1899-1900 and has since been begun. Dr. Wad
dell worked out a plan for the foundations, and, for the purpose of having 
it adopted, had several interviews with the architect for the building, who 
favored it at first and then, in true Spanish fashion, suddenly refused to 
consider it further. The paper which follows was then prepared and pub
lished in Spanish by the leading daily paper, and in English by the Mexican 
Herald in March, 1900.

The soft soils commonly encountered in this country are very uniform 
in character, consequently, the method of constructing the foundations so 
that each square foot of earth will bear tin* same amount of load insures 
uniform settlement and a thoroughly satisfactory foundation. But the 
materials which underlie the City of Mexico arc not only very soft but 
exceedingly variable in character, consequently, the plan which is so suc
cessful in this country, would ordinarily result in failure there. Dr. Wad
dell's plan consists of constructing the ground floor so rigidly that the 
unequal load of the building it supports and the unequal supporting power 
of the material below will not distort it. If the frame of the building be 
of steel, this rigidity can be most economically obtained by means of verti
cal bracing lying in the walls and partitions, using the girders to distribute 
the load locally only, but if the superstructure be entirely of stone or brick, 
the girders must be heavy enough in themselves to maintain the plane of the 
ground floor, regardless of the inequalities of the load and the supporting 
soil. This construction will cause the building to act as a unit and thus 
prevent cracks and unequal settlement. It is, of course, possible for a build
ing thus constructed to settle more on one side than on another and thus 
get out of plumb, but this is exceedingly improbable if the load be at all 
proportionate to the supporting power of the soil.
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There is now under construction in the City of Mexico n five-story office 
liuihling whose plan dimensions are 100 by 153 feet. In constructing the 
foundations, loose earth was excavated to the depth of five feet and replaced 
by concrete. A network of loose I-beams spaced about one foot apart and 
firmly bolted together was laid upon this concrete hase. The spaces between 
the beams was then filled with concrete, and steel girders which carry the 
columns are placed above the floor thus formed.

This concrete base, which is six feet thick, weighs almost 1,00ft pounds 
per square foot. Since the soil will not carry more than 1,200 pounds per 
square foot with safety, it is quite apparent that the earth beneath this 
building will he overloaded.

A proposed hotel building for Mexico City, for which Dr. Waddell pre
pared the foundation plans, is eight stories high, yet would have exerted a 
pressure of less than 1,200 pounds per square foot on the soil if the struc
ture had been built according to Dr. Waddell’s figures. The weight of 
the foundations would have been only about 150 pounds, while the construc
tion of the walls and floors was made as light as possible, and the live load 
assumed to act simultaneously on all eight floors was the smallest which 
may be legitimately used for a hotel building.

The only satisfactory features of the design for the foundations of the 
office building above mentioned is the continuity of the concrete; hut this 
could have lieen obtained at less expense by substituting reinforced con
crete girders for the steel girders proposed in Dr. Waddell’s design and 
employing a pavement of six or eight inches of reinforced concrete instead 
of his pavement construction. This suggested construction would have 
weighed more hut cost less than the construction proposed by Dr. Waddell ; 
and it would probably have cost less and certainly would have weighed 
much less than the foundation which has been constructed.
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FOUNDATIONS FOR IMPORTANT BUILDINGS IN THE 
CITY OF MEXICO, WITH SPECIAL REFERENCE 

TO THE NEW LEGISLATIVE PALACE.

By J. A. L. Waddell, C. E., B. A. Sc., Ma. E.

Written for the Mexican Sunday Herald.

During the past twelve months the writer has had occasion to study the 
peculiar conditions of the soil in the City of Mexico in relation to the 
erection thereon of large and important buildings, with the result that he 
has evolved a new type of foundation which, in his opinion, is the only one 
that will render heavy constructions here safe against not only injury 
from unequal settlement, but also damage by earthquakes.

Concerning earthquake phenomena and their effects, the writer feels 
that he can speak with some authority, having spent four years of his pro
fessional career in Tokyo, Japan, where there are recorded 011 the average 
over one hundred earthquakes per annum.

As there arc in both contemplation and actual construction in this city 
several buildings of great size, the time is opportune for a discussion of 
this important subject of foundations ; so the writer has prepared this 
paper and has had it translated into Spanish in order that it may be pub
lished simultaneously in two of the leading dailies of the city, his intention 
being to start a discussion that may lead to the inauguration of some badly 
needed improvements in local building construction.

No observing man can traverse the City of Mexico without being im
pressed most unfavorably by the many cracked masonry walls, the lack of 
vertically of tall buildings, the ugly sags in façades and the painfully 
prominent inclinations to the horizontal of masonry courses that were cer
tainly intended to be true.

Some of the cracks were probably caused by earthquake shocks, but 
most of them, as well as the other objectionable features just mentioned, 
are due to the low supporting power of the soil and to the neglect of the 
architects to meet properly the conditions induced thereby.

As glaring examples of the dire effects of failure to design foundations 
properly for the soft soil of the city, the writer would name the following :

The School of Mines.—This building is badly sagged in the centers 
of all three frontages, and is decidedly out of plumb. It is also cracked 
and has sunk materially.
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The School of Commerce.—This building, which adjoins the School 
of Mines, is extremely distorted, besides being badly sagged, especially on 
Calle Sta. Isabel.

The Profesa Church.—The tower of this handsome structure is so 
out of plumb as to remind one forcibly of the Leaning Tower of Pisa.

The Santa Teresa Church.—The variations from vertically in this 
building are extreme ; and it looks as if some settlement had occurred 
during construction, because there are walls slightly battered below and 
vertical above. If this feature of construction existed in the original de
sign, it was, to say the least, very peculiar.

The Normal School.—The top of this building, which is adjacent 
to the Santa Teresa Church, has receded quite perceptibly.

The National Preparatory School.—(Formerly named San Ilde- 
fonso College.)—This large structure has pitched so much to the east that 
there is a difference of level at the t\vo sides amounting to about six feet. 
Moreover the façade has warped in a most unsightly manner.

The National Palace.—This immense building shows many cracks, 
and is undergoing numerous repairs, necessitated by settling foundations.

The Cathedral.—Even this fine structure is not free from cracks ; 
and it is a well known fact that a great deal of repair work has been done 
on it in times past.

Calle Patoni No. 6.—This is a handsome new residence that has sunk 
fully a foot, and has dragged down with it the two adjacent buildings. 
The sidewalk now pitches considerably towards the building instead of 
away from it, as it must have done at first, and the rain water now drains 
into the patio instead of into the street.

The Episcopal Church.—This structure located ou Calle Frovi- 
dencia, was built only five years ago, and is already settling so as to crack 
the paved floors. The tall stone columns of the gateway arc being tipped 
towards the building ; and, as these were built only a year and a half ag 
the tipping shows that the sinking of the building is gradual and con
tinuous.

Group of Thref.-Storv Buildings on the Corner of Bucareli and 
Providencia Streets.—These heavy masonry buildings have caused a 
settlement of as much probably as two feet over a large area at the corn- :. 
and it is said that during heavy rains the water stands a foot and a half 
deep in the patio. The buildings are cracking to pieces and are decide- 
out of plumb.

The National Railway Company’s Depot.—This is an expen> •<» 
and handsome structure substantially built and well finished ; nevertheh 
as far as foundations arc concerned, it is an excellent illustration of “h w
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not to do it.” The said foundations are fourteen feet deep and the walls 
at the base are nine feet thick, involving the use of such a mass of material 
as to overload the earth without any assistance from the superstructure. 
The reason for making these foundations so deep was to reach the so-called 
tepetate stratum.

The entire building has sunk considerably, as the depressions in the 
fence walls and the ground show. This depot is not yet five years old.

Unfinished Building at the Corner of tiie Paseo and Calle 
Penitenciaria.—This has evidently sagged during the construction of 
the walls, for the lower courses show much more deflection than do the 
upper ones, the cornice at the top appearing to be truly horizontal.

The ex-Archbishopric.—This structure was erected in A. D. 1745. 
Its interior arches are cracked, ami both external faces arc considerably 
warped.

Bad as is the soil of the City of Mexico (and it would be difficult to 
find anything much worse for foundations), there is no reason whatsoever 
for failure of any kind in buildings that arc properly designed to meet the 
conditions of the soil and those due to earthquakes. This may seem to be 
a rather sweeping statement, but the writer does not hesitate to make it, 
and to back it with his professional reputation.

In order, however, to obtain immunity from the aforesaid dangerous 
conditions, it will be necessary for Mexican architects to modify many of 
their old methods of building construction, and to not only adopt the latest 
ideas but also go a step farther and accept some new ones, evolved espe
cially to meet the peculiar conditions existing in this city.

As is well known, the City of Mexico is located on the bed of an 
ancient lake ; and by digging down but little more than a metre, water level 
is reached. The characteristics of the soil vary somewhat in different 
parts of the city ; but, in general, it may be stated that there are some two 
metres of a soft, sandy clay overlying a stratum of so-called tepetate, which 
is really little else than a more solid layer of the superimposed earth, and 
not true tepetate at all. This stratum is on the average less than a metre 
in thickness, and below it lies an extremely soft mud of indefinite depth.

Such being the case, the following axiomatic conclusions may be 
drawn :

1st. Piling is not applicable for consolidating the ground, because there 
is no firm bottom for the piles to reach, and because the soil beneath the 
hard stratum is of too fluid a nature to offer any material resistance by 
side friction.

2d. The hard layer should under no conditions be disturbed, and the 
total load that it sustains should be distributed over it as uniformly as pos
sible.
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3rd. The more of the existing soil that is left undisturbed over the 
hard layer, the more uniform will be the distribution of the load over the 
latter.

4th. The less material used in the foundations of a building, the smaller 
will be the weight of the said foundations, and the greater will be the per
missible load from superstructure that can be adopted.

The general opinion in Mexico appears to be that a total superimposed 
load of one thousand ( 1,000) lbs. per square foot is about as high as can 
be considered safe for the soil of the city ; but, if the writer had any im
portant building to design, he would certainly first make a number of tests 
of the actual hearing capacity of the soil, and would be governed by the 
results thereof in proportioning the entire structure.

As in any area of any magnitude, the soil overlying the hard stratum is 
much softer in some places than in others, it is impracticable to adopt the 
customary American method of so distributing concentrated, isolated loads 
as to insure a uniform settlement of the entire building ; consequently, if 
this method he tried, it will certainly result in failure.

Again, the haphazard method of placing beneath the walls masses of 
concrete containing steel rails will not suffice ; because such masses will not 
have the necessary strength and rigidity to prevent unequal settlement and 
the consequent cracking of the walls.

With very soft soils of uncertain and unequal bearing power, there is 
but one method of preparing a foundation for a large, heavy building, that 
will ensure the structure against failure by cracking, and that is to support 
the superstructure upon a continuous platform of steel encased in enough 
concrete to preserve it effectively against oxidation, the said platform 
having sufficient strength and rigidity to bear without appreciable distor
tion all inequalities of loading from above, due to variations in amount and 
position of the live or moving loads, and to take care of the prejudicial 
effects of the unequal bearing capacity of the soil at different parts of the 
foundation. Or, in other words, the building should be floated on the soft 
soil by making it into a box with a rigid, continuous bottom.

If the building be an isolated one in reference to other buildings, the 
platform can be extended beyond the walls so as to provide a much greater 
bearing area, and thus permit the adoption of an increased number of 
stories ; but, if the said building be one of a block of houses, the base can 
be cantilevered out only into the street or alley (if there be one) ; conse
quently the number of stories will then be limited by the allowable maxi
mum pressure on the soil.

This is the type of foundation evolved by the writer specially for larg 
and heavy buildings in the City of Mexico. It will certainly (if properl 
detailed) prevent all injury to the buildings from unequal loading and un
equal supporting capacity of soil, and will aid materially, if not perfect!
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masonry walls to resist earthquake shocks. However, to ensure the walls 
against damage by the latter, the framework of the building should be of 
steel construction ; but of this, more anon.

The details of the writer's proposed type of foundation are as follows :
1st. If the surface of the ground be very soft or irregular excavate to 

an average depth of a couple of feet the entire area to be occupied by the 
platform, then roll with heavy rollers the bottom of the pit thus formed 
until the bed is firm, filling in with a mixture of clay and gravel any ine
qualities caused by the rollers traversing earth of varying softness, and 
keeping the rolled material slightly damp by sprinkling it with water from 
a cart.

Next put in a thin layer of clay and gravel, dampen it, and roll it until 
it is compacted thoroughly, then another similar layer and another until 
the surface of the base is brought up to or a little above the average orig
inal level of the ground.

2d. Lay out the steei work of the base so that the main girders come 
under the lines of the walls and columns, making them all of the same 
depth so that, by placing splice plates above and below at the intersections, 
all girders will be continuous from end to end.

The proportioning and detailing of these girders constitute an engineer
ing problem of no mean order, as it is these girders alone that must take 
care of all inequalities of both loading and bearing resistance, unless steel 
superstructure be adopted, in which case sway diagonals embedded in the 
walls will aid materially in resisting the bending caused by these inequali
ties, and will thus permit of a reduction in the amount of metal required in 
the base.

3rd. Next, run primary girders at convenient distances apart, parallel 
to one set of the main girders and riveting into the other set. These gird
ers will carry no load except the local upward pressure from the soil per
taining to the small areas that they dominate.

In section these primary girders can be either large rolled I-beams or 
small built girders.

Next, run small secondary girders into and at right angles to the pri
mary girders, thus dividing the total area into small rectangles that are 
approximately squares. These secondary girders should be small rolled I- 
beams.

Finally, run tertiary girders of still smaller I-beams into and at right 
angles to the secondary girders.

The upper surfaces of the main, primary, secondary and tertiary gird
ers should be approximately at the same level.

It is almost unnecessary to state that, between the ends of the main 
girders which are cantilevered beyond the exterior walls, there are to be
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primary, secondary and tertiary girders like those in the space bounded by 
the said exterior walls.

4th. If there are to he steel columns in the superstructure, these should 
be located directly above the intersections of the main girders of the base, 
and should be so designed as to rivet into the latter and he braced thereto 
substantially by steel brackets or knees, which will lie within the walls.

5th. The main and primary girders arc to be sunk into the earth by 
excavating trenches therein, but the secondary and teitiary girders are to 
lie above the surface of the ground.

There is to be a single layer of concrete covering the whole area and 
enclosing all the secondary and tertiary girders; and the portions of the 
primary and main girders which project helovv this are to be encased in 
the concrete with which the trenches in the earth are filled.

By this design the weight of concrete in the base is reduced to a mini
mum, thus leaving the greatest possible portion of the permissible earth 
load for sustaining the weight of the superstructure and its live load.

6th. This design reduces the functions of the concrete to merely two, 
viz., to act as a protecting covering for the steel, and to carry the upward 
pressure of the earth to the secondary and tertiary girders.

7th. The detailing of the metal-work in the base, the location of girders 
and the splices in same, and the modus operandi of erecting the metal and 
placing it in the concrete are engineering details of a purely technical char
acter, so it would he out of place to treat of them in a general paper like 
this, written, as it is, as much for the public as for the architects and engi
neers of the City of Mexico.

And now a few words as to the suitability of skeleton steel construction 
for buildings in the City of Mexico. In the writer’s opinion, it is, for the 
following reasons in every way eminently adapted to meet the unusual 
conditions of soil and earthquakes :

1st. Such construction is ever so much lighter than that of masonry, 
tints reducing the load on the foundations and permitting the adoption of 
fully twice as many stories as are now generally used for buildings in this 
city.

2d. It permits the use of sway bracing in the walls, which insures 
great rigidity against unequal settlement and earthquake shocks.

3rd. It permits of much better lighting than does any other kind of 
construction, for all exterior walls may be composed almost, if not quite, 
entirely of steel and glass.

4th. It adapts itself readily to any style of architecture and to any kind 
of exterior finish.

5th. It accommodates itself to any desired interior layout, and permit s 
of greater room space because of the thinness of the walls.
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6th. Under ordinary conditions of the material market, it is much 
cheaper than masonry construction or any other construction approaching 
it in efficiency and durability.

7th. It can be made more nearly fireproof than can any other type of 
construction.

8th. The time required for completing a steel building is only one-half 
of that usually necessary for erecting a corresponding structure in ma
sonry.

In order to meet properly the peculiar conditions of soil and earthquake 
shocks, steel buildings for this city should, in the writer's opinion, he de
cidedly superior to those of the United States, where the conditions are far 
less trying.

The following arc the principal improvements which the writer would 
suggest, in addition, of course, to the continuous steel and concrete plat
form:

1st. That diagonal sway bracing, in planes parallel to both of the rect
angular co-ordinate vertical planes, be employed wherever the architec
tural features of the building will permit.

2d. That in all wall panels, where such diagonals must he omitted, there 
be placed in each of the four corners of the rectangle a substantial steel 
bracket attached firmly to both post and girder.

3rd. That rivets instead of holts be used throughout for all connections.
4th. That the most approved specifications for steel bridges be adopted 

for the manufacture and erection of the metal-work instead of the much 
less rigid specifications employed for American steel buildings.

This refers especially to the reaming of all rivet holes and to the planing 
of all abutting ends, so as to insure perfect fittings.

5th. That all floors be built of concrete manufactured with the light 
volcanic rock so common in Mexico. This rock, of course, would not 
answer for the base ; because its porosity would permit of water reaching 
the metal-work.

6th. That the use of wood be avoided wherever it is practicable to do 
so; entirely, if possible.

In respect to the greatest practicable number of stories for buildings in 
this city, it is the opinion of the writer that for isolated structures the limit 
is eight, and for buildings in blocks five or perhaps six, except in case of 
structures on corners where it is permitted to cantilever the foundations 
out into both streets, in which case seven stories would be practicable, or 
perhaps even eight.

The writer has already made for the City of Mexico a design for the 
foundations and metal-work of an eight-story hotel of steel construction ; 
and hopes to have, in the near future, the superintendence of manufacture 
and construction of same.
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There certainly will be built here ere long one or more large steel office 
buildings, as there is a great demand at present for office room, and as 
there exists much dissatisfaction with the character of the present office ac
commodations.

The new Legislative I’alacc, which is now being designed, is intended 
to be a monument of construction for future centuries ; nevertheless, it was 
evidently at first the intention to adhere more or less to the old type of 
foundations, which has proved so unreliable in the past.

The writer has had during the last three months several consultations 
with the architect of the building, and has made him two important sug
gestions, viz. : That he adopt the floating steel and concrete foundation 
herein advocated, and

Second : That he have made a complete design and estimate of cost 
of an all steel and concrete superstructure with only the exterior walls of 
stone, the latter being made very thin, so as to keep down the weight of 
structure as much as possible.

Neither of these suggestions was accepted.
Now as the writer certainly originated the floating steel and concrete 

platform, and as, in his opinion, it is the only kind of foundation that will 
ensure any large building in this city against injury by unequal settlement, 
and therefore is likely to be adopted, he desires to call the attention of the 
people of this city to that fact ; so that, if his type of foundation be used, 
he will receive credit for the design.

That there is need for the utmost precaution in designing foundations 
for the Legislative Palace anyone can see who will inspect the site, where 
the area to be occupied has been excavated thus far to the depth of one 
metre. Not only is the material of the softest and most unreliable char
acter, but it also varies much in softness at different parts of the excava
tion. Again, the test pits that have been dug show that the earth is worse 
below, and that the so-called layer of tepetate is not only thin but also of a 
most unsatisfactory character in respect to sustaining power.

If the writer were the architect of such an important building, he would 
most assuredly exhaust all the possibilities by studying thoroughly all ap
proved types of construction, especially the most modern ones, and would 
prepare a complete design and estimate of cost of an all steel and concret, 
structure with thin masonry facing stones, resting on the firmest and most 
substantial foundation possible. The expense involved in such a study is 
a mere nothing compared to the total cost of the building, and should not 
be considered for an instant in view of the importance of the proposed 
structure and the necessity for making it absolutely safe for all time, be
yond the peradventure of a doubt, against all possible contingencies.

In making comparative estimates of cost of steel and other buildings, it 
must not be forgotten that the present price of structural steel is more than
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twice as great as it was less than two years ago, and that, in all probability, 
it will ere long drop back to its normal amount : for steel manufacturers 
cannot continue to sell for an indefinite time their product at a profit ex
ceeding one hundred per cent. The latest quotations on metal-work made 
to the writer indicate a falling tendency.

In concluding this paper, the writer can do no better than to quote an 
apparently paradoxical axiom that he has established for building in Mex
ico City, viz., that "the heavier and more substantial the walls, the weaker 
the structures to resist the injurious effects of settlement and earthquake 
shock."

City of Mexico, March 12th, 1900.
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INTRODUCTORY NOTES.

The address to the Graduating Class of the ltose Polytechnic Institute 
was delivered in 1002, consequently it contains I)r. Waddell's present ideas 
of the course a young technical graduate should pursue in order to become 
a successful engineer. Twenty-seven years of experience, six in teaching 
and twenty-one in practice, had taught him the deficiencies and weaknesses 
which ordinarily retard the young engineer’s progress, and his ever ready 
interest in his fellows led him to point them out in order that they might 
be remedied.

Throughout his professional career Dr. Waddell has constantly endeav
ored to help other engineers, especially young men just from college, not 
by advice alone, but in many direct and substantial ways. It is not prob- 
able, however, that any other form of assistance is so beneficial as sound, 
comprehensive advice, so given that it is impressed firmly upon the mind 
of the young man. Very commonly the engineering graduate has spent 
all his youth in school and possesses no first-hand knowledge of the world 
of business. He enters upon his new duties eagerly and searches restlessly 
for information upon the practical phases of his work, business methods, 
business and professional ethics, and the relations between the engineer 
and the contractor. He is very impressionable and easily influenced, conse
quently, to lead his thought into right channels at the outset is an incal
culable service. It is especially desirable to point out the necessity for hard 
work, strict attention to detail, and continued study ; for too commonly the 
recent graduate thinks he lacks only the practical knowledge of his subject.

The procedure advised will undoubtedly keep a young man busy and 
is sound in the main. Serious exception may be taken, however, to the 
strictures against municipal service. The work for which cities employ 
engineers is of the highest importance and requires something of the skill 
and tact of the politician, as well as engineering knowledge. It is true 
that “practical politics” is commonly odious to the scientific man who is 
intent upon rendering the best possible service, but it is rare indeed that 
the engineer is free to act according to his best judgment, no matter what 
his position. If he be in the employ of a manufacturer or a contractor, 
competition forces him to adopt many methods which fall short of the best. 
Even the consulting engineer is often vexed by restrictions which his clients 
force upon him. In no case is one absolutely free to act according to his 
judgment except, possibly, in some private matters.

But there is great public work to be done, and honest, capable men 
must be employed to do it. The civil engineer who enters the employ of a
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public corporation will encounter many annoying obstacles. Politicians 
will endeavor to force assistants upon him ; with good intent
and bad, his work will be unfairly criticised ; due honor and credit will 
be denied him ; he may even be persecuted for taking his stand against 
corruption; but in spite of these unpleasant features of his position, he is 
in duty bound to conduct his office for the benefit of his employer, the 
public. The more difficult the position, the more credit is due if it be 
honorably filled. The harder the battle, the stronger the victor will be.

The matter of credit for work done will always he a vexatious subject. 
Many older engineers are thoughtless and cause much hard feeling by neg
lecting to give due credit to their assistants; occasionally there is a man 
who is unwilling to be fair in the matter and who selfishly takes to himself 
credit which does not properly belong to him ; but as a general rule, credit is 
freely given where it is due. The young man, however, is apt to exaggerate 
the importance of his part and to feel unduly aggrieved to find little atten
tion given to his share in the work. He underestimates the importance of 
the broad planning which his superiors have done and considers the detail
ing which generally falls to his lot to be more important than it is. Engi
neers in authority should lie careful to commend the good work of their 
assistants publicly, if the matter be discussed in the technical press, for 
even increased compensation is less gratifying as a measure of success than 
open recognition of ability.

In his comprehensive review of the civil engineering field, Dr. Waddell 
has rendered the graduates whom he addressed no small service, for they 
generally have very vague ideas of what constitutes the work of the civil 
engineer. In choosing his course the young man generally errs because he 
does not have a clear conception of the various steps which lead to a high 
professional position, rather than through the lack of sound principles, 
and he welcomes the views of the older and successful engineer; conse
quently, such addresses as these are novir written in vain.

80565^
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TO THE MEMBERS OF THE GRADUATING CLASS IN 
THE ENGINEERING DEPARTMENT OF THE 

ROSE POLYTECHNIC INSTITUTE

Gentlemen :—When your worthy President did me the honor of in
viting me to address you on this auspicious occasion, 1 was surely tempted 
to decline, because of the vast amount of professional work with which my 
associates and I are at present struggling. This is by far the busiest 
period of my entire career, and possibly you know that my life has not 
been an idle one. Notwithstanding this state of affairs, I concluded to 
accept your President's invitation, because I recognize that it is an im
portant part of an old engineer’s duty to aid voting engineers in making 
their start in life.

I feel that I must begin with an apology for reading to you a type
written address, assuring you that, as an extempore speaker, I am an utter 
failure, unless it be when lecturing on technical subjects ; and I think that 
you will agree with me that a fair written address is preferable to a poor 
extempore one.

Your President has left to me the choice of a subject, merely suggest
ing that I give the boys some good advice and try to make my remarks of 
general interest so as to reach others than the engineering graduates. 
With the first portion of his suggestion I most readily comply : hut I must 
beg to be excused from the second, as I am no hand at making popular 
speeches. My remarks then, young gentlemen, will be directed to you 
solely', hence those of my hearers who do not belong to the graduating 
class are destined, probably, to have a stupid time, but I can promise them 
that it will be comparatively short.

An engineer’s success in life depends greatly upon two things : First, 
the thoroughness with which he has pursued his studies at his technical 
school ; and, second, the start that he makes immediately after leaving 
there.

In respect to the first matter, I assume that the conditions here, like 
those that have always existed at that other and older R. P. !.. of which, by 
the way, I have the honor to be an alumnus, are such that no student who 
has failed to attend strictly to business during his four years’ course is 
aille to be present to-day in the graduating class, and that consequently vou 
all are in good shape as far as the first requisite is concerned. It is of 
the second, therefore, that I shall now proceed to treat, by giving you some 
wholesome advice, based not only upon my own professional experience,
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but also upon that of other engineers of my acquaintance, and having due 
regard to both successful and unsuccessful careers.

Generally speaking, advice to young men is a wasted effort, for it goes 
into one ear and comes out of the other (concerning this I can speak au
thoritatively, for 1 am trying to rear two hoys of my own ) ; hut in your 
case I hope for better things than ordinarily, as this is a momentous period 
in the life of each of you. Let me assure you, young gentlemen, that 
there is nothing which will be so conducive to your professional success 
as good advice from older engineers, whether they be successful men or 
not. In the case of the former, they can tell you what they did in order 
to reach the desired goal ; and in the case of the latter, you can learn what 
they failed to do and what mistakes they made. So let me begin mv sug
gestions by counseling each of you to become intimately acquainted with 
one or more successful engineers, and, craving their advice and opinion 
from time to time, follow both.

Young men just leaving their alma mater naturally feel that the whole 
world is before them, and that their success is almost an assured fact ; but 
I tell you that you are very liable to find it otherwise, that you will un
doubtedly experience many hard knocks, that at times you will feel very 
dubious as to what is best to do, and that you will often long for counsel 
from some friendly member of the profession whose opinion you can trust.

It is on this account that I advise you to become acquainted with your 
brother engineers as far as lies in your power and to impress upon each 
of them favorably your individuality, that later on you may not be forgot
ten. Time spent in visiting older members of the profession is by no 
means wasted, so take it whenever you can do so without neglecting your 
duties ; and endeavor to confine your conversation with such men mainly 
to technical subjects, preferably those in which they are specially inter
ested. A young engineer can often aid an older one materially by assist
ing him in some of bis calculations and in the preparation of papers for 
technical societies. What would often be drudgery to the older engineer 
would prove to be valuable experience to the younger, so never hesitate to 
undertake, in such a case, tedious computations which will lead eventually 
to valuable deductions, even though your reward be apparently nil. A11 
engineer of the right kind (and I am happy to be able to assure you that 
most of them can be so classed) is only too glad to give full credit to a 
younger man who has helped him in his investigations.

Concerning the benefit to be derived from an older engineer's opinion 
and the need for it, I can speak from experience ; for many a time have I 
received kindly help and encouragement from my good friend, Professor 
Burr ; yet in the old days when we were associated together at Rensselaer, 
being of nearly the same age, we often got beyond our depth and would 
have given much for some sound advice from engineers of high standing;
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but unfortunately it was not at our command. I can look back upon many 
a wasted hour in my early days, when, active, energetic, and ambitious, 
I desired most earnestly to devote my attention to investigations the re
sults of which would prove useful to our profession and would tend to 
establish my reputation as an engineer and a technical writer. But alas! 
there was no one to direct my energies into a proper channel or to show 
me how to employ my time.

Enforced idleness for an engineer is the greatest curse in existence ; 
and there ought to be no excuse for a member of our profession having a 
single, necessarily idle, hour ; because he should always have laid out for 
the future more things professional to investigate and accomplish than he 
can possibly perform. It is a serious thing for an energetic young fellow 
(and all engineers of any account, both young and old. are energetic) to 
run short of work for any length of time. 1 well remember a period of 
eight months of enforced idleness that I experienced a few years after 
graduating, during which time I nearly wore myself out with worry and 
restlessness, not having had sufficient practical experience to enable me to 
write more than a paper or two. It is true that I had saved up quite a 
little money, enough to tide me over the bad times without having 
to appeal to my father for assistance, and that during that period I ob
tained a pretty sound knowledge of the French language : nevertheless, I 
succeeded in worrying myself absolutely ill. I assure you that I would not 
go through those eight months again for untold wealth. They are the 
only part of mv life that I look back upon as truly unhappy.

You young men are, in a way, much more fortunate than I was, in 
that I started my professional career during the depressed years of '75. 
76, and '77, while you are entering upon yours at the most prosperous 

time ever known in the history of America. Never before were engineers 
in such demand, never before was the compensation for professional ser
vices so good, never before was the country so wealthy, and never before 
were the prospects for the future so bright. Our great republic (and be
lieve me, although alien horn, I can truly appreciate its greatness) has 
entered the world’s arena with the intention of taking quickly the first 
place £mong nations ; and in the peaceful strife that is to ensue, American 
engineers of all lines will be found in the van, bearing the brunt of the 
struggle and, even in the most remote corners of the earth, forcing foreign 

‘ nations to adopt our methods and to purchase the manufactured products 
of our country.

Ours is truly the greatest of all the professions ! With it none other 
can compare ! It, and it alone, is essentially the profession of progress ! 
To whom is due the unparalleled world-advancement of the last half cen
tury ? Who are the men who have developed the resources of the North 
American continent ? To whom are we indebted for all the great luxuries
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of modern life? To these questions there can be but one answer :—the 
civil engineers, using the term in its true and broad sense, so as to include 
all engineers except the military.

Compared with all other professions, ours is by far the most desirable. 
Lawyers, of necessity, lose one-half of their cases ; so about fifty per cent, 
of their total work is failure ; while all engineering work is, or should be, 
successful. Half of the time lawyers are retained to disguise the truth or 
so to distort it as to win cases for their clients, while the engineer is es
sentially a searcher after truth.

The doctor too often gropes blindly in the dark, using tentative meth
ods and relying upon nature to help him out of his difficulties ; for medi
cine is anything but an exact science ; while engineering comes nearer 
being such than does any other profession.

The military man's main object in life is to destroy, while the engi
neer’s is to construct.

The minister deals with things based on faith, while the engineer in 
all his works is governed by the law's of nature, which, as a rule, he under
stands fairly well, and with which he must comply in order to be successful.

Civil engineering is the youngest of all the learned professions ; and 
until quite lately many including even some of its prominent mem
bers, maintained that it was not a profession at all. hut simply a trade. 
However, all that is a thing of the past, and engineers are now not only 
considered to he professional men, hut are looked up to by the populace. 
“Straws show which way the wind blow's” ; so, to learn the world’s opinion 
of engineering and the civil engineer, we can consult the light literature of 
the past and present. It is not many years ago that English novelists 
sneered at the engineer, terming him a “greasy mechanic” and placing 
him outside the pale of polite society. At that time American novelists 
cither simply ignored the engineer by leaving him out of their dramatis 
persomc, or, when he did come incidentally into the plot, considered him 
about on a par with a boss carpenter. To-day all this is changed. Many 
of the prominent modern novels have civil engineers for their heroes ; and 
in all of them the members of the engineering profession are invariably 
treated with the greatest consideration. In France and in French litera
ture the civil engineer has always been recognized with due esteem, as i' 
witnessed by the w'orks of Jules Verne and other French writers. Then 
is perhaps good reason for this, because the civil engineer in France for 
the last hundred years has always been a polished, highly educated gentle
man, and generally a graduate of a school of world-wide reputation.

In our country any man or bov that can use a surveying instrumci t 
or even drag a chain or handle a rod, has the privilege of dubbing himself 
a civil engineer, thus lowering the profession in the minds of the publi , 
which generally fails to distinguish between a graduate engineer and one

3
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who has risen from the ranks. Nevertheless, nowadays in this country 
in order to attain anything beyond mediocre success in engineering, a 
young man must be a graduate of a technical school, and the higher the 
reputation of this school the better are his chances. It is true that we 
have in the profession many prominent men who never had a technical 
school training, but they are almost invariably of advanced years.

I11 England there have been until lately no special schools for engi
neers, so the young engineer there has had to obtain his education by the 
crude and faulty system of apprenticeship ; consequently there may have 
been some reason for the low standing of engineers in the opinion of 
writers and society people; nevertheless, the English engineer of to-day 
ranks in his own country second to no other professional man. Again, 
the Institution of Civil Engineers of Great Britain is certainly the greatest 
and most influential engineering society in the world ; and some of Amer
ica’s most eminent engineers are proud to be able to write M. I. C. E. after 
their names.

Yes—there is in my mind no doubt about it—ours is the most satisfac
tory profession of them all. notwithstanding its numerous physical hard
ships, its grave responsibilities, and its exacting demands upon one’s time 
and energies. Never once since graduation, over a quarter of a century 
ago, would I for an instant have considered any proposition to abandon 
the profession of my choice, and never once have I regretted that choice— 
this notwithstanding the fact that my early experience was anything but 
an easy one, involving as it did small pax, excessively hard work, long 
hours, continued exposure to rain and snow, occasionally extreme hunger, 
unappreciated effort, and sometimes imminent peril to life. Many of these 
things at the time were intensely disagreeable; but now I look back upon 
them with great satisfaction, feeling that they were indeed blessings in 
disguise. Hard knocks tend to develop a man and to bring out the best 
that is in him ; hence if in the near future any one of you have occasion to 
feel that the world is treating him badly or that he is ‘out of luck,” he 
should not worry about it, but should proceed upon the even tenor of his 
way, having confidence that all will come right ere long, and that later he 
will have occasion to feel thankful for all his unpleasant experiences.

The question that naturally interests you most just now is what work 
you will start with and possibly what compensation you will receive; hence 
a few suggestions from an old fellow who has been in harness for many 
years will perhaps be acceptable.

It is far more important that you obtain good experience than that you 
receive at the outset a large salary. The services of a newly-fledged engi
neer are as a rule of little or no account. On some work they have a posi
tive value ; on other work they arc worth zero, and on still other work they 
have a negative value. The higher the branch of engineering that the
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recent graduate enters, the less valuable to his employers will be his ser
vices. For instance, in any work of surveying the young engineer from 
the very first day can earn as much as a teamster, axeman, rodman, or 
general roustabout, and in a few weeks considerably more ; in more com
plicated work, such as waterworks, sewerage, or railroading, for a few 
months at least, the value of his services will be approximately zero ; while 
in extremely complicated work, such as bridge designing, the drafting that 
he does at first either has to be done all over again, or requires so much 
time for correction as to render it practically worthless ; and at the same 
time he occupies the attention of those whose services cost considerable 
money and who possess large earning capacity. In our office we estimate 
that it takes three months to bring the value of the recent graduate's ser
vices up to zero, and three months more to recoup the office for its loss on 
his instruction ; so it is not until after six months that his work really 
begins to become remunerative.

Each of you must judge for himself what class of work is best suited to 
his needs and conditions. Fortunately for you it is practicable to-day to 
enter any branch of engineering that you may choose, as engineers of all 
kinds arc in great demand, everybody having more work than he can 
really do in the short time that is almost invariably allowed on the engi
neering portion of enterprises.

Some of you are perhaps in need of money, possibly to pay debts in
curred in obtaining your education. These I would advise to take posi
tions on railroad surveys, where good salaries are paid at the outset, and 
where up to a certain point promotion is rapid for a man of the right type. 
Or if field work he not to your taste, comparatively large earnings can be 
made at once by entering as draftsman the employ of a bridge manufac
turing company. Here the promotion is slow, and the professional ad
vancement is still slower, as it is naturally to the company’s advantage to 
keep a man continuously at one kind of work as soon as he becomes pro
ficient in it Comparatively good positions can be obtained by joining the 
engineer corps of a large railroad company, and working up step by step ; 
but the progress is slow, and the plums that can be reached at the top of 
that tree are only two or three in number.

It is not a bad idea to take a subordinate position in some large manu
facturing concern, and work up ; for there the possibilities of promotion 
are better, and there is always a chance of making your services so valuable 
that you will eventually be taken into the company.

Government positions are fair enough in a way ; hut they are difficult to 
obtain, and do not offer much of a field to an ambitious man. About tin 
poorest and most unsatisfactory position that one can take is in the cmplo\ 
of a city, not only because the pay is generally small, but mainly because 
the tenure of office is so uncertain. Believe me, I would prefer a position
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as boss grader on a dump to that of city engineer, and I would rather 
work as a navvy with a pick and shovel than accept a subordinate position 
in the engineering department of a city. Avoid all political positions ; 
they are badly paid, insecure, and in every way unsatisfactory. It de
grades a man, in his own estimation at least, to feel that he is at the mercy 
of every log-rolling, wire-pulling, ward-politician that may for any reason 
take offense against him. Engineering positions in municipalities ought 
to be placed above the control of politics ; but how to accomplish such a 
desideratum is more than I can suggest.

As far as the attainment of knowledge and ultimate high advancement 
are concerned, the best positions to take are those in the employ of con
sulting engineers of established reputation. Ordinarily these arc very 
hard to get ; but at present it is otherwise. In England a young man has 
to pay handsomely for the privilege of entering such an office and working 
there for several years without any salary whatsoever ; hut this custom 
does not exist in America, owing to the fact that such good training is 
given in our technical schools.

No matter what branch of engineering you choose, aim always to ob
tain valuable experience rather than large pay; the latter will follow as a 
matter of course after the former is acquired.

If I were once more a young man just leaving my alma mater, and if 
I were not cramped for means, I would, for at least five or six years, work 
in subordinate capacities, for a few months at a time in each position, 
leaving just as soon as I had mastered the principal engineering features 
of the work, or just as soon as the daily attainment of knowledge failed to 
satisfy my desire, and taking up another line of work, in order to secure 
for myself a sound, practical knowledge of a number of branches of engi
neering. Meanwhile, I would be deciding on my specialty and gradually 
turning my energies towards the chosen line of work, to the ultimate exclu
sion of all other lines ; and 1 would not rest content until after I had 
acquainted myself with every minor detail of my adopted specialty, so 
that, after settling down to a private practice of my own, I would feel 
master of the situation on each new piece of work as it comes up, and 
would never have any reason to fear that my ignorance of any detail would 
prejudice me in the opinion of my clients. It would take courage and 
plenty of it to follow such a course as this ; but the ends to be attained 
would be worth the effort. It is a great mistake for a young engineer to 
choose a specialty before he has had several years of general experience. 
What a source of dissatisfaction it must be for a middle-aged man to feel 
that he has chosen the wrong line of work, and that it is too late to make 
a change ?

It is possible that I am wrong in giving you advice based upon the sup
position that you all desire intensely to rise high in the profession, and that
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you will eventually reach the top of the tree. It is true that all cannot be 
first and that all have not equal ability ; or, to quote the sentiments if not 
the exact words of a poet that is to-day almost forgotten,

"Order is Nature’s law, and this confessed,
Some are and will be greater than the rest.”

Nevertheless, in my opinion, it is better to strive constantly for a high ideal 
and fail to attain it completely, rather than to jog along contented with 
small things and mild ambitions. At any rate, the actual results attained 
by the former method are almost sure to exceed materially those accom
plished by the latter.

From personal experience, I can assure you that it is within your power 
to attain ultimately your heart's desire for professional advancement and 
distinction, no matter how lofty your ambition may be, provided that you 
strive for it faithfully and never despair. To he a successful engineer, one 
should establish in his own mind (and generally keep them strictly there) 
certain objects to be attained in both the immediate and the distant future, 
adding to them from time to time as his experience increases, and never 
resting content until they are accomplished. Earnestness of purpose is a 
sine qua non for success : without it one may as well consider himself at 
the outset out of the race. Above all things, don't work by the clock and 
quit the moment time is up ; for if you do, you will soon establish for your
self with your employers and associates the reputation of being a mere 
time-server. I have on several occasions seen a navvy with a pick poised 
for a blow, drop the tool upon the first blast of the whistle announcing 
quitting time. Such an action may be excusable in an ignorant workman, 
but it would not be so in a member of the civil engineering profession.

Some engineers pay their assistants for overtime, while others do 
not. I have tried both ways, so am able to say which is the better method ; 
and this is mv judgment : The overtime system is more satisfactory to the 
average draftsman, and at the same time is really better for the employer : 
because he then pays for only the hours actually spent on the work, count 
ing out all lost time, and because he feels no hesitation in asking his men 
to work nights and even Sundays when occasion demands. Nevertheless, 
I have noticed that the young engineers who have risen the most rapidly 
are those who have never been paid for overtime ; and this stands to reason, 
because an employer of the .right kind feels that in common decency he 
must promote rapidly any employee who shows such an interest in the 
work as to labor overtime without thought of extra compensation.

In all your work cultivate to the utmost the attributes of reliability and 
accuracy, and never let any computations be used unchecked, the checking 
being done either by an independent computer or by an entirely different 
method of figuring. I cannot impress upon you too earnestly the impor-
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tance of a thorough check on all work. Without it, mistakes, and some
times serious ones, are sure to occur, for the man who makes no mistakes 
is the man who does no work.

Some students of technical schools look down upon drafting as being 
infra dig., and think it not worth while to perfect themselves therein, as
suming that immediately after graduation they will obtain positions out
ranking those of draftsmen. No greater mistake than this can be made. 
If any of you have gone through school with this idea in mind, 1 advise 
that before beginning actual practice you take a post-graduate course in the 
mechanical part of drafting. It is by no means enough to know how to 
outline a design: it is absolutely essential that you be able to finish the 
drawings neatly and thoroughly, so that the blue prints made from your 
tracings will be a credit to the office where they were prepared. Drafting 
is by no means beneath the dignity of an engineer, and unless he be truly 
proficient therein he is likely to fail to attain success.

This reminds me of an amusing incident that occurred the other day in 
my practice, so I shall relate it as an illustration of the point -1 am trying 
to make.

A middle-aged engineer of considerable experience but who was tem
porarily out of work, applied to me for a position in our office, volunteer
ing several times the information that he was an engineer and not a drafts
man. He dwelt so much upon this point that I felt constrained to inform 
him that nearly all the draftsmen in our employ were engineers and sev
eral of them very good ones indeed. Although sadly in want of office 
assistance, we had no position to offer the gentleman.

There is no part of an engineer's work that is infra dig. ; and I assure 
you, young gentlemen, that there are many valuable things which you can 
learn front the illiterate workman who labors in the ditch with his pick 
and shovel, or who mixes concrete on the platform. There is no part of 
construction work that is of too menial a nature for you to learn. Knowl
edge of every kind will stand you in good stead sooner or later. There is 
a certain amount of drudgery that all have to do, and it should always be 
done willingly and good naturedly. The harder you work on it. the sooner 
it will be finished ; therefore get right at it and do not shirk.

Every young engineer should make a practice of reading the leading 
technical papers, at first covering almost the entire practice of engineering, 
but gradually omitting those articles in which he is not peculiarly inter
ested, until finally, after his specialty is chosen, his reading will cover only 
the items of general news and those papers which pertain to his particular 
line of work and thought. One must discriminate in reading of all kinds, 
for otherwise much valuable time will be wasted. There is certainly a deal 
of technical trash written : so it is necessary to learn how to separate the 
wheat from the chaff.
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Are some of you congratulating yourselves with the thought that your 
four years of hard study are at last over, and that after you enter the actual 
practice of engineering there will be no further need for study ? If so, 
please proceed at once to disabuse your minds of this idea, for it is funda
mentally and essentially wrong. If you fail to keep up and to carry on 
your studies, good-bye to all hopes for professional distinction or even 
mediocre success. Engineers have to be students all their lives, and the 
younger they are the greater their necessity for studying from books. Be
lieve me, you have still a great deal to learn ; so I advise each of you to 
devote at least one hour per day, or preferably two hours, to the continua
tion of your technical studies and to the reviewing of your mathematics, 
both pure and applied. The day when you will no longer be able to con
tinue such studies will come only too soon ; consequently I counsel you, 
while you arc still young, to devote to them what time you can spare.

Lay out in consultation with some professional friend a course of 
study in both theoretical and practical subjects, and stick to it conscien
tiously. Set a certain time for a certain amount of reading, and if you fail 
to cover it in the given period, work harder in the next period so as to 
catch up with your programme. No matter what your occupation may be, 
you will be able to find time for study as long as you continue to be an 
employee, because no employer can expect to occupy more than a reason
able amount of your time in excess of the usual hours of labor, even if he 
do compensate you for it with extra pay.

Study well the English language and obtain a thorough command of 
it, in order that you may be able to speak and to write it with conciseness 
and vigor. Perfect yourself in style by reading well written books, even if 
they come under the denomination of light literature. A little of the latter 
affords relaxation, and, when really good, can do no harm to a professional 
man, unless he become so addicted to its perusal as to neglect more impor
tant reading. Nowadays there are many American and Canadian writers 
of good fiction, whose command of the English language is excellent, so 
there are plenty of good, interesting books from which to choose.

As a rule the graduate engineer has no time to devote to the study of 
foreign languages ; and it is questionable whether it be advisable to devote 
to them much time at the technical schools. The plea for their retention 
is that there are many good technical books in these languages that the 
student ought to he able to read. My reply to this is that there are more 
good technical books in the English language than a man can ever find 
time to study, and that all valuable technical works in foreign languages 
are soon translated into English. In my opinion, a knowledge of French is 
only a gentlemanly accomplishment, and one that a man is very liable to 
lose for want of use, and a knowledge of German is of no advantage what
soever to an American engineer. There is one foreign language, though,
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that 1 believe it would be good policy to teach to technical students, and 
that is the Spanish ; but the instruction given in it, to be of any value at all. 
should be so thorough as to enable each student to read, write and speak 
it with ease and fairly correctly. Is such a course practicable ? I answer 
most decidedly, “yes,” but the methods of teaching foreign languages now 
in vogue in technical and most other schools would have to be abandoned 
and a more practicable method substituted instead. The reason for teach
ing Spanish in technical schools is that American engineers are beginning 
to monopolize the principal engineering positions in the Latin-American 
countries ; and, as the latter develop, the demand in those countries for 
American engineers will surely increase. A man going to such a country 
without any knowledge of the Spanish language is badly handicapped. 
Eventually he will learn by contact enough of it to get along; but owing to 
lack of time for study and the unavoidable disability of advancing years, 
he will never be a master of even the rudiments of the language. It is far 
easier for a hoy to learn a foreign language than it is for a middle-aged or 
elderly man. Concerning this matter I am speaking from experience, be
cause for the past three years a large percentage of my professional work 
has been located in Mexico and Cuba, and I have spent fully one-third of 
that time in the former country. How often have 1 wished that I had 
studied Spanish properly in my youth instead of wasting my time on Latin 
and Greek, both of which 1 have long forgotten !

In laying out a course of post-graduate study, be careful to choose only 
those subjects that will have a practical value, and beware of abstruse 
mathematical calculations, for these too often are based on false hypotheses 
and in consequence produce unreliable results. Mathematics should be 
treated as a servant and not worshipped as a god ! Some men appear to 
think that a technical paper, to be of any account, should be filled with 
abstruse mathematical calculations, on the same principle which many old 
English writers adopted when they interlarded their writings with numer
ous Latin and Greek quotations, simply to show that they had received a 
polished education. This is all wrong; for the less mathematics a technical 
paper contains and the simpler the mathematics, the better, in my opinion, 
is the paper. Now don't go off with the idea that I am not a believer in the 
higher mathematics and in the necessity for their study. Although as a 
rule the mathematics in an engineer's practice are of a very simple and 
elementary character, yet there occasionally occurs a problem which will 
set him to thinking and to brushing up on the mathematics of his school 
days. It was onlv a few weeks ago that I ran across one of these cases, 
and I shall now describe it to you in order to illustrate a practical man's 
habit of making short cuts to obtain results.

From a point on a bridge tangent out in a river, three hundred and 
forty feet from its intersection with a base line which cuts it at an obtuse
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angle, starts a twelve-thirty curve. The problem was to locate exactly the 
intersection of the curve and the base line. 1 made several attempts by 
both trigonometry and analytics to get an exact equation, but each time 
found that I had too many unknown quantities for the number of my 
equations, so while 1 was thoroughly convinced that an exact, direct solu
tion of the problem was feasible, for lack of time I simply fudged it by 
establishing an equation of only one unknown quantity, viz., the angle 
included between two radii of the curve, one passing through the starting 
point and the other through the intersection of the curve and the base line. 
One side of this equation involved the sine of this angle and the other side 
the cosine ; so by measuring the angle very accurately on the plot and mak
ing three or four trial substitutions in the equation, I was able to obtain 
its true value with all the necessary accuracy. I had given the problem to 
one of our assistants, a very bright young fellow who graduated last year 
from the Industrial University of Arkansas (an institution, by the way, 
which has turned out two or three engineers who are second to none in 
their specialties) ; and he by taking plenty of time succeeded in finding 
the exact equation, but it was an appalling one. Both equations were used 
in preparing the construction diagram, and afforded an excellent check on 
the correctness of the calculations.

Let me give you another example of practical mathematics. Several 
years ago we had occasion to send as transitman on the construction of a 
large bridge a young engineer new to our employ. One of the first difficult 
problems that he encountered was the daily determination of the various 
errors in position of a pneumatic caisson during the process of sinking. 
The mathematical problem was too much for him, so he telegraphed to 
our office for a demonstration. My partner replied that I was then on my 
way to the bridge site and would give him the information desired ; so 
upon my arrival I found the problem awaiting me. Hitherto I had left to 
mv resident engineers the task of ascertaining daily the position of each 
caisson ; and they had always solved the problem by some means or other 
in a manner satisfactory to themselves ; consequently I had never before 
had occasion to demonstrate the method. I asked the young man to let me 
see his figures, and found that he had accumulated a mass of sines and 
tangents of the utmost complication without obtaining any result ; so 1 
sat down and worked out in an hour or two a practical solution, then 
handed it over to him to check. He did not get very far with his figure 
before he exclaimed, "Here, this is all wrong. You have assumed two 
lines as parallel when they are evidently not so; for if they were, there 
would be no error in the direction of the horizontal axis of the caisson. 
To this I replied, "Yes, I know the two lines are not truly parallel, but how 
much error have I made in the demonstration by assuming them so? 
Moreover, granting that the lines are not even approximately parallel, the
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t-rroneously calculated error of position will be close enough for an ap
proximate correction during the next day’s sinking, and in your next solu
tion of the problem the effect of the false assumption will be almost infini- 
tessimal.” Since that time all our resident engineers have been furnished 
with blue prints containing this "faulty” mathematical demonstration ; and 
some day. when I have time, I am going to insert it in a second edition of 
De Pontibus.

It is strange what a distaste practical engineers develop for long and 
complicated formulae and for making intricate mathematical investigations. 
This is an excellent reason for giving in technical schools thorough courses 
in both pure and applied mathematics, and for young engineers to continue 
their mathematical studies after graduation.

Every engineer should keep constantly in his pocket a note-book in 
which to record, as soon as he thinks of them, things to be done ; and when
ever he runs short of work, even for a few minutes, he should look over 
the list and pick out something that he can finish during the interval. As 
soon as one of the items has been attended to, he should draw a line 
through it ; and when the list gets too long and too much scratched, he 
should transfer the remaining items to a new list and start afresh. It is 
surprising how much can be accomplished in this way. Some people claim 
that this habit is absolute!} destructive to one’s memory. I bis may be 
true ; but it is a fact that a busy engineer’s memory is the most unreliable 
feature in his entire constitution ; so the damage done by the note-book is 
of little consequence.

One should endeavor to utilize all his spare time in either work or 
amusement, as time simply idled away is an absolute loss to both oneself 
and the public. An engineer should not even understand the expression 
"to kill time.” As I often tell people who delay me unnecessarily by failure 
to comply with instructions, "Time is the most valuable thing I possess, and 
you have robbed me of some of it by not doing as you were requested.” 
Even when traveling one can utilize Ins spare time; for example, this 
address was blocked out on a Pullman car and written in hotels during a 
business trip in the South about a month ago.

It is an excellent plan for an engineer to keep a diary and record 
therein daily (not weekly or even on alternate days) all events of impor
tance, work done, progress of constructon, etc. Such a diary will prove of 
great service in many ways, especially on field work.

Every young engineer should join the leading technical society in his 
branch of the profession, starting in as Junior immediately after graduation 
and changing grade as soon as he qualifies, until he reaches the highest. 
I le should also take an interest in the Society's affairs and contribute to its 
proceedings bv writing for it papers, either descriptive of his work or re
cording the results of original investigations or compiling scattered knowl-
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edge. Don't write until you have something interesting and valuable to 
present ; but make it your business to find something of the kind as soon 
as possible.

It is a good thing for a young engineer, after he has been from three to 
five years in practice, to spend a year or two in teaching engineering in a 
technical school, for no experience can impress things on one's mind so 
thoroughly as does teaching ; besides, a year or two thus employed offers 
the young engineer an excellent opportunity to make investigations based 
on his practical experience, thus contributing to the general fund of pro
fessional knowledge as well as aiding to establish his reputation as an in
vestigator and a technical writer. It does not do, however, to spend many 
years at teaching, unless one intends to make it his life’s work. No greater 
mistake can be made than to start teaching in an engineering school im
mediately after graduation. The newly-fledged alumnus is fit to teach no 
part of the curriculum, unless it be pure mathematics, and he could teach 
even that much better after having had a few years of practical engineer
ing experience.

Every engineer who has any literary gift whatsoever should cherish the 
ambition to write a technical book. Good technical books are needed to
day, and will always be in demand. Their lives are of necessity short, as 
practice is constantly changing; but the fundamental principles of design 
and construction never change; so he who deals with these in his writings 
will produce works that will continue to be useful perhaps long after he has 
passed away.

In your practice do not hesitate to try new methods or to depart from 
established custom, provided that after thorough consideration you feel 
sure that the departure would be a wise one and in the line of improve
ment. If all engineers followed precedent, how little progress would be 
effected ! Should you, peradventure. come to grief in any of your experi
ments or departures from the beaten track, don’t try to hide your failure, 
but publish it generously so that others may be warned by your experi
ence. Believe me, the confession of such a failure will not harm you in the 
least, but will give others confidence in your honesty and courage.

In all that von ;u remember that you have the reputation of the greatest 
of all professions to uphold, that your integrity must ever be beyond ques
tion. and that there is never an excuse for untruth of any kind. Business 
shrewdness is all very well in its way, especially for those who go into 
contracting; but falsehood is always needless. On the other hand, an 
uncompromising bluntness is unnecessary; and, in dealing with people, a 
cultivation of policy and tact is a virtue. Because you think a man is a 
fool that is no reason for telling him so: and. when you see that an indivi- 
ual is cherishing some pet notion which is erroneous, it is far better to lea 
him gently to a recognition of his error than it would be to tell him imper
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ously that lie is wrong, or that he does not understand the matter. Policy 
and tact are just as essential to success in engineering as are ability,energy, 
and integrity. By means of the last three attributes one is enabled to do 
his work thoroughly and well, but it takes the two former to enable him to 
secure it.

Never repudiate a promise or engagement of any kind, but perform 
what you have agreed to do, even at pecuniary loss to yourself. If vou 
adhere strictly to this rule, it is evident that it will be necessary for you to 
beware of making rash or hasty promises.

I had intended speaking to you at length upon the subject of engineer
ing ethics, but time will not permit. It is a matter which is still in embryo. 
Wc have no established code of ethics in ovr profession : so. until the 
solons who are now discussing the matter decide upon one, all that an 
engineer can do is to treat squarely everybody with whom he comes in 
contact, to try to make others happy whenever it is possible, and always to 
act according to the dictates of his conscience.

No matter how small your earnings may be, always endeavor to save 
and put in bank a portion of them, for the money thus saved will assuredly 
prove useful some day. Avoid fancy investments of vour savings and 
dabbling in projects that promise enormous profits. They nearly always 
fail, and the money invested is usually all lost, with occasionally considera
bly more. Engineers do not make good investors, because their attention 
is so devoted to their profession that they fail to obtain the necessary ex
perience to care properly for their possessions. It is far better to invest 
in good first-mortgages or even government bonds than to sink your earn
ings in the most promising of schemes. In this matter heed the advice of 
one who speaks from sad experience.

If one is in the employ of a good, substantial, manufacturing or con
tracting company, it is well to invest at least a portion of his savings in the 
stock and securities of that company, especially if these be offered «at a low 
figure as an inducement to the young man to take «an interest in his work. 
Such an investment tends to the employee's advancement, and may eventu
ally lead to a high official position. An excellent example of the good ef
fects of such a system is given by the Carnegie Steel Company, most of the 
present officers of which started in at the bottom of the ladder in the com
pany’s employ, and worked their wav up bv becoming stockholders. In 
spite of all the talk one hears about soulless corporations, good, efficient, 
faithful, and willing service is nearly always recognized and retained : so I 
would by no means discourage any young engineer from working for a 
large manufacturing company which employs civil engineers.

Make a practice of studying true economy in your designing. It is far 
better to build a structure which is cheap and has no pretensions to per
manency, rather than a quasi-permanent one that is cheapened by ignoring
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the first principles of design, and that will surely wear out or fail sooner or 
later on this account.

The writing of specifications is one of the most difficult tasks that you 
will encounter in your practice. At first it will he best for you to adopt, if 
possible in ioto, the standard specifications of older engineers, or use these 
as a guide in preparing your own, until such time as you can produce some 
which will he better than any others. Don’t make changes, though, for the 
sole purpose of producing something original, hut only for the sake of 
effecting improvements. Specifications should he clear, concise, complete 
and free from all unnecessary repetition.

Study the science or art of systemization, for it will aid you materially 
in your practice. If it he not improper in an address of this kind for the 
speaker to quote from one of his own published works, I would like to 
repeat the following from the chapter on “ First Principles of Designing ” 
in my “ De Pontibus ” :

“The systemization of all that one does in connection with his profes
sional work is one of the most important steps that can be taken towards 
the attainment of success.”

If you have the opportunity, do not fail to take post-graduate degrees 
or any other degrees or professional distinctions that are within your 
leach. They cannot possibly do you any harm, arc a source of great satis
faction to the recipient, and carry weight with most of the men that one 
meets.

I may get into trouble by stating it, but I am firmly convinced that 
early marriage is not conducive to a successful career in engineering, for 
the reason that it confines a young man too much to one locality and 
causes him to strive for the almighty dollar rather than for ultimate pro
fessional advancement.

And now before closing there is possibly an apology due my hearers for 
the marked personality of this address. If so, please consider the same 
made most truly and humbly. In writing it, 1 felt that 1 could get nearer 
to you all by referring occasionally to my own experience, dropping all for
mality, and speaking from the standpoint of a brother engineer, nor do I 
think that I have been wrong in so doing; nevertheless I would not be sur
prised if I be criticised adversely for this, especially if my address appear 
later in print.

Bv this time you all have probably come to the conclusion that you have 
been listening for the last half hour or more to an old fogy, who think' 
that there is nothing in life worthy of consideration hut work, work, work 
and who can talk on nothing hut technical subjects. I f this be so, 1 by n< 
means blame you, for you would seem to have reason on your side; never 
theless you would be entirely in the wrong, because 1 am a firm believer ii 
legitimate relaxation of even kind and in a man’s getting all the pleasur
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lie can out of life. Perhaps, too, I could talk of things that are far from 
technical, such as hunting the great game of the Rocky Mountains, canoe
ing on lake and stream, the shooting of rapids, travels in foreign countries, 
gunning for wild fowl in the marshes, sports afield with dog and gun. flv 
fishing for trout in the streams of the far North, and struggling with the 
gallant tarpon on the waters of the Gulf of Mexico ; hut it was not to dis
cuss such subjects as these that your President brought me here, so I shall 
desist, only remarking that the more you mix these things and other sports 
and atnusen ents in with your work, the better will it he for you both physi
cally and mentally, the longer will you live, the more will you accomplish, 
the more satisfactory will be the results of your work, the better men and 
citizens will you become, and the more interesting and agreeable will you 
prove to all with whom you are thrown in contact.

Certainly mine has been a decidedly rambling discourse; but I hope 
you will pardon this feature of the address for the reason that “scattered 
shot hits most birds,” so perhaps I have bagged several of you with some 
of my pellets; while, had I used a choke bore by adhering steadfastly to 
one subject, I might have missed my aim altogether, or at best succeeded in 
capturing only one individual.

In conclusion I beg to say, gentlemen, that it has given me sincere 
pleasure to meet and address you : that if in the future I can serve you 
either collectively or individually, I shall he at your command : that I hope 
some of my remarks may sonic day prove of benefit to you, and that 1 wish 
for each one and all of you the greatest satisfaction in life—a truly suc
cessful, professional career.
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œMMENT.

One of the greatest dangers the young engineer encounters is that of fall
ing into a rut and permitting precedent to govern him. Action without care
ful consideration, haste in expression of opinion, and failure to give due at
tention to what has already been done, produce results which are far from 
desirable, hut the sluggishness which springs from extreme caution greatly 
limits the young man’s usefulness, makes him a slave to precedent, and 
results in mediocrity. Every well-advised attempt to do original work is 
a step in the right direction, hut the advice of the experienced engineer 
upon the choice of subjects for investigation will he of great service. Much 
effort is wasted on work which has already been well done, hence no origi
nal research of moment should he undertaken before all available technical 
literature has been examined for what has already been published upon the 
subject. The opinions of older engineers relating to the value of the 
contemplated investigations should also he sought. These precautionary 
measures are in themselves a source of much information, and they will 
insure that the work is spent upon a meritorious subject.

The desire to produce something original and noteworthy should, how
ever, be restrained until much and broad reading has been done. The recent 
graduate has only cultivated a very limited portion of the field. Many sub
jects of large importance have been wholly ignored in his course of study 
and in the collateral reading he did while in college. The best hooks on 
these subjects should he purchased and thoroughly mastered as rapidly as 
possible, and the technical papers should he watched for reviews of new 
works, works relating to these lines as well as to those which are already 
familiar. The reviews are commonly by engineers or professors
of standing who are specialists in the branches of which the books treat, 
consequently, they are ordinarily dependable. Several books on each sub
ject should he read, as writers not only have different opinions, hut some 
give more attention than others to particular phases of the subject ; thus the 
reader gains in thoroughness by repetition and develops well balanced views 
of the whole matter.

The technical papers pass in review all branches of engineering and thus 
give an excellent idea of their importance and relations. It is unwise tn 
draw conclusions from a single paper, however, for some of them are biased 
in favor of one line of work and give it attention which is out of proportion 
to its importance.

In reading technical papers, the advertisements should receive quit* as 
careful attention as the reading matter proper, for they constitute a very 
valuable source of information relating to the progress in invention and
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manufacture and often in methods of design and construction. They also 
do much to broaden one’s general knowledge of manufacturing companies 
and their personnel.

The reading should by no means he confined to engineering literature, 
though that should undoubtedly be given the preference. Hooks relating 
to pure science are especially valuable, because they supply useful data, 
quicken the perception, broaden the mind, and illustrate methods of scien
tific investigation. Hooks of travel broaden the view. Poetry, history, 
fiction, and philosophy stir one’s interest in life and in one’s fellows, tend 
to make one more a man among men, and remove the danger of becoming 
a pure technist. They also improve the English and give a greater com
mand of language.

The better reviews assist one in keeping abreast with the thought of the 
world, but much of their contents is of only transient interest. Too much 
attention to them takes time which should be devoted to more substantial 
matter, but such papers as The Nation, Public Opinion, and The Outlook 
epitomize current literature and save much labor. Too much time devoted 
to newspapers is not fruitful and encourages lazy habits of thought.

No amount of reading, however, will take the place of personal examina
tion of structures, machinery, and methods of construction; and the oppor
tunity to visit engineering works should never be passed over. A superficial 
examination is not enough. II is essential to grasp the broad, general ideas 
of construction, but acquaintance with them is of small value unless it is 
supported by a knowledge of details.

Neither will an intimate knowledge of pure literature serve instead of 
contact with one’s fellows. The engineering clubs and societies arc exceed
ingly valuable in bringing together men engaged in the same lines of 
work for a free interchange of ideas. Even the non-resident member 
gains much from the written expressions of opinion.

The immediate work in hand should be left at the office, unless it bo 
so urgent that it is necessary to work overtime, hut points of interest relat
ing to it should be given attention in the spare time. As a general rule, 
however, it is best to obtain the needed rest by devoting the leisure hours 
to the study of subjects related distantly, if at all. to the daily work.

These matters are all aside from the engineer’s regular work, but they 
form a large part of his life and exert a great influence upon his progress.

Hard work is essential to success, but does not assure it. The success
ful engineer must be an exceedingly broad man, well versed in business, 
sound in his views on financial matters, well grounded in the law of corpo
rations and of business relations, and, though modest, confident and firm in 
his position. Hence the young engineer should avail himself of every 
opportunity to gain a sound knowledge of business. It is not enough to
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understand his immediate duties; in fact, when lie finds himself thoroughly 
informed regarding the work he is doing, he should seek other fields where 
he will learn new lines of work and thus lay a better foundation for the 
future, lie must always be on the alert for new data. Everything which 
is important in itself, no matter what may he its relation to his work, will 
sooner or later be valuable.

The effort to gain a broad knowledge of engineering matters should he 
guided by a definite plan : otherwise, the information will he fragmentary, 
and action based upon it will he more or less uncertain. It is a good plan 
to consider one line of work at a time and exhaust all available sources of 
information relating to it before taking * r subject. For instance,
reinforced concrete construction is now attracting a large share of the atten
tion of engineers. The literature of the subject is fragmentary; much that 
has appeared in the technical periodicals is unsound: honks relating to it 
are few; consequently, the young engineer who lacks experience hut wishes 
to he sound in his views must read the most of what has been printed and 
read it cautiously and judiciously. To read casually or to study a single 
work on the subject will result in the half knowledge that is dangerous.

I)r. Waddell s suggestion that the young engineer knock about for sev
eral years, staying in one place only so long as lie can learn with satisfac
tory rapidity, is excellent advice. However, to change positions without 
obtaining a change of work is generally a detriment rather than a benefit. 
To go from the drafting room of one bridge shop to that of another which 
does the same class of work is the way to Income a tramp draftsman, not 
an engineer; hut to go from the drafting rooms of one company to the 
designing rooms of another, or from a shop which fabricates buildings to 
another which devotes itself to bridges, is a step in the right direction. It 
is hardly necessary to say that, the common practice of following one 
narrow line of work continuously because the largest salary is to be obtained 
by doing so results in narrow experience and decreases tin* chances of rising 
ultimately to a high position. Specialization, to lie effective, must lie pre
ceded by broad, general experience.

Too much emphasis cannot lie placed upon the value of thoroughness 
in all one does. A young man’s official superiors are constantly search
ing among the rank and file of the young engineers for those who are fît foi- 
promotion, those who are fitted to take up some special branch of the work, 
and those who possess executive ability. And it should not he forgotten 
that no one can satisfactorily direct others who does not possess a thorough 
knowledge of the work himself. The half-hearted, indolent habit of guc~ 
ing, of doing work without understanding it. and of slighting details stand 
in the way of many a bright man’s advancement. It is infinitely better to 
be slow and thorough than to he quick hut inaccurate. Employers soon
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forget how much time satisfactory work required, but expensive errors stick 
in the memory. It is exceedingly rare for the graduate engineer to lack 
the ability success demands, but the absence of the purpose and the energy 
to do everything well, to master every new problem as soon as it arises, and 
to give careful attention to details is frequently responsible for both fail
ure and mediocrity.

The business and prosperity of the country arc already largely dependent 
upon the engineer, and his importance continues to increase with great 
rapidity. Economic advancement is in his hands. 11 is discoveries and 
inventions cause new lines of business to spring up over night. The 
expenditure of incalculable sums depends upon his judgment. The con
venience, the comfort, even the lives of the multitudes are under his control. 
The responsibility of the engineer, individually and collectively, is enor
mous, consequently, he should be a man of high ideals and of unquestioned 
integrity. No compromise of any kind may be countenanced. His high 
position is dependent upon his honesty, his fairness, and his trustworthiness; 
hence he should not deviate in the smallest measure from the path of strict 
rectitude.

It is the duty of every engineer to assist his brother engineers to the 
full extent of his opportunities. A slight service, a suggestion, a bit of 
advice, will often yield enormous returns. The satisfaction arising from a 
kindly act is in itself ample compensation,but the kindness or assistance is 
generally repaid with usurious interest, possibly years after it is rendered. 
The friendship of the older man gives the young man confidence in himself 
and encourages him in his dark periods and frequently keeps him in the 
right path, while the esteem and good will of his fellows is warmly returned 
in kind.
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INTRODUCTORY NOTES.

The succeeding Address (0 the Engineering Students of the Missouri 
State University was written and delivered early in 1903, consequently it 
bears evidence of its author’s wide experience with young men just enter
ing practice and contains a great many suggestions which are well worthy 
of any student’s careful attention. Few lecturers, especially few men of 
sutlicient years to attain prominence, are able to address students without 
talking down to them and thus forfeiting their confidence. If a lecturer 
evidences a patronizing spirit or manifests the effort to make matters clear, 
the student resents the lack of confidence in his understanding, and in a 
large measure the lecture fails in its purpose. Ilis experience, both in 
teaching and in lecturing, and bis pronounced interest in students and 
young engineers have enabled Dr. Waddell to avoid these faults and with 
rare tact to render his ideas clear and acceptable to the student. The 
earnestness and vigor with which his ideas are expressed are in themselves 
sufficient evidence of his good faith and his sympathy with his hearers.

The chief value of an advisory discourse for under-graduates lies in 
the cause of immediate action it provides. The student too frequently 
looks upon the advice his instructors give as their method of bending him 
to their will, hence advice which comes from a disinterested source is given 
more attention, both because it is disinterested and because the advisor is 
known to be a successful practitioner and, consequently, one whose opinions 
are to be respected. The more earnest students have the possibilities of 
the future constantly in mind and welcome any suggestion or any glimpse 
of what will be expected of them in practice.

The cause of engineering education would be materially advanced if 
more practicing engineers took enough interest in it to give their time 
and knowledge in lectures at institutions with which they are acquainted. 
Even informal discussions, illustrated as much as possible, will aid in
structors materially in sending out well equipped, earnest, energetic gradu
ates.
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TO THE UNDERGRADUATES OF THE ENGINEERING 
DEPARTMENT OF THE MISSOURI 

STATE UNIVERSITY.
Young Gentlemen :

When the Secretary of your Engineering Society requested me to lec
ture to you, I agreed very gladly and asked whether he would prefer an 
address consisting of some practical advice to undergraduates or a talk on 
some branch of my specialty, llis answer was that you would appreciate 
better the advice ; consequently I have arranged to give this to you to
night ; but I am prepared also to give you afterwards, if you so desire, one 
or two talks on bridges. They will be essentially extempore and of a very 
informal character, and will be illustrated by numerous blue prints and a 
few photographs, the most of which I shall be happy to leave with your 
professor of civil engineering, if he care to use them in his class work. 
As these technical lectures will be most uninteresting to all except those 
who have either studied the subject of bridges or intend to study it, 1 
would suggest that my hearers be limited to such students ; more especially 
because the illustrations arc on so small a scale as to make it inconvenient 
for many persons to view them simultaneously. My time for the next day 
or two will be entirely at your disposal ; therefore, if, when I have finished 
addressing you to-night, you will arrange the time and place for us to meet 
again, I shall endeavor to present to you then, under the title of “The Most 
Approved Types of Modern American Railroad Bridges," a simple and 
concise statement of the present status in this country of bridge engineer
ing and construction, together with an historical sketch of the development 
thereof.

And now to the matter in hand :
Of late years the addresses of this character that I have made have 

been presented to graduating classes, and, in consequence, they have had 
special reference to the early professional life of the young engineer ; but 
to-night I desire to speak to you mainly concerning your course in the 
University and your undergraduate life.

If, upon the conclusion of mv talk, you arc not utterly wearied, but arc 
desirous of receiving further advice that will apply to your careers after 
graduation, I shall be pleased to offer you later the substance of an addres> 
that I made last summer to the graduating class of the engineering depart 
ment of the Rose Polytechnic Institute.

Were there any probabilité of your having read that address, I should 
hesitate to offer to give it again, but you are not likely to have run aero -



MISSÜl Kl ST. I TU l XII I.KSI IV. WDRT.SS S43

it ; fur as far as I know, it was published only in a local paper of Terre 
Haute. Moreover. 1 said on that occasion about all that it is necessary to 
tell you concerning what, in my opinion, is best for the young engineer to 
do in order to succeed in his profession ; hence there would be no use in my 
preparing for you another lecture on the same subject. Besides, if I did. I 
would simply repeat myself.

In treating of the work of undergraduates. I fear I am treading on 
delicate ground, because it is possible that 1 may say something which will 
conflict with the ideas and practice of your worthy professors of civil 
engineering. If so. I beg to ajMdogize in advance and to state that my 
offence ought to be excusable, since 1 know practically nothing about the 
engineering course given here.

Any criticism that d may offer about engineering education refers to 
such education in general and applies to no particular institution of learn
ing.

This possible trouble that I may get into reminds me of a rather amus
ing incident of my early professional days.

In 1878 I acted for a short time as chief engineer of a coal mine in 
West Virginia. I say “ chief " advisedly, for I had two assistants, one 
white and one black, but neither of them could read or write, except that 
the colored man could make out the figures on the tape line. After a few 
months I was offered another position more to my taste, accepted it. and 
tendered my resignation to the owner of the mine, who very kindly ex
pressed his regrets at my leaving, saying also. “ The miners, too, will be 
sorry to have you go. for you have become quite popular among them." 
This took me all aback and I replied. “That is very strange indeed, because 
for the last three months I have been most outspoken in telling them all 
what blooming idiots they are to countenance strikes." To this the owner 
of the mine replied, “Oh, that is alt right. They attribute it ‘ to your 
ignorance."

Hence, if in this address I make any faux pas or tread on anyone's toes. 
I hope that, like the miners, you will excuse me and "attribute it simply to 
my ignorance."

In the obi days when I was a student—something more than a quarter 
of a century ago—the general impression among undergraduates appeared 
to be that they ought to study just enough to pass and no more; that their 
instructors were their natural enemies, whose business it was to find out 
their weak points and to condition them if possible, and that to hoodwink 
a professor into believing a student knew something that lie did not know 
was the highest possible achievement in student life. Such a state of 
affairs was due to a variety of causes, among others the following being 
prominent :

1
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First.—The idea entertained generally by the faculty that graduation 
front an engineering school of high standing ought to be a case of "sur
vival of the fittest," and that none but men of high attainments as students 
ought to become engineers.

Second.—The admission of boys instead of young men into engineering 
schools.

Third.—The employing as professors, to teach engineering subjects, 
men who were mere theorists and w ho had never had any actual experience 
in either office or field.

Fourth.—The erection and maintenance of an artificial barrier between 
professors and students, which prevented them from meeting on common, 
professional ground.

This spirit of conflict between professors and students is fundamentally 
wrong, as is also the idea that a student should study merely enough to 
pass the examinations. Fortunately for the engineering profession, these 
false notions are rapidly becoming obsolete, although 1 note occasionally 
ill my travels that the same old antagonism and want of confidence still 
exist to a certain extent in some of the technical schools. A professor 
ought to be his students' best friend, not only during the time he is in
structing them, but also throughout his entire life. lie should regard them 
almost as his own sons and should encourage them to turn to him for 
advice or assistance whenever they feel the need of aid in their professional 
careers or when discouraged by the world's hard knocks. Nor should he 
wait for his old students to come to him for assistance, but should do his 
best at all times to push their fortunes and advance their standing in the 
profession by saying, whenever occasion offers, a few good words for them 
to the older engineers and to any other individuals with whom they are 
likely to have business relations.

Again, the notion that only ideally fine students can become good pro 
fessiona! men is entirely erroneous. Many a slow-thinking student wh, - 
has either been dropped from his course or just managed by great effort I 
pass the examinations and take his degree has become a successful engi 
neer; and it is well known that many of the finest mathematicians who 
graduate from technical schools are never heard from afterwards in the 
engineering world. Now do not go away with the impression that I be
lieve it is not the good students who make the best engineers ; for on the 
whole, they most decidedly do: but I maintain that some men who ns 
students think Slowly and acquire knowledge with difficulty, after leavii >g 
the technical school develop slowly hut surely into sound, trustworthy ai d 
high-class engineers. In dealing with such students, the professor should 
not let their slowness hold back the brighter and quicker men, but be 
should devote to them more of his personal attention, aid them in thinking
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more quickly, and force them to keep up with the class. It such men are 
possessed by a great desire to succeed, the assistance thus given them will 
generally put them through the course in fairly good shape ; hut if they arc 
not, the sooner their names are dropped from the rolls the better.

Some of you may be think.ng that these last few remarks of mine are 
better fitted for an assemblage of professors than for one of technical 
students. Perhaps they are ; nevertheless some of you may some day be
come professors, and in that case the remarks are apropos. At any rate 
they must not be construed as in any way reflecting upon the professors at 
this institution.

1 am glad to note that of late years the average age for entering engi
neering schools has increased by a year or two. In my class at Rensselaer, 
the average age for entrance was seventeen and a half years—exactly, by 
the way, my own age at th .t time; but now I understand that the average 
age of entrance for all the technical schools of the country is about nine
teen years—however, I may have been misinformed. In my opinion, the 
proper age for entering the freshman class is between eighteen and twenty ; 
at less than eighteen one is too voting to appreciate the course fully, and 
entering when over twenty will shorten a man’s working time too much ; 
besides, if one starts very late on his life’s real work, he is apt to have 
formed the habit of depending too much upon others for the necessaries of 
existence, so he will feel rather disinclined to earn his own living, and will 
be dissatisfied with the character of the living lie obtains when compared 
with that to which for so many years he has been accustomed.

Again, the time is coming when a first-class course in civil engineering 
will demand five years instead of four. Some sixteen years ago in a paper 
on “Civil Engineering Education,” I advocated strongly a five years’ 
course in civil engineering and made an outline of what should constitute 
it, stating that a thorough course on the subject could not be given in less 
time. At present, so far as 1 know, there is no technical school which 
gives more than a four years’ course in engineering ; hut for several years 
McGill University, of which institution I have the honor to be an ad 
cundem gradum alumnus, has been given a year of post-graduate work, 
and this work is soon to he included in the regular curriculum by increas
ing the length of the course to five years. When this is done Canada will 
lead the United States in civil engineering education, and in truth the 
course in engineering given at McGill to-day is almost, if not quite, on a 
par with the best course given in this country.

If any of you have an opportunity to take a post-graduate course of a 
year or two at some first-class technical school, so as to continue your engi
neering studies beyond the confines of the ordinary curriculum, by all 
means avail yourselves of it. The time thus occupied will be well spent 
and you will never have occasion to regret such an expenditure. During
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such a period you will be almost your own masters and will be free to 
work when and on what you choose.

It is an excellent plan tor a boy who contemplates following the pro
fession of civil engineering to spend a few years at college taking an Arts 
course, and if time permit, the degree given at its conclusion before enter
ing a technical school ; but in such a case he should elect to take as many of 
the science studies as possible, and to omit entirely the dead languages and 
most of the living ones.

The study of the dead languages is a relic of the dark ages and clings 
to our institutions of learning as rigidly as did the Old Man of the'Sea to 
Sinbad the Sailor ; vet most of the time spent by engineering students in 
the studv of modern languages is totally wasted. This is for two reasons; 
because, first, not one in ten learns any more about them than merely 
enough to pass the examinations ; and, second, even if one should learn a 
modern language well, he would have no practical use for it in the United 
States ; consequently, in my opinion, the time devoted to its study could be 
used to far better advantage on something of a more practical nature.

The plea that is generally made for the study of modern languages in 
engineering schools is that there are so many good things in French and 
German scientific books of which the young engineer would be deprived 
did he not study these languages. To this plea I beg to reply as follows :

First.—There is very little in either language that would be of any 
practical value to American engineers.

Second.—That if occasionally a useful article or treatise does appear in 
French or German technical literature, it is very soon translated into 
English.

Third.—There are already more good engineering hooks in the English 
language than one can find time to read.

Fourth.—And finally, not one student in fifty at an engineering school 
learns a modern language with sufficient thoroughness to translate or even 
properly to comprehend a technical paper written therein.

The only foreign language which would be of any practical value to an 
American engineer is Spanish—and the technical schools do not teach that.

Instead of worrying the students’ brains with Latin, Greek, French, 
and German, why not give them thorough instruction in English, so that 
they would all become truly masters of their own language ? What per
centage of the graduates from engineering schools are well posted in Eng
lish ?. How many of them can spell correctly ? How many of them can 
write a proper letter? Alas! the percentage is indeed small. Of thi< I 
constantly have ample proof in the applications for work that we receive 
from recent graduates.

Again, I do not believe that the English language is taught properl to 
engineering students. Too much attention is given to the study of lie
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works of old writers and their antiquated diction, while no time is spent in 
teaching the voting man how to express himself clearly, tersely, and em
phatically. Moreover, why spend a lot of time studying and analyzing 
poetical works i It is plain, every-day prose, not poetry, that the engineer 
has to deal with in his life’s work ; and, believe me, there is nothing which 
will be of greater advantage to a good engineer than a thorough, practical 
knowledge of his own tongue.

In giving the various courses in English (and I believe they should be 
distributed throughout the entire four or even five years), why not adopt 
for some of the examples of standard literature works of American engi
neers that are written in good English ? It is engineering reports, speci
fications, papers, and books that the engineering student is likely to write 
after graduating, not novels, or poetry, or books of travel.

How few engineers can prepare a truly first-class specification ! The 
writing of specifications is an art and therefore ought to be cultivated ; but, 
unfortunately, all the engineers of my acquaintance who indulge in the 
preparation of such literature have had to learn the art after graduation 
and by means of many hard experiences. Experience is certainly a good 
teacher, but it is a costly one, and there is no reason why a young man 
leaving a technical school should not be thoroughly grounded, not only in 
the elements of specification-writing, but also on the finer points of it.

If there be time within the next few days, and if you so desire, my 
assistant, Mr. Ash, would be pleased to give you a short talk on the prep
aration of engineering specifications.

There is one feature of college life which I cannot commend too highly 
to engineering students. 1 refer to the literary, debating, and scientific 
societies that flourish in some of the larger technical schools. These 
should receive every encouragement from both professors and students. 
The training that a young man imbibes from debating and from writing 
and reading papers is of more value than most people suppose. By im
proving his diction and giving him confidence in himself it enables him to 
hold his own in after life when striving to push his claims. Modesty in an 
engineer is more often a fault than a virtue.

It is possible to acquire at college a literary taste, although one may 
never before have shown any ability in that line : hence I advise you to 
cultivate one. even at the expense of extreme effort.

Let me advise you to study the subject of plane trigonometry so thor
oughly that you will be able to use it with as much facility as you employ 
the four simple rules of arithmetic and to familiarize yourselves thoroughly 
with logarithms, for as field engineers you will be constantly called upon 
to employ trigonometric functions and to shorten your computations by 
means of logarithmic calculations. These are subjects which are very easily
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forgotten, so it is well foi a young engineer when he finds himself becom
ing rusty in them to refresh his memory occasionally by reviewing their 
theory and making a few practical applications of it.

To he strictly honest with you, 1 fear I have forgotten almost all I ever 
knew about logarithms, as it is a number of years since 1 have had occasion 
personally to apply them, such work in my practice being turned over to 
younger men. It is strange how readiiy one forgets ! However, if a man 
has ever studied a subject thoroughly, he will never have much trouble in 
brushing up on it again, notwithstanding a lapse of many years.

Students of mathematics have a false notion that it is necessary for 
them to learn merely the theory, and that it is useless for them to spend 
time in making practical applications of it. They think, too, that approxi
mately correct results are good enough ; or even if their figuring proves to 
be incorrect, it is needless to go through it again, because familiarity with 
figures will come later with practice. This is all wrong and most repre
hensible, because it is at school that the young man should learn habits of 
accuracy and neatness. Without such habits he will never be truly suc- 
ci Tul nor able to accomplish great things in his profession.

Let me advise you to devote some attention to the subject of triangula
tion, by reading all there is written upon it, working out some old cases 
from actual practice, and finally laying out and computing a triangulation 
system for yourselves. You will experience great pleasure and satisfaction 
in seeing how closely your work will check. It is almost incredible to what 
a small amount the errors in triangulation work can be reduced. For in
stance, on our Fraser River bridge at New Westminster, where the bridge 
tangent is some twenty-three hundred (2,300) feet long between base 
lines, two of our triangles checked that distance within two and a half hun
dredths (0.025) an inch, the average total angular error per triangle 
being less than one second. Numerous measurements of base lines and 
readings of angles, together with the utmost care, are necessary to secure 
such accurate results as these.

Should you or your professors desire some old triangulation sheets, you 
may obtain them by sending a request for them to the office of my firm.

Learn to keep records neatly, thoroughly, and systematically. I can
not impress upon you too forcibly the importance of this advice. Svstem- 
ization of all that one does is the keynote to professional success.

Let me urge you to be thorough in all your mathematical studies ; 
never quit a difficult point until you have comprehended it totally and ab
solutely. Don't be content with thinking that you understand it, but stick 
to it till you know that you do beyond the peradventure of a doubt. The 
test of your knowledge is your ability to demonstrate the point to another 
student in such a clear way that he cannot help comprehending it also.
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This has been a guiding principle of mine for over thirty years, and I 
assure you it is a good one.

I recall an extreme case of its application, which may interest you. 
When acting as assistant professor of rational and technical mechanics at 
the Rensselaer Polytechnic Institute in 1879,1 was saddled with the draft
ing part of the various courses in descriptive geometry, but had nothing 
whatsoever to do with the teaching of the theory. One evening about 7 
o'clock there came into my room a young sophomore, a Cuban, and by far 
the brightest man in his class, with whom 1 was on very friendly terms ; 
in fact, he was then giving me instruction in Spanish. He told me that 
there were three lines in Warren's Descriptive Geometry in the problem 
of the cow’s horn which he could not understand, and that he would like 
my assistance thereon ; and. of course, T had to undertake the task.

Now “Windy Warren,” as we used to dub him, was the blindest writer 
ever known to the men of R. P. I„ and although, as a student, I had 
studied his books, this particular problem had been omitted from my 
course. Never before in all my reading had I struck such a miserably 
blind, knotty case. After I had spent half an hour on it without produc
ing the slightest result 011 my mental conception, my young friend saw 
that he had involved me in some hard work, which would be additional to 
that on which I was employed when he entered my room, and which had 
to be prepared for the morrow's classes in mechanics ; so lie expressed his 
regret at having troubled me and proposed to take his departure.

Knowing that if I let him go with the point unsolved, I would lose 
my prestige with him as an instructor, I said: “You have brought me 
this problem, and I am not going to quit working on it until I have solved 
it; and what is more, you are going to stay in this room until I have dis
covered the solution, so make yourself comfortable and go on with your 
study of to-morrow's lessons." lie did so, and I continued for hour after 
hour to pore over those three wretched lines, till just before midnight I 
solved the problem and demonstrated it to the young man. The next day 
he was the only member of the class who was able to explain it on the 
black-board.

Apropos of descriptive geometry, let me advise you to study thoroughly 
all the courses in this branch of learning, from the elementary plane prob
lems, up through projection drawing, descriptive geometry, shades and 
shadows, perspective, and stereotomy. It is a beautiful course of study 
and one of absorbing interest, involving many delightful hours of most 
satisfactory investigations.

In order to grasp the problems of descriptive geometry and its allied 
studies, it is necessary for the student to think in space and not upon a 
plane. Let him imagine the object that is to be portrayed to be located 
near a corner formed by three rectangular planes and at a short distance
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from each plane. Then let him imagine his eye removed to a great dis
tance so as to look at the object with lines of sight practically parallel and 
perpendicular to the three co-ordinate planes. When he can thus see the 
object in space he will comprehend the theory of horizontal and vertical 
projections, and can begin to think of how the object would look when 
intersected by oblique planes, cylindrical surfaces, etc. In this way, and 
in this way only, will he be able to deal with and handle properly compli
cated problems in descriptive geometry.

If I were again a student, I would investigate these descriptive geom
etry branches much more deeply than is done in the ordinary engineering 
course, for not only would I make many extra drawings to illustrate the 
problems, but I would also build illustrative models with paper, wood, and 
threads. Once in a while in our office practice, when engaged on some 
unusually difficult and complicated piece of designing, we resort to model
ing as an aid to a proper conception of the proposed construction. The 
last time we did anything in this line was in connection with the designing 
of the spread span of the large bridge which we are now building over the 
Fraser River at New Westminster for the government of British Colum
bia. The preparation of this model was entrusted to a young Japanese 
engineer, Mr. Fujino, who was first a student in our office and afterwards 
one of our most trustworthy assistants. The model that he manufactured 
out of cardboard was used by a number of our draftsmen in preparing the 
working drawings.

Learn how to make good perspective drawings. It is an accomplish
ment which some day may prove useful, especially when dealing with 
financial men, who often desire to see what a proposed structure will look- 
like, and who cannot understand projection drawings. As an example 
of the use of perspective, I shall show you to-morrow two photographs of 
perspective drawings of bridges made lately by one of our Japanese as
sistants. That of the St. Charles bridge over the Missouri River was 
prepared by the request of the project’s financiers, and the one of the 
Fraser River bridge for some of the officers of the British Columbian gov
ernment.

If you have any natural taste for free-hand sketching, by all means 
cultivate it, because not only will such an accomplishment aid you in fill
ing out the landscape on perspective drawings, but it will also be excet 1- 
ingly useful in making pocket-book sketches of machinery, structures, and 
other objec ts of interest.

Some young men have an idea that it is a bad thing to be a good draf s- 
man, because one who is expert in this line is ..pt to be kept at draft’ ig 
work. Anyone who has acted on this principle would have a very poor 
chance of obtaining employment in the office of my firm, for we have no 
use for any engineer who is incapable of making a drawing which will not
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do discredit to the office. There is no more reason in such an idea as this 
than there would be in a young merchant cultivating an illegible hand for 
fear that his employers might confine his services to bookkeeping.

By all means learn to do lettering quickly and neatly. Proficiency in 
such work will certainly stand one in good stead sooner or later.

You ought to pay special attention to the keeping of clean, clear, sys
tematic notes and records of both field work and office work. This you 
can do while you are still at school, first, by keeping your field notes in the 
most approved way, and second, hv spending a month or two of your va
cations in a large engineering office, where you will be able to study the 
latest and best methods of filing and indexing letters, drawings, specifica
tions, contracts, etc.

Learn how to prepare and use a card-index ; for without one. no en
gineering office that does great work can be handled to best advantage.

If I were in your place, I would spend almost all of every vacation in 
doing some actual engineering work, mostly in the field on account of both 
the health and the experience that are thus to be gained, but also partially 
in the office. Do not try to earn money on such work, but offer your 
services gratis, because, as a rule, they are worth very little in the field 
and less than nothing in the office. If you receive pay, you will probably 
he kept pretty steadily at one class of work ; but if you do not, you will 
feel at liberty to ask for a varied experience. Moreover if, when you 
leave, your employer thinks that you have been of actual service to him 
and that your work has been of real value, he is likely to present you with 
some small amount of money as compensation. Remember that in Eng
land young men who are studying engineering have to pay large sums for 
the privilege of working for several years without salary in the employ 
of prominent engineers. In this country we have not come to that yet, 
although my partner. Mr. Hedrick, once threatened to establish in our 
office the custom of demanding initiation fees; for he complained bitterly 
of being tired of keeping a kindergarten and having the young men leave 
as soon as they had learned to make themselves useful and had become 
able really to earn small salaries in the employ of bridge manufacturing 
companies.

In spite of the many unsatisfactory features involved in training young 
engineers, we still continue to do so for our own benefit as well as for 
theirs ; because we find that those who come straight from technical schools 
to our office for their practical instruction are afterwards much more sat
isfactory than those who come to us after having had several years’ ex
perience elsewhere, the latter having so many things to unlearn.

If you spend a vacation in an engineer’s office, learn how to write busi
ness letters, how to copy and file them, how to keep accounts, and the gen
eral routine of the office ; and make in your note-book full records of all



MISSOURI STATU UXII’LRSITY ADDRESS.852

these things. The keeping of accounts is such an important matter that 
1 would advise your taking a course in bookkeeping before you graduate. 
This you could do during some of your spare hours. The course need not 
be very elaborate, hut it should be thorough, notwithstanding.

When spending a vacation on field-work, learn as much as you can of 
the minor details of it and consider nothing infra dig. You should be 
able to shovel concrete, cut threads on pipes, couple up piping, saw timber, 
fire a boiler and oil an engine, sharpen tools, drive rivets, measure up work 
of all kinds, and. in short, make yourself generally useful whether you are 
working in the employ of the contractor or on the engineer corps. No 
source of information is so lowly as to be despised. A skilled workman 
or even an intelligent navvy can tell you many useful things which you 
will not find written in any book. lie ever on the alert to pick up. record 
and systematize knowledge of every kind that promises in any way to 
prove useful in your professional career. Study carefully the printed 
forms and methods of making monthly estimates progress reports, pay
rolls, distribution sheets, pile-driving records, etc., that are adopted on 
large engineering constructions, and obtain for your own future use copies 
of all blank forms employed for field-work. Learn from observation and 
by cultivating the acquaintance of those who are experienced in that line 
how to deal with and handle workmen; and see if you cannot from your 
own observations come to the conclusion that practical engineering and 
the science of compromise are very closely allied.

As every energetic man has his fads or hobbies, it is well to cultivate 
those which are useful : so I would suggest that you go in for amateur 
photography, learning how to take good photographs, even if you do not 
develop them yourselves. Daily photographs of construction are a most 
useful adjunct to progress reports on important engineering works. M\ 
firm encourages its resident engineers to take such daily photographs, and 
we find that it pays us well.

There is one feature, common to the curricula of all the engineering 
schools in America, which I feel compelled to criticise severely; and tli.r 
is the failure of the faculty to include in the course of study any referenm 
to the history of civil engineering and its development. In consequence 
the graduates are unacquainted with the great engineering works of tl 
past, and do not even know the names of the famous engineers who a’ 
dead or of those who are making engineering history to-day.

Let me give you an illustration of this. Some two years ago win n 
traveling I became acquainted with a pleasant young fellow, and asm 
tained that he was a graduate of one of the leading Eastern technic\1 
schools, so our conversation naturally drifted to engineering subjects. 'I - 
cidentally, I mentioned the name of my friend, Mr. Elmer L. Corthell. <s 
being connected with some large undertaking, but the young man 1 d
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never heard of him, hence asked who he was. 1 explained that lie was 
one of America's most eminent engineers, and that he made a specialty of 
harbor work. 1 also said that in his younger days he had been the right- 
hand man of Captain Eads on the Mississippi jetties,but,mirabile dictu, the 
young man had not heard of either Captain Eads or the Mississippi jetty- 
work. Such ignorance as this is inexcusable, but the young man was not 
to blame—the fault lay with his instructors.

In order to try to correct this sad state of affairs, I am going to sug
gest to the Society for the Promotion of Engineering Education that some 
of its members combine to write a book, entitled, "The History of Civil 
Engineering,” apportioning the task among a number of them by dividing 
the subject into the various specialties, letting each writer treat independ
ently the history of that specialty, and combining all the resulting papers 
into a single large volume.

In this way the work of many able men of both the past and the pres
ent would receive merited recognition, the engineering profession would 
obtain some most interesting and enjoyable reading matter, and the young 
fellows turned out of technical schools to become members of the greatest 
of all the learned professions would no longer be densely ignorant of that 
profession’s history and of the names of its great men.

1 am constantly advising young engineers to join the various engineer
ing societies, and to become personally acquainted with engineers of es
tablished reputation, and I can do no better than to repeat this advice for 
vour benefit.

I counsel you also to read two or three of the principal engineering 
papers and magazines, so as to keep in touch with what is going on in the 
engineering world. After a while you should write occasionally for these 
periodicals.

Make it a matter of pride to keep all appointments promptly. An es
tablished reputation for so doing is a strong point in a man's favor, and 
tends to render him popular among business men whose "time is money.”

During your technical course, visit and examine thoroughly as many 
engineering constructions, manufactories, etc., as your time will permit, 
and make notes thereon in your pocket-book for future reference. Study 
the why and the wherefore of everything you observe, and do not be con
tent with half-understandings. Study also to see whether you can evolve 
ways of improving the various works, plants, methods, machinery, and 
mechanical contrivances that you encounter, for there is always the possi
bility of your discovering something of value ; besides you are sure by so 
doing to develop greatly your mental faculties.

Learn to use your judgment and to decide quickly and finally. Some 
engineers make a point of having a string tied to each of their decisions,
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with the natural consequence that they fail to accomplish much and never 
finish a piece of work cleanly and thoroughly.

If possible, a design for any construction should be made complete at 
the outset before any actual work is done, as changes in plans involve 
trouble and expense for everybody concerned, and tend to produce patch- 
work.

Don't make up your minds that you will either like or dislike any par
ticular branch of the profession before you have had considerable ex
perience in actual practice; because, if you do. you are likely to make a 
mistake. Years ago I made up my mind that bridge engineering would 
not be to my taste, simply because 1 saw one of my fellow graduates with 
his head bowed over a drawing board, making a tracing. It seemed to 
me then that such work must be the ne plus ultra of uninteresting occupa
tion ; while to-day I am convinced that of all the numerous and diversified 
branches of civil engineering (here is none to compare with bridge work 
in the absorbing interest that it involves for those who adopt it as a spe
cialty. So much for early and immature impressions—beware of them, 
lest they lead you into error !

Some inexperienced young me think that an engineer should devote 
his entire time to strictly engine mg work, and that any portion of it 
spent in any other occupation is isted. This is another fallacy that ought 
to be exploded. It is true t' there are some engineers whose entire 
time is confined to purely < vering work, but these men are computers 
and the like, who grind away from one year’s end to another on intricate 
but tiresome calculations, and whose salaries never attain to munificence; 
while most of those engineers who spend a large portion or perhaps all of 
their time on business matters earn eventually large compensation.

One of the most important duties that an engineer is ever called upon 
to perform might be considered by some people as not being engineering 
at all. I refer to the work that he does in aiding projectors of enterprises 
to obtain financial support for their schemes. An incident or two from my 
own practice will serve to illustrate this kind of work and its importance.

Some ten or twelve years ago I was acting as consulting engineer to a 
promoter, who was trying to obtain monev from some Eastern capitalists 
for a project involving a large bridge and a terminal railway system. At 
first the promoter’s ideas were very large, and his project did not appeal 
strongly to the capitalists, so by degrees he lopped off one extravagance 
after another till at last he reduced the total sum required from over two 
million dollars to seven hundred and fifty thousand. This was a bed-rock 
figure, and he knew that if he failed to get the money this time the jig 
would he up ; hence he took me East with him to interview the powers and 
to support him in his arguments.

By this time the financial men were getting tired of the project, so
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after giving my friend a hearing they excused themselves and retired for a 
consultation. In about half an hour they returned and reported that that 
would be the last time they would ever listen to the project, and that the 
decision they were about to announce would be final.

Then they stated that they would be willing to take five hundred thou
sand dollars’ worth of the securities, if within three days my friend could 
place the remaining t o hundred and fifty thousand dollars’ worth. This 
decision seemed to take the promoter’s breath away, for he recognized it 
as a "bluff” made to "freeze him out,” and he did not dare to "call” it; so 
he kept absolutely silent for several minutes.

Seeing that my principal was placed hors de combat, I arose and said, 
‘‘Very well, gentlemen, we shall he here on Thursday at noon with sub
scriptions for the two hundred and fifty thousand dollars then we took 
our departure.

When we got outside of the building my friend said, "What is the use 
in trying to work a bluff like that? You cannot possibly raise such a sum 
of money in three days. Mow do you expect to do it?”

To which I answered, "We can arrange the affair in forty-eight hours
by giving a private contract for the superstructure to the--------  Bridge
Company and another for the substructure to the-------- Foundation Com
pany, on the condition that each concern will take in part payment one 
hundred thousand dollars' worth of the securities; your friend, Mr. So- 
and-So, will take twenty-five thousand more, and you and I together will 
put up the other twenty-five thousand.”

All this was worked out as 1 planned, and on Thursday at noon we 
were at the office of the capitalists with all the subscriptions taken—much 
to their amazement, and, I may add, to their dissatisfaction.

Here is another example of financiering by the engineer after the pro
moters had failed. I sometimes tell the story b;, making the broad claim 
that 1 am the man who prevented the capital of Missouri from being re
moved from Jefferson City to Scdalia.

For a number of years I was working on the project to build a wagon 
bridge across the Missouri River at Jefferson City ; but it failed to ma
terialize for quite a while. At last the citizens of the city subscribed a 
sufficient sum to warrant the work being started, and I was retained to 
make surveys, prepare plans and specifications, and let the contract.

According to instructions, I made layouts and estimates for a high 
bridge at the foot of the central street of the city and for a low bridge some 
distance upstream, reporting in favor of the latter, not only because of its 
smaller initial cost, but also because the annual charges for maintenance 
would be much less. The committee, however, preferred the other bridge, 
consequently my recommendation was ignored and a contract was let for 
the high bridge, notwithstanding the fact that only a portion of the neces-
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sary money hac! been subscribed. The most strenuous efforts failed to 
raise the balance of the subscription ; and one day I was called to Jefferson 
City to meet the committee, who, after consultation, informed me that the 
project would have to be dropped.

Shortly before this, there had been inaugurated by the people of Se- 
dalia their big tight for the capital, one of their strongest pleas being 
that Jefferson City was difficult of access from the North during the win
ter, when the ice was not safe, and during the high-water period when 
navigation was dangerous, and that consequently legislators and others, 
in order to cross the river, often had to go all the way to St. Louis and 
back. The people of Jefferson City were feeling pretty blue just then, for 
they thought the capital would certainly be lost to them.

After hearing the decision of the committee. T replied, “Well, gentle
men, you would not take mv advice and build a low bridge upstream, and 
now you see the result. You could have managed to raise enough money 
for a low bridge, while you cannot raise enough for a high one. My ad
vice to you is to reconsider vour decision, and revert to the low bridge 
project.”

To this one of the committee replied, “You seem to forget that Senator 
Vest told us the Missouri River Commission would not permit us to build 
a low bridge over the river.”

My answer was, "1 have already built two low bridges over that river 
in spite of the opposition of the Missouri River Commission, and I see no 
reason why I cannot build a third. I suggest that you send a representa
tive to Washington to interview Senator Vest and tell him that it has to 
be a low bridge or no bridge, and that the latter means the loss of the 
capital.”

This was done, and a charter for a low bridge was soon afterward 
obtained from Congress ; then I was called again to Jefferson City to ad
vise what to do about letting another contract.

I told them they had gotten into hot water by acting against my advice 
in letting a contract not only for something which they did not need, but 
also before the money had been raised, but that I thought I could help 
them out. So it was arranged that they would get subscribed at once the 
small balance necessary for a low bridge, and that I would prepare plans, 
specifications and estimates therefor, and then effect a compromise with 
the contractor by making an agreement with him personally. Fortunately, 
he was reasonable in his demands, so I closed the matter and prepared a 
new contract, which was signed by both parties without delay, after whi li 
the construction of the bridge was pushed to completion.

When the vote on the removal of the capital to Sedalia was taken, t îe 
people of the State opposed the change, mainly because the principal p!ea 
for removal was no longer valid.
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I have entered minutely into the details of these two cases, possibly too 
deeply for an address of this kind, but I wanted to convince you that there 
is often required from an engineer just as important work as engineering 
pure and simple. That it is impracticable to teach at a technical school 
how to handle financial problems and matters of that sort goes without 
saying, for such things can be learned only in active business life. Never
theless, it would be a great step in this direction if engineering students 
were well grounded in political economy and the elements of finance.

Lectures on technical subjects at least once a month by practical engi
neers of high professional standing would bring the undergraduates into 
touch with the business world, and would enable them to see the practical 
application of many of their studies. Another way to effect the latter 
desideratum is to have the professors of engineering make a practice of 
spending a large portion of their vacations in the employ of consulting 
engineers and contracting companies, so that they themselves may learn 
how to apply theory to practice, and teach the same afterwards to their 
students. Several professors of engineering have thus entered my employ, 
and all have expressed themselves as well content with the practical knowl
edge they have so acquired.

If engineering students were instructed properly in the practical appli
cation of all the theory they learn, they would undertake their studies with 
more enthusiasm. However, it requires a practical engineer to give prac
tical instruction ; hence the suggestion just made concerning vacation work 
for the professors.

It may be difficult to show the practical application of some of the 
courses of the curriculum, especially the pure mathematics, still it can and 
ought to be shown.

Learn to distinguish between the use and abuse of approximations. 
Some calculations should be made with extreme accuracy, while others 
need be only approximate. Engineers are apt to err in either direction. 
For instance, it is a difficult matter to teach an experienced railroad engi
neer that, when making a large triangulation for a proposed bridge, it is 
necessary to measure his base lines to a hundredth of an inch and his 
angles to a second ; and, on the other hand, many bridge computers have 
wasted months—aye, years—of their lives in struggling with that useless 
method of figuring stresses by wheel concentrations. Your maturing judg
ment will soon tell you how close to exactness any set of calculations ought 
to be made in order to obtain correct results. Any greater accuracy 
amounts to mere hair-splitting.

This last phrase reminds me of an amusing incident in my career. I 
was once called upon to pass on some plans for a bridge which were sub
mitted to a city by the successful bidder. Among other faults, I pointed 
out that the hip and pedestal pins were located on the center line of the
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channels of the inclined end post instead of on the gravity line of the sec
tions of the member. The foreign engineer who had prepared the plans 
wrote to me in their defense, and stated in reply to this particular criti
cism that my objection was nothing but the “splitting of a hair.” I there
upon sent him a copy of my calculations, showing that the little eccen
tricity, which he wanted to ignore, increased the maximum stress on the 
extreme fibre fifty-nine (59) per cent. This letter brought the correspond
ence abruptly to a close.

It is far better for a student to make all his calculations in scratch 
books rather than on loose sheets of paper, for he will then be able to refer 
to them at any time and check them if necessary. You can begin right 
here applying the principle of systemization of work by keeping your calcu
lations neatly and in such order that reference to them may be easy.

There is one important matter which is neglected in most engineering 
schools, viz., the use and adjustment of all instruments employed on engi
neering work Of course, the use and adjustment of transit and level are 
taught more or less thoroughly at all technical institutions ; but how many 
of their recent graduates can take one of these instruments apart, clean it, 
effect simple repairs, and put it together again ? All these manipulations 
are necessary occasionally in field work, where the party is hundreds, per
haps thousands, of miles from the nearest repair shop.

Again, there are in use nowadays by engineers several improved at
tachments to the transit and level ; and these two are by no means the only 
instruments which engineers employ.

Take my advice and learn all you can concerning engineering instru
ments before you leave your alma mater; for you may not have another 
opportunity to do so before you are required to apply the knowledge that 
I am advising you to acquire. Moreover, you are liable to forget in time 
a great deal of what you learn here about instruments. In proof of this 
let me give you a little illustration from my own experience :

Last summer the Chief Engineer of the Province of British Columbia, 
who, by the way, is a very old friend of mine, and I found ourselves some 
five hundred miles up the Fraser River, about the fifty-second parallel, 
provided with a borrowed transit and level but no one to run them, and 
having before us the task of locating a suspension bridge across the river 
and the two approaches. There was nothing for us to do but to get down 
to first principles and operate the instruments ourselves ; but as they had 
traveled some two hundred miles by train and nearly as much more by 
stage, it was first necessary to see that they were in adjustment.

“How long is it since you ran an instrument ?” asked my friend.
To which I replied, “Over twenty years.”
“Well,” said he, “I have not touched one for twenty-five. Do you 

know anything about making the adjustments ?”
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“Yes, at least 1 ought to," 1 answered, "for I gave the course in adjust
ment of instruments at Troy, but probably 1 have forgotten all about it.”

We first tackled the transit and found that we could remember the 
three adjustments pretty well ; hence tested for them and soon got that 
instrument into good condition. Next we attached the level, which we 
found to he a dumpy.

We set it up and looked at it a few minutes without speaking. At 
length my friend remarked :

"Confound a dumpy level, anyway ; I never could handle decently one 
of the infernal things. How in llades are we going to get it adjusted ?”

I replied, "If I remember rightly, we shall have to use the peg method, 
but it is over twenty-five years since I handled one of the accursed instru
ments, and I have forgotten nearly all I ever knew about the adjustment.”

To make a long story short, we two old engineers struggled with that 
miserable instrument for three-quarters of an hour before we got it into 
sufficiently good adjustment to answer our purpose, after which we pro
ceeded with the surveys, finding by degrees our old skill coming back to us 
to such an extent that, on the third day, when we had finished our work, 
we agreed that we had enjoyed it thoroughly, notwithstanding the fact 
that we had slept for two nights in the rain without any shelter but our 
blankets and a small piece of canvas.

Let me advise that, both as students and engineers, you cultivate a love 
for your occupation. Unless you do, you will never attain great success. 
The longer you are engaged in engineering the more interesting and 
absorbing does it become, and eventually you will begrudge from your 
work the hours spent away from it even in sleep. There is no satisfaction 
that I ever experienced which quite equals that resulting from the com
plete solution of a difficult problem in citlur theory or actual construction.

The maintenance of a high standard for the engineering profession is 
the duty of every engineer both to the profession and to himself. The 
strictest integrity under all circumstances is absolutely essential to an 
engineer’s success. Any departure from it is sure to bring disaster to the 
individual and disgrace to the profession ; therefore let me exhort each of 
you always to do the right thing to the best of your knowledge and power.

At all times you should endeavor to maintain the dignity of your pro
fession, remembering that the public is not likely to place that profession 
upon a higher plane in the affairs of men than do its own members ; there
fore never speak of it in a belittling tone ; but, like a knight of old in 
respect to his lady’s fame, be ever ready to maintain its superiority against 
all comers.

And nowr a few words in regard to the requisites for a man’s becoming 
a successful engineer.
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He must be intensely practical, yet perfectly technical ; minutely accu
rate, yet properly approximate ; firm in his beliefs, yet open to conviction, 
knowing where firmness stops and stubbornness begins ; courteous and 
helpful to his contractors, yet never conniving with them to the slightest 
degree ; dignified, yet affable; and, in short, a thorough gentleman, yet 
never ashamed to do any work, however apparently menial, provided that 
it belongs properly to the engineering profession.

In order to encourage you young men to renewed effort, let me state 
that I most firmly believe civil engineering to be less overcrowded than 
any other profession ; that the demand for good engineers is increasing 
steadily ; that the problems confronting engineers are yearly becoming 
more complicated, demanding a higher grade of talent and training; that 
the remuneration for engineers of all ranks in this country is higher than 
ever before, and that the prospects for the future of our profession are 
exceedingly bright.

In corroboration of the preceding statement I quote the following, 
which I read (after this address was written) in the Engineering Record 
of March 28th :

“The demand for engineers throughout America far exceeds the num
ber of men available. Several engineering colleges report already that 
more good places are offered than there are students in the graduating 
classes to fill them, and this in spite of large classes and improved facilities. 
Several prominent technical institutions are adding new buildings and 
increasing their equipment.”

Before closing, let me offer you, as a summary of most of my remarks, 
a few concluding words of advice in regard to the remainder of your 
course at the Missouri State University, which, if you follow, will give you 
an excellent preparation for the life work that is to come after graduation 
In all you do be earnest, honest, energetic, thorough, and ambitious. In 
short, strive to be worthy of having ultimately engraved on your tomb
stone that most expressive Colorado epitaph :

“He done his level damndest,
No angel could do no more.”
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COMMENT.

The student rarely has much, if any control over the curriculum. He 
finds both the course and the requirements for matriculation laid down 
completely, though a few institutions are now offering optionals in the 
Junior and Senior years. In general, he may be better prepared than is 
essential, and he may do better and more thorough work than will enable 
him to obtain credit for his subjects, but he is unable to modify his course 
except in the few eases in which he is permitted to pursue additional 
studies. Consequently, remarks upon the subjects which constitute the 
course arc more rly addressed to the faculty than to the students. 
But, by his own election the student may determine what shall be his 
preparation, how vigorously and earnestly he may perform his under
graduate work, how much more he will do than is actually necessary, and 
liow he may broaden and strengthen himself by collateral reading and by 
work during his vacations. The resulting education is probably dependent 
quite as much, if not more, upon these considerations than upon the pre
scribed course, the institution's equipment, and the efforts of the faculty.

The age at which a student shall enter upon his engineering studies is 
largely dcjicndent upon the extent of his preparation. An Arts course, in 
which electives are chosen with reference to the engineering work, is by 
all means the most satisfactory equipment with which to In-gin the techni
cal studies, for it will provide culture, breadth of view, and studious habits 
and will occupy the student till his nineteenth or twentieth year. With 
this age and training he will possess the practical judgment which is 
essential to good work in the engineering courses. The very young student 
does not, as a rule, grasp the true meaning of his studies, hence is unable 
to make a good tight for position and advancement after graduation.

The more advanced age commonly brings with it a sense of responsi
bility and establishes the young man's purpose, lie realizes that he should 
do thorough work for his own benefit rather than for passing grades. He 
takes small interest in deluding the professors with a false show of knowl
edge and is able to enter into more cordial relations with them. He 
grasps bis subjects more quickly and thoroughly and comes out of school 
with advantages which more than compensate for the loss of time in 
practice.

The relations between professor and student arc undoubtedly much 
closer than they were not many years since, for the teacher’s calling, like 
the clergyman’s, has lost some of the undue importance which was form
erly attached to it, and he does not consider it beneath his dignity to be the 
student’s intimate friend. Confidence and cordiality beget confidence

83
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and cordiality, and both student and instructor will profit by the effort to 
enter into closer relations, but the student should make the greater effort, 
for his is the greater gain. There are, however, too many instructors 
who arc deficient as men; that branch of the profession has no monopoly 
of the capable and broad-minded engineers, in fact, there are a good many 
lazy men who enter it because it promises an easy life. These should be 
ruthlessly weeded out, for as teachers they arc in position to do great harm 
to the rising generation.

There are always a few students who mistake their calling, who have 
not the ability in scientific lines to make a reasonable success of engineer
ing. The slow man is not necessarily stupid. In fact, he is often ex
ceedingly sound. But the one who is obviously on the wrong track should 
he so advised. Otherwise, he will spend money, lalmr, and time, and reap 
only discouragement and disappointment. The training might fit such 
men for business, but more often they stick to engineering and struggle 
through life miserably. The kindness which keeps back the truth in such 
cases is almost criminally misplaced.

The slow student needs help, encouragement, and often pressure. The 
“smart” man should he reasoned with, should be shown that he is wasting 
his energy, and if reason does not avail, he should be brought to his senses 
by more forcible means. 11 is control is essential to the welfare of his 
fellows.

The student should do all his work with equal fidelity and thorough
ness. His taste may load him to give some studies especial attention and 
to neglect others, a procedure which he is sure to rue sooner or later, for his 
opportunities may require a knowledge of the very subjects he has slighted. 
A sound knowledge of the fundamental principles of all his courses should 
be his goal, leaving specialization to practice. It is easy to specialize, but 
it is difficult to be broad.

The student is commonly impatient under the attempt to drill him in 
clerical methods, considering them non-essentials and time-wasters. Sys
tematic and thorough attention to detail is often foreign to the life habits 
of the young man who has always pursued his own way. In his opinion 
the idea is the thing, the method nothing : the work interesting but record
ing it drudgery. No greater mistake could be made, for orderly habits 
will enable him to increase his capacity for work, save time and temper, 
establish his knowledge more firmly in his mind, and, ultimately, make 
or mar his career. All careless and unsystematic habits must be un
learned and replaced by good ones before advancement is possible in prac
tice. It is exceedingly discouraging to find a young engineer unable to 
record his calculations so that they may he cheeked : indeed, it frequently 
occurs that he cannot retrace them himself. Nothing is “good enough” 
unless it is the best the work warrants or the best one can do.
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Habits of promptness and regularity are also of the greatest value, for 
they are absolutely essential in business. The young man, ,
cannot afford to fall into lax habits, lie should be just as prompt and 
regular in his attendance on his classes as he must be in his later employ
ment. To attend the classes of a lazy or dull instructor is severe punish
ment but good preparation for the drudgery that will sometimes be met 
with later. The habit of coming onto the work or into the office late is 
very common among young engineers, but it always works to their detri
ment, for it is rightly considered an evidence of laziness and lack of 
interest in the work. The chronic time server is frequently late and 
always ready with an excuse which is generally manufactured for the 
occasion. This lazy habit is very commonly acquired in school where 
the professor has not the ready and drastic remedy for it that the em
ployer possesses. The lazy men make it necessary for large establishments 
to keep a check upon the assistant engineers and draftsmen, just as they 
do upon the laborers and mechanics.

The editor does not agree with Dr. Waddell that the foreign languages 
are of little or no use. The smattering of them too commonly given to 
engineering students is so, but with a knowledge of the grammar and the 
ability to read at all, any ambitious student can readily acquire a good work
ing knowledge of French and German or both by reading the technical peri
odicals in those languages, thus increasing his knowledge of the languages 
and of engineering at the same time. Excellent descriptions of American ma
chinery and constructions often appear in the French and German papers 
long before they do in our own. and the foreigners arc generally much 
more thorough in their discussion of the theory involved. Spanish is 
rapidly growing to have a commercial value and merits thorough study. 
It is without important technical literature, however.

The Latin certainly has no place in the technical school, but familiarity 
with it greatly aids the English. The study of etymology will afford some 
knowledge of roots, but the Latin will do so much more thoroughly and 
pleasantly. Without a good, working knowledge of the derivation of 
English words, nice distinctions and clear expression arc impossible.

The grammar and rhetoric of the English language are rarely or never 
clearly understood until one has studied Latin or Greek or some of the 
modern languages, for the essential character of their laws is difficult to 
comprehend, since a working knowledge of the language has been acquired 
without acquaintance with them. Studying the construction of another 
language brings home the construction of one’s own as nothing else will.

It is true that there is more written in English than the busy man 
can find time to read, but much of it could advantageously be passed over 
in favor of the best in French and German. The greatest works in these
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- languages are translated into English sooner or later, but it is a disadvant
age to lie without them in the interval.

Again, American firms are rapidly establishing branch offices in foreign 
countries and, in order to till them, need engineers who are thoroughly 
familiar with American methods and who understand the language of the 
country to which they arc sent. These positions often afford excellent 
opportunity for advancement.

The student’s knowledge of English cannot be too thorough. Much 
reading of the English classics will unconsciously exert a great influence 
over one’s use of the language and will afford culture and breadth at the 
same time. It will not take the place, however, of thorough drill in the 
laws of construction and in criticism. Continuous work in composition, 
with careful criticism and thorough instruction, is essential if one is to 
acquire a good knowledge of his own language.

The vast amount of reading essential to acquaintance with the super
abundant literature of the present day leaves little time for the writing 
and the verbal discussion which give facility in the expression of ideas. 
In fact, there is a strong tendency to read and absorb rather than to think 
and write, hence the student should gvasp every opportunity to give expres
sion to his opinions when so doing will be helpful.

The work in mathematics should be performed with painstaking thor
oughness, for however readily the idea may In- grasped it will l>c evanescent 
unless it be turned over in the mind and applied. Accuracy and complete
ness afford much pleasure, too.

The ability to see in one’s imagination the construction or movement 
of a member is essential to rapid and true work in designing, and no other 
study is so valuable in the development of this faculty as descriptive 
geometry. Even if this were its only value, it would handsomely repay 
careful attention, but it is of great assistance in projection drawing, and 
its use will save much tedious calculation in detailing.

Every engineering student should be a thorough draftsman l>efore 
graduation day arrives. He should be able to make a good, neat, and 
complete tracing with reasonable speed. The lettering should be neat and 
plain. There is no time for fancy lettering in practice, but poor lettering 
ruins an otherwise satisfactory drawing. The majority of engineers begin 
their work in the drafting room; consequently advancement is largely a 
matter of skill in drawing. The competent draftsman will soon obtain 
the opportunity to oversee the work of others, the first step toward an 
executive position, for one cannot direct work which he does not fully 
understand. Freehand skill is something of a gift, but it should be culti
vated by all, because it affords the most ready means for the clear develop
ment and expression of ideas of construction.

Nowadays, one-third of the summer vacation is spent upon field work
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which has recuperative as well as educational value. Another third, at 
least, might be spent advantageously on some engineering work or in some 
shop. Experience rather than money should he the end sought, hence, if 
the student’s finances will permit, he should offer to work without pay in 
order that he may be the more free to demand instructive labor. The 
ability to make a good drawing will practically insure summer employment. 
If he go into the shops or out upon construction, he should remember that 
no well performed service is undignified and that long hours and hard 
work are to be accepted cheerfully and with alacrity, even though his name 
is not on the pay rolls. 11 is own habits and character are in the making 
and he cannot guard them too carefully. Besides, he is probably under the 
observation of those who will be in position to influence bis future work, 
directly or indirectly, and it behooves him to do his best.

When information is wanted it should be sought freely. The honest 
and earnest inquirer will rarely meet rebuffs, and it is no crime to be 
ignorant, though it certainly is to remain so. The laborer, the artisan, 
the foreman, the engineer, anyone, is ready and willing to give information 
if it be sought in the right spirit. Foolish and ill-considered questions, how
ever, soon bring such courtesy to an end. For instance, a prominent young 
engineer delivered a lecture to the students of one of our larger schools on 
the construction of deep foundations by the pneumatic process. At the 
conclusion of his lecture the professor advised the hoys to question the 
lecturer upon any points which were not clear, whereupon one student 
inquired how the caisson is removed when bed rock is reached.

The student should cultivate an unprejudiced habit of mind, for the 
position of the engineer is in a large measure judicial. He stands between 
tlie buyer and the seller and, though he is generally employed by the 
former, he must be fair with the latter. He should be firm in bis decisions, 
but willing to acknowledge error frankly when it is clear that error has 
been committed. The evidence should, however, be weighed as fully and 
carefully as the time available will permit. It is best to make up the 
mind slowly, obtaining all the information possible, but delay is damaging 
when decision is actually necessary.

Honesty is still the best policy. To cheat an instructor prepares the 
mind for grosser crimes. The descent from strict rectitude to rank dis
honesty is gradual and easy, and ground lost is exceedingly difficult to 
recover. The young and ambitious engineer is frequently tempted, not 
often openly or grossly, but insinuatingly, with flattery and favor rather 
than with money. A contractor’s or a salesman’s bribe, no matter what its 
form or how insignificant, is monstrous, for its acceptance marks the 
beginning of a dishonorable end. It it be accepted secretly, the secret 
will be kept only so long as it serves the giver’s purpose to keep it, and 
sooner or later the matter is published abroad. No compensation is ade-
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quote for the loss of an engineer’s honesty, and it is no less dishonorable to 
give bribes than to receive them. It is a matter for congratulation and 
pride, however, that the black sheep are rare in the ranks of the civil 
engineering profession. Strict honor is the rule, rather than the exception, 
and it lies with the present generation of students whether this condition 
shall continue to obtain.

It is to be regretted, however, that envy may with justice be more 
commonly charged. The strife for position is great and occasionally 
leads to unfair, unjust, and dishonorable action, which generally rebounds 
upon the guilty party, not without damage, however, to his opponent. Of 
all faults those arising from envy of another’s prestige or good fortune 
are the least excusable and the least in keeping with the dignified and 
honorable character of the profession of civil engineering.
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INTRODUCTORY NOTES.

Specifications prescribe the limits of the construction they govern and 
the qualities of materials and workmanship which enter into it, and they 
define the relations which shall exist between the parties to the contract, 
of which they form a part, and the degree of responsibility which attaches 
to each. If complete plans have been prepared and all the conditions which 
affect the construction were known and fully considered in advance, the 
specifications should constitute a full and complete description of the 
construction, the materials and workmanship employed, the relations be
tween the parties, the responsibility for accidents and for the durability 
of the completed structure, the terms of payment, and all other matters 
which affect the work.

Specifications are drawn in the interest of the payer, and they should 
contain ample safeguards to insure the construction of the work in accord 
with their letter and spirit, but they should be fair, eminently so, or they 
will fail in their full purpose. Unless a contractor knows the engineer 
and his principals to be fair beyond dispute in their dealings, he must add 
materially to what would be a normal tender for the work, in order to 
insure himself against serious loss whenever unfair specifications govern. 
Even a close personal acquaintance and previous experience with the payer 
and his representatives are insufficient guarantee that an unfair specifica
tion will not be enforced, because a change of principals or agents may, 
often does, take place during the execution of the contract ; and a wise 
contractor will not run the risk of rigid enforcement of the specifications 
without corresponding compensation. Consequently, every unfair advan
tage is paid for in the price of the construction, though it is of little 
or no value to the payer.

Unfair clauses in specifications almost invariably operate to the detri
ment of the party in whose interest they were drawn, by producing a hos
tile and revengeful spirit on the part of the contractor, leading him to 
avail himself of every opportunity to demand extra compensation and 
extra time allowance for small considerations which are ordinarily over
looked where cordial relations exist.

The payer may retain full control over the work and safeguard himself 
against bad materials and workmanship, against unreasonable delays, and 
against a contractor’s dishonesty without the slightest injustice to the 
honest contractor, and if such action cause dishonest contractors to refrain 
from bidding, it is all the more advantageous.

The editor has prepared several tenders upon work for each of two of 
the most prominent railroad systems in this country. The contract and
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specifications of one company arc stringent but just ; those of the other 
bristle with clauses which a rcsjionsible contractor cannot accept without 
jeopardizing his interests. The former obtains the best work at fair or low 
prices and with a minimum of trouble. The latter receives very high ten
ders or none at all from the most responsible contractors, gets an inferior 
grade of construction at high prices, and is constantly having difficulties 
with the contractors. The difference between the results these companies 
obtain is very great, and their specifications and contracts are responsible 
for it.

The ini c of the specifications, et ‘ "" of their broad general
clauses, is too rarely understood. If the engineer who draws them could 
exchange places for a time with the contractor, he would soon learn that 
over-stringent clauses operate to bis detriment and, what is even more im
portant, how it is possible to take advantage of bis failure to specify defi
nitely what he requires. As a rule, it is the broad general clauses that 
are most important, for they affect the entire work, while the clauses per
taining to details govern a small portion only. Ambiguous clauses are 
the most detrimental of all. They'insure high tenders, for in justice to 
himself the contractor must assume that the interpretation most contrary 
to his interests will obtain. They provide the foundation for quarrels, 
law-suits, and vexatious and expensive delays.

Good specifications are the result of long and sound experience in con
struction and in the preparation of plans and specifications. If a part of 
the experience is obtained in the employ of contractors, the results am 
more likely to Ik- satisfactory. The engineer’s knowledge of what consti
tutes good construction and how to obtain it, is the accumulation of years. 
The foundation for bis knowledge, and the foundation only, may be laid 
during his course of study in a technical school. The weaknesses and 
effectiveness of the various clauses may be learned only by repeated use, 
and it is work well spent to review the specifications and contract alter 
the completion of the work they governed, and note the desirable improve
ments and the fitness of individual clauses for future use. Thus the results 
of the experience on one contract may be made available for the next, but 
indiscriminate copying from the specifications of others, or even from one's 
own, is certain to produce bad results. Not long since one of the engineer
ing journals called attention to an absurd typographical error in a set. of 
specifications which had been in print for several years, and pointed out 
the same error in the specifications of several prominent engineers, showin'g, 
conclusively, that some careless copying had been done.

It is impossible for our technical schools to teach men to prepare per
fect specifications, but they can provide a good foundation bv imparting 
a sound knowledge of the fundamental principles and such a thorough 
training in the use of the English language that the student will be able
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to express clearly what is in his own mind. Professional work, a further 
study of the law of contracts, and careful attention to the specifications 
prepared by competent engineers, must supply the additional necessary 
training. Lectures, such as the following one which Dr. Waddell delivered 
to the students of the Rensselaer Polytechnic Institute last year, arc ex
ceedingly helpful to the student and to the recent graduate. A good set 
of specifications form an excellent text and merit careful study. A close 
examination of the various clauses to determine the relation each bears 
to the whole, the considerations which led to their adoption, and the par
ticular purpose for which they are inserted, is eminently worth while.
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SPECIFICATIONS.

A Lecture Delivered to the Senior Class of the Rensselaer Polytechnic 
Institute on April 30, 1903.

By J. A. L. Waddell.

Thus far, in addressing you, young gentlemen, I flatter myself that I 
have interested you and held your attention fairly well ; but now I am 
going to risk ruining the prestige that I think 1 have gained among you 
by giving you a long, tedious talk on the dryest of all dry, technical sub
jects—specifications.

Dry, however, as the subject may be, there is no other of greater im
portance in engineering practice ; so I feel that I would not be doing either 
my duty by you or justice to myself were 1 to spare you the infliction of 
this last lecture, merely for the sake of trying to leave on your minds the 
impression that I am an interesting speaker. It will therefore be necessary 
for you to take your medicine philosophically, and I am going to ask you 
to give me your closest attention and to endeavor to interest yourselves in 
all that I say, notwithstanding its extreme dryness.

The substance of this discourse was blocked out a month ago by Mr. 
Ash, one of the assistant engineers of my firm, and by myself working 
jointly; it was then partly written and delivered by him to the engineering 
students of the Missouri State University. Since then I have revised and 
enlarged the lecture considerably for your special benefit.

Between the individual or corporation desiring the work done and the 
contractor who performs it, stands the engineer who has designed it and 
who usually superintends its execution. He is in the employ of the per
sons promoting the enterprise, and it devolves upon him to make sure that 
those who retain him receive an honest and fair return for their money. 
While it is true that he is employed by only one of the parties to the con
tract, he should not be partisan, hut should strive to see that fairness to 
both is secured. The engineer should not be an enemy to the contractor, 
but should work in harmony with him, and should do all he can to further 
the rapid and harmonious completion of the work, being careful, of course, 
to see that nothing is done which will in any way result in an inferior con
struction. As the engineer’s decisions are final (unless it can be shown 
that actual fraud exists) it behooves him to be careful that no injustice 
done to anyone.

In order that the contractor may understand the scope of the work to 
be performed and the details of its construction, a written description and
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plans more or less complete, defining the methods of construction, material, 
etc., to be used, are prepared by the engineer for the approval of the com
pany having the work done and for the guidance of the contractor. These 
written documents are the specifications and together with the contract, of 
which they form a part, they fix definitely the relations that shall subsist 
between the company or corporation and the contractor.

To build a structure, no matter how simple, there must be a plan, if it 
is to be constructed intelligently and efficiently. As the size and impor
tance of the structure increase, the plan grows more and more complex, 
and hence the greater necessity for putting it in some fixed and definite 
form which shall convey the exact idea existing in the mind of the engi
neer. To secure the proper execution of a work of any magnitude, specifi
cations are absolutely necessary, and they should be prepared with great 
care and exactness. For convenience of reference and for clearness, they 
are usually divided into clauses, which may be classed as general and 
specific. General clauses refer to the business relations that shall exist 
between the parties to the contract. In them is found the general descrip
tion of the work as a whole without any particular reference to details. 
Times and methods of making payments, adherence to specifications, in
spection and other analogous headings make up their subject matter. They 
should be comprehensive in their scope, and should not contradict one 
another. It is well to avoid a double description of anv patticular thing. 
Contradictory clauses are sure to be a stumbling block that will create 
friction and delay. At first glance one would say that such clauses are 
easily eliminated, but care is necessary to accomplish this. For instance, 
a certain result may he desired in the substructure of a bridge that will not 
fit in with the kind of superstructure wanted.

Specific clauses have to do with the details of construction and the 
description of particular features' of design. They embody the special 
ideas that the engineer wishes to incorporate in the work, and they should 
be just as minute in detail as is requisite to set forth the exact plan desired. 
Detailed drawings may be necessary to indicate clearly just what is to be 
done, and these drawings either should be prepared before the specifica
tions are written, or at least should be sufficiently matured in the mind of 
the engineer to enable him to write his specifications in accordance with 
them. It must be remembered that the specifications and plans constitute a 
guide book for the contractor and the resident engineer. They should tell 
what must be done, but should not necessarily state just how it should be 
done. Specifications should look to the accomplishment of an end rather 
than to the means of its attainment. Of course there are exceptions to 
this, as when the engineer believes that for the best results work must be 
performed in some particular way, in which case it is necessary to incor
porate the method in the specifications. It must be remembered that under
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these circumstances the contractor cannot be held responsible for the mis
takes of the engineer. When an engineer specifies that a thing shall be 
clone in a certain way, he must assume the responsibility of the outcome, 
because the contractor is not free to adopt the method he thinks best suited 
to the case in hand. For this reason specifications should leave the 
method, as far as can be done consistently, to the contractor, and instead 
should dwell upon the end to be attained. A good contractor who is active 
and progressive may frequently wish to introduce methods of construction 
better than those conceived by the engineer, and it were a poor set of 
specifications which would prevent his doing so. A specification can 
readily be very strict concerning the finished work and at the same time 
very liberal as to the methods to be employed in its accomplishment.

It frequently happens that specifications are written without any ac
companying plans at all. In such cases it is usual to require bidders to 
submit with their tenders plans more or less detailed of what they propose 
to do. In this way the engineer may make a choice from various plans 
presented and thus obtain what lie considers the best of a number of ideas. 
Specifications of this kind will have, of course, very little or nothing at all 
to do with the details involved, but will be concerned almost entirely with 
the final desired outcome. In other words, such a specification will consist 
very largely of general clauses, those of a specific nature being either 
entirely eliminated or reduced to a minimum. This method of letting con
tracts without any accompanying plans is by no means to be commended. 
A good engineer does not want other people to tell him what to use or 
what to do. If be is thorough and well posted in bis profession, he is not 
going to let his own ideas be superseded by those of a contractor who fur
nishes plans with bis bid. In such a case the engineer becomes only an 
inspector who simply passes upon the work and determines whether or not 
it fulfils requirements, when perhaps much of the work is entirely at vari
ance with his own ideas. It is reasonable to suppose that an engineer who 
devotes his entire time to designing structures of a particular kind (and 
no one man will attempt to cover the entire field), is more capable of 
arriving at the best design for a given case than a contractor who is en
gaged in work of a varied nature, and who perhaps has given little or no 
thought to the designing of the particular kind of structure upon which 
he desires to tender. It is undoubtedly a fact that the best results arc 
accomplished when the plans and specifications are prepared by a compe
tent engineer, and when the bidder is governed by their requirements.

Let us consider some of the salient features of good specifications. 
Primarily, they should give a clear and concise description of the \v 
first when considered as a whole, and then in detail, no part being sligli 1 
in this description. It will not answer for the engineer to suppose that c 
■contractor will do things as a matter of course, but he must produce a
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specification that will insure their being done. A contractor, if he be 
thoughtful and careful, will pay close attention to every detail set forth in 
the specifications, and he should make his bid expecting to fulfill just the 
requirements enumerated in them, no more and no less. If he be wise, he 
will not hid with the expectation of having them changed to conform to 
his convenience or his notions of what is best. The engineer is supposed 
to have stated in his specifications just what he wants, and no prudent con
tractor will tender, expecting his own ideas to prevail. If, then, upon the 
engineer devolves the responsibility of determining the work to be done, 
it will readily be seen that it behooves him to cover the entire ground in 
his specifications. He should give special attention to the points he intends 
to require absolutely without alteration and should leave no possibility for 
doubt in the mind of the contractor as to what will he expected concerning 
them. He should he careful to set forth clearly the units of measure to he 
employed and what is to he considered a part of the finished work, as dis
tinguished from what is merely accessory. If extra work is to he per
formed, the amount of which it is impossible to determine in advance, the 
greatest care should be exercised in defining clearly just what shall con
stitute such extra work and in fixing the compensation for it. Failure to 
do this is frequently a source of trouble and annoyance that might he 
avoided by careful wording.

Specifications should be designed to secure the best results consistent 
with what is considered good practice. It is possible to make requirements 
of such a nature that to fulfill them would mean an enormous outlay of 
money not at all proportionate to the result. Such clauses in a specification 
make a bidder uneasy and will cause him to add to his bid a sufficient 
amount in addition to his profit to insure him against loss. A bidder should 
make his tender expecting to comply with the conditions of the specifica
tions, and expecting that his fellow bidders will do the same, and a clause 
that involves an unduly strict condition is liable to cause him either to 
tender high or to bid hoping that its fulfilment to the letter will not he 
demanded. In nine cases out of ten such a clause will he dearly paid for.

Absolute perfection is not to be expected, hut the very best that the 
most approved practice will afford should govern the requirements. An 
engineer must lose prestige if lie specify things which cannot consistently 
be done, and by inserting such requirements he works injury to all parties 
concerned. In the matter of materials to be used he must he governed by 
the locality and by what the market has to offer. He may be unable to get 
just what he would like; therefore he must use the best that can he ob
tained. These remarks do not imply that the engineer should be satisfied 
with any makeshift that is offered. I le can rest assured that lie will not 
receive anything better than he demands, and he is fortunate if he succeed 
in getting everything as good as lie specifies. As he is a large factor in
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determining what shall be considered good practice, he should not be con
tent to put up with shoddy stuff when better can he obtained. As in all 
business relations, moderation with firmness should govern.

Again, specifications should be written in simple, plain language with
out any attempt at rhetoric. All verbs should be complete, and no words 
should be omitted on the assumption that they are understood. Of course, 
the law will interpret a contract or a specification in accordance with what 
the court decides is its spirit, but an engineer should not rely upon this to 
guard against omission. If the specifications are properly prepared, there 
should be no occasion for appealing to the courts to decide what is or is 
not the spirit intended. While such documents should be comprehensive, 
they should not be verbose, and above all things they must not be ambig
uous. Short sentences and simple words are preferred. Punctuation and 
grammar, while usually and erroneously considered of minor importance in 
an engineer's practice, certainly play an important part in this particular 
kind of literature. The meaning of a sentence can easily he distorted or 
even entirely changed by the placing of a comma. Do not fear to repeat 
the same words or phrases over and over again in vour specifications, if 
you find they best convey the idea you have in mind. This may involve 
occasionally some lack of euphony, but that can very readily be dispensed 
with in writings of such a prosaic nature.

Should more than one contractor be employed upon a piece of work, 
great care must be exercised to define clearly the duties of each. Just 
where one is to finish and the other is to begin should be set forth so as to 
leave no possibility of doubt. When practicable in such cases, separate 
and distinct specifications for the different parts of the work should be 
prepared. Care should be taken that the same; thing is not required of 
both contractors, and that one contractor is to leave his part of the work- 
in such shape as to involve no hardship or inconvenience for the one who 
is to follow. As an illustration of cases of this kind, in bridge work it 
frequently happens that one contractor will do the substructure work while 
another will build the superstructure. It is then necessary to specify who 
is to set the anchor bolts and anchorages.

The engineer must be careful about putting anything into his specific 
lions that has even the appearance of favoritism. He must be constantly 
on his guard to avoid this, for his position is such that his reputation is 
liable to suffer if he deviate in the least from strict fairness to all. It is 
bad policy, generally speaking, to require a particular brand of material r 
the product of a given firm without stating that other material will l>c 
accepted, if. upon testing, it be found of equal quality. When a gi\ it 
brand is well known and has an established reputation, it is someth’ vs 
proper to specify that it shall be used to the exclusion of other makes, it 
usually it is best to set a standard which is commensurate with the ! st
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product to he had, and then accept any brand which meets the require
ments. An exception to this rule is permissible when specifying paint for 
metal-work, because, unless the particular brand be stated, the contractor 
is liable to give endless trouble by offering for test inferior brands, and the 
result is very likely to be the adoption of a paint that is not reallv satisfac
tory. Unscrupulous parlies are ever ready to give the engineer a bonus in 
case he use their product, and that engineer is fortunate who has an exten
sive practice and is yet entirely free from all charges of peccability. Where 
one man's product is rejected and another's used, there is a great tempta
tion on the part of the disappointed person to question the fairness of the 
proceeding. An engineer once guilty of crookedness is badly handicapped, 
and justly so, for no man wishes to entrust the expenditure of his capital 
to one who is not absolutely above suspicion.

To insure all the conditions that have been enumerated, it is evident 
that the engineer must familiarize himself with every detail of the work in 
hand. If he does not understand it himself, it is certain that he will not 
succeed in getting a clear idea of what he wants into the mind of another. 
Even when the scheme is perfected in the engineer's mind, it is difficult 
sometimes to make it plain to the contractor.

It will not do to jump at hasty conclusions, for very often one finds 
that an idea, which at first seemed to be just what was wanted, proves 
utterly untenable when considered in connection with other ideas that must 
be incorporated in order to produce a finished construction. No idea for a 
specification has any value until it has been fitted into the proposed struc
ture, and is found to harmonize with all the other requirements.

It is usual and proper in specifications to insert a clause allowing the 
engineer the privilege of changing them or the plans as the work pro
gresses, but it is desirable for all concerned that the number of these 
changes be reduced to a minimum. A perfect set of specifications would 
render such a clause useless ; but since we have not yet attained to perfec
tion, we must have some means of recourse, bearing in mind, however, 
that the more such a clause as ‘he one referred to is brought into use, the 
farther we are from the ideal.

The question of precision is one which should never be lost from sight. 
If the engineer is to maintain his prestige, lie must be precise. It will not 
do for him to say “about this” or •‘about that,” for the ‘•about” is very 
liable to assume proportions which were never dreamed of when the term 
was used. Of course there are times when it is neither necessary nor 
desirable to be absolutely exact in requirements, but generally speaking the 
word “about” has very little place in a set of specifications. What is put 
into them is placed there with the idea that it is to be operative and binding 
in the construction of the work, and it is the duty of the engineer first of all
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to impose no impossible or unwise conditions, and next to see that what 
he has required is fulfilled to the letter.

The specifications form a part of the contract, and when the latter is 
signed, the contractor agrees to all the conditions they set forth. It is 
proper to assume that he has read the specifications and is familiar with 
their requirements, and that he signs the contract and makes his bond with 
the full knowledge of what is before him. A specification should never 
hide from the contractor difficulties that are likely to he encountered. On 
the contrary, when such difficulties arc known to the engineer, they should 
he specially called to the contractor's notice, so that he may hid more intelli
gently. His attention, however, should not he drawn to them in such a 
way as to frighten him and to cause him to make a hid abnormally high, 
but the facts as they exist and are known to the engineer should he stated. 
As in all relations in life, straightforward, fair-and-square dealing is by 
far the best policy. No railroad company or other corporation is bene
fited by letting a contract for a sum below the actual cost plus a reason
able percentage for profit, since the delays incident to the contractor’s 
failure, and the litigation that is likely to arise will more than counter
balance the supposed saving. No contractor who is losing money is going 
to make the same exertion to accomplish his task properly as one who 
realizes that he is earning a fair profit.

In spite of every precaution that may be taken, it is almost impossible 
to avoid mistakes entirely. A given proposition may appear to the engi
neer in his office before work has commenced very different from what he 
finds it in the field after the construction has begun. When an engineer 
discovers that he has made a mistake, he should not hesitate to acknowl
edge it, and to set about, as best he may, to correct the error. lie should 
lose no opportunity to check against errors and should be thankful when 
they are discovered in time to prevent harm. To reduce mistakes to a 
minimum the engineer must be thoroughly conversant with all contin
gencies likely to arise in the execution of the work. He should familiarize 
himself with the appliances ordinarily employed, and should so design his 
work that their use is not prohibited. In writing his specifications and in 
making the plans, he should have a clear and complete mental picture <>f 
just what he is striving to attain. It must be remembered that if the 
specifications arc lived up to, they will entirely determine the result, am! 
that it is the plans and specifications wherein the creative power of th- 
engineer asserts itself.

Finally, when all is said and done, common sense must govern the 
interpretation and execution of any set of specifications. All should have 
but one object in view, the production of a structure that will be a ere-’it 
to everyone concerned.

Up to this point I have been dealing mainly with generalities, but n< v
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I shall go more into detail, taking up first general clauses and later specific 
ones. These general clauses will he ample for all engineering specifica
tions, and can therefore be used for all kinds of engineering construction ; 
but it would be impossible to cover the entire ground of specific clauses, 
consequently I shall simply quote some characteristic ones from specifica
tions for different kinds of construction, and point out some of their pecu
liar features and raison d'être. Naturally, in offering you examples of 
specifications, 1 shall utilize some of those prepared by my firm, and shall 
trust that you will pardon me for so doing, because 1 am responsible for 
them, while of course 1 could not be accountable for the correctness of 
everything in case 1 were to quote from the specifications of other engi
neers. In order to present to you a wide range of specific clauses, I shall 
make extracts from specifications for bridge superstructures, bridge sub
structures, steel lighthouses, an ocean pier, and a steel pipe-line. From a 
study of these you will be aided materially in the preparation of specific 
clauses for any class of construction on which you may be engaged.

But first, in order to give you an idea of the ground which a thorough 
set of specifications must cover, let me read to you the alphabetical list of 
headings in our "Specifications for the Rebuilding of Ten Bridges on the 
International and Great Northern Railroad : ”

Accompanying Drawings ; Adherence to Specifications ; Alteration of 
Plans ; Anchor Bolts : Annealing Approximate Quantities of Materials, 
Etc. ; Back Filling; Bank Protection ; Bending Tests ; Bond; Built Mem
bers ; Caissons Sunk by Pneumatic Process ; Cast Iron; Cast Steel ; Ce
ment ; Closing Thoroughfares ; Coffer-Dam Work; Company ; Composi
tion of Rolled Steel ; Concrete ; Concrete Piers and Abutments ; Construc
tion ; Contract ; Damages ; Defective Work ; Depths of Foundations ; Direc
tions to Contractor ; Drawings ; Drifting Tests ; Dry Surfaces in Con
crete ; Elastic Limits ; Elongation ; Encountering ( )bstacles ; Engineer ; 
Excavation ; Extras ; Eyebars ; F'alse-work ; Field Riveting; Filling Col
umn F'eet ; I'inal Inspection ; Floors ; Fracture ; General Description ; Gen
eral Provisions on Methods of Testing ; Granitoid ; Hauling over Com
pany's Lines ; Identification ; Inspection ; Interference with Traffic ; Liqui
dated Damages; Location ; Loss of Metal ; Metal ; Modus Opcrandi of 
Construction ; Name-Plates ; Number of Test Pieces; Paint ; Painting ; 
Payments ; Pile Foundations ; Piles ; Pin-Holes ; Pin Metal ; Pins ; Position 
of Piers, Pedestals, and Abutments ; 1 ‘rices of Materials ; Punching and 
Reaming ; Reduction of Area ; Re-Entrant Corners ; Removal of Old 
Piers ; Responsibility for Accidents ; Return of Papers ; Rivet-Holes ; Riv
ets ; Rolled Steel ; Rollers ; Routing of Materials ; Scope of Contract ; 
Sheared Edges; Shipping ; Spirit of the Specifications ; Steel Cutting 
Edges ; Strictness of Inspection ; Tenders ; Tensile Strength ; Tests of 
Full-Sized Eyebars; Tests of Full-Sized Members or Details ; Timber;
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Time of Completion : Turn-Buckles, Nuts, Threads, and Washers ; Turned 
Bolts ; Use of Old Rails ; Variation in Weight ; Workmanship ; Wrought 
Iron.

Although I have omitted ten headings that simply enumerate the vari
ous crossings, the list I have just read contains nearly one hundred clauses, 
only seventeen of which may properly be termed general. The latter I 
shall now proceed to read and discuss in the order in which they appear in 
this particular set of specifications.

ADHERENCE TO SPECIFICATIONS.

All the work herein outlined is to be done in strict accordance with the 
specifications, the accompanying plans, and such instructions as may be 
given from time to time by the Company's engineers. Bidders are hereby 
warned that they will be held strictly to the spirit of these specifications, 
and that it will i)e bad policy for anyone to bid with the expectation that 
concessions will be made after the contract is closed, in order that the work 
may be cheapened ; for while the Company's engineers desire to aid the 
Contractors in every legitimate manner to do their work expeditiously and 
economically, at the same time they have given these plans and specifica
tions the most thorough consideration, and know exactly what they need 
in respect both to design and to quality of materials and workmanship. On 
this account, bidders are respectfully requested not to complicate their 
tenders by putting in alternative bids based upon proposed changes in 
either plans or specifications, because such alternative bids will not be con
sidered.

This clause, which is common to all of our specifications, was origi
nated by me some ten years ago. in order to prevent bidders from trying 
to upset our plans and specifications by offering some of their own for the 
purpose either of cheapening the work or of giving the bidder an advan
tage over his competitors. Promoters of enterprises are too prone to listen 
to the specious arguments of bidders when they contend that they are 
better posted upon what is needed than are the engineers. Whenever the 
promoters permit themselves to be influenced by such arguments they are 
certain to come to grief. Contractors work for their own interests, and it 
is right that they should do so; but they ought not to claim that their 
advice is unprejudiced and is offered for the sole purpose of improving the 
construction ; when they do, they are not speaking the truth. For many 
years I have had to struggle constantly and vigorously against such at
tempts of bidders and contractors to change my plans and specifications, 
and on more than one occasion I have had to take the stand that either the 
promoter must refuse to entertain the bidders’ suggestions or that I must 
resign my position. In one of these instances there were involved some 
two million dollars’ worth of work ; and I came within an ace of losing the 
engineering on it by my absolute refusal to consider the fundamental
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changes in my plans and specifications that were proposed by the bidders. 
By adopting the preceding clause and by adhering strictly to its context I 
have, after many years, succeeded in preventing any more such attempts 
to upset my work. Of course, in minor matters when a contractor offers 
politely any reasonable suggestion tending toward the modification of my 
requirements, I am always ready to consider it, and I never refuse to 
accede to such a request, if it be proved that the change is either beneficial 
or at least not detrimental to the construction.

DRAWINGS.

As soon as practicable after the signing of the contract for rebuilding 
the structures, complete detail drawings will he furnished by the Engineer, 
and from these the Contractor is to prepare his working drawings, comply
ing carefully therewith, and making no changes without the written con
sent of the Engineer. The working drawings are to be sent in triplicate 
for the approval of the Engineer, who will retain two sets and return the 
third after checking same and marking thereon any changes or corrections 
desired; after which a corrected set of working drawings shall be sent 
without delay by the Contractor to the Engineer. The approval of the said 
working drawings by the Engineer will not relieve the Contractor from the 
responsibility of any errors thereon.

The drawings furnished by the Engineer shall be checked carefully by 
the Contractor before beginning work. Should any errors be discovered, 
the Engineer’s attention shall he called to same, and corrections will be 
made, after which the Contractor shall he responsible for all errors which 
may occur or which may have occurred. The Engineer shall have the 
right to alter as he may see fit the preliminary plans, if further investiga
tion of the conditions affecting the proposed structure so warrant; and he 
shall be at liberty to make minor changes in all plans during construction 
without any charge being made for same by the Contractor, unless, in the 
opinion of the Engineer, the Contractor be really entitled to extra compen
sation on account of such changes.

The Contractor shall furnish without charge as many sets of working 
drawings as the Engineer and other officers of the Company may deem 
necessary for their use during construction or for record.

Should the Engineer prepare any working drawings, they shall be 
checked carefully by the Contractor; and. if any errors be discovered, the 
Engineer’s attention shall be called thereto. After the proper corrections 
of these are made the Contractor shall be responsible for all errors which 
may occur or which may have occurred.

It may at first thought appear a little arbitrary to hold the Contractor 
responsible for any errors that there may be in the Engineer's plans, but a 
little consideration will show that, if there are any such errors, they ought 
to be discovered before work is started, and that, as the Contractor is to 
attend to the construction, he ought to make sure in advance that the entire 
scheme is correct in every particular ; who is there, then, so suitable as he 
to do the checking and to correct the mistakes?
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It is not a good plan for the Engineer to prepare shop drawings for 
metal-work,because no two shops have exactly the same method of making 
working drawings; those suitable for one manufacturing company would 
not be acceptable to another. It is therefore much better for the Engineer 
to draft complete detail plans, then submit them to the Contractor as a 
guide for the preparation of the shop drawings.

INSPECTION.

The inspection and tests of metal will be made promptly on its being 
rolled or cast, and the quality will be determined before it leaves the rolling 
mill or foundry. The inspection of workmanship will be made as the 
manufacture of the material progresses, and at as early a period as the 
nature of the work will permit.

All facilities for inspection of metal and workmanship shall be fur
nished by the Contractor ; and the Engineer and his inspectors shall have 
free access to any of the work in which any portion of the metal is being 
made.

The Contractor shall give the Inspector due notice when any metal i< 
ready for inspection. Any delay on the part of the Inspector shall be re
ported to the Engineer, but no material will lie accepted which has not been 
passed upon by the authorized representative of the Engineer.

All other materials than metal used on the work shall be inspected after 
delivery at site, unless the Contractor shall elect to have any materials in
spected elsewhere, in which case the said materials shall he inspected by the 
Engineer at the places designated by the Contractor; but all expenses con
nected with such inspection shall be borne bv the Contractor, and shall be 
paid promptly from time to time upon presentation of bills for same.

The reason for stipulating that all materials excepting metal shall be 
inspected at the site, unless the Contractor elect to have the inspection done 
elsewhere at his own cost, is that without this restriction there would be no 
end to the expense to which an Engineer would be put in sending inspec
tors all over the country to stone quarries, cement manufactories, sand pits, 
lumber mills and forests.

FINAL INSPECTION.

Before the completed work on each bridge is accepted and paid for in 
full, the Contractor shall notify the Engineer in writing that it is ready for 
final inspection. Upon receipt of this notification, the Engineer will ar
range to give the entire work on the said bridge a minute and thon nigh 
inspection, either in person or through a competent representative win - bas 
not been employed regularly on this special work. Ativ defects or « li
sions noted during this inspection must be made good by the Contra i\ 
without extra charge, before the work will be accepted and paid for in bill.

The reason for specifying that the final inspection shall not be mad by 
the resident engineer is that no man can well check or inspect his wn
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work, because he will be almost certain to overlook any errors or omissions 
that had previously escaped bis notice.

DEFECTIVE WORK.

The Contractor, upon being so directed by the Engineer, shall remove, 
rebuild, or make good, without charge, any work which the said Engineer 
may consider to be executed defectively. The fact that any defective 
material in the structure bad been accepted previously by the oversight of 
the Company's Engineers or Inspectors shall not be considered a valid 
reason for the Contractor's refusing to remove it or to make it good. And 
until such defective work is removed and made good, the Engineer shall 
deduct from the partial payments or the final payment, as the case may be, 
whatever sum for such defective work as may, in bis opinion, appear just 
and equitable.

Many contractors object strenuously to the clause which forces them to 
remove and replace any defective work, claiming that anything which is 
once passed is accepted finally, and that if it has to be rebuilt, the extra 
work involved should be paid for by the Company. Eut if such an ar
rangement as this were to rule, it would act as an incentive for contractors 
to attempt to bribe the inspectors, and would leave the Company without 
recourse from the results of the latter's dishonesty.

DIRECTIONS TO CONTRACTOR.

In case that the Contractor shall not be present upon the work at any 
time when it may be necessary for the Engineer to give instructions, the 
foreman in charge for the time being shall receive and obey any orders 
that the Engineer may give.

The Contractor shall commence work at such points as the Engineer 
may direct, and shall conform to his directions as to the order and time in 
which the different parts of the work shall be done, as well as to the force 
required to complete the work at the date specified.

CLOSING THOROUGHFARES.

The Contractor and his employees shall so conduct their operations as 
not to close any thoroughfare by land or water without the written consent 
of the proper authorities of such thoroughfare.

RESPONSIBILITY FOR ACCIDENTS.

The Contractor shall assume all responsibility for accidents to men, 
animals, materials, and trains before the acceptance of the structure ; and 
must remove at his own expense all false-work, rubbish, or other useless 
material caused by his operations; and such work shall be included as a 
part of the work to be performed. The Contractor shall place sufficient 
and proper guards for the prevention of accidents, and shall put up and 
maintain at night suitable and sufficient lights.
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DAMAGES.

The Contractor shall indemnify and save harmless the Company against 
all claims and demands of all parties whatsoever for damages or compen
sation for injuries arising from any obstructions erected by the Contractor 
or his employees, or from any neglect or omission to provide proper lights 
and signals during the construction of the work.

ALTERATION OF PLANS.

The Engineer shall have the power to vary, extend, increase, or dimin
ish the quantity of the work or to dispense with a portion thereof during 
its progress without impairing the contract, and no allowance will be made 
the Contractor except for the work actually done. In case any change 
involve the execution of work of a class not herein provided for, the Con
tractor shall perform the same, and shall be paid the actual cost thereof 
plus the percentage for profit agreed upon in the contract. In this case tin 
Contractor must furnish the Engineer with satisfactory vouchers for all 
labor and material expended on the work.

STRICTNESS OF INSPECTION.

All materials and workmanship will Jic inspected thoroughly and care
fully. and the Contractor will be held at all times to the spirit of the specifi
cations: but nothing will be done bv the Company’s Engineers or Inspec
tors to give the Contractor needless worry or annoyance, the intent of both 
specifications and inspection being simply to obtain for the Company work 
that will be first class in every particular and a credit to everyone connected 
with its designing and construction.

This clause contains in a nutshell the entire code of ethics which should 
govern the Engineer in his dealings with the Contractor.

SPIRIT OF THE SPECIFICATIONS.

The nature and spirit of these specifications are to provide for the work 
herein enumerated to be fully completed in every detail for the purp< 
designed ; and it is hereby understood that the Contractor, in accepting t 
contract, agrees to furnish any and every thing necessary for such o 
struction, notwithstanding any omission in the drawings or specification

It may seem unfair to bind the Contractor to furnish things not called 
for in the specifications; but the clause is intended to cover only su i; 
things as are absolutely necessary for the work and which were eviden: 
overlooked when the bidding papers were prepared.

PAYMENTS.

Payments for work shall be made as follows :
On or about the first day of the month the Engineer will estimate : • 

value of the work done and materials furnished; and within twenty
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(25) days thereafter, eighty-five (85) per cent, of the value thus deter
mined, less previous payments, shall he paid to the Contractor in cash. 
Upon the completion of each bridge involved in the contract, and upon 
acceptance of same in writing by the Company, the balance due the Con
tractor for the said bridge shall be paid to the said Contractor in cash.

Before, however, the final payment on any bridge is made, the Con
tractor shall show to the Company satisfactory evidence that all just liens, 
claims, and demands of his employees, or of parties from whom materials 
used in the construction of the work may have been purchased or procured, 
are fully satisfied ; and that the materials furnished and work done on the 
structure are released fully from all such liens, claims, and demands.

If, too, during the progress of the work, it appear that the Contractor’s 
bills for labor and materials are not being paid, the Company shall have 
the right to withhold from the Contractor's monthly payments a sufficient 
sum or sums to guarantee itself against all losses from mechanics’ and 
other possible liens, and to apply the said sum or sums to the payment of 
such debts.

Or, if during construction it appear to the Engineer that the Contractor 
is not making proper progress, the Company shall have the right, after 
giving the Contractor ten days’ notice in writing, to undertake itself, either 
by administration or by letting a contract to other parties, the completion 
of the said work which is being thus neglected. Should the Company’s 
work cost less than what the Contractor would have been paid, the differ
ence shall be paid to the Contractor ; but on the other hand, should it cost 
more, the difference shall be charged to the Contractor, and shall be taken 
out of the reserved fifteen (15) per cent., or out of the bond.

Under these circumstances the Company shall have the right to enter 
upon and take temporary possession of the plant, tools, materials, and sup
plies of the said Contractor or any part thereof. In case that the per
centage of earnings withheld by the Company be insufficient to make good 
the deficit, the Company shall have the right to reimburse itself by the sale 
of the Contractor’s plant : but otherwise the said plant shall be returned to 
the Contractor after the completion of the work.

The number of days that may elapse between the time of preparing the 
monthly estimates and the date of payment varies generally from ten to 
thirty according to the attendant conditions, it being necessary to allow 
time for the compilation of statistics, mailing of papers, distribution of 
estimates, and forwarding of checks.

The amount retained from each estimate by the Company until the 
completion of the entire contract is generally ten per cent, and never more 
than fifteen per cent.

It is one of the most important duties of the Engineer to make sure 
that his clients are protected against mechanics’ and other liens upon the 
work, and he will have to be ever on the alert to ensure this when dealing 
with irresponsible or tricky contractors.

The handling of work by administration is generally rather expensive 
for the Company and burdensome to the Engineer ; so it is to be avoided 
whenever possible.
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EXTRAS.

No extras will be allowed unless they be ordered in writing by the 
Engineer. For extras so allowed the Contractor will he paid the actual 
cost to him plus ten ( 10) per cent, for profit. Satisfactory vouchers will 
he required from the Contractor for all extra labor and materials.

The question of extras is always likely to he a hone of contention be
tween the Contractor and the Engineer ; consequently the more fully it is 
covered in the specifications the better for both parties.

BOND.

The successful bidder will he required to give to the Company a satis
factory Surety Company Bond, in the sum of........ dollars, for the faithful
performance of the contract and specifications and all the terms and condi
tions therein contained, and for the prompt payment of all material and 
labor used in the manufacture and construction of the structures, and to 
protect and save harmless the Company from all damages to persons or 
property, caused by the negligence or claim of negligence by the Con
tractor, his agents, servants, or employees in doing the work, or in connec
tion therewith. Each bidder must state in his tender the name of the 
Surety Company that he offers for furnishing this bond.

CONTRAdT.

As soon as possible after the award of the contract is made, a contract 
similar to that outlined on the accompanying form will he presented in 
duplicate to the successful bidder for his signature, after which both copies 
will he signed by the Company, and one of them will he given to the said 
successful bidder.

RETURN OF PAPERS.

All papers submitted to bidders, excepting only those of the successful 
bidder, are to be returned to the Consulting Engineers upon demand.

The reason why the unsuccessful bidders are required to return the 
papers submitted to them for tendering is that several copies of the plans 
and specifications will be required later for those prosecuting the work, 
and this return of papers will effect an economy in copying.

Before leaving the subject of general clauses, I shall quote a few found 
in the contract (of which the specifications form a part). The division of 
the entire list of general clauses between the specifications and the contract 
is purely arbitrary. My firm has a certain form of contract of its own, 
which will apply to any and all of our specifications by simply filling in tin- 
blank spaces. It is from this form that I am about to quote certain para
graphs in order to complete my list of general clauses that will apply to all 
engineering specifications.
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Sixth.—All material paid for by the party of the first part shall be 
deemed to have been delivered to, and to have become the property of the 
said first party, but the party of the second part hereby agrees to store it 
and to become responsible therefor during the continuance of this agree
ment.

The object of this clause is to make the Contractor responsible for the 
care and insurance of J1 materials delivered and partially paid for. With
out some such provision the Company would have to stand all losses from 
flood, fire, and theft before the completion and acceptance of the structure.

Seventh.—T11 case the party of the first part,notwithstanding the failure 
of the party of the second part t<> complete its work within the time speci
fied, shall permit the said second party to proceed and continue and com
plete the same as if such time bad not elapsed, such permission shall not 
be deemed a waiver in any respect, by the first party, of any forfeiture or 
liability for damages or expense thereby incurred, arising from such non- 
completion of said work within the time specified, and covered by the 
“Liquidated Damages'’ clause of the specifications; but such liability shall 
continue in full force against the said second party, as if such permission 
had not been granted.

Without some such clause as this the Contractor when allowed to 
exceed his contract time might claim immunity from liquidated damages, 
and thus render that clause of the specifications null and void.

Eighth.—No change or alteration shall be made in the terms or condi
tions of this agreement without the consent of both parties hereto in writ
ing; and no claim shall be made or considered for any extra work, unless 
the same shall be authorized and directed in writing by the Engineer.

Ninth.—In the event of any delay in completing the work embraced in 
this contract, the party of the second part shall be entitled to no extra com
pensation on account of such delay ; as it is hereby assumed that in sub
mitting its tender it took its chances for the occurrence of such delay.

This is an unusual clause in engineering contracts, having been origi
nated by me some years ago. The usual objection to it is that it is entirely 
one-sided, which cannot be denied. It is certainly likely to be of great ad
vantage to the Company, as the latter is often tied up by litigation and 
sometimes from want of sufficient funds to prosecute the construction con
tinuously or as rapidly as desired. Of course the Engineer in applying 
this clause must use his judgment and sense of equity to make sure that it 
does not involve any real hardship for the Contractor. Its main object is 
to prevent the latter from claiming exemption from all liquidated damages 
or from demanding extra compensation on account of trifling delays 
caused either by the Company or by circumstances beyond the Company’s 
control.
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Tenth.—The party of the second part hereby agrees that it will not 
assign or sublet the work covered in this contract, or any portion of it, 
without the written consent of the party of the first part, but will keep the 
same within its control.

Eleventh.—The decision of the Engineer shall control as to the inter
pretation of drawings and specifications during the execution of the work 
thereunder; but if either party shall consider itself aggrieved by any decis
ion, it may require the dispute to be finally and conclusively settled by the 
decision of three arbitrators, the first to be appointed by the party of the 
first part, the second by the party of the second part, and the third by the 
two arbitrators thus chosen. By the decision of these three arbitrators, nr 
by that of a majority of them, both parties to this agreement shall be filial!\ 
bound.

It is seldom that this arbitration clause is resorted to, for the Engineer's 
decisions are almost invariably just and reasonable. Only once in my en
tire career has it been put in force on my work, and, as in this instance 
there was too good an understanding between the promoter of the enter
prise and the dealer who furnished the rejected materials, I lost the case.

Twelfth.—As, according to the terms of the accompanying specifica
tions, which form a part of this contract, the party of the second part is to 
indemnify the party of the first part against all liability or damages on 
account of accidents occasioned by the omission or negligence of itself, nr 
its agents, or its workmen during the continuance of this agreement, and 
is to pay all judgments recovered by reason of such accidents in any suit "r 
suits against the party of the first part, including legal costs, court and 
other expenses : it is hereby agreed that the party of the second part shall 
be promptly and dulv notified in writing by the party of the first part of 
the bringing of any such suit or suits, and shall be given the option of as
suming the sole defense thereof.

This provision is entirely in the Contractor’s favor, but the point in
volved is one of simple equity : for if he is to pay all damages lie certainly 
ought to he allowed to handle the legal fight in his own way.

And now I shall quote some specific clauses merely to illustrate their 
general style and character, for it is obvious that it would be impracticable 
in a lecture like this to attempt to cover all the specific clauses for even one 
class of construction—much less for all classes.

The following clauses are taken from the same set of specifications as 
before :

SCOPE OF CONTRACT.

The contract will cover the following :
1st. Removal of old spans, marking properly all the pieces of same, 

and piling these near the site as per the instructions of the Engineer.
2d. Removal of old piers and portions of old piers, and distributing the 

removed masonry as rip-rap around the piers of the same bridges from 
which the said masonry was taken, all in accordance with the instruct ns 
of the Engineer.
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3<1. The furnishing of all materials (excepting old rails) for and the 
rebuilding of the tops of old piers that are to be repaired.

4th. The furnishing of all materials (excepting old rails) for and the 
building of all new piers and abutments.

5th. The furnishing of all the materials (excepting track rails and 
their fastenings) for and the building complete of all the new spans re
quired, including the timber floor.

6th. Providing all materials for and building all falsework to carry the 
old fixed spans which are to be left in, while the supporting piers are being 
repaired, and removing the said falsework as soon as the Engineer gives 
directions for such removal.

7th. Laying of track on all new spans and connecting same properly 
to the approaches.

Let me call your attention to the clearness and conciseness with which 
the various items in this clause are stated, and caution you when preparing 
specifications of your own to be just as clear in everything relating to 
“Scope of Contract.” for this is one of the most important clauses of any 
set of specifications.

HAULING OVER COMPANY'S LINES.

There will be no charge for hauling over the Company's lines any of 
the Contractor's men, materials, or plant.

APPROXIMATE QUANTITIES OF MATERIALS, ETC.

The following are the approximate quantities of materials, etc., in the 
ten ( 10) structures. They will be used in comparing tenders for awarding 
of contract, but are not to be considered in any way binding upon the Com
pany or upon its Engineers :
Structural steel in new pin-span, erected and

painted.......................................................... 1.313,000 lbs.
Structural steel in new plate girder spans,

erected and painted......................................... 6,586,000 lbs.
Timber in railway floors...................................... 400 M. feet, B. M.
Length of single track to be laid......................... 4.300 lineal feet.
Old spans to be removed..................................... 3,311 lineal feet.
Old masonry to be removed............................... 1,612 cubic yards.
Mass in caisson and crib of pneumatic pier........ 1.360 cubic yards.
Mass in cribs or bases of all other piers............ 2,800 cubic yards.
Concrete in bases of all abutments (no allowance 

being made for cost of excavation, coffer
dams, pumping, bailing, etc.)..................... 2,100 cubic yards.

Concrete in shafts of piers and abutments.......... 13,200 cubic yards.
Piles in place, below bottoms of cribs................ 16,200 lineal feet.
Length of old spans to be supported on false

work ............................................................ 473 lineal feet.
There will be no allowance for excavation or for back filling, as the cost 

of these items must be covered by the schedule prices for mass of founda
tions and piles in place.
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Neither will there be any allowance made for cost of removing old 
wooden trestle, as the Contractor will utilize the same for false-work to 
support the new girders.

Neither will there be any allowance made for the placing as rip-rap 
around the piers the masonry stones removed from the existing piers, as 
this must be covered by the schedule price for the removal of masonry.

Although the quantities given under this heading are generally approx
imate, it is very important, nevertheless, that they be filled out ; because, in 
the first place, they give bidders a proper conception of the magnitude of 
the work, and, in the second, they afford a means of comparing bids on a 
basis that is perfectly fair to all competitors.

INTERFERENCE WITH TRAFFIC.

The Contractor must so conduct all of his operations as not to inter
fere at all with the passage of the Company’s trains; and lie must take 
every precaution against accidents to the said trains caused by his opera
tions. Should any accidents occur by reason of such operations, either 
directly or indirectly, the Contractor will be held responsible both pecuni
arily and morally for the results of such accidents.

The importance of this clause to the railroad company cannot be over
estimated. Wherever bridges are to be constructed on lines in operation 
this clause should under no circumstances whatsoever be omitted.

REMOVAL OF OLD PIERS.

In taking down existing piers which arc not to be rebuilt, small charges 
of explosives may. with the consent of the Engineer, be used ; but none 
may be employed for removing the tops of piers that are to be rebuilt. In 
the latter the greatest of care must be taken not to injure any of the 
masonry that is to be preserved.

All masonry that is removed from the srs and abutments must be 
disposed of as rip-rap for piers, or otherwise as directed by the Engineer.

METAL.

Unless otherwise specified, all metal shall be medium steel, excepting 
only that rivets and bolts are to be of soft steel and adjustable mem
bers of either soft steel or wrought iron.

Except for the washers for iloor bolts, cast iron will not be allowed to 
be used in the superstructure, cast steel being employed wherever impor
tant castings are necessary.

ROLLED STEEL.

All steel shall be manufactured bv either the acid or the basic open- 
hearth process, and must be uniform in character for each specified kind 
Any attempt to substitute Bessemer or any other steel for the open-hearth

7
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product will he considered a violation of the contract and a good and 
sufficient reason for cancelling the same.

All plates shall he rolled from slabs. These slabs shall he made by a 
separate operation, by rolling an ingot and cutting off the scrap. The 
original ingot shall have at least twice the cross-sectional area of the slab, 
and the latter shall he at least six (6) times as thick as the plate.

All finished material coming from the mills must he free from seams, 
Haws, or cracks ; and must have a clean, smooth finish.

GENERAL PROVISIONS ON METHODS OF TESTING.

Rivet rods and other rounds are to he tested in the form in which they 
leave the rolls, without machining.

Test pieces from angles, plates, shapes, etc., shall he rectangular in 
shape, with a cross-sectional area of preferably about one-half (A) of a 
square inch, hut not less, and shall he taken so that only two sides are 
machine finished, the other two having the surface which was left by the 
rolls.

Should fracture occur outside of the middle third of the gauge length, 
the test is to he discarded as worthless, if it falls below the standard.

If any test piece have a manifest flaw, its test shall not he considered.
In case that one piece fall slightly below the requirements in any par

ticular, the Inspector may allow the retesting of the lot or heat by taking 
four (4) additional tests from the said lot or heat; and if the average of 
the five shall show that the steel is within the requirements, the metal may 
be accepted ; otherwise it shall he rejected.

Drillings for chemical analysis may he taken either from the prelimi
nary test piece or from the finished material.

The speed of the machine for breaking test pieces shall not he less than 
one-quarter (]) inch per minute nor more than three (3) inches per 
minute.

Material which is to he used without annealing or further treatment is 
to he tested in the condition in which it comes from the rolls. When the 
material is to he annealed or otherwise treated before being used, the speci
mens representing such material may he similarly treated before testing : 
hut they shall also give standard elongation, reduction, and fracture before 
annealing.

BENDING TESTS.

Specimens of soft steel shall he capable of bending to one hundred and 
eighty f 180) degrees and closing down flat upon themselves, without 
cracking, when either hot, cold, or quenched.

Specimens of medium steel, when heated to a dark orange and colored 
in water at seventy (70) degrees Fahrenheit, or when cold or hot. shall he 
capable of bending one hundred and eighty (180) degrees around a circle 
whose diameter is equal to the thickness of the test-piece, without showing 
signs of cracking on the convex side of the bend.

DRIFTING TESTS.

Punched rivet holes in medium steel, pitched (2) diameters from a 
sheared edge, must stand drifting until their diameters are fifty (50) per
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cent, greater than those of the original holes, and must show no signs of 
cracking the metal.

FRACTURE.

All broken test pieces for both classes of steel must show a silky frac
ture of uniform color.

WORKMANSHIP.

All metal shall be straightened carefully before being turned over to the 
shops.

All workmanship shall be first-class in every particular, and all por
tions of metal-work exposed to view shall be neatly finished.

All idle corners of plates and angles, such for instance as the ends of 
unconnected legs of angle lacing, shall he neatly chamfered off at an angle 
of about forty-five (45) degrees, so as to give a sightly finish to the work 
and to avoid bending of said corners during shipment and erection.

As far as practicable, all parts shall be so constructed as to be accessi
ble for inspection and painting.

All punched work shall he so accurately done that, after the various 
component pieces are assembled and before the reaming is commenced, 
forty (40) per cent, of the holes can be entered easily by a rod of a diame
ter of one-sixteenth ( of an inch less than that of the punched hole; 
eighty (80) per cent, by a rod of a diameter of one-eighth (£) of an inch 
less than same; and one hundred ( 100) per cent, by a rod of a diameter 
one-quarter ( ] ) of an inch less than same. Any shop work not coming 
up to this requirement will be subject to rejection by the Inspector.

These requirements for accuracy in punching were formulated some 
six years ago by Mr. Frank C. Osborn, C. E., of the Osborn Engineering 
Co., and by me, working jointly. They are by no means too severe, ami 
yet are rigid enough to ensure truly first class shop work. It is only the 
good shops, though, that can comply with such requirements.

FIELD RIVETING.

All field riveting shall be done bv pneumatic riveters of a type t In- 
approved by the Engineer, except in places where it is impracticable t<> use 
the apparatus, in which cases hand riveting will be permitted.

The quality of pneumatic riveting is far superior to that of hand ri vet
ing and hut little inferior to that of the machine riveting done in the sh ps. 
The use of the pneumatic riveters for field work has permitted the ado- - ion 
of much longer riveted spans than were built when all field riveting -as 
done by hand. Not only are the rivets driven by the pneumatic ma inc 
much tighter, but more than twice as many can he driven per day wit' the 
same force of men as compared with hand-driven rivets.
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PUNCHING AND REAMING.

All rivet-holes in steel work, if punched, shall be made with a punch 
one-eighth ( i) inch in diameter less than the diameter of the rivet intended 
to be used, and shall be reamed to a diameter of one-sixteenth (tV) inch 
greater than that of the said rivet.

Before this reaming takes place, all the pieces to he riveted together 
shall be assembled and bolted into position, then the reaming shall he done ; 
tor one of the principal objects of this clause in relation to sub-punching 
is to insure the correct matching of rivet holes and the avoidance of holes 
of excessive diameter. The said clause also insures the removal of most, 
if not all, incipient cracks started by the process of punching.

All reaming is to be done by means of rigid twist-drills, the use of 
tapered reamers being prohibited, except where rigid twist-reamers cannot 
be employed. All holes must he at right angles to surface of member, and 
all sharp or raised edges of holes under heads must be slightly rounded off 
before the rivets are driven.

All holes for field rivets, excepting those for lateral or sway bracing, 
when not drilled to an iron template, shall be reamed while the connecting 
parts are temporarily assembled.

Punching shall not he permitted in any piece in which the thickness of 
the metal exceeds the diameter of the cold rivet that is to be used ; but all 
such pieces shall be drilled solid.

For the last ten years I have been fighting hard to have all important 
metal sub-punched and reamed, and have succeeded as far as my own work 
is concerned ; for the contractors have at last ceased telling our clients how 
much money could be saved on the work by omitting the sub-punching 
and reaming. If anyone has any doubts about the necessity for this treat
ment of the metal, he can set them finally at rest in one of two wavs—by 
reading my résumé of the discussions on my paper upon “Elevated Rail
roads,” published in the “Transactions of the American Society of Civil 
Engineers,” or by inspecting in the shops before the reaming is done a lot 
of assembled metal, running his finger into a number of the holes, and 
noting the great irregularities that the rivets will have to fill, if the holes be 
punched full size.

SHIPPING.

All parts shall he loaded carefully so as to avoid injury in transporta
tion, and shall he at the Contractor's risk until erected and accepted.

In shipping long plate-girders great care is to he taken to distribute the 
weight properly over the two cars that support them and to provide means 
for permitting the cars to pass around curves without disturbing the load
ing. In both the handling and the shipment of metal-work every care is to 
he taken to avoid bending or straining the pieces or damaging the paint. 
All pieces bent or otherwise injured will be rejected.

The preceding clauses have all related to the superstructure of bridges; 
those immediately following will relate to the substructure.
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POSITION OF PIERS, PEDESTALS AND ABUTMENTS.

All piers, pedestals, and abutments, when finished, must he in exact 
position and to exact elevation ; and all anchor holts therein must he located 
with the greatest exactness in respect to both horizontal position and eleva
tion.

The Contractor must provide all guide-piles, anchors, cables, frames, 
and forms that may be required to insure the result.

The placing in exact position of all piers is one of the most difficult 
fiats that the substructure contractor has to accomplish; consequently it is 
evident that this requirement is an absolute necessity.

DEPTHS OF FOUNDATIONS.

All cribs, footings, and caissons arc to he sunk to the depths shown on 
the Engineer’s plans or to such other depths as the Engineer may deem 
necessary as the work progresses.

The data furnished to bidders bv the Engineer regarding depths of 
foundations or of bed rock are to be considered as merely approximate: 
and bidders must assume the risk of having to go a greater or less depth 
without altering in any way their schedule prices. If, however, the Engi
neer consider that the Contractor is really entitled to extra compensation 
on account of material variation from the data furnished, such extra com
pensation will be allowed, but the amount thereof shall be determined sole-1 \ 
by the Engineer.

If, too, during the progress of the work, the Engineer deem that fur
ther investigations concerning the elevations of bed rock or quality of 
materials for foundations are necessary, the Contractor shall make at his 
own expense, under the direction of the Engineer, all the borings or simi
lar investigations which the latter may consider to be requisite.

ENCOUNTERING OBSTACLES.

Bidders must figure on taking their chances of encountering logs, 
boulders, and other obstacles under the river bed at the pier sites; and the 
Contractor must provide himself with all the necessary tackle and appara
tus for handling the same. There will be no extra price allowed because < -f 
the difficulty in sinking, or in driving through, or in removing said ob
stacles.

Some contractors complain that this clause is too severe, in that it 
places upon them the entire responsibility and risk involved in case f 
meeting with unexpected obstacles ; nevertheless it is both fair and nee 
sarv. If the contractor were paid extra on account of obstacles, there 
would be no end to his claims for increased compensation, and the amounts 
of these claims might be excessive, because he would probably fail to mal <■ 
at the outset proper provision for removing all obstructions, while, if t v 
onus were on him, he would undoubtedly provide everything necessary
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PILE FOUNDATIONS.

Where piers and abutments arc to rest on piles, the earth is to be exca
vated to the depth required, the boxing timber is to be put in, if any be 
called for on the plans or by the Engineer, then the piles are to be driven 
to the satisfaction of the Engineer, and cut off at the proper elevation, then 
the earth that has risen between the piles is to he removed, and the bed is 
to be rammed, if the Engineer so direct. The length and penetration of all 
piles are to be determined by the Engineer.

If it be practicable to pump out the water in the pit and keep the latter 
clear of same without injury to the unset concrete, this is to be done while 
the concrete is being tamped around the piles to within two (2) feet of the 
tops thereof, and until the concrete has set ; otherwise, concrete of the same 
kind as hereinafter specified for the tops of concrete piers is to be placed 
between and around the piles by means of a trémie, being carried up to the 
height just specified ; and after the same has set the water is to be pumped 
out, and the remainder of the footing is to he built of ordinary concrete laid 
in the dry.

CONCRETE PIERS AND ABUTMENTS.

All piers and abutments are to be built of broken stone concrete ; but 
the Contractor will be permitted to mix therewith a portion of clean gravel 
in order to reduce the percentage of voids in the broken stone.

The proportions for concrete without gravel for all interiors and foot
ings of piers and abutments shall he as follows :

1 part of Portland cement.
3 parts of clean, coarse, sharp sand.
5 parts of broken stone to pass a two and one-half (2.}) inch iron ring.
Where gravel is mixed with the stone, the proportions for the said 

concrete are to he as follows :
3 parts of sand as above.
5 parts of mixed broken stone and gravel, with enough cement to more 

than fill all voids in the mixture by ten (10) per cent., and in no case less 
than one barrel ( 380 lbs. net) of cement per cubic yard of concrete. The 
determination of the volume of voids shall be left to the Engineer.

For exterior concrete work and for all concrete to be deposited, before 
setting in water, the proportions are to be as follows :

1 part of Portland cement.
2 parts sand.
3 parts of fine broken stone, to pass through a three-quarter (;]) inch 

iron ring.
The exterior six (6) inches of all faces of piers and abutments that are 

exposed to the atmosphere or to water, are to be built of the rich small- 
stone concrete just described ; and this is to be mixed and placed simulta
neously with the other concrete, so that there shall he no division whatever, 
but a perfect bond between the two classes of concrete.

Suitable forms of timber properlv lined with oiled sheet iron must be 
provided to give the constructions the exact dimensions and the finish 
shown on the drawings. Care must be taken to make all forms strong 
enough to resist the ramming of the concrete without bulging out or in 
any way changing their position.
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No forms arc to be removed until after the concrete deposited therein 
lias stood thirty-six (36) hours or as much longer as the Engineer may 
deem necessary.

The exterior concrete is to be tamped solidly against the sheet-iron 
forms, so that there will be no voids on the exterior surface, which is to be 
left permanently as it comes from the moulds, unless the Engineer deem 
that the surface is too rough, in which case the Contractor must put on a 
smooth two-to-one mortar finish to the satisfaction and acceptance of the 
Engineer.

All interior and footing concrete is to be deposited in layers not exceed
ing nine (9) inches in thickness, and each layer is to be thoroughly 
rammed.

DRY SURFACES IN CONCRETE.

Should, during construction, any surfaces of the concrete be allowed to 
harden or dry before the other concrete is placed thereon, they shall be 
swept perfectly clean with brooms, then wetted thoroughly with clean 
water so as to make a perfect contact between the old and the new work, 
and thus insure that the concrete shall be truly monolithic. The forming of 
such dry surfaces shall, however, always be prevented if practicable.

All cement used on the work must be Portland cement of the very best 
quality obtainable, equal in every respect to the best brands of American 
and European manufacture, and delivered at site in strong, close, barrels, 
well lined with paper so as to be reasonably secure from air and moisture, 
unless the Engineer give the Contractor written permission to deliver it in 
bags.

Each barrel shall be labeled with the name of the brand, place made, 
and name of manufacturer.

The cement shall be ground so fine that at least ninety-seven (97) per 
cent, in weight will pass a standard sieve of five thousand (5.000) meshes 
to the square inch, and so that at least ninety (90) per cent, will pass a 
standard sieve of ten thousand ( 10,000) meshes per square inch.

When moulded neat into briquettes and exposed three (3) hours, or 
until set, in air and the remainder of twenty-four (24) hours in water, it 
shall develop a tensile strength of from one hundred ( 100) to two hundred 
and fifty (250) pounds per square inch. When moulded neat into bri
quettes, after exposure of one ( 1 ) day in air and six (6) days in water, it 
shall develop a tensile strength of from two hundred and fifty (250) to five 
hundred (500) pounds per square inch ; and after exposure of one ( 1 ) day 
in air and twenty-seven (27) days in water, it shall develop a tensib 
strength of from four hundred (400) to six hundred (600) pounds pet 
square inch. It shall be an eminently slow setting cement, must dcvelot 
its strength gradually, and must show no drop therein. When mouldc 
neat into pats with thin edges and left to set in cither air or water, whetli. 
on glass or not, the said edges must show no signs of checking. Tli 
cement shall withstand properly the standard twenty-four (24) hour bo! 
ing test for Portland cements.
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The cement, when mixed neat with about twenty-two (22) per cent, of 
water to form a stiff paste, shall after thirty (30) minutes he indented per
ceptibly by the end of a wire one-twelfth ( Vg ) inch in diameter, loaded 
to weigh one-quarter ( j ) pound.

The hard set, determined similarly with a wire one twenty-fourth 
(2V) inch in diameter and loaded so as to weigh one pound, shall not 
occur in less than three (3) hours.

Briquettes mixed in the proportion, by weight, of one part of cement to 
three (3) parts of sand, and kept one day in air and the remaining time in 
water, shall show a tensile strength of from one hundred (100) to one 
hundred and fifty ( 150) pounds per square inch after twenty-eight (28) 
days.

Briquettes left in moulds and placed in water immediately after mixing 
must harden to the satisfaction of the Engineer, so as to prove the fitness 
of the cement for setting under water. This test may be made a compara
tive one by pitting the cement tested against brands of established reputa
tion. Any cement not hardening under water to the satisfaction of the 
Engineer will be rejected. Cement must work well under the trowel ; 
otherwise it will not be accepted.

In any case, the cement adopted must first be approved by the Engi
neer.

The Contractor shall provide a suitable building for storing the cement, 
in which the same must be placed before being tested. The Engineer shall 
be notified of the receipt of cement for testing at least two (2) weeks be
fore it is required for use. and the Inspectors may take a sample from each 
package for the said testing.

Any cement that has caked so as. in the opinion of the Engineer, to be 
injured shall he rejected, and shall be removed immediately bv the Con
tractor from the neighborhood of the site, in order to avoid all possibility 
of its being used on the work.

BACK-FILLING.

As soon as the masonry or concrete work thereon is completed, the 
space around each shore pier and abutment shall be filled with earth, pre
ferably clay, thoroughly dampened, and well rammed in layers not exceed
ing six (6) inches in thickness. There will be no direct payment for this 
back-filling, as the cost is to be covered by the price for concrete.

LTQVIDATim DAMAGES.

For each day of delay beyond the date set in the contract for completing 
the Big Brazos River and Brushy Creek No. 1 bridges, all in accordance 
with the plans, specifications, and directions of the Engineer, the Company 
shall withhold permanently from the Contractor’s total compensation the 
sum of one hundred dollars f$T00.00.)

For each day of delay beyond the date set in the contract for completing 
the remaining eight (8) bridges, all in accordance with the plans, specifi
cations, and directions of the Engineer, the Company shall withhold perma
nently from the Contractor’s total compensation the sum of one hundred 
dollars ($100.00.)
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The amounts thus withheld shall not be considered as a penalty but as 
liquidated damages fixed and agreed to by the contracting parties.

Let me call your attention to the term "Liquidated Damages,” which is 
now employed instead of the older term "Penalty.” If the latter were used 
it would be illegal, as the courts hold that no individual or corporation has 
the right to enforce a penalty, such enforcement being within the jurisdic
tion of the law only, but liquidated damages fixed beforehand can be col
lected.

TENDERS.

Each bidder shall tender as follows :
1st. For removal of old spans, marking all the pieces of same, and

piling these as per instructions of the Engineer,.............................dollars
per lineal foot of span removed.

2nd. For removal of old masonry and distributing same,.....................
.... dollars per cubic yard.

3rd. For concrete in shafts of new piers and rebuilt portions of old 
piers,.............................dollars per cubic yard.

4th. For mass in place of pneumatic pier, including excavation,..........
..................dollars per cubic yard.

5th. For mass in place of foundations for all piers and abutments, in
cluding those portions of piles imbedded in the concrete, and including the 
excavation................................dollars per cubic yard.

6th. For those portions of piles in place below the concrete of the foun
dations, .............................cents per lineal foot of pile.

7th. For all structural metal in superstructure of pin-connected span, 
erected and painted,............................. cents per pound.

8th. For all structural metal in all other spans, erected and painted, 
............................. cents per pound.

9th. For floor timber in place, excluding dressing and all other wasted 
timber,.............................dollars per M. feet B. M.

10th. For laying rails,............................ cents per lineal foot of track.
nth. For false-work under the existing spans that are to be left in the 

reconstructed bridges,............................. dollars per lineal foot of span.
For all other items not covered in this list the Contractor is to be paid 

the actual cost to him thereof plus ten (to) per cent, for his profit. He 
must, however, in such cases furnish vouchers satisfactory to the Engineer 
for all materials and labor involved in such extra work or construction.

Tenders are to be sent in sealed envelopes to the undersigned Consult
ing Engineers, New Nelson Building, Kansas City, Mo. They will be 
received up to noon of Thursday, July 17th, 1902.

The Company reserves the right to reject any or all bids.

It will be noticed that all items of work are to be paid for at schedule 
rates, and that lump-sum payments are avoided. This is by far the better 
and more equitable method of compensation ; because, if the final quantities 
vary from those bid upon, no harm will be involved, the Contractor being 
paid for only what he actually does. If the lump-sum basis of payment be
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employed, the Contractor will be constantly tempted to cut down the quan
tities of materials furnished, but when these are paid for by schedule 
prices no such temptation can exist.

The following are a few specific clauses from our “Specifications for 
Lighthouses at Julias Cay and Punta Ciobernadora, on Colorados Reef, 
Island of Cuba." I have chosen only such items as are characteristic of 
lighthouse construction.

GENERAL DESCRIPTION.
LIGHTHOUSE AT JVTIAS CAY.

This Lighthouse will he located on the Northeast extremity of Jutias 
Cay, at a distance of about eighty-seven (87) meters from the water's 
edge. The location is well protected from the action of the waves by a 
reef in front and by the growth of mangroves. The height of the ground 
at the site is about nine-tenths (0.9) of a meter above the sea level.

The soundings made at the site show that the ground is composed of 
fine sand for a depth of from four (4) to five (5) meters, then of sand, 
shells, and coral rock for a depth of about eight-tenths (0.8) of a meter, 
and this is underlaid with sand and shells, in which are imbedded pieces 
of coral rock that become more abundant as the depth increases. It is 
intended that the screw piles shall rest on this layer. These piles are of 
steel shafting fitted with cast iron screw points as shown on the drawings.

The light for this structure will lie a fixed one. The tower will he con
structed of eight (8) steel columns arranged in the form of an octagonal 
pyramid, the long diameter of which will be fifty-six (56) feet at the base 
and fifteen (15) feet at the top. These columns are to be thoroughly 
braced in all directions with steel struts and diagonal rods as shown on the 
drawings.

There will be a house located at the base of the tower, and a watch- 
room located in the top of same. There will also be a stairway extending 
from the base to the watch-room floor, enclosed by a mantel. These en
closures arc to he constructed of steel plates, and the interior walls are to 
be plastered on expanded metal lath.

LIGIITIIOUSK AT PUNTA (ÎOIIKRNADORA.

This structure will he placed on the main land at a point known as Punta 
Gobernadora, about six (6) miles west of Bahia Honda. The distance 
from this tower to the edge of the water will be about one hundred and 
fifty (150) meters. The site is protected from the action of the waves by 
reefs on the outside. The formation here is an extensive bed of lime
stone-coral rock, and the surface is practically level.

The light for this structure will be a movable one.
In all other respects the superstructure will be the same as described 

previously for the lighthouse at Jutias Cay.
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FOUNDATIONS.

FOR LIGHTHOUSE AT JUT!AS CAY.

The foundation for this structure will consist of nine (9) screw piles, 
as shown on Sheet No. 2, eight (8) of which are placed in the form of an 
octagon around the axis of the ninth (9th) or central pile. The long 
diameter of the octagonal base is to be fifty-six (56) feet, and each of the 
sides twenty-one (21) feet and five and one-eighth (g£) inches.

These piles are to be formed of solid steel shafts eight (8) inches in 
diameter, at the lower end of each of which is to be fitted a cast iron screw, 
the blades thereof to be four (4) feet in diameter. The lower end of the 
screw is to finish in a point.

The exact depth to which these piles must go has not been determined, 
but it will be from eighteen f 18) feet to twenty-five (25) feet below the 
surface of the ground. The Contractor must provide twenty-five (25) feet 
of shaft and a pile cutter and a screw cutter, so as to cut off the piles and 
thread them at the proper height after screwing them down as far as they 
will go.

After the piles are in place and the tops are cut to the proper elevation, 
concrete pedestals, as shown on Sheet No. 2. are to be placed around them ; 
and on these pedestals screwed to the tops of the piles, will rest the shoes 
for the steel columns of the tower.

The elevations and dimensions for these foundations are given on Sheet 
No. 2.

STF.KI. STAIR MANTEL.

The spiral stairs will be enclosed in a steel cylinder, the axis of which 
is coincident with the axis of the tower. The diameter of this steel cylinder 
will be seven (7) feet. It is to be formed of steel plates one-quarter (}) 
of an inch in thickness, the larger dimensions of which are to be arranged 
vertically with the edges abutting and the joints spliced with four (4) inch 
by one-quarter ( .}) inch plates placed on the inside.

The lower end of this cylinder is to rest on the center pile and its con
crete pedestal. All rivets in the stairway cylinder are to be one-half (£) 
inch in diameter. In the lower section of the cylinder a door is to be 
placed, and at a height of three (3) feet above each stairway landing there 
is to be fitted a cast iron window frame. All windows are to be arranged 
as nearly as practicable at points ninety (90) degrees apart around the 
cylinder, and they must come about midway between the two columns on 
that side of the pyramid.

The inside of the stairway cylinder is to be provided with angles for 
attaching three-quarter (5) inch channels and expanded metal lath, as the 
entire inside of the cylinder is to be finished with plaster.

SPIRAL STAIRS.

The spiral stairs will consist of one hundred and forty-eight ( 1481 
risers, including eight (8) quarter (j) circle landings, which divide the 
ascent into nine (9) flights, eight (8) of which are twelve (12) feet nine
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(9)inches each in height, and containing seventeen (17) risers of nine (9) 
inches each, and one flight of nine (9) feet, containing twelve ( 12) risers 
of nine (9) inches each.

The steps are to be of cast iron, the extreme radius of each being three 
(3) feet. Each step comprises a tread of twenty-two and one-half (22\) 

degrees of the circle, between the centers of the one-half (£) inch bolts 
which will secure the steps to each other.

The inner end of each step is provided with a hub six and five-eighths 
(6§) inches outside diameter, which must be faced on its upper and lower 
ends to exactly nine (9) inches deep, and must be bored out to five and 
one-half (5J) inches in diameter so as to fit snugly over the newel pipe.

The treads are one-half (1) inch thick and are perforated with 
lozenge-shaped openings one ( 1 ) inch wide. The gratings are one-half 
H) inch wide, and at their inner sections the steps arc studded with 
lozenge-shaped projections to prevent slipping ; and for the same reason a 
half-round bend one-eighth ( i) inch high is raised along the front edge of 
each step.

The holt sleeves at the front of each step are to be nine (9) inches high 
and deeply counter-sunk on the upper side for the heads of the stair-holts.

All surfaces of contact between the sleeves of the adjoining steps must 
be planed.

NEWEL POST.

The newel post will be made of double-strength, wrought-iron water 
pipe, five (5) inches inside diameter, and turned on the outside to a diame
ter of five and one-half (5J) inches. At each joint the ends must be faced 
so as to give perfect contact, and the joints must be so arranged as to bring 
them midway of the length of the hubs of the steps. On the inside the 
pipe must be spliced with a threaded coupling.

The newel pipe should be made in seven (7) lengths of about sixteen 
( 16) feet each, as nearly as may be, to bring the joints as stated above.

The base of the newel pipe will be provided with a steel flange, which 
will he tap-bolted to the cast iron base at center.

Throughout the whole height of tower the newel must stand perfectly 
plumb.

In the case of the Punt a Gohernadora Lighthouse the cord of the re
volving apparatus will he run through the center of the newel pipe, and 
pulleys near the upper and lower ends of the pipe must be provided.

The upper end of the top section of the newel pipe will extend a short 
distance into the hub of the watch-room floor.

DWELLING HOUSE.

The entire space included between the columns at the base of the tower 
is to be enclosed with steel walls so as to form a dwelling. This space is to 
he divided into nine (9) outside rooms and an inner court. The walls and 
roof of this building are to be of one-quarter (j) inch steel plates of the 
style and dimensions indicated on Sheet No. 5. All rivets are to be one- 
half (£) inch in diameter unless otherwise noted on the drawings.
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The floor will be of concrete, supported on No. 16 expanded metal and 
steel I-beams. There will be three and one-half (3^) inches of broken 
stone or cinder concrete, mixed in the proportion of one ( 1 ) part of Port
land cement, three (3) parts of clean, sharp sand, and five (5) parts of 
broken stone or cinders to pass a one and one-half (i£) inch iron ring. 
On this concrete base there is to be laid one ( 1 ) inch of cement finish, 
mixed in the proportion of one ( 1) part of Portland cement and one (1) 
part of clean, sharp sand. The entire surface is to he floated to a smooth, 
even finish.

All partitions are to he constructed of three-quarter (if) inch channels, 
set vertically and spaced eighteen ( 18) inches centers, on which is to be 
wired No. 20 expanded metal lath ; and the two surfaces are then to he 
plastered with two coats each of hard wall-plaster. The interior of outside 
walls and the ceiling arc to he finished in the same manner as the parti
tions. The rooms are to he ventilated by registers in the ceiling, and open
ings are to be left in the walls of the stairway mantel to conduct the air 
from the space between the ceiling and the roof and from the open court 
to the top of the mantel, all as shown on the drawings. Doors and win
dows are to be provided in the house, as shown in the plans.

Around the edge of the roof an eight (8) inch gutter of cast iron is to 
he placed. This gutter is to be three-eighths (2) of an inch thick, and is 
to be cast in lengths of about ten ( 10) feet. It will be supported at the 
corners and at the center of each side with brackets constructed of two (2) 
inch by three-eighths (ij ) inch Hat steel bars. Hell joints are to be pro
vided, and they are to be thoroughly caulked with lead. The gutter is to 
have a slope of one ( 1 ) inch in twenty ( 20) feet. Two (2) conductors of 
six (6) inch wrought iron pipe are to be provided with the necessary 
elbows and other fittings to carry the water from the gutter to the cast iron 
tank in the yard. The pipe is to have a flange resting on the cover of tank 
and is to extend six (6) inches into same.

Concrete steps are to be provided at the two entrances of the building.
Holes are to be provided in the roof for the stove-pipe ventilators men

tioned under “Hardware.”
For details of dwelling see Sheet No. 5.

WOOD WORK.

The wood work for these buildings will consist of the windows and 
doors, their frames and casings, and the closets and cupboards. All wood 
work will be of clear white pine, thoroughly seasoned, free from all shakes, 
sap and other defects. All workmanship is to be first-class. All doors and 
sash are to be one and three-fourths (i?) inches thick, and are to have 
rain channels plowed as shown on drawings. Casement windows and 
double doors are to have moulded oak joint-strips inside and out.

All outside doors leading to the central court of dwelling, doors in 
stairway and watch-room, and the two doors from office to bedrooms, are 
to have upper panels of glass, as called for on drawings All doors and 
sash are to be neatly moulded and well pinned and glued.

All junctions of plaster and wood work will be covered by one and one- 
quarter by one and three-quarter (ij x ij) inch moulding. This mould
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ing will form the casing of all doors and windows. A closet is to be pro
vided in one corner of each bed room, two (2) of them in the office, and a 
cupboard in each kitchen.

The clipboards arc to be eight (8) feet six (6) inches in height, and arc 
to be divided into two ( 2) compartments. The lower compartments are to 
be three (3) feet six (6) inches high, and are to have only a bottom shelf, 
each upper compartnv?nt having four shelves besides the division shelves.

Drain boards two (2) feet long are to be provided for each sink.
The lower compartments of closets are to be two (2) feet six (6) 

inches high, and they are each to have three (3) shelves; the upper com
partments are to have only one shelf at top. For details see Sheet No. 5.

All wood work is to be surfaced, sand-papered and primed on both 
sides before leaving the shop. It must be kept dry and must be securely 
boxed for shipment.

All wood work is to be treated by some process, to be approved by the 
Engineer, so as to render it 11011-combustible.

The following are some characteristic specific clauses from our “Speci
fications for a Steel Pier to be built in the Harbor of Vera Cruz, Mexico, 
for the Vera Cruz and Pacific Railway Company."

GENERAL DESCRIPTION.

The structure will consist of a platform of creosoted timber, four hun
dred and ninety-two (41)2) feet long by seventy-four (74) feet wide, rest
ing on steel joists, spaced about four and one-half (4! ) feet centers, which 
in turn rest on double I-beam girders that are supported at intervals of 
fourteen (14) feet six (6) inches by screw piles.

These piles are thoroughly braced so as to form independent towers 
with four (4) piles to each tower, the bracing extending from the top 
down to, and in some cases even into, the sand.

At the middle of the platform and extending over its entire length is a 
double-track railway, the rails for same resting on and spiking to the six 
(6) inch timber floor, of which the platform is composed. Between the 
rails is laid four (4) inch planking, and beyond the outer rails are beveled 
planks, all to facilitate the passage of trucks and vehicles over the rails.

Around the entire periphery of the two sides and the outer end of the 
pier runs a twelve (12) inch by twelve (12) inch timber fender, bolted 
firmly to the metal work ; and on each side of the pier there are located 
at intervals five (5) cast iron mooring posts.

Each railway track is supported by four (4) runs of steel I-beams, 
braced together in pairs by diaphragms of steel channels.

The deck is swayed in a horizontal plane by adjustable diagonal rods 
that attach bv clevises to the cast iron caps over the piles.

The tower bracing consists of horizontal struts, each composed of two 
(2) six (6) inch by four (4) inch T's and diagonal rods adjusted by turn- 
buckles. The bracing is connected to the piles by forged steel clamps.

The piles, which are of seven (7) inch solid cylinders, are to be prefera
bly in one length ; but splices will be permitted, and, in fact, are provided 
for on the drawings.
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The screws are to he of cast iron, four (4) feet nine (9) inches in 
diameter, and are to have sockets for receiving the ends of the steel piles. 
The shoes are held in place by means of steel pins passing through both 
the pile and the shoe.

The cross girders are to be bolted to the pile caps ; the joists arc to be 
riveted to the cross girders ; the flooring is to be attached to the joists by 
lag screws and beveled washers, and the planking at railroad tracks is to 
be spiked to the flooring by eight (8) inch by one-half (^) inch square 
spikes, two (2) spikes being used for each running foot of plank.

MODUS OPERANDI OF CONSTRUCTION.

All piles are to be placed in as nearly exact position as it is practicable 
to get them. As no adjustment has been provided for in the bracing struts, 
the four (4) piles forming a tower must be sunk within an eighth (£) of 
an inch of true position. In order to secure such an accurate location with 
reference to each other, some form of portable, convenient and rigid tem
plate must be used to set and bold the four (4) piles of each tower to exact 
position during sinking. The Contractor, before proceeding with the work, 
shall submit to the Engineer for approval a complete description and plans, 
explaining fully the method he proposes to adopt.

The power applied for screwing the piles in place shall not be great 
enough to strain them in torsion beyond the elastic limit of the material.

Great care must be exercised to get the piles down to exact elevation.
All bracing must be put in under water bv divers. All clamps must 

grip the piles so tightly that they will develop the full strength of the 
diagonal rods attaching to them, without slipping. All diagonal rods must 
be tightened and adjusted to the satisfaction of the Engineer.

After the bracing is adjusted all towers must stand plumb, and the 
plan of each tower must be a perfect square.

Before the timber floor is put on the upper lateral diagonals must be 
carefully adjusted, so as to bring the platform to perfect alignment.

All sand and silt that would interfere with the placing of the bracing 
as shown on the plans must be removed ; and there will be no direct pay
ment for this removal, as its cost must be covered by the pound price bid 
for the erected metal.

BORINGS.

Very thorough borings have been made by the Company's engineers 
and the results thereof arc shown on Sheet No. 1 of the accompanying 
plans. Although the said borings indicate that no unusual difficulty will 
be encountered in sinking the piles because of obstacles in the sand, it is 
possible that such obstacles do exist, and the Contractor must take the risk 
of encountering them, as there will be no extra compensation allowed 
therefor.

PILES.

All piles shall he sunk to exact position by means of adequate machin
ery, power, and guide frames, all of which, before lieing used, must lie 
approved by the Engineer. Such approval, though, shall not be interprett 1 
as giving the Contractor any claim whatsoever for avoidance of responsi
bility in respect to correctness of final position of piles.
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All piles are to be screwed down to the elevations shown on Sheet No. 
I, but if there he any slight inequality in elevations of tops of piles, the 
same shall be adjusted by means of thin, cylindrical shimming plates, seven 
(7) inches in diameter, to be placed between the heads of the piles and the 
cast iron caps. Should any pile be left too high, its top shall be sawed off 
to exact level ; but, as this would be expensive, the Contractor should en
deavor to sink all piles a trifle low, so as to shim upon each a small amount. 
He should also provide an ample number of shimming plates of various 
thicknesses. The greatest variation of height of column to be taken up by 
shimming plates shall in no case exceed one and one-half ( 1^) inches.

No variation in elevation of tops of pile castings exceeding one-six
teenth (tV) of an inch will be permitted. The spaces between the pile 
heads and sockets of castings shall be filled completely with hot, thick 
asphaltum, by putting an excess thereof in the casting just as the latter is 
about to be placed, and the said asphaltum must be held permanently in the 
annular space by caulking tightly with sheet lead from below.

This work must all be done to the satisfaction and acceptance of the 
Engineer, and there will be no direct payment made for either lead, asphal
tum, or labor involved in putting these in place, as the pound price for the 
metal-work must cover the cost of these materials and labor.

PAINTING.

All metal-work before leaving the shop shall be thoroughly cleansed 
from all loose scale, rust, and dirt, and shall then be given one coat of 
paint, which coat shall be thoroughly dried before the metal-work is loaded 
for shipment. It is absolutely essential that the entire surface of the metal
work be thoroughly cleansed by the most effective known methods, such 
as the use of wire-brushes, then the painter’s torch, and in certain cases the 
anplication of a strong caustic solution, followed by scraping, washing with 
clean water and drying.

In riveted work all surfaces coming in contact shall be extra well 
painted before being riveted together. Bottoms of bed-plates, bearing- 
plates, and anv other parts which are not accessible for painting after erec
tion shall have three (3) coats of paint, one at the shop, and the other two 
in the'field before erection. Pins, bored pin-holes, and all other polished 
surfaces shall be coated with white lead and tallow before shipment from 
the shop.

Oil should be used as the lubricant for reaming, but, should soapsuds 
be employed, all parts of the metal affected thereby must be washed thor
oughly and dried before any painting is done thereon.

After the structure is erected, the metal-work shall be thoroughly 
cleansed from mud. grease, or any other objectionable material that may be 
found thereon, then thoroughly and evenly painted with two (2) coats of 
paint.

The paint to be used on the metal-work is known as Leiter’s Air- 
Drying Paint, sold by the L. Z. Leiter Co., 81 South Clark Street, Chicago, 
111., and costing there one dollar and twenty-five cents ($1.25) per gallon. 
The Engineer reserves the right to substitute any other paint which in his 
opinion is equally good or better for resisting the corrosive effects of salt 
water.
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All three coats of paint given to the metal-work are to he of distinctly 
different shades or colors, and the second coat must be allowed to dry 
thoroughly before the third coat is applied.

No thinning of paint with turpentine, benzine or other thinner will be 
allowed without special written permission from the Engineer.

No painting is to be done in wet weather.
All painting is to be done in a thorough and workmanlike manner, to 

the satisfaction of the Engineer, and no paint whatever is to be used on 
the structure without first being approved by the Engineer.

All materials for painting shall be subject at all times to the closest 
inspection and chemical analysis, and the detection of any inferior quality 
of such material, in either shop or field, shall involve the rejection of all 
suspected material at hand and the scraping and repainting of those por
tions of the work that, in the opinion of the Engineer, were defectively 
painted on account of such inferior material.

All recesses that would retain water or through which water could 
enter must be filled with thick paint or some water-proof cement before 
receivii g final painting. All surfaces so close together as to prevent the 
insertion of paint-brushes must he painted thoroughly by using a piece of 
cloth instead of the brush.

LOADING METAL-WORK ON VESSEL AND PREPARING SAME THEREFOR.

Fains must be taken to mark clearly every piece, bundle or package 
with the shipping address and destination, with the names and numbers of 
pieces, and with any other such mark of identification as may be necessary 
to insure the correct disposition of the material.

All small parts, such as rivets, bolts, nuts, washers, pins, fillers, small 
connection plates, etc., shall be boxed strongly, and the contents shall be 
marked plainly on each box. in addition to the shipping address mentioned 
above.

All lateral angles shall be bolted together in pairs ; and as many of such 
pairs shall be bundled together with clamps or wire as will be convenient 
for handling without injury in loading and unloading.

All pieces with open ends, such as truss-members with forked ends, or 
laterals with unsupported plates or angles, or any other parts liable to 
injury in handling, shall have the ends packed with heavy blocks of timber, 
bolted thoroughly between the projections or to the body of the member in 
such a manner as to prevent any bending or other injury in handling or on 
shipboard.

All nuts on any rods or bolts shipped loose shall be screwed tightly in 
place, and the threads thereof shall be wound closely with twine so that the 
nuts cannot come loose and be lost off in handling.

The shipping invoices or lists are to be made to correspond to the 
bundles, boxes and packages, so that each item on the list can be identified 
readily.

During both the loading on steamer and the unloading from sanit. 
special care shall be taken to avoid injuring any of the metal-work, and the 
loading shall be so done as not to overstrain unduly any part and so as to 
prevent any shifting during the voyage. If. in spite of all precautions,
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some of the metal-work 1>e injured, the entire expense to which the Com
pany is put because of such injury shall be borne by the Contractor.

All the expense involved by these special shipping and loading direc
tions shall be borne by the Contractor, as no extra payment will be allowed 
therefor.

I desire to call your attention to the importance of including in specifi
cations for metalwork that is to he transported by water full instructions 
for loading the material in such a manner as to reduce to a minimum the 
danger of injury in transit. Unless this matter receives due consideration 
in the specifications, and unless the latter be strictly lived up to in this par
ticular. the metal is liable to be so damaged during transportation as to 
necessitate the rejection and replacement of some important parts, thus 
involving for the construction long and often serious delays.

The following characteristic clauses arc taken from our “Specifications 
for Steel l*ipc Line for the City of Kansas City, Mo."

GENERAL DESCRIPTION.

The work is to consist of a buried pipe line, covered to a depth of at 
least three (3) feet above the top thereof.

The pipe shall he forty-eight (48) inches internal diameter (irrespec
tive of the rivet heads), and shall be made of soft steel one-half (£) inch 
thick.

Bidders, however, shall tender also on a pipe of thirty-six (36) inches 
minimum internal diameter (irrespective of the rivet heads), made of soft 
steel three-eighths (3) of an inch thick.

All joints are to be lap joints, the longitudinal ones being double 
riveted, and the transverse ones single-riveted.

The length of the over-lap for the longitudinal joints shall be five and 
one-half (5I) inches, and that for the transverse joints three (3) inches.

There shall lie but one longitudinal joint in any section of pipe.
All rivets arc to be of soft steel, three-quarters ( 4 ) of an inch in diame

ter and spaced two and one-half (2$) inches centers, as shown on the 
accompanying drawings.

The pipe is to he built in sections telescoping into each other, each sec
being seven (7) feet long, and there being four (4) sections riveted to
gether in the shops, thus making the length of pipe for shipment twenty- 
seven (27) feet tliree (3) inches from out to out, four (4) of such forty- 
eight (48) inch pipes making a carload.

The distance from center line of rivets to edge of plate is to be one and 
one-half (ij) inches.

The larger sections shall be of such internal diameter that the smaller 
sections will fit tightly inside them after the lap joints have been drawn out 
to thin edges.

All joints are to be caulked so as to be absolutely water tight under a 
three hundred (300) foot head.
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The longitudinal joints are to be so located that, when the pipe is laid, 
they shall lie on top thereof alternately to right and left of the vertical 
axial plane, and so that the nearer row of longitudinal rivets shall be six 
(6) inches therefrom.

All pipe shall be formed to correct cylindrical shape, and any lengths 
discovered to be out of true will be rejected.

Where the pipe passes beneath any railroad track it shall be stiffened as 
follows :

Six (6) longitudinal angle-irons 3 inches x 3 inches x \ inch shall be 
spaced, as nearly as may, equidistant around the periphery of the pipe and 
riveted thereto, fillers being placed beneath them to afford a flush bearing. 
These angle-irons are to be twenty-seven (27) feet long, as they must run 
without splicing the full length of the four (4) continuous seven-foot sec
tions.

At the middle of each seven-foot section there is to be a ring of 3-inch 
x 3-inch x 4-inch angles in six (6) pieces (so as to lie between the longi
tudinal stiffeners) riveted to the pipe.

Finally, there is to be a single 6-inch x 3$-inch x |-inch angle-iron bent 
to a true circle with the long leg vertical, the said leg riveting to the verti
cal legs of the previously mentioned ring angles.

It will be necessary to notch the; six-inch leg so as to straddle the radial 
legs of the longitudinal stiffeners.

The joint in this outer ring is to he placed opposite the middle of one of 
the six pieces of circular angle iron, and the said joint is to be spliced with 
a piece of plate, ten (10) inches wide, bent to fit outside of the 6-inch x 
3^-inch angle.

The details of this stiffening are shown clearly on one of the accom
panying drawings.

Where two of these stiffened pipes come together in the field, each op
posing pair of longitudinal stiffeners is to be spliced by attaching to the 
vertical leg thereof a piece of 3-inch x 3-inch x j-inch angle, two (2) feet 
long, riveted through one leg to the stiffeners and through the other to the 
pipe, there being four (4) rivets to each leg on each side of the joint.

FORMATION OF ANGLES AND CURVES.

Where angles or curves occur in the alignment or grade of the pipe 
line, the plates are to be cut and punched to the required bevel so as to pro
duce an oblique angle at the circular seams, carrying this style of construc
tion over a sufficient length of pipe to secure the total deflection required. 
It may in some cases be necessary to enlarge slightly the exterior lengths 
of pipe ; but extra care will have to be taken to caulk all such oblique joints.

PROTECTION OF METAL.

The pipe shall be dipped vertically in a bath of Assyrian Asphalt. 
Smith’s Durable Metal Coating, Mineral Rubber Coating, or some other 
paint which, in the opinion of the Engineer, is equally as good as any of 
those just named.

The coating shall be heated to a temperature of four hundred (400) 
degrees F. or more, and all pipes shall receive a uniform coating of not 
less than one thirty-second (3^) of an inch in thickness.
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After the sections have been removed from the dipping tank, they shall 
be set vertically to dry. All joints shall receive three (3) coats of paint 
before they are riveted up. All spots on which the coating has been in
jured in handling must be thoroughly recoated.

The particular kind of coating to be used will be decided later by the 
Engineer.

And now, although I have read many of these specific clauses simply 
by title, intending to let you study them thoroughly later on if you so 
desire, it appears to me that you have had about enough of this ultra-tech
nical discourse, and that, if I don't cease talking pretty soon, you will be 
tempted to nickname me “Dr. Dryasdust"; consequently I shall say no 
more about specifications, except that I advise everyone of you to make a 
special study of the subject ; first, by collecting and perusing carefully a 
number of truly first-class specifications written by engineers of wide ex
perience ; and. second, by attempting to write for yourselves specifications 
for various types of engineering construction. Remember that you cannot 
hope to learn to write even approximately complete and correct specifica
tions until after you have had many years of practical experience in engi
neering work ; therefore do not be discouraged if at first you find the task 
too great for your unavoidably limited experience.

In concluding this series of lectures. I beg to thank you, young gentle
men, for the attention and courtesy you have shown me and for the appre
ciation of my efforts that you have manifested.
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COMMENT.

The spirit or intent of the engineer who drew them is the essence of 
specifications, and a court of law will decide a dispute in accord with it, 
consequently, it should stand out clearly and he quite evident upon a casual 
reading. It will exert a material influence upon the contractor’s hid and 
upon his attitude in relation to the small points which always remain un
covered in even the most carefully drawn specifications.

Every clause should have a direct bearing upon the work to be done, 
and every material point pertaining to the work or to the business rela
tions which govern it should receive proportionate attention. Omissions 
may be covered by a blanket clause which places the entire matter under 
the control of the engineer, but this method is slipshod ; invites disputes, 
delays, and additional expense ; and demands more constant supervision. 
It keeps the contractor and his foremen uneasy, because they arc never 
certain that the work is being done strictly in accord with the engineer’s 
desires. If the engineer or his representative is not constantly present, the 
work must be delayed until a decision is obtained. This is a source of 
irritation and expense to the contractor and must always be paid for in 
the end by the engineer’s principal. A very full and complete specification 
requires time and careful labor for its preparation, but it produces results 
most satisfactory to all parties and insures low tenders.

The clauses which relate to tests and inspection merit especial care. 
The number and character of the tests and their bearing upon the accept
ance of the material, the time for making the tests and for notifying the 
engineer when the material is ready for inspection, and the penalty for 
neglect to comply with these requirements should be set forth in detail, 
since indcfmit.-noss in these matters is a source of much friction.

Specifications for materials should invariably be based upon definite and 
accurate knowledge of their properties. If the materials demanded are not 
to be obtained in the open market at a reasonable price, the value of the 
construction will not be in proportion to its cost. Again, improvements in 
manufacture succeed each other very rapidly, and it is essential that the 
progressive engineer kc^p well informed regarding the properties and 
values of new and improved materials ; otherwise, he may specify the more 
expensive of two equally good and available ones, to the detriment of his 
client. If, upon full investigation, the engineer is satisfied that the newly 
developed material is unreliable, or otherwise unsuited for his purpose, he 
should undoubtedly act upon his opinion and refuse to use it, even though 
it is generally accepted by men who arc competent judges. It should be 
his business to know why he chooses the more expensive material, and to be
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sure thaï he is not ruled by prejudice. One prominent engineer continued 
to specify wrought iron for bridges long after steel had superseded it, 
and when it could only he obtained at a cost much greater than that of 
the superior metal. Another continued to use acid open-hearth steel long 
after the cheaper metal made by the basic process had been so universally 
accepted that the most prominent manufacturer in the country had ceased 
to use the acid process. The honesty of these engineers is not to he ques
tioned. Can as much he said of their judgment? In another instance an 
engineer made himself ridiculous by accepting hearsay evidence and speci
fying a metal of a grade so high that it has never been produced.

In preparing plans and specifications, the prices at which materials can 
be obtained or delivered on the site of the work are quite as important as 
their physical and chemical properties. It is the duty of the engineer to 
obtain the most satisfactory structure, and to obtain it at the lowest cost 
consistent with the best quality and design. Not since the day of the 
despots who built the pyramids and similar structures with slave lalior has 
the cost failed to be an important factor in the construction of engineering 
works. Where large quantities of materials are to be used, very careful 
consideration must be given to those most readily obtainable and most 
economical for the particular construction in question. Guess work is not 
good enough, as it is always possible to obtain satisfactory information 
regarding prices in a very short time.

It is always important to specify units of measurement as well as units 
of price. Specifications often fail to state whether excavation shall be 
measured in tin* cut or in the embankment, and to make clear distinctions 
between the varieties of material to be excavated. Specifications for con
crete state the proportions of cement, sand, and broken stone or gravel to 
be used, but frequently neglect to specify whether the unit of measure
ment is weight or bulk, and whether the cement is to be measured loose or 
as it comes in the package.

It is a good plan to place on the drawings a brief specification cover
ing the most essential points, also those that are unusual and likely to 
escape the contractor’s attention. This duplication may lead the contractor 
to pay too little attention to the written specifications, but it compels the 
observance of the most salient features.

It is commonly advisable to reserve the right to increase or diminish 
the amount of construction without impairing the contract. Undue stress 
should not be laid upon this clause, since the probability of a decrease 
in the quantities will tend to increase the contractor’s prices. The cost 
of transporting the plant and the administrative expenses do not decrease 
in direct proportion to the reduction in the amount of work done. If it 
be necessary at all to place the contractor’s plant in jeopardy in order to 
insure proper progress on the work, as Dr. Waddell does in the specifica-
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lions he quotes, it should be made impossible to take possession of his 
plant without ample reason and due notice. The ten days’ notice is. in 
the editor’s opinion, entirely inadequate when the contract is large, for 
there arc many sources of delay which may be operative for more than 
ten days. If the contractor’s rate of progress has been such that he will 
be able to complete the work materially within the contract time, his plant 
should not he subject to arbitrary seizure in case he deem it necessary to 
decrease his rate of work in order to give attention to other contracts. The 
power this clause confers might easily be used to punish the contractor 
for unexpected diligence, and it will certainly give him anxiety unless he 
knows the temper of the engineer.

Strict or even unjust clauses are by no means as detrimental to either 
party as those which are ambiguous. A contractor has more reason to 
anticipate injustice from on ignorant or over-zealous inspector who is 
governed by ambiguous specifications than from the most severe interpreta
tion of very strict hut definitely stated requirements, because in the latter 
case he knows just what to expect, while in the former his course is always 
uncertain.

In both the preparation and the interpretation of specifications, common 
sense and fair purposes are excellent guides. The engineer who is con
tinuously unfair obtains a reputation that is detrimental both to him and 
to his clients, for bidders upon his work will take his characteristics into 
account in preparing their tenders. To cite an instance of unfair in
terpretations, the engineer for a large piece of difficult timber construction 
refused to include in his monthly estimates more than ninety per cent, of 
the base cost of the lumber which had been worked into place. The labor 
was far more expensive than the lumber, and this ruling, which withheld 
the due proportion of pay for it until the work was completed and accepted, 
caused the contractor’s failure.

On the other hand, it is difficult for the engineer to safeguard his 
client too closely, because the nature of the contractor’s business makes 
him sharp and, too commonly, ready to take every possible advantage. It 
is a wise engineer who never gives the contractor any financial advantage, 
for he is generally without an appreciable amount of attachable property 
and not easily called to account. This fact is so generally recognized 
that the commercial agencies rarely find a contractor in possession of suf
ficient property to warrant them in giving him a rating. Consequently 
severe, even seemingly unjust, specifications are essential. Sentiment hu> 
small part in the business relations between the engineer and his client and 
the contractor. Justice should rule, and the means to compel it should li<- 
in the engineer’s hands.
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INTRODUCTORY NOTES

The construction of engineering works under normal conditions, when 
proper materials and skilled workmen are available, and when there is 
sufficient time to do the work during usual working hours, requires train
ing, energy, and both technical and executive ability, but the conditions 
governing the repair of the flow-line bridge at Kansas City in the sum
mer of 1903, demanded fortitude, persistence, and courage of a high order, 
as well. The technical skill of the designer, the resourcefulness of the 
erector, the executive ability of the experienced superintendent, and the 
energy, the physical strength, and the courage of men accustomed to the 
most laborious and dangerous conditions of pioneer life, were all demanded 
of the engineers who carried on the work. The constant and imminent 
danger from fire and pestilence which threatened the city served to goad 
them to extreme effort, and caused them to endure fatigue and loss of sleep 
and to forget their own danger. There was no time to consider nice points 
of design, the choice of materials, and the economy of construction. The 
end justified the means. Every action was commendable, any delay un
pardonable.

Dr. Waddell has stated very clearly the conditions under which the 
work was done, but it is impossible to do full justice to them in a brief 
description. It is dillicult to imagine existence for even ten days in a 
modern city, suddenly deprived of light, water, transit facilities, and the 
use of its sewerage system. The means for a return to primitive life are 
not available and nothing can be substituted for the water supply. All city 
life, business, and industries are dependent directly or indirectly upon it. 
Hence, the importance of its prompt restoration in this instance cannot 
well be exaggerated. Neither can the value of the engineers’ skill, energy, 
and courage be easily over-estimated.
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THE KANSAS CITY FLOW-LINE BRIDGE REPAIRS.

By J. A. L. Waddell.

Because of numerous requests from engineers and others, the writer 
has been induced to prepare the following statement concerning the repair- 
work to the bridge over the Kaw River that carries the pipes for the water 
supply of Kansas City, one span of which structure was destroyed and the 
other badly injured by the great flood of May 31, 1903.

The bridge, which is located a very short distance from the river’s 
mouth, consisted of two steel Pratt-truss spans of a rather antiquated type, 
the floor-beams being suspended, resting on two masonry abutments and 
one cylinder pier. The abutments were not used for retaining earth, as 
probably they were of insufficient stability. The center pier, however, was 
well built and consisted of two 7-ft. iron cylinders sunk to and into bed 
rock by the pneumatic process, well SjWay-braced and filled with concrete. 
The span that went out was 185 ft. long and the one that remained was 
226 ft. The upstream truss of the latter was crippled in three vertical 
posts near mid-span, and in the bottom chord, and the floor beams, hang
ers and sway-bracing were pretty badly wrecked, rendering the span so 
unsafe that it was liable to fall at any time.

The accompanying photograph, No. 1, although on a very small scale, 
shows quite clearly the condition of the posts of the upstream truss. This 
picture was taken nearly a week after the bridge was wrecked and after 
the water had subsided several feet. During the extreme height of the 
flood the water came up to the cross girders, but did not quite reach the 
bottom chords. It was an accumulation of driftwood (a lodged portion of 
which appears in the photograph ) that did the damage.

The shorter of the two spans was carried away about six o’clock on 
Sunday evening, and news of the disaster did not reach the writer, who 
was at Chicago, until the next day. He took the first train for home that 
evening, but because of numerous washouts did not arrive there until six 
o’clock on Wednesday morning. Mr. Ira G. Hedrick, the writer’s partner, 
happened to be spending Sunday in Kansas City, Kansas, and saw from 
there this bridge and a number of the other Kaw River bridges carried 
down by the flood. In spite of his proximity and of his using every en
deavor to reach the office, he failed to do so until a few hours after the 
writer's arrival, mainly because of the great currents in the Kaw and Mis
souri Rivers.

From the time of the disaster until the writer’s arrival, Mayor Reed 
was making numerous endeavors to communicate with the members of 
the firm of Waddell & Hedrick, to whom he turned for assistance in his
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hour of need. The crisis was most serious ; the water supply of the city 
was almost entirely shut off, the small amount of water that for a short 
time was pumped from the Kaw River being so seriously contaminated 
that it was condemned by the City Chemist as absolutely poisonous. The 
entire city, too, was at the mercy of the fire-fiends, and had it not been for 
tbe numerous and thorough precautions taken by Mayor Reed and his 
officers, Kansas City would have been given over to the flames. Again, 
owing to the failure of the water supply, the street cars stopped running, 
the sewers fouled for want of flushing, the general use of water-closets 
throughout the city had to be abandoned, the gas supply for a time was 
stopped, and the electric light plant was placed hors dc combat.

The entire city was truly in a bad plight, threatened as it was with fire, 
pestilence, robbery and drought ; so there was no time to lose. All de
pended upon the quick repairing of the broken pipe line and the replacing 
of its supporting bridge.

At ten a. m. on June 3 the writer met the Mayor and received trom him 
instructions to prepare a plan to build, regardless of expense and in the 
shortest possible time, some kind of a structure which would carry safely 
the pipe and its load of water, and thus relieve the dire need of the city.

Upon consultation with Mr. W. G. Goodwin, Superintendent of the 
Water Works, the writer found that he and his assistants were debating 
whether it would be better to build a pontoon or a suspension bridge, a 
pile structure being deemed out of the question. The writer decided at 
once against a pontoon bridge because of the danger from drift and the 
trouble which would be encountered from rising and falling water, and 
pronounced in favor of a suspension bridge.

During the forenoon arrangements were made for the use of a large 
steamer for the purpose of visiting the wreck and determining the condi
tions ; so shortly after noon Mr. Hedrick. Mr. Robert W. Waddell (ex- 
City Engineer), the writer, and a number of others made the trip.

Although the water had fallen considerably, it was still almost up to 
the floor of the remaining span, and the current was so swift that the 
steamer was unable to make any headway against it. It might have been 
practicable to reach the structure by floating down against it in a small 
boat, but the risk involved would have been great, so it was not attempted. 
Moreover, barring the actual condition of the remaining span, all the .infor
mation required for rebuilding the bridge upon the suspension span basis 
was collected.

One anchorage was located upon the high ground in the street on the 
west bank and the other adjacent to a railroad embankment which formed 
the approach to what had been the Chicago Great Western bridge. As the 
river was almost at the level of the top of this bank, it was necessary to 
construct the anchorage in the water, running the back-stays through the
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embankment close to the rails. These hack-stays were to be carried from 
the center pier along the top chords of the remaining span, being sup
ported over the pier and east abutment hv timlier bents. One of these was 
required also over the west abutment.

Bv carrying the cables along the top chords and by making the timber 
bents of the same height as its trusses, the crippled span was not called 
upon to sustain any stress from the suspension span (as had at first been 
contemplated by the Water Works officials), excepting only that it would 
have to support a small portion of the weight of the cables lying thereon. 
In view of the dangerous appearance of the span this was deemed a neces
sity.

We returned to the office about four o'clock and immediately the de
signing was started, while the telephone was utilized in searching for 
materials. At this time Kansas City was practically cut off from the out
side world as far as freight transportation was concerned ; consequently 
it was necessary for us to procure all the materials for the bridge from 
local dealers. Already for two or three days there had been a large de
mand for timber to he used in various kinds of repair work, and we were, 
therefore, unable to procure the large timbers we needed and were forced 
to figure on building many of them out of planks.

For main cables we were compelled to adopt some second-hand, one- 
and-a-half inch diameter wire ropes belonging to the Metropolitan Street 
Railway Company. These had been used by their cable railways as long 
as it was deemed safe to employ them and then stored away as refuse. It 
was figured that they still retained one-half of their original strength, or 
50,000 lbs., and we aimed to strain them about one-third of that amount.

As for suspenders, we found a supply of new one-half inch wire rope 
said to have an ultimate strength of four tons. This we decided to use 
with a factor of safety of about four. Unfortunately, as we learned later 
on. a mistake had been made concerning the strength of this rope, which 
mistake nearly involved us in serious trouble.

For other metal the Riverside Iron Works Company kindly put their 
stock and shops at our disposal.

An ample supply of Portland cement was obtainable, although great 
■quantities of it had been ruined by the flood, most of the cement houses 
being located on the river bottoms.

A supply of good sand was found close to the east end of the bridge, 
having been stored there by one of the railroad companies. This became 
available as the water level fell.

Broken stone could be obtained in the city and barged to the site with 
the aid of steamers.

Plant and tools were to be bad from the local office of the American 
Bridge Co., and these were generously placed at our disposal.
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Plenty of bridgemen and laborers were at hand, owing to the cessation 
of work caused by the floods.

We labored steadily on the computations and drawings until darkness 
overtook us ; then we endeavored to turn on the electric light, but found 
that it was cut off because of the want of water to supply the boilers. The 
use of kerosene had been declared illegal, and what was more to the point, 
we had no lamps. At this hour all the stores were closed, hence we were 
forced to beg candles from the Midland Hotel and to improvise candle
sticks. With this insufficient light, by working until after midnight, we 
succeeded in finishing the pencil drawings and bills of materials.

Early next morning (June 4) our report to the Mayor was handed in; 
but as it had to be acted upon by the City Council, it was not until nearly 
four o'clock that we were empowered to go ahead. By six o'clock all the 
materials were ordered, and some of them were started by wagon to the 
temporary steamboat landing at the foot of the Fourth Street Viaduct ; 
barges and boats were secured for transportation, and workmen were 
ordered to report early next morning at the site.

The services of Mr. George II. Griffin, lately foreman for the Ameri
can Bridge Co., were secured, and it was arranged that he was to provide 
and take charge of all the skilled laborers.

Early the next morning (June 5), under the direct supervision of Mr. 
Hedrick, work on the west anchorage was begun. By seven o'clock 
wagons containing timber, cement and broken stone were lined up at the 
landing waiting for the barges. As soon as these appeared they were 
loaded, and the materials were transported to the site of the east anchor
age, where a small amount of dry land on top of the embankment had be
gun to show itself above the water. On this the materials were stored, and 
by noon the construction of the coffer dam was begun by Mr. Hedrick, 
assisted by Mr. L. R. Ash, one of our engineers.

A small pile driver was quickly constructed and a coffer dam of two 
rows of sheet-piling with clay between was built, concreting therein being 
started about midnight of the same day, as the pile driving was finished at 
nine o’clock.

By working continuously the entire anchorage was completed at one 
o’clock of Saturday afternoon, June 6. Both Mr. Hedrick and Mr. Ash 
stayed on this work without rest from start to finish.

Meanwhile the construction of the west anchorage was being con
tinued under the direction of Mr. V. H. Cochrane, our chief draftsman, 
and Mr. C. K. Allen, a former employee of our firm, but at that time in the 
employ of the City Water Works, his services having been lent us on this 
special occasion. This west anchorage was completed at 7 a. m. of Satur
day, June 6.
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Before proceeding further with the history of the construction, it will 
he well to describe the structure that was building.

The new span consisted of eight (8) of the second-hand steel cables, 
four (4) per side, having a deflection of about twenty-four (24) feet. 
These rested on the timber bents over the center pier and west abutment, 
which bents have already been mentioned. Each bent consisted of five (5) 
12" x 12" verts., a 12" x 12" cap, and a 12" x 12" sill, sway-braced on 
both sides with 4" x 12" planks. On top of the cap near each end was 
placed a saddle formed of a rounded 12" x 12" timber covered with a one- 
half inch steel plate. The suspended span is divided into twenty panels of 
nine feet three inches (9' 3") each, the suspender cables being wrapped 
around the main cables and having their ends secured by three standard 
clamps each.

These suspenders attach at their lower ends by thimbles to beam hang
ers that run at a slight angle to the vertical through the floor beams, each 
of which is a single 8" x 8" x 16' yellow pine timber. On top of the beams 
run longitudinal floor planks, and these are swayed beneath by crossed 
planks spiked thereto.

The stiffening trusses, which are spaced nine feet six inches (9' 6") 
from center to center, arc six (6) feet deep between centers of chords. 
They are built entirely of 2" x 12" planks, excepting that the verts, arc of 
4" x 6" timber. The top chords are side-braced to the floor beams, it 
having been originally the intention to adopt ponv trusses ; but after the 
pipes were laid, as a matter of precaution and to obtain additional lateral 
rigidity, an overhead system of horizontal sway bracing was added. The 
pipes rest on shims of 8" x 8" timber placed directly over the floor beams.

The accompanying drawings, copied from our hastily prepared and 
rather crude working drawings, illustrate the features of the bridge which 
have just been described. It is to he noted, however, that the plan shows 
an additional pipe carried bv the structure and the strengthening of the 
latter for same ; of which more anon.

The accompanying photograph, No. 2, shows the finished bridge, and 
illustrates quite clearly most of the features and details mentioned.

As can he seen on the drawings, the main cables pass around a six inch 
(6") car axle that rests against four 12" x 12" timbers, all embedded in 
the concrete, and are then carried outside of the anchorage, where they are 
connected by standard clips.

The timber bents over the pier and the east abutment are stayed to 
the portals of the old span by timbers well bolted at each end. This brac
ing gave us a little trouble when adjusting the cables, but it was overcome 
without much difficulty.

The material for the bents was framed on Friday night and Saturdav 
forenoon. It was necessary to build most of the large 12" x 12" timbers
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of 2" x 12" planks, well spiked together. The timbers for the stiffening 
trusses were framed 011 Saturday during the night.

By Sunday morning the bents were erected, and during that day the 
cables were unloaded and inserted into the west anchorage. By sundown 
one cable had been carried across, and during the night three more cables 
were put in place. One of them, unfortunately, had been cut too short, so 
it was necessary to splice it. To do this, we sent a man out in a tub with a 
lantern. His position appeared precarious in the extreme, suspended as 
he was in the darkness over the raging flood ; but he managed to make the 
splice without coming to grief.

This was not the only piece of had luck that we had that night, for 
about nine o'clock the remaining span of the James Street Bridge, which 
was situated a short distance up stream from our work, went out with a 
loud crash and a roar of water, frightening the workmen to such an extent 
as to cause a stampede for the shore. In truth there was some danger to 
our bridge, as the floating floor system came perilously close to the deck 
of the old span, but luckily it passed without lodging. It was some time, 
however, before the men got over their fright and could be induced to re
sume work.

The accompanying photograph, No. 3, shows the span that went out. 
It was taken only a few hours before the final accident occurred. This 
was caused by the undermining and partial wrecking (during the flood) 
of the east abutment on which it rested. The proximity of this span to 
our work is shown clearly in the picture.

On Monday forenoon the remaining main cables were strung, and be
fore midnight they were all adjusted to practically the same tension.

Up to this time Mr. Hedrick had been working day and night almost 
without any sleep, lying down occasionally on the soft side of a plank for 
forty winks, while the writer had been engaged mainly in forwarding 
materials, procuring food for the workmen, and incidentally attending to 
office correspondence. For this night it was arranged that Mr. Hedrick- 
should leave the work early so as to obtain a full night’s sleep, and that 
the writer should take charge about ten o’clock, one of our assistants look
ing after the work meanwhile. As luck would have it, the man running 
the naphtha launch, which was to have met the writer at the landing, failed 
to put in an appearance ; therefore, after waiting an hour for him. and 
there being no other way to reach the bridge, the writer requested the 
captain of our steamer to take him there. This steamer was then on its 
way to pull off another steamer stranded near the mouth of the Kaw, a 
job that was expected to take only a few minutes. The result of the 
attempt, though, was to place our steamer in the same predicament ; conse
quently the writer was forced to spend the night out on the river and was
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not able to get away until daylight, when he hailed a small boat that was 
passing.

During the previous day a large force of men had been at work on the 
old span, putting in temporary wooden stringers and repairing the floor 
so as to make it strong enough to carry the pipes and their load of water ; 
but nothing had been done as yet to strengthen the crippled upstream truss. 
We recognized that there was danger involved by this omission, but there 
were so many other things to be done all at once that we took the chance, 
keeping an eye on the bent posts so as to make sure that they buckled no 
further.

This floor repair work was continued after dark by means of the 
torches with which, from the outset, the work had been liberally supplied. 
About one o’clock in the morning the foreman in charge made up his mind 
that the injured posts were failing : so he called his men off the bridge, 
and in consequence no work was done during the remaining hours of dark
ness.

Upon the writer's arrival soon after daybreak he interviewed the men 
and found that they were all afraid to go again upon the crippled span. 
By offering double pay until it was strengthened and by pointing out that 
the engineers would remain upon it until the posts were reinforced, a few 
of the men were induced to resume work, but many of them held off until 
after the wooden posts were in place.

The first thing to do was to relieve the largest and most injured of the 
three bent verts, by placing alongside two timbers bearing at top on a 
timber shim inserted beneath the upper chord and at bottom on a similar 
shim resting on the chord bars. What the bending effect induced on the 
latter amounted to we did not stop to figure, for our judgment satisfied us 
that the bars would stand the extra strain, notwithstanding the fact that 
they were already bent considerably out of line.

During the day both the top and bottom chords were stayed by guy- 
ropes to the old water works building, because the bottom chords had 
been 1 lowed out of line by the drift, and the men were afraid that the span 
would fail by increased buckling. In the opinion of the engineers, this 
staying was not necessary ; but they did it to pacify the men and to induce 
them to resume work.

By sundown a working platform had been constructed and suspended 
from the cables at the west bent by means of ropes and pulleys. The small 
suspender cables, with all the necessary tools for fastening them on, were 
placed upon this platform, and then four workmen and an engineer got 
aboard and were pulled across the river from the other side, fastening the 
suspenders at the proper intervals as they went along. This task occupied 
the entire night, and at midnight a lunch was sent out to the men by 
means of a keg fastened to a rope “ferry” stretched across the opening.
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As quickly as the suspender cables were fastened on, the cross beams 
were hung at their lower ends, and early in the morning (Wednesday, 
June 10) planks were laid on the beams so that the workmen could walk 
over.

Work on the stiffening trusses was begun on the same afternoon under 
Messrs. Ash and Allen, operating from both ends and meeting at mid-span 
during the night.

Thursday and Thursday night were occupied in finishing the stiffening 
trusses, laying flooring and shims for the pipes and adjusting the height of 
the floor.

In respect to the latter a change was made in the plans against the 
advice of the engineers ; for Superintendent Goodwin, seeing that we had 
left in a camber of four feet, insisted on Mr. Ash (who was in charge at 
the time) lowering the beams two feet at mid-span, asserting that, unless 
this were done, it would be impossible for him to connect his pipe. Mr. 
Ash told Mr. Goodwin that in our opinion the weight of the pipes and 
their contents would be sufficient to take out nearly all of the four-foot 
camber. Nothing would satisfy him, though, but lowering the floor, so 
that was done, the result being, as shown in the accompanying photo
graphs, a reverse camber of about eighteen inches. This really does no 
harm, but it looks ugly. Of course it is practicable to take up the sag by 
means of the adjustments in the main cables.

These adjustments, by the way, are of sufficient interest to warrant a 
description. The device, which was evolved by Mr. Hedrick, consists of a 
pair of heavy fifteen (15) inch channels placed back to back, with a space 
of three (3) inches between, through which pass short screw bolts having 
a nut at one end and an eye at the other for the attachment of the cable. 
These bolts act alternately in opposite directions, as shown on the accom
panying sketch. This detail is both simple and effective.

While the suspender cables were being attached, their great pliability 
caused us to think that they had not the strength we were counting upon, 
and this opinion was corroborated by the breaking of a piece of cable used 
on the work. By investigation we found that the dealer who supplied the 
cable had made a mistake in obtaining its strength from his tables, and 
had furnished us with rope of only one-half the capacity we had figured 
upon. In consequence of this discovery we arranged immediately to rein
force the suspenders; and. as we had experienced much difficulty in dis
tributing the loading equally on them, as a matter of precaution, we de
cided, since we had an ample supply of the rope, to triple instead of double 
the suspenders.

Pipe laying was begun about 3 p. m. on Thursday, and early Friday 
morning the pipes were all laid and connected, although the supporting
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shims were not all in and a number of the suspenders had not been 
strengthened.

Mr. Goodwin had been notified not to turn the water on until after we 
had told him all was ready, and he so instructed his assistants. However, 
one of them, without consulting us, on learning that the pipe was con
nected, telephoned to Quindaro to turn on the water. The result was that 
three of the weak suspenders snapped with a loud report, and the breaking 
of the others and consequent destruction of the entire span appeared immi
nent. Fortunately, the strengthened suspenders had not been put in con
secutively, but were distributed with some regularity over the whole span. 
These upheld the load.

At the time of the accident Messrs. Ash and Cochrane were both on 
the west bank at some distance from the bridge. Seeing the water leaking 
from the partially plugged joints, Mr. Cochrane ran across the bridge to 
order it turned off ; but found that this had already been done. By open
ing some valves the pipes were soon drained, and operations were resumed.

Had all the shims been in place so as to distribute the load over all the 
floor beams, the mishap would not have occurred, because the rope, though 
weak, had more than sufficient ultimate strength to carry the load when 
uniformly distributed.

The old pipes that were used leaked like sieves, and had to be plugged 
with wood. They still leak somewhat, but the amount of water thus lost 
is inconsiderable.

It did not take long to replace the broken suspenders and to strengthen 
those that had not been reinforced, so by noon the water was turned on 
again, and the strained situation throughout the city was relieved.

From the preceding narrative it will be seen that the actual construc
tion of the span occupied just one week, which, considering all the adverse 
conditions, is not a bad record.

Everything from start to finish appeared to be against us. Materials 
were scarce, and proper ones were often not available ; the nearest tele
phone of any account was half a mile away from our work ; means of 
transportation were difficult to obtain ; food for the workmen was hard to 
get ; the men operating our two naphtha launches, although under contract 
with the city, deserted us continually in order to earn large pay by ferry
ing passengers, and everybody was hustling us to get the job done and the 
water pipes filled.

The mental strain upon the engineers was intense, for all of us recog
nized that over one hundred million dollars’ worth of property was in 
imminent danger from fire ; that the health of a quarter of a million people 
was jeopardized by the drinking of cistern water and other impure waters 
and by the accumulation of filth in the unflushed sewers, and that the life 
of every man on the work was in constant peril.
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The engineers not only did the usual engineering work, but also were 
compelled to perform the functions of superintendents, foremen and con
tractors—they even at times labored with their own hands when workmen 
were not present in sufficient numbers, and whenever it was necessary to 
give instructions how to do certain manual work.

The securing of food for the men was no sinecure, as the writer well 
knows, this having been one of his special duties. Arrangements for the 
delivery of lunches were made both by telephone and by personal inter
views, but no dependence could be placed on promises to supply food, 
owing to the great demand therefor throughout the entire city. As an 
illustration of this difficulty, on Sunday, June 7, about three o’clock in the 
afternoon the writer learned that the lunches he had ordered for noon had 
not been delivered, and that the supply of coffee for the early breakfast 
had been entirely inadequate. The men in consequence were hungry, and 
were feeling the need of their accustomed stimulant. The writer immedi
ately took a launch for the city, appropriated a city official's horse and 
buggy, and drove to the principal hotels and restaurants, demanding good 
lunches, plenty of them, and an abundance of coffee, refusing to take “No" 
for an answer, and telling the proprietors that, as they would be paid their 
own price for everything, there was no possible excuse for refusal.

In the course of an hour there were ordered in this way nearly four 
hundred good lunches and twenty gallons of excellent coffee, enough to 
keep everybody on the work satisfied until the next morning.

The next thing to be done was to get these supplies to the launch ; 
therefore the writer attempted to secure a wagon, but everything on 
wheels was in service. After trying unsuccessfully four livery stables and 
an undertaker's establishment, and while going to still another livery 
stable, the writer met a one-horse wagon labelled "Water Works," stopped 
it. and ordered the driver to collect and carry the lunches to the landing. 
The fellow tried to avoid the job by claiming that he had been sent to 
carry some much-needed apparatus to the pumping station at Turkey 
Creek ; consequently it was necessary to take his vehicle almost vi ct armis 
and to stay with it until everything was collected and delivered to the 
launch.

The writer can testify from personal observation that even in the small 
hours of the next morning the provisions thus procured were greatly 
appreciated by many hungry rien.

What this repair work cost no one has yet figured. In buying the 
materials the engineers seldom asked the price ; but when they found any
thing they needed they ordered it sent to the site immediately, regardless 
of the cost of transportation.

Again, more men. twice over, were employed than would be used ordi
narily on similar construction. Of course they were not handled economi-
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cally ; but there were usually plenty on hand whenever needed. Then, too, 
the night work was very expensive, not only because of the small output 
per man, as compared with day labor, hut also on account of the higher 
wages paid.

Recognizing the city's dire need for the bridge, the engineers never 
counted cost, nor have they ever been criticised therefor, notwithstanding 
the appalling hills for such a small structure that the city was called upon 
to foot.

When the water was turned on, the engineers’ work was by no means 
finished, for the old span had been strengthened only enough to make it 
safe temporarily. It was still necessary to put in one new floor beam, a 
number of new beam hangers, many new steel stringers, and an entirely 
new wooden floor, also to strengthen several injured floor beams and to 
repair the east portal bracing, which had been broken by the pressure 
from accumulated drift. This work was done more leisurely than the 
preceding, although no daylight hours were lost.

Soon after the water works were again in operation it was decided to 
lay another pipe-line over the bridgd and to strengthen it for that purpose, 
the construction as before being placed wholly in the hands of the engi
neers. For this additional work we procured new main cables at St. Louis 
and laid them alongside the others, carrying the new pipe on additional 
6" x 8" floor beams placed above the existing cross-girders, as indicated on 
the large-scale sectional drawing. Photograph No. 2 of the finished bridge 
shows clearly the additional pipe and suspenders for carrying it.

I11 concluding this paper the writer desires to give credit in full where 
credit is due.

To the great executive ability, strenuous exertions, and unfailing pluck 
of Mr. Ira (i. Hedrick is due primarily the construction of the bridge in 
such a phenomenally short time and under such trying conditions. From 
the very start and until the water was turned on he labored day and night 
unceasingly, acting simultaneously as engineer, superintendent, and fore
man, and continually lending a hand at hauling upon ropes or doing other 
manual labor.

Messrs. Ash and Cochrane deserve almost as much credit, for they, too, 
worked early and late up to the limit of human endurance, and seconded 
Mr. Hedrick most ably. Upon Mr. Ash fell a large portion of the dis
agreeable tasks, and he performed them most manfully. ( )n Saturday 
afternoon, seeing him emerging from the coffer dam of the west anchor
age. covered with mud, his good clothing ruined, haggard, and with blood
shot eyes, the writer remarked that he was the toughest looking specimen 
of a white man he had ever seen, and Mr. Ash could not contradict the 
statement.
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Messrs. Allen and Hans von Vnwertli attended to their share of the 
work faithfully and did it well.

The thanks of the entire city are due to the Stewart-Peck Sand Co., 
who most generously loaned us for the work several barges and one of 
their steamers until, as before stated, it ran aground, where it remained 
for a number of days.

To Mr. Robert W. Waddell, the writer's brother, and, until a short 
time before the flood, City Engineer of Kansas City, Mo., are due the 
thanks of all concerned, for, without compensation and without being
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solicited, he devoted several days and nights to the forwarding of mate
rials by means of the steamer and barges belonging to his business asso
ciates, the before-mentioned Stewart-Peck Sand Co. Special mention is 
made of this fact, as it is the first time that any credit has been given him 
for his exertions.

To Mr. George Griffin, who furnished the skilled labor and the plant, 
and who gave his personal attention to the job, much credit is due.

Mr. W. W. Cartier's services also must not pass unnoticed, for, not
withstanding the fact that his years number more than three-score-and- 
ten, he labored early and late as foreman, and never failed to stand by the 
work till the night, when fearing the old span was about to fall, he very 
properly ordered bis men to leave the structure.

To the Riverside Iron Works the engineers' acknowledgments are due, 
in that they used every effort to furnish with the least possible delay all of
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the structural metal required for the new span and for the repairs to the 
old one.

And last but by no means least, every credit must be given collectively 
to the brave and hard-working bridgemen, by means of whose willing, 
intelligent and long-continued exertions the work was accomplished. 
Many of them labored continuously as much as thirty-six hours, and it 
was not merely the large compensation that influenced them, for often 
v hen a man would remark, "I am dead beat and have to quit,” one of us 
would reply, “Brace up and tackle it again for a few hours more; it is for 
the good of the city, and we cannot well spare you,” then he would resume 
work willingly and cheerfully.

Throughout the entire construction the life of every man on the struc
ture was in danger, and, what is more, every bridgeman on the job knew 
it; but they reasoned that, if the engineers were willing to risk their lives, 
the workmen could do no less than follow suit. It is true that we kept at 
all times a short distance below the bridge a skiff with two boatmen ready 
to pick up any one who might fall ihto the river ; but they could have done 
very little in case of the collapse of the structure.

In an article like this it would be unbecoming to mention the efforts of 
his Honor, Mayor Reed, and of the Superintendent of the Water Works, 
Mr. Goodwin, for these were the gentlemen by whom we were retained 
and to whom Kansas City is primarily indebted for extrication from its 
serious predicament ; hut it is perhaps permissible to state that whenever 
we called upon either of them to use his influence or authority on behalf of 
the work, it was accorded unhesitatingly and promptly.

Concerning the appearance and character of the repaired bridge no 
apology need be made, although it is in no sense either handsome or first 
class. To make it either, under the circumstances, would have been out of 
the question. It is doing its duty to-day satisfactorily, and all that its 
designers and builders now desire concerning it is that it be replaced 
within a reasonably short time either bv a tunnel beneath the river-bed or 
by a scientifically designed and well built bridge.
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INTRODUCTORY NOTES.

The address on “Higher Education for Civil Engineers” was written 
and delivered to the Engiveerng Society of the University of Nebraska 
early in the current year, consequently, it embodies Dr. Waddell’s most 
recent thought on the subject. It will be observed that many opinions in 
relation to the subjects in which a civil engineer should be educated have 
persisted since his first important paper on engineering education ; but the 
idea of a graduate school of exceedingly high character is here advanced 
for the first time. It appears most probable to the editor that graduate 
work will develop easily and naturally in our present technical schools and 
in the universities, as the need for higher preparation develops. At first 
the establishment of the graduate courses only adds to the burdens of the 
faculty of the undergraduate school, for the students are now few who will 
continue their studies, not enough to warrant the institution in making 
large preparation for them. Hut, when the supply of technically trained 
men exceeds the demand, and competition becomes more severe, only ex
ceptional education will assure high success, and the ablest men will devote 
their entire time to the graduate work. Greater facilities for original 
research arc slowly but steadily being acquired bv the ! letter schools; and 
already some excellent graduate courses are offered ; but exceedingly 
large advances must be made in the very near future.

In this day of magnificent endowments the establishment of such a 
school as Dr. Waddell has suggested is not impossible; witness the Carnegio 
Institution of Washington, which is designed to “ encourage investigation, 
research, and discovery, show the application to the improvement of man
kind, provide such buildings, laboratories, books, and apparatus as may be 
needed, and afford instruction of an advanced character to students prop
erly qualified to profit thereby.” The manner in which these purposes are 
to be accomplished is left to a board of trustees. The life and development 
of this country arc Incoming more and more dependent upon the various 
branches of engineering. One prominent institution, planning an especial
ly high engineering school, employed one of our leading civil engineers 
to report upon the organization, equipment, methods of instruction, and 
character of the courses obtaining in the best technical schools of this 
country and Europe, and will probably establish an engineering school 
of the highest order in due season. In the course of time, as the bearing of 
engineering upon the life of the nation becomes better understood, it is not 
at all impossible that some clear-sighted benefactor of his race may estab
lish a school as high in its purposes as the Carnegie Institution of Wash-
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ington, but devoted entirely to engineering. This is what Dr. Waddell 
evidently had in mind, a school which will transcend existing schools in 
both the quality and the methods of instruction, and which will collate 
and make generally available the best data extant : and, through original 
research and investigation, give the world new laws.
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HIGHER EDUCATION FOR CIVIL ENGINEERS.

An Address to the Engineering Society of the University of Nebraska, 
April 8, 1904.

By J. A. L. Waddell.

Young Gentlem en :
The subject of my remarks to-night is “Higher Education for Civil 

Engineers." Perhaps it is not the most suitable topic possible for an ad
dress to an assemblage of undergraduates, being more appropriate for a 
meeting of the Society for the Promotion of Engineering Education ; 
nevertheless, I trust that it will interest you, for it treats of a matter of 
vital importance to the engineering profession, of which you are soon to 
become members.

It has been my good fortune and my pleasure often during the last 
twenty years to meet and lecture to the undergraduates of engineering 
schools ; and on such occasions when the address was of a formal nature 
I usually confined my remarks to advice concerning young men's work 
both at the technical school and during the early years of practice. My 
reason for departing from this custom to-night is that I have about ex
hausted that subject, and do not desire to repeat myself. Moreover, if 
any of you care to receive such advice and to acquaint yourselves with my 
ideas of how to attain success in engineering, you will soon be able to 
do so; because my friend. Mr. John Lyle Harrington, Civil Engineer, is 
now engaged in compiling and editing some twenty technical papers of 
mine, with the discussions thereon, written during the last quarter of a 
century ; and his book will contain most of my formal addresses to young 
engineers and students of engineering.

If I have made a mistake by choosing for this evening's discourse a 
subject somewhat in advance of students’ thoughts, I shall endeavor to 
make amends by giving you to-morrow forenoon an informal talk concern
ing some of the most important works clone by my firm during the last 
five years, and, if time permit, by describing some extremely interesting 
engineering investigations upon which we are just starting.

In connection with my subject the first question that is likely to enter 
your minds is whether any education higher than that now given to civil 
engineering students in the leading technical schools is really necessary 
or advisable. To this I answer “ Yes—most decidedly yes.” Perhaps a
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few of the engineering educators will disagree with me; but I know that 
some of the leading ones do not.

On this question I ought to be an authority ; for not only does my 
firm employ constantly new graduates of technical schools from all over 
the United States as we", as from Canada and Japan, but during my 
travels, which average in amount about fifty thousand miles per annum, 
I meet a great number of engineers with whom 1 discuss such matters 
as technical education. Nearly all of them have complaints to make con
cerning the deficiencies in the training of the recent graduates of technical 
schools.

By this they do not mean to convey the idea that engineering education 
has been deteriorating. Far from it ! For the old engineers all recognize 
that since their college days great improvements therein have been effected, 
especially during the ten years that have elapsed since the inauguration of 
the Society for the Promotion of Engineering Education, to which most 
of this advancement is due.

But, great as may have been the strides in engineering education, the 
advance of the science and art of engineering has been far greater ; and 
this divergence of progress is steadily increasing. The mass of technical 
literature which is of value to engineering students is now immense, and 
is constantly augmenting; while in my student days it was difficult to find 
enough good technical works to furnish us with proper text books for cur 
course. Because of this accumulation of valuable engineering literature it 
is practicable to-day to give far better technical courses than were possi
ble formerly ; but the possibilities of improvement are by no means limited 
to results obtainable from the increased and improved engineering lit
erature, as the latter is always of necessity far behind engineering prac
tice.

While it would, no doubt, be impracticable to give engineering courses 
so closely in touch with current practice that they would make the stu
dents perfectly familiar with all of the latest developments in engineering, 
still it is possible for the faculty of a technical school to approximate to 
this desideratum by launching out ahead of the technical literature and 
securing for their students the latest information directly from practicing 
engineers. This procedure is certainly the most effective one possible fot 
advancing the interests of engineering education.

Tt may be claimed that those engineers who complain of the insufficient 
training of recent graduates are merely cranks who are asking for the 
impossible, and that they would not be satisfied with any attainable train
ing; but this is not true. Those of them whom 1 have in niiiid just now 
certainly stand at or near the head of the profession, and are reasonable, 
practical men. Complaints of this kind are not made ill-naturedly; but 
merely to state existing conditions that require betterment. Moreover,
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they arc a good thing for our profession ; if there were no tendency for the 
practicing engineers to make such complaints, it would indicate that per
fection has been reached in the technical schools, which is certainly not 
the case.

Having spent six years of my life in teaching civil engineering, I 
naturally take an intense interest in everything relating to the development 
of that branch of our profession ; and I make a point of meeting the 
professors of civil engineering whenever I can during my travels. In 
conversation with these gentlemen I often suggest improvements and re
forms in technical education ; and they nearly always agree that my sug
gestions are good but state that there is not sufficient time available for 
their adoption. That this is generally true I know only too well. Seven
teen years ago in an exhaustive paper on Civil Engineering Education I 
advocated the adoption of five-year courses in civil engineering, and I 
have been harping upon this idea ever since. The time is surely coming 
when all first-class courses in civil engineering will occupy five years ; and 
the day for inaugurating this change is not far distant. Its approach is 
heralded by the post-graduate courses that arc becoming so common in 
technical schools ; and the next advance will be to make these courses 
obligatory instead of optional.

Probably the first institution to inaugurate this change will be McGill 
University : for, unless I am decidedly mistaken, the faculty of that school 
is bending its energies toward the accomplishment of this purpose. It will 
then seem odd to see Canada leading the United States in such an im
portant matter as engineering education. In truth, I am almost convinced 
that such is the case to-day ; for the engineering course at McGill has 
for some time been rapidly and steadily improving. This much I can 
vouch for—the course in bridges is far in advance of any similar course 
given in the United States, or for that matter anywhere else in the world.

One objection raised to increasing the length of engineering courses to 
five years is that such action would work a hardship on many worthy 
young men of scant means and would render it impracticable for them 
to secure a technical education. Such a plea is a fallacy ; for young men 
would still find some school where four-year courses are given ; as to-day 
there are institutions where engineering is taught in three years. Again, 
if an impecunious young man can raise the money required for taking 
a four-year course, by a little extra effort he can probably raise enough for 
a five-year course. Moreover, it is constantly becoming easier for poor hut 
worthy young men to secure financial aid in obtaining education.

Here let me digress a moment to make the statement that there is no 
better way for a financially successful man to aid mankind than by help
ing ambitious young men to secure thorough, practical education. Nor 
need such aid be given in the form of charity ; for if the young man be
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honest as well as capable and energetic, the money can be lent instead of 
given him ; and for several reasons the former method is decidedly better, 
principally because it does not injure the recipient's self-respect. By ac
cepting notes at the current rate of interest for all moneys advanced and 
securing the loan by life insurance, the possibility of loss to the lender is 
reduced to a minimum. I have seen this method tried with fortunate re
sults ; and I recommend it to those successful men who desire to help 
others by the use of some of their accumulated wealth. The satisfaction 
that they will experience in the success of their protégés will transcend 
that from any other investment.

Among the most important déficiences noted bv practicing engineers 
in the recent technical-school graduate are inability to express himself 
correctly and forcibly in either writing or speaking, lack of all ideas of 
system, inaccuracy in computations, ignorance of money values and eco
nomics, slovenliness in drafting, ignorance of what a drawing should con
tain to make it complete and serviceable, failure to understand the prac
tical application of what he has learned in his technical course, and unac
quaintance with numerous little practical things that he ought to have 
learned.

In commenting upon the current practice of instructing engineering 
students and its results, I desire you to understand clearly that my re
marks are absolutely of a general nature, and refer in particular to no one 
institution of learning. And I especially want you to bear in mind that 
1 have no intention of criticising the work of your professors. Of this you 
will probably hold me guiltless, when I confess to you that, much to my 
regret, I have never had an opportunity to learn anything concerning the 
character of the work done at the Nebraska State University.

That the study of the English language is sadly neglected in our tech
nical schools nobody is likely to deny : for the English spoken by the 
majority of their graduates is atrocious ; their letters arc awkward, mis
spelled, and ungrammatical ; and their ability to write reports, specifica
tions, and contracts is practically nil.

Why should such a sad state of affairs as this exist, and with whom lies 
the blame ? These questions are not difficult to answer.

The hoys that enter technical schools are generally not well prepared, 
and the study in which they are invariably weakest is the English lan
guage. Most of them from early association speak ungrammatically, and 
but few of them have had proper training in spelling, grammar, and com
position. Even the special preparatory schools fail to provide proper train
ing in these essential studies ; and the waiving of entrance examinations 
to technical institutions for graduates of such preparatory schools aug
ments the trouble. Most technical schools give, or pretend to give, more 
or less instruction in English ; but the courses are usually confined to the
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Freshman year, and are looked upon by the students as of minor impor
tance. The result is that they are neglected, and the boys make a point 
of studying for them only enough to pass; consequently, when it comes 
to writing anything original they fail to do themselves credit.

The study of English should be continued throughout the entire tech
nical course, and should be carried even into the graduating thesis, mak
ing its proper wording and grammatical construction essential tor gradua
tion. Too much stress cannot well be laid on the importance of a thorough 
study of the English language. Given two classmate graduates of equal 
ability, energy, and other attributes contributory to a successful career, one 
of them being in every respect a master of the English language and the 
other having the average proficiency in it, the former is certain to out
strip the latter materially in the race for professional advancement.

Upon whom then lits the blame for thi undesirable state of affairs? 
Primarily, it is upon the faculty for not insisting that the subject of Eng
lish be given as much consideration as any other subject in the entire 
course ; and, secondarily, upon the students for their flagrant neglect of 
this vitally important study.

is it not generally acknowledged by all members of the profession, 
young and old, experienced and inexperienced alike, that the most eminent 
engineers are not those who have merely constructed large and important 
works, but those who in addition have by their writings recorded the re
sults of their efforts nd thus instructed others concerning how to under
take similar constructi<ns? Such being the case, is it not evident that a 
complete and thorough mastery of one's native language is essential to 
the highest professional sue <s?

Ponder seriously upon s matter, my young friends, and sec whether 
you do not agree with n concerning the importance to each of you of a 
thorough and fundan 1 knowledge of your mother tongue; and if 
you do, take with< lay the necessary steps to secure such knowl
edge.

Both the teaching and the learning of systemization at school are cer
tainly extremely difficult : nevertheless, a certain proficiency therein may be 
attained by the students, if the professor will lecture to them on the sub
ject ; but each student should endeavor to perfect himself by spending a 
portion of one summer vacation in the office of some engineer, contractor, 
or company that is noted for the effective systemization of its works and 
records. When there, not only should he master the subject in all its de
tails, but also he should make full notes upon it for future reference.

Accuracy and neatness in computation can be attained in the technical 
school if the professors arc themselves accurate and neat in their work, 
and if they will invariably insist on their students being so. Most young 
men think that if they understand the method of solving a problem that
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is sufficient, even if the result be incorrect, and that it is a waste of time 
to check and correct calculations. No greater mistake could be made. No 
engineer can be truly successful who does not have all the work for which 
he is responsible checked and counter-checked, preferably by independent 
computers; and the man who fails at college to gather up all the loose 
ends and to make sure that no errors exist in his computations is not at 
all likely to develop into a careful and accurate practicing engineer.

Some students think that at school there is no necessity for dealing 
with dollars and cents, leaving such material things for their subsequent 
practice ; and too often the professors either tacitly agree with them in 
this notion or else fail to correct the error.

Never probably since the days of the Pharaohs, when with slave labor 
those rulers built the great pyramids, has it been possible to divorce en
gineering from pecuniary considerations ; and nowadays engineering, 
economics, and financiering are so closely allied that it is impossible to 
separate them on work of any magnitude. Consequently the much de
spised but almighty dollar should make itself conspicuous throughout even 
practical course in an engineering curriculum. Students should be forced 
to prepare with each of their designs a complete and minutely detailed 
estimate of cost, and should be made to understand that this is one of the 
essential features of the course of instruction.

A study of the principles of economics in all departments of designing 
is essential to every first-class course in civil engineering ; and the students 
should be made to comprehend that the most successful engineer is he 
who can accomplish a certain result in a perfectly satisfactory manner 
with the least expenditure of money. Care should be taken to distinguish 
between true and false economy, and to instil into the students’ minds the 
principle that the most economic construction is not that which at first 
costs least ; but that which will do its work for an indefinitely long time, 
and in which the first cost plus the capitalized cost of maintenance and re
pairs is a minimum ; also that it is better engineering to build a cheap, 
temporary, yet perfectly safe structure with the intention of replacing it 
later by a permanent one. than to construct a weak or scamped structure 
that has a false appearance of permanency.

The character of the drafting done by the average graduates of tech
nical schools is decidedly below par : and there is no good excuse for this, 
because, with very few exceptions, students can be so taught the mechani
cal part of drafting that their efforts would pass muster in the offices of 
civil engineers and contracting companies. The ability to make neat draw
ings immediately after leaving school may mean mam dollars in the pocket 
of the young engineer, which otherwise would not find their way there ; 
and in truth it may often prove the cause of his being retained in a competi
tion for a position with otherwise better equipped men. Fancy work is
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neither called for nor desired ; but neat, plain work, especially free-hand, 
is of the utmost importance.

Very few young engineers, and, truth to tell, not all old ones, appreciate 
how complete every drawing should he made and what written notes it 
should contain. In our office we aim not only to indicate on all drawings 
every measurement necessary for construction, but also to write on them 
all special instructions for the contractors and generally a condensed speci
fication. Such drawings prevent the contractors from being able to excuse 
themselves for an error by saying “ we did not have the specifications at 
hand when we were doing the work," or “ the specifications arc so volu
minous that the clause pertaining to this special point escaped our notice.”

( )ne of the greatest difficulties under which many engineering students 
labor is their failure to see the practical application of theory to actual 
engineering. The blame for this generally lies with the professors, who 
either are themselves ignorant of such practical application, or neglect to 
call the attention of their students to it. The remedy for the evil is to insist 
on the professors of technical schools being practical engineers as well as 
good teachers.

There are numerous little practical ideas, time and labor saving de
vices, and short cuts to results which a practical and experienced engineer
ing professor can present to his students, and which will tend greatly to 
the amelioration of the characteristic greenness of the recent graduate 
when entering upon his professional career.

In addition to the subjects covered in the usual curriculum of the civil 
engineering school there are others of great importance that are either 
given nowhere or are inadequately treated in a few of the schools. Prom
inent among these are the following : Political Economy. Law, Business, 
History of Engineering, Oratory, Debating. Dictation, Specifications and 
Contracts, Graphics, Secondary Stresses, Economics, Science of Railroad
ing, Geodesy, Least Squares, Instrumental Work, Architecture, Geology, 
Tunneling, and Dams. To this list might be added some other subjects 
which are often given, but which are capable of considerable extension : 
for instance. Metallurgy of Iron and Steel, Harbors, Canals, River Im
provement. Sanitation, Water-Supply, Power-Transmission, Highway En
gineering, Mechanical Engineering, Electrical Engineering, and Rein 
forced Concrete Construction.

Both lists arc, no doubt, very incomplete; nevertheless they arc amply 
large to show that there are many imjxmant branches of our profession 
which are either taught inadequately or are not taught at all in the tech
nical schools of America.

But—some of you will remark—“ Is it necessary for every engineer
ing student to learn all of these branches? Surely in his active career
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lie will confine liis attention mainly to two or three lines, and in conse
quence will not need much instruction in the others! "

To this I would reply, “Certainly, no man can specialize in many 
branches of engineering work ; but the student of a technical school does 
not know for which lines he is fitted or which specialty circumstance may 
induce him to adopt. Moreover, every specialty in engineering is more 
or less closely allied to all the other specialties ; consequently it behooves 
a broad-gauge engineer to become somewhat familiar with all branches 
of engineering so as to act intelligently when his business involves him 
in other specialties than his own.”

As an example of how the various branches of engineering are inter
woven and allied, I would call attention to the facts that the bridge special
ist in designing movable bridges always encounters mechanical engineering 
and sometimes electrical engineering : on the approaches to bridges he 
includes railroading; in the pavements of wagon bridges he touches upon 
highway engineering: in the protection of structures he meets with river 
improvement; in the machinery houses of swing spans he includes archi
tecture ; in the guarding of bridges against fire he encounters water- 
supply ; i nthe switches, signals, and interlocking plant for movable bridges 
he meets with a special department of railway work ; and in the testing of 
materials for superstructure he encounters chemistry and metallurgy. That 
this statement is no exaggeration my present work will hear witness, for 
my firm is to-day engaged on the designing and supervision of construction 
of a number of bridges in which all of the lines of work just mentioned 
are involved.

As another example, the railroad engineer encounters hydraulic prob
lems in bank protection and pumping plants, architecture and structural 
engineering in round-houses and other buildings, sanitation in station- 
houses, bridge work in the structures for his line, mechanical engineering 
in interlocking plants, electrical engineering in repair-shop machinery, and 
highway engineering where his line passes through large cities.

Again, the hydraulic engineer trespasses on the ground of the archi
tect in his power buildings, and on that of the structural engineer in the 
steel roof-trusses for them, encounters mechanical engineering in his 
pumping machinery, and has to fall back upon chemistry in testing tin 
qualities of water.

There is no need for further illustration ; for enough examples have 
been quoted to show that all the main divisions of engineering are inter
dependent and inseparable.

Now while it is eminently proper, and in truth necessary, for a specialist 
to call to his aid experts in other lines when his practice involves engi
neering in other branches than his own, it is highly inadvisable that he !><■ 
absolutely ignorant of everything in those other lines. Surely he ought
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to understand the fundamental principles which govern the engineering 
work therein, even if he has to entrust the details to his associated engi
neers !

But how can a man become acquainted with all branches of engineer
ing? Certainly not by attending the technical schools with their present 
curricula, nor by endeavoring to practice in the various branches. The 
brevity of life makes these methods impossible at present, although it 
might not have done so twenty-five or thirty years ago, when the amount 
of accumulated knowledge concerning engineering was ever so much 
smaller than it is to-day.

It is true that but few young men would be willing to study enough 
to post themselves on all of the main branches of engineering; and in fact 
the large majority of the students of technical schools appear to believe 
that the shorter and easier the course leading to their degree the better 
for them. Nevertheless, there are almost invariably in very class a few 
who are eager to secure a broad and thorough education in spite of all the 
labor involved in attaining it ; and it is a matter of serious regret that 
such men cannot now accomplish their desire.

Can there be evolved any means for enabling these young men to satisfy 
their praiseworthy aspiration ? Yes; and later on 1 shall indicate it to 
you ; but first let us consider what can readily be done to make more prac
tical and thorough the courses given to-day in the principal technical 
schools.

Much could be accomplished by raising the requirements for entrance 
so as to ensure that each member of the Freshman class is fairly wrell 
posted in English and the other studies usually included in an ordinarily 
good American education. He need not be a master in all these lines, but 
he should be well grounded in them.

Again, a large portion of the present work of the Freshman year might 
satisfactorily be required for entrance to the course, and the time thus 
saved could be devoted to work now occupying the Sophomore and even 
the Junior years, thus leaving later on time for higher studies.

More time, too, could be gained for this purpose in many schools by 
omitting unnecessary studies from the curricula, notably the foreign lan
guages.

One of the most effective ways is to increase the number of working 
months in the year from eight or nine to eleven. This need not involve a 
hardship for either the students or the professors, because the summer 
months could be devoted to field work, which would afford rest for weary 
brains and would build up weak constitutions, while by employing more 
professors in the faculty the extent of each one’s annual work could be 
reduced to any reasonable amount. The most effective method of all, 
however, is to increase the duration of the course to five years.
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But all the additional time thus gained would not he sufficient to make 
each student a master of the theory and conversant with the practice in all 
branches of civil engineering, although the course that could be thus given 
would cover nearly twice as much ground as the average technical course 
at the present time. The strictly technical studies now occiipv but little 
more than two years; consequently another year, when the student's ca
pacity for work is so greatly increased by his previous study, would prob
ably double the technical knowledge of the present graduate.

Courses such as just suggested are going to be given in the not very 
distant future ; and they are in reality almost a necessity to-day. The 
rapid advances in engineering science are calling loudly for better prepared 
young men to fill for a short time subordinate positions and then advance 
rapidly to places of trust and responsibility : and. as in all walks of life in 
this great country of ours, the supply is certain quickly to meet the demand.

The method that I propose for the advancement of engineering edu
cation in America to the highest possible plane, and to enable the studious, 
energetic, and ambitious graduates of all technical schools to continue their 
engineering studies in both theoretical and practical lines to any extent 
they may desire is as follows :

Let one of America’s multi-millionaires found and endow most lib
erally a post-graduate school of civil engineering, in which would be 
employed as officers, professors, and lecturers men of the highest talent in 
the country, irrespective of what it may cost, and let the institution he 
established and equipped upon the broadest lines. There should be a com
paratively small corps of permanent professors, but the principal instruc
tion should be given by practicing engineers chosen from the best known 
and most competent in the profession. In order to secure them it might 
be necessary to reimburse them for their time even at maximum consulta
tion rates. It would not do to make a practice of paying much less, as 
each instructor should be placed upon his mettle in order to ensure the 
best possible results from his work. In some cases this might not be prac
ticable, if the instructor felt that his work was something of a “charity 
job” ; but if he were convinced that neither pecuniarily nor professionally 
would he be losing anything by teaching, he would be certain to put forth 
his best efforts and endeavor to teach each student as much as possible 
of the best he knows.

The function of the permanent professors would be to keep the various 
departments active at such times as the lecturers would be absent, and 
ensure that the students would always have some one to refer to concerning 
their studies and investigations. It should also be the business of the per
manent professors to study current engineering literature, and to excerpt 
therefrom and deliver in the form of lectures everything likely to be of 
real value to the students, as well as to call their attention to the articles



HIGHER EDUCATION FOR CIVIL ENGINEERS. 943

which each one ought to read. They should also teach the students the 
knack of reading current technical literature so as to obtain its gist with 
minimum effort and loss of time.

They should prepare a work discussing engineering literature that 
would include all technical books which are in accord with current prac
tice, show their scope, and indicate their good and their had points. This 
treatise should he re-written from time to time so as to keep it up to date.

The permanent professors should also he required to translate or assist 
in the translation of all engineering books in foreign languages, which, 
in the opinion of competent experts, would prove useful to American 
engineers or to the students of the institution.

The president or director of such a school should be the most broad- 
gauge, profound, and progressive engineer in the entire country, and the 
governing body or trustees should look to him to see that the maintenance 
and development of the course of instruction are such as to accomplish to 
the utmost the great object of the school's existence.

Original investigation by both the professors and the students should 
be provided for and encouraged in every way, and the results should he 
published in an official paper of the institution. These investigations 
should he of an eminently practical nature and calculated to improve 
engineering practice or to lead to valuable discoveries in technical science.

A great testing laboratory, the most complete and perfect in the world, 
should he an adjunct of this institution, and its constant use should form a 
part of the curriculum.

Designing should be the characteristic feature of the course ot instruc
tion, and should be employed in every course where its use is practicable. 
Nothing will teach a man a subject involving engineering construction 
more thoroughly than the making of a complete and accurate design for 
some special case, unless perhaps it be the teaching of that subject 
to technical students. All designing should be done in the class room 
under the direct supervision of experts, and in the same detailed and 
thorough manner that is, or should be, characteristic of designing done 
in the offices of consulting engineers.

One prominent feature of the curriculum should he the study of 
both pure and applied mathematics, not only for the purpose of refreshing 
the memories of the students and supplementing previous faulty instruc
tion, but also in order to carry this study farther than is customary in 
technical schools. The main object of the course, though, should be to 
teach the students to do original mathematical work, thus enabling them 
to solve difficult problems in the highest branches of engineering.

Another prominent feature of the course should be numerous visits 
by the professors and students, both together and separately, to works 
under construction, finished structures, and industries of all kinds ; and



944 HIGHER EDVCAT10S FOR CIVIL ESG1 SEERS.

special facilities for studying these should he arranged for in advance by 
the president or the governing board.

No special length of time should be set for the duration of the course, 
but each student within certain reasonable limits should be given the 
privilege of choosing his subjects and the time for taking them. It would 
he well to arrange to give to those who do a certain amount of studying at 
the institution certificates to that effect, and to those who pass a satisfac
tory examination in one of a number of prescribed courses the degree of 
Doctor of Science or Doctor of Engineering, as the case may be ; for the 
instruction given at such a school would certainly he as profound as that 
offered by any institution of learning in the world : and those fully profit
ing by it would most decidedly be worthy of a doctor's degree.

Let us now consider briefly some of the courses that I would advo
cate giving in such a post-graduate school of engineering. It is not my 
intention to try to make these suggestions at all complete, but merely to 
outline some of the possibilities for extending engineering education.

A knowledge of political economy is of great value to the civil 
engineer in his relations with the government (national, state and 
municipal), wi capitalists and corporations, and with manufacturers.

In acting for the government or in dealing with it. a thorough knowl
edge of its nature and functions, the extent of its control over construc
tions. the relation between its fiscal and its engineering departments, and 
its control over and obligations to the public, is essential to the success
ful engineer.

In dealing with common carriers and other quasi-public corporations, 
a thorough knowledge of their relation to the public, their responsibility 
to the government, and their organization and management, is of the great
est importance.

The engineer for a manufacturing concern should be thoroughly con
versant with the operation of the law of supply and demand, with the 
relations between capital and lalnir. with the theories of competition, and 
with the organization of industries.

All these things and many others that come under the head of political 
economy should be taught in the proposed post-graduate school.

A general knowledge of law in its relation to contracts, organization 
of companies, rights of corporations, and many other imitant matters 
connected directly or indirectly with engineering work, is essential to the 
highest professional success.

The fundamental principles of business should be taught to all engi
neering students, and they should be instructed carefully in respect to all 
such matters as stocks, bonds, and other securities, and the floating of 
same. Even such an elementary subject as the keeping of accounts should 
not be ignored.
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Concerning the history of civil engineering I need say nothing here 
except that it should form a part of the curriculum of every technical 
school. Possibly many of you know that I am making a systematic and 
determined effort to induce the Society for the Promotion of Engineering 
Education to undertake the preparation of an exhaustive history of civil 
engineering in all its branches. Thus far nothing has occurred to make me 
despair of success in the accomplishment of this purpose.

But few technical men are fluent speakers, and as it is often the engi
neer’s province to persuade capitalists into the undertaking of enter
prises. or to argue in defense of one's rights in competition or of one's 
clients in legal controversy, a knowledge of oratory and experience in 
debate must he of great service in one's professional career ; consequently 
the study and practice of these matters should be given due attention in 
the pro]X)sed post-graduate school.

The ability to dictate readily to a stenographer well expressed letters, 
descriptions, contracts, and specifications is enjoyed by very few engineers, 
and these few did not obtain their knowledge of this accomplishment at the 
technical school, but through long continued effort, much patience, and 
numerous discouragements. Every engineering student should he drilled 
in dictation until he becomes proficient.

The writing of first-class specifications and contracts is an art that can
not he acquired except through experience ; nevertheless its acquisi
tion can he hastened materially by a thorough drill at the technical school 
in the underlying principles of such writings, as well as in the practice 
of their composition.

In American schools of engineering the study of graphics is confined 
almost exclusively to the determination of stresses in framed structures ; 
but in Europe it is carried much farther, entering into almost all kinds 
of computations. The graphical calculations of a highly educated German 
or Swiss engineer arc beautiful to contemplate: and although it may 
not he advisable to utilize graphics in practice to the extent that these 
foreign engineers are inclined to. nevertheless, in my opinion, American 
technical schools have much to learn in this particular from those of 
Continental Europe. On this account it would he well to include in the 
proposed curriculum an elaborate course in higher graphics.

The subject of economics is one that is intimately related to every 
branch of civil engineering, and its importance is such that not only, 
as previously stated, should it receive due attention in the study of 
all such branches, hut also it is deserving of a special course, in which its 
relations to all important professional and business affairs are expounded.

Few American engineers pay much attention to secondary stresses in 
framed structures, hut European engineers are trained on their theory ; 
and while it is true that the best way to treat secondary stresses is to
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avoid them in one's designs, still a comprehensive knowledge of their 
cause and magnitude would enable one to do so to far better advantage ; 
hence a course in their theory should be given in our post-graduate school.

As far as 1 know, the science of railroading is not taught in any 
technical school, the elementary principles and practice of surveying and 
construction constituting the extent of the course in that subject. The 
science of railroading pertains to more abstruse subjects, such as the 
adjustment of grades and curves to traffic : the laying out of terminal 
yards for economical handling of cars ; the reconstruction of cheap roads 
so as. with minimum interruption to traffic, to change them into first-class 
trunk lines ; the economic maintenance of track and rolling stock ; the rela
tions that motive power, car equipment, rails, ties, ballast, speed, and 
volume of traffic liear to each other ; and how changes in any one of these 
features affect the rest. A thorough course in all such details of railroad
ing would be of great value to the student and of the utmost importance 
to the railroad systems of the country.

The true science of bridge design does not receive much attention 
in technical schools, or at least it is only its elementary features that are 
treated. The reason for this is not lack of proper books, but want of 
time. In our post-graduate school there should be given a course in 
bridges far surpassing in extent, thoroughness, and excellence any course 
on the subject yet given or even contemplated.

The new types of stcel-and-concrctc bridges should not only be covered 
in the course ; but also the permanent professors both by experimentation 
and mathematical investigations should establish a proper theory for the 
designing of such structures.

Substructure and foundations should be treated much more elaborately 
than is customary in other technical schools.

The study of geodesy in both theory and practice, with the necessarily 
closely associated theory of least squares, should be given proper attention.

A much more elaborate course in instrumental work and measurements 
of precision than is usual should form a part of the curriculum ; and all 
the latest and most complicated types of surveying instruments should be 
described in the class room and used in the field. A student's knowledge 
of an instrument should not be considered complete until he has learned 
to take it apart, clean it, put it together, and bring it into perfect adjust
ment.

Measurements of precision, equal in accuracy to those performed by 
the leading engineers on important bridge work, should be made by the 
students under the direct supervision of expert instructors.

An elementary but complete course in architecture, especially as it 
relates to engineering constructions, should form a part of the curriculum ; 
and special attention should be paid to aesthetics in designing.
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A sound, practical, working course in geology, mineralogy, and allied 
subjects should not be omitted.

A special course should be given on tunneling, and it should include 
the designing of tunnels of all kinds to meet all possible conditions.

There should be also a thorough course on the designing and construc
tion of dams of every description.

In the course on the metallurgy of iron and steel the student should 
obtain a thorough acquaintance with the mechanical processes and the 
chemistry of their manufacture according to the latest practice ; and a 
full description of all previous and abandoned methods should be given, as 
a knowledge of what has been done in the past often saves a great amount 
of labor when an endeavor is made to improve upon present methods ; 
and long disused plans are frequently re-invented at great expense.

A knowledge of the action of iron and steel under ordinary working 
conditions is essential to the proper use of these metals in designing. A 
general idea thereof obtained from a few tests and lectures, such as is 
commonly gained by the engineering student, serves principally to befog 
the mind of the young engineer, and leaves him wholly unprepared to 
handle problems involving rapid vibration or heavy shock. On this 
account the testing of these metals in various forms and under differing 
conditions should be included in the course of instruction.

The designing and construction of harbors and canals of all kinds 
and the improvements of rivers under all possible conditions should be 
treated much more elaborately than is customary in technical schools ; 
and hydraulic experiments with the latest and most improved types of cur
rent meters should be made by each student in the class.

The important subject of water supply should be taught in full detail, 
and experiments on the flow of water in pipes and a study of bacteriology 
should constitute portions of the course.

An exhaustive study of sanitary engineering in all its important 
features should he included as a part of the curriculum, and sewage 
disposal should be studied thoroughly by both professors and students 
for the purpose of affecting much needed improvements in that branch 
of engineering science.

Power transmission by the latest and most economical methods should 
also be taught.

Highway engineering should not 1>e neglected, and the effect of good 
roads upon the development of a country or a district should be investi
gated.

No civil engineering curriculum is complete without elementary but 
thorough courses in mechanical engineering and electrical engineering; 
consequently there should be special departments for them in our post
graduate school ; and the professors in these branches should endeavor to
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evolve a complete set of scientific principles for designing the details 
of machinery, corresponding somewhat in style and extent to the principles 
that have been established for the designing of steel bridges.

The advantages to he gained by attendance at such a post-graduate 
school as the one advocated are almost beyond expression ! A degree 
from such a school would always insure rapid success for its recipient. 
Possibly for two or three years after taking it a young engineer would 
have less earning capacity than his classmates of equal ability from the 
lower technical school, who had gone directly into actual practice. How
ever, in five years he certainly would have surpassed them, and in less 
than ten years he would he a recognized authority, while the majority 
of the others would he forming the rank and file of the profession with 
none of them approaching at all closely in reputation the more highly 
educated engineer.

But if the advantages of the proposed school to the individual are so 
great, how much greater would be its advantages to the engineering pro
fession and to the entire nation ! After a few years of its existence 
there would he scattered throughout the country a number of engineers 
more highly trained in the arts and sciences than any technical men who 
Itave ever lived : and it certainly would not take long to make apparent 
the impress of their individuality and knowledge upon the development 
of civil engineering in all its branches, with a resulting betterment to all 
kinds of constructions and the evolution of many new and important types.

When one considers that the true progress of the entire civilized 
world is due almost entirely to the work of its civil engineers, the im
portance of providing the engineering profession with the highest possible 
education in both theoretical and practical lines cannot be exaggerated.

What greater or more worthy use for his accumulated wealth could 
an American multi-millionaire conceive than the endowment and establish
ment of a post-graduate school of civil engineering such as I have to
night attempted to describe!

Should this address of mine by reaching the eye of one of those multi
millionaires he the means of inducing him to endow such a school, I would 
consider its preparation to be the greatest work of my entire professional 
career !
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COMMENT.

The idea of engaging practicing engineers of high standing to give 
instruction in the graduate school is, of course, excellent, and will, no 
doubt, he adopted as the graduate courses increase in number and im
portance ; hut their work should be confined to the instruction in the 
practical work of designing. The theory is best taught by the instructor 
who devotes himself entirely to educational work, for he has at his disposal 
the time necessary for original research and for the detailed study of the 
finer theoretical points. A successful practitioner cannot devote one por
tion of his time entirely to teaching and another to practice, hut must take 
such time as he can, generally a brief period or two each year, for the educa
tional work.

Neither is it essential that the practitioner ho paid so well for time 
devoted to teaching as he is for time spent in practice, for engagement by 
a prominent institution, especially by such an institution as Dr. Waddell 
has suggested, would add greatly to his prestige, and prestige has money 
value.

Many of our better institutions which are now offering graduate courses 
might well give the matter of employing practicing engineers serious 
consideration. Even a week or two at the end of each course devoted to 
designing under the direction of an energetic and able engineer would 
strengthen the work immeasurably. The regular instructors should, of 
course, possess a sound knowledge of practice, hut the labor of imparting a 
knowledge of the various subjects to students of various types and capaci
ties must occupy the major portion of their time and thought, while the 
practitioner’s energies are chiefly devoted to design and construction, con
sequently he is fresh for the teaching and should, if he he tactful, be able* 
to command the student’s attention and to quicken his energy.

The practitioner must be employed to assist the professor, not to 
instruct him. There must he no idea of superiority on his part or the 
result upon professor and student alike will be far from desirable.

It does not seem to be desirable to teach practice so thoroughly in the 
schools that the graduate, or even the recipient of a higher degree, may be 
considered an engineer prepared for responsible work. If any man have a 
strong predilection for any particular branch of engineering, he can, if 
he be persistent, obtain employment in that line and thus obtain his knowl
edge of construction. The graduate school should, however, afford the 
opportunity to obtain all knowledge extant pertaining to the theory of the 
subject. No undergraduate course, within the editor's knowledge, gives 
more than the barest essentials of the theory in bridge work. Arches, sus-
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pension bridges, cantilever bridges, and continuous girders receive a very 
limited amount of attention. The theories of their design must be obtained 
in the graduate school or by unaided effort, and it would be a serious 
mistake to substitute for them courses in the current practice of design
ing and detailing the lower order of structures. If the student have time 
and means at bis disposal, so that compensation for his labor is not a 
consideration, he mav readily obtain ( which will teach him
the praetiee of his chosen specialty far more satisfactorily than it can be 
done in school. For instance, if he choose bridge work, he may enter the 
office of a consulting engineer, where he will see and take part in a variety 
of work, or he may go to the shops and see the work detailed and fabricated 
as well as designed. Both the amount and the variety of work he will 
thus be enabled to study will be far greater than he could obtain in the 
school. The opportunity to see the structures fabricated is of very large 
value in itself. The work is real, tangible, and has a present as well as a 
future purpose, hence takes better hold of both the interest and the 
memory.

It. would, however, be quite as unwise to leave all the instruction in 
practice out of the technical courses as to endeavor to make it complete 
would be, for the work the average graduate obtains does not afford exer
cise for his knowledge of theory, and it is frequently half forgotten 
before he has the opportunity to employ it.

The present technical courses leave so much to be desired that it is 
difficult to suggest graduate courses suited to the needs of the recent gradu
ate. When the preparatory work and the undergraduate courses are im
proved so that sound instruction is given in all principal branches before 
the baccalaureate degree is conferred, the graduate courses offered will com
prise advanced work only, but at present they should contain fundamental 
instruction in branches which are crowded out of the undergraduate 
courses by essential but lion-technical subjects. The courses should be 
divided into groups of closely related or allied subjects, each designed to 
prepare the student for some special line of work, and each leading to a 
higher degree.

As the students of the graduate school will come from various institu
tions or from practice, it would seem advisable to precede the work in each 
course by a hasty but comprehensive review of the work preceding it, in 
order to insure a good foundation. The students come equipped with a 
sound knowledge of fundamental principles, well developed methods of 
work, years of discretion, and a well defined purpose, hence the work should 
be pursued with extraordinary vigor. The courses should be planned, not 
for the average or the dull man, but for able, well grounded students, and 
the work done in a year should far surpass in both quality and quantity 
the amount required for a similar period during the undergraduate course.

4710
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The history of the development of a science should he reviewed, at the 
beginning of a course, the failures as well as the successes being brought 
up for consideration. This will serve to direct the work upon right lines 
and save repeating investigations. It must not he assumed, however, that 
a failure is conclusive. The early experiments and investigations relating 
to single-phase, alternating-current electrical machinery failed to bring 
forth useful results, hut after the subject lay untouched for many years, 
recent investigations resulted in the construction of machinery of the 
highest promise.

Exceedingly broad and thorough preparation should be demanded for 
entrance upon the highly specialized graduate work, otherwise the result 
will be men very highly educated along narrow lines and ill-equipped except 
as tcchnists. Broad culture is essential to success in the highest sense and 
no pains should be spared to make this plain, though the purpose of the 
graduate school is to train specialists.

For the bridge engineer the courses offered should comprise an ex
haustive study of arches; suspension bridges and their stiffening trusses; 
cantilever bridges; movable bridges of the various types; the construction 
of foundations by the pneumatic and the freezing processes, bv open 
dredging, and by the use of coffer dams; studies in the metallurgy of iron, 
steel, and other alloys ; the theory of the various types of reinforced con
crete construction ; the preservation of timber; the chemistry of cement ; 
the effects of impact, vibration, and the reversal of stresses on the various 
materials of construction; and the chemistry of protective coverings and 
the agents which destroy them.

The architectural engineer requires courses in architecture, founda
tions, the metallurgy of iron and steel, the chemistry of cement, the theory 
of reinforced concrete construction, arches, heating and ventilation, light
ing, the effects of impact and vibration, fire-proofing, insurance, the con
struction and operation of elevators, and the chemistry of preservative 
coatings.

The engineer who makes water supply and sewerage his specialty, 
requires a knowledge of meteorology, hydraulics, masonry dams and con
duits, pumping machinery, the chemistry of cement, the metallurgy of 
iron and steel, bacteriology, botany, the chemistry of water softening and 
purification, the chemistry of sewage disposal, and the laws governing 
riparian rights.

The specialist in railroading, in power engineering, in the recently 
developed branch of street railway and rapid transit engineering, in 
municipal engineering, in river and harbor work, and in similar well- 
defined branches, requires courses similar to those outlined above.

In all courses the preparation of specifications and contracts should
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be required, and careful attention should be given to their English and to 
their conformity to the laws of contracts.

It is not many years, comparatively, since instruction in civil engineer
ing as a profession was first offered. Well organized courses leading to a 
professonal degree are of still more recent origin, but are now almost as 
common as the ordinary college course. Indeed, an engineering education 
is rapidly coming to be considered the best possible preparation for busi
ness and manufacturing and the number of students in the engineering 
courses is rapidly approaching that of collegiate students. Hence it is 
difficult to understand why graduate courses have not been established in 
engineering as they have been in chemistry, geology, physics, economics, 
and other sciences. In these lines courses leading to a doctor’s degree 
and requiring three years’ resident study and research after the receipt 
of the baccalaureate degree have long been established. The demand for 
highly trained engineers now requires the establishment of such courses 
as those outlined above, and they will, no doubt, be offered in the very near 
future. They should lead to the degree of Doctor of Engineering, for they 
are certainly equivalent to the requirements for the degree of Doctor of 
Philosophy, Doctor of Literature, or Doctor of Science. The literature 
necessary for instruction in such courses is available, suitable instructors 
are available, and the profession demands the higher education ; conse
quently, it cannot be much longer postponed.

The establishment of an institution such as Dr. Waddell has suggested, 
with ample equipment and an able faculty, would be of untold benefit to 
the country. The further development of the science of engineering would 
largely lie with its faculty and graduates. Its sphere of usefulness would 
be incomparably great, for it would lead the advance in the profession 
which has done more than all others to place the United States in the van 
of civilized nations.
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INTRODUCTORY NOTES.

Early in 1ÎMM tin.» Organizing Committee of the International Congress 
of Arts and Science which was formed under the auspices of the Louisiana 
Purchase Exposition invited Dr. Waddell and Prof. Lewis M. Haupt to 
represent the profession of civil engineering and address the Congress upon 
“The Eclations of Civil Engineering to Other Branches of Science" and 
“Present Problems of Civil Engineering.” Prof. William 11. Burr was 
chairman of the Committee on Civil Engineering for the Congress and 
presided over the meeting at which these addresses were read.

What constitutes the profession of civil engineering has of late been 
a much discussed question. Engineers have found it advantageous to 
specialize, and certain groups of specialists have organized societies which 
are devoted to the advancement of the corresponding groups of special 
subjects. The American mining engineers perfected their organization 
at an early date, the civil engineers soon after, and more recently other 
groups such as the mechanical engineers, the electrical engineers, the heat
ing and ventilating engineers, and the naval engineers and architects have 
organized societies which have proved their usefulness and occupy positions 
of national importance. Within each of these societies there are groups of 
men who are specializing along still narrower lines, and it seems probable 
that still other societies of very restricted scope will spring up in the 
course of time, though it would appear that further sub-division would be 
uneconomical. Each organization must have a characteristic name, and, 
in course of time, this name is firmly established and the further division 
of the profession is generally recognized. Thus it would seem that the 
division of engineering is merely one of convenience, but it is not so 
simple as it appears, for one engineer may Ik- engaged in several lines and 
a man may be an active member of several societies. There is no doubt, 
however, that the sub-divisions of the profession will remain detached in 
this country, for both engineers and the public have generally accepted 
them.

Dr. Waddell has outlined broadly the present relations between the 
civil engineer and the pure scientist. lie struck the key-note when he 
called attention to the fact that these relations arc recent in origin and 
that they are rapidly growing closer. Engineering grows more complex 
and more important every year, hence its needs are more generally recog
nized by the investigator; at the same time the engineer is increasingly 
dependent upon the work of the pure scientist.

The character of the relations between the engineer and the physicist, 
the chemist, the geologist and the other scientists depends chiefly upon
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engineering education. In the first place, the greater number of original 
investigators are teachers, and their students are not only taught the discov
ered laws of nature, but they are inspired with an ever-growing interest 
in the discoveries and theories of the investigator. An interest so estab
lished clings to the engineer throughout his life and resists the tendency 
of his strictly professional work to absorb all his Well trained
engineers teaching courses of high character keep in close touch with the 
investigators and thus are aide to direct the interest of students to the 
most advanced research. Students so taught arc very sure to maintain 
that interest, to keep closely informed upon the progress of the investi
gator, and to make use of the host and freshest information. These en
gaged in original research are in turn benefited by keeping in close touch 
with the engineer’s applications of the most recent discoveries. Thus 
the work of the pure and the applied scientists is constantly growing more 
dependent upon their combined efforts.

i
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THE RELATIONS OF CIVIL ENGINEERING TO OTHER 
BRANCHES OF SCIENCE.

An Address to the International Congress of Arts and Science at the 
Universal Exposition, St. Louis, Mo., September 21, 1904.

By J. A. L. Waddell.

The topic set for this address is “The Relations of Civil Engineering to 
Other Branches of Science." In its broad sense civil engineering includes 
all branches of engineering except, perhaps, the military. This is its scope 
as recognized by two of the highest authorities, viz., the American Society 
of Civil Engineers and the Institution of Civil Engineers of Great Britain ; 
for these two societies of Civil Engineers admit to their ranks members 
of all branches of engineering. It is evident, though, from a perusal of 
the Programme of this Congress that the Organizing Committee intended 
to use the term in a restricted sense, because it has arranged for addresses 
on mechanical, electrical, and mining engineering. But what are the 
proper restrictions of the term is, up to the present time, a matter of 
individual opinion, no authority having as yet attempted definitely to 
divide engineering work among the various branches of the profession. 
To do so would, indeed, be a most difficult undertaking ; for not only do all 
large constructions involve several branches of engineering, hut also the 
profession is constantly being more minutely divided and subdivided. For 
instance, there are recognized to-day by the general public, if not formally 
by the profession, the specialties of architectural, bridge, chemical, elec
trical, harbor, highway, hydraulic, landscape, marine, mechanical, metallur
gical, mining, municipal, railroad, and sanitary engineering, and possibly 
other divisions : and the end is not yet, for the tendency of modern times 
in all walks of life is to specialize.

Between Tredgold's broad definition of civil engineering, which in
cludes substantially all the applied sciences that relate to construction, 
and the absurdly narrow definition which certain engineers have lately been 
endeavoring to establish during the course of a somewhat animated dis
cussion and which would confine civil engineering to dealing with sta
tionary structures only there must be some method of limitation that 
will recognize the modern tendency toward specialization without re
ducing the honored profession of civil engineering to a mere subdivision 
of applied mechanical science.
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Without questioning in any way the correctness of the Tredgold 
definition, civil engineering will be assumed, for the purposes of this ad
dress, to include the design and construction of bridges ; extensive and 
difficult foundations; tunneling ; retaining walls, sea-walls, and other 
heavy masonry ; viaducts : wharves ; piers ; docks ; river improvement ; 
harbors and waterways ; water supply ; sewerage: filtration : treatment 
of refuse ; highway construction ; canals; irrigation works ; dams ; geodetic 
work ; surveying : railways (both steam and electric ) ; gas works ; manu
facturing plants ; the general design and construction of plants for the 
production of power (steam, electric, hydraulic, and gaseous) ; the general 
design and construction of cranes ; cableways, breakers, and other mining 
structures : the heavier structural features of office buildings and other 
large buildings that carry heavy loads ; the general $ of transpor
tation, quarrying, and the handling of heavy materials : and all designing 
and construction of a similar nature.

In contradistinction, mechanical engineering should include the design 
and construction of steam engines, machine tools, locomotives, hoisting 
and conveying machinery, cranes of the usual types, rolling-mill machin
ery. blast-furnace machinery, and, in fact, all machinery which is designed 
for purely manufacturing purjjoses.

Electrical engineering should include all essentially electrical work, 
such as the designing, construction, and operation of telephone and tele
graph lines ; electric light plants : dynamos ; motors ; switchboards; wiring ; 
electric devices of all kinds ; transmission lines ; cables (both marine and 
land) : and storage batteries.

Mining engineering should include all under-ground mining work; 
means for handling the products of mines ; roasting, smelting, milling, 
stamping, and concentrating of ores ; drainage and ventilation of mines ; 
disposal of mine refuse : and similar problems.

It is impracticable to draw hard and fast lines between the various 
branches of engineering, because, as before indicated, nearly all large 
constructions involve several specialties, consequently no specialist can 
confine his attention to a single line of work to the exclusion of all other 
lines. For instance, the bridge engineer encounters mechanical and elec
trical engineering problems in designing movable bridges ; railroading 
in approaches to bridges; river improvement in the protection of piers 
and abutments : highway construction in the pavement of wagon bridges ; 
architecture in the machinery houses of swing spans ; hydraulic engineer
ing in guarding bridges against fire; and chemistry and metallurgy in 
testing materials. The railroad engineer encounters architecture and 
structural engineering in depots, roundhouses, and other buildings : hy
draulic problems in pumping plants and bank protection ; mechanical 
engineering in interlocking plants ; and electrical engineering in repair-
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shop machinery. The mining engineer invades the field of mechanical and 
electrical engineering in his hoisting, ventilating, and transporting ma
chinery : deals with civil engineering in his surveys ; and encounters 
chemistry and metallurgy in testing ores. Similarly it might be shown 
that all branches of engineering overlap each other and are interde
pendent.

It was the general opinion among scientists not many years ago that 
engineering was neither a science nor a profession, but merely a trade 
or business ; and even to-day there are a few learned men who hold to 
this notion—some of them, mirabile diet it, being engineers ; but that such 
a view is entirely erroneous is now commonly conceded. He is an ill- 
informed man who to-day will deny that civil engineering has become 
one of the learned professions. Its advances in the last quarter of a cen
tury have been truly gigantic and unprecedented in the annals of profes
sional development. It certainly can justly lay claim to being the veritable 
profession of progress : for the larger portion of the immense material 
advancement of the world during the last century is due primarily and 
preeminently to its engineers.

It must be confessed that half a century ago engineering was little 
better than a trade, hut by degrees it advanced into an art, and to-day, in 
its higher branches at least, it is certainly a science and one of the princi
pal sciences.

The sciences may be divided into two main groups, viz., “ Pure 
Sciences ” and “ Applied Sciences.”

The “ Pure Sciences ” include :—
ist. Those sciences which deal with numbers and the three dimensions 

in space, the line, the surface, and the volume, or in other words “ Mathe
matics.”

2d. Those sciences which deal with inorganic matter, its origin, struc
ture, metamorphoses, and properties : such as geology, petrology, chemis
try, physics, mineralogy, geography, and astronomy.

3d. Those sciences which deal with the laws, structure, and life of 
organic matter : such as botany, zoology, entomology, anatomy, physiology, 
and anthropology.

4th. The social sciences : such as political economy, sociology, philos
ophy, history, psychology, politics, jurisprudence, education, and religion.

“ Applied Sciences ” include :—
ist. Those which relate to the growth and health of organic matter ; 

such as medicine, surgery, dentistry, hygiene, agriculture, floriculture, and 
horticulture.

2d. Those which deal with the transformation of forces and inorganic 
matter, viz., the various lines of engineering, —civil, mechanical, electrical, 
mining, marine, chemical, metallurgical, architectural, etc.
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3d. Those which relate to economics ; such as industrial organiza
tions and manufactures, transportation, commerce, exchange, and insur
ance.

Some writers make no distinction between the terms “ Political 
Economy ” and “ Economics,” but in this address they are divided, the 
former relating to broad subjects of national importance and the latter 
to minor matters and to some of the details of larger ones. For instance, 
currency, the national debt, banking, customs, taxation, and the subsidiz
ing of industries pertain to “ Political Economy," while economy of ma
terials in designing and of cost of labor in construction, supplanting of 
hand power by machinery, systemization of work of all kinds, adjustment 
of grades and curvature of railroads to traffic, and time and labor saving 
devices come under the head of “ Economics.”

The distinctions between the pure and the applied sciences are at times 
extremely difficult to draw, for one science often merges almost imper
ceptibly into one or more of the others.

The groups of pure sciences that have been enumerated may lx? 
termed

The Mathematical Sciences,
The Physical Sciences,
The Physiological Sciences, and 
The Social Sciences,

(while the groups of applied sciences may be called 
The Organic Sciences,
The Constructive Sciences, and 
The Economic Sciences.

In what follows the preceding nomenclature will be adopted.
The terming of engineering the “ Constructive Science ” is a happy 

conception, for engineering is truly and almost exclusively the science of 
construction. The functions of the engineer in all cases arc either directly 
constructive or tend toward construction.

The engineer has ever had a due appreciation of all the sciences, 
imagination to see practical possibilities for the results of their findings, 
and the common-sense power of applying them to his own use.

Pure science (barring perhaps political economy) is not concerned 
with financial matters, and its devotees often look down with lofty dis
dain upon everything of a utilitarian nature, but engineering is certainly 
the science most directly concerned with the expenditure of money. The 
engineer is the practical man of the family of scientists. While he is 
sufficiently well informed to be able to go up into the clouds occasionally 
with his brethren, he is always judicious and comes to earth again. In all 
his thoughts, words, and acts he is primarily utilitarian. It is true that 
lie bows down to the goddess of mathematics, but he always worships
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from afar. It is not to be denied that mathematics is the mainstay of 
engineering ; nevertheless the true engineer pursues the subject only so 
far as it is of practical value, while the mathematician seeks new laws and 
further development of the science in the abstract. The engineer does 
not trouble himself to consider space of four dimensions, because there 
are too many things for him to do in the three-dimension space in which 
he lives. Non-Euclidian geometry is barred from his mind for a fuller 
understanding of the geometry which is of use to ordinary mankind. The 
mathematician demonstrates that the triangle is the sole polygonal figure 
which cannot he distorted, while the engineer, recognizing the correctness 
of the principle, adopts it as the fundamental, elementary form for his 
trusses. The mathematician endeavors to stretch his imagination so as to 
grasp the infinite, hut the engineer limits his field of action to finite, 
tangible matters.

The geologist, purely studious, points out what he has deduced about 
he construction of the earth : hut the engineer makes the mine pay.

The chemist discovers certain facts about the eflfects of different ele
ments in alloys : but the engineer works out and specifies a new material 
for his structures. Again, the chemist learns something about the ac
tion of clay combined with carbonate of lime when water is added, and 
from this discovery the engineer determines a way to produce hydraulic 
cement.

The physicist evolves the theory of the expansive power of steam, and 
the engineer uses this knowledge in the development of the steam engine. 
Again, the physicist determines by both theory and experiment the laws 
governing the pressures exerted by liquids, and the engineer applies these 
laws to the construction of dams and ships.

The botanist with his microscope studies the form and construction of 
woods, while the engineer by experimentation devises means to preserve 
his timber.

The biologist points to hare facts that he has discovered, but the 
engineer grasps them and utilizes them for the purification of water sup
plies.

In short, the aim of pure science is discovery, hut the purpose of en
gineering is usefulness.

The del vers in the mysterious laltoratories. the mathematical gymnasts, 
the scholars poring over musty tomes of knowledge, are not understood 
by the work-a-dav world, nor do they understand it. But between stands 
the engineer with keen and sympathetic appreciation of the value of the 
work of the one and a ready understanding of the needs and requirements 
of the other: and by his power of adaptability he grasps the problems 
presented, takes from the investigators their abstract results, and trans
forms them into practical usefulness for the world.
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The work of the engineer usually docs not permit him to make very 
extensive researches or important scientific discoveries ; nor is it often 
essential to-day for him to do so, as there are numerous investigators in 
all lines whose object is to deduce abstract scientific facts ; nevertheless 
there comes a time occasionally in the career of every successful engineer 
when it is necessary for him to make investigations more or less abstract, 
although ultimately utilitarian ; consequently it behooves engineers to 
keep in touch with the methods of scientific investigation, in order that 
.they may either perform desired experiments themselves, or instruct 
trained investigators how to perform them.

The engineer must be more or less a genius who invents and devises 
ways and means of applying all available resources to the uses of mankind. 
His motto is “ utility,” and his every thought and act must be to employ 
to the best advantage the materials and conditions at hand. To be able to 
accomplish this object he must be thoroughly familiar with all useful 
materials and their physical properties as determined by the investigations 
of the pure scientists.

Many well known principles of science have lain unused for ages 
awaiting the practical application for which they were just suited. The 
power of steam was known long before the practical mind of Watt utilized 
it in the steam engine.

The engineer is probably an evolution of the artisan rather than 
of the early scientist. I lis work is becoming more scientific because of his 
relations and associations with the scientific world. These relations of 
the engineer to the sciences arc of comparatively recent origin, and this 
fact accounts for the rapid development in the engineering and industrial 
world of the past half century. The results of this association have been 
advantageous to both the engineer and the pure scientist. The demands 
of the engineers for new discoveries have acted as an incentive for greater 
effort on the part of the investigators. In many instances the engineer is 
years in advance of the pure scientist in these demands; but, on the other 
hand, there arc, no doubt, many valuable scientific facts now available 
which will yet work wonders when the engineer perceives their practical 
utility.

The engineer develops much more fully the faculty of discernment 
than does the abstract scientist, he is less visionary and more practical, less 
exacting and more commercial.

It is essential to progress that large stores of scientific knowledge in 
the abstract lx* accumulated and recorded in advance by the pure scientists, 
so that as the engineer encounters the necessity for their use he can employ 
them to the best advantage. The engineer must be familiar with thesi 
stores of useful knowledge in order to know what is available. This 
forms the scientific side of the engineer’s work. While he must know
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what has been done by investigators, it is not absolutely necessary that 
he know how to make all such researches for himself : although, as before 
stated, there are times in an engineer's practice when such knowledge will 
not come amiss.

As engineers are specializing more and more, each particular specialty 
becomes more closely allied with the sciences that most affect it; conse
quently, to ensure the very best and most economic results in his work 
the engineer must keep in close touch with all of the scientific discoveries 
in his line.

The early engineers, owing to lack of scientific knowledge, took much 
greater chances in their constructions than P necessary for up-to-date 
modern engineers. There is now no occasion for an engineer to make any 
hazardous experiments in his structures, because by careful study of scien
tific records he can render his results certain.

T11 future the relations between engineers and the pure scientists will 
be even closer than they are to-day. for as the problems confronted by the 
engineer become more complex and comprehensive the necessity for ac
curate knowledge will increase.

The technical training now given engineers involves a great deal 
of the purely scientific : and it is evident that this training should be su 
complete as to give them a comprehensive knowledge of all the leading 
sciences that affiliate with engineering. There is no other profession that 
requires such a thorough knowledge of nature and her laws.

Of all the various divisions and sub-divisions of the sciences herein
before enumerated and of those tabulated in the ( )rganizing Committee's 
" Programme." the following only are associated at all closely with civil 
engineering :—

Mathematics.
Geology.
Petrology.
Chemistry.
Physics.
Mineralogy.
Geography.
Astronomy.
Biology.
Botany.
Political Economy.
Jurisprudence.
Education.
Economics.
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Attention is called to the fact that this list contains a number of 
divisions from the four main groups of pure sciences, viz., the mathemati
cal. physical, physiological, and social, and but one division (economics) 
from the three groups of applied sciences, viz., the organic, constructive, 
and economic. The reasons why so little attention is to be given to 
the relation between civil engineering and the applied sciences are. first, in 
respect to organic science, there is scarcely any relation worth mentioning 
between this science and civil engineering, and, second, because the inter
relations between civil engineering and other divisions of constructive 
science have already been treated in tliis address.

Of all the pure sciences there is none so intimately connected with 
civil engineering as mathematics. It is n t. as most laymen suppose, the 
whole essence of engineering, hut it is the engineer’s principal tool. lie- 
cause technical students are drilled so thoroughly in mathematics and be
cause so much stress is laid upon the study of calculus, it i> commonly 
thought that the higher mathematics are employed constantly in an en
gineer’s practice : but, as a matter of fact, the only branches of mathematics 
that a constructing engineer employs regularly are arithmetic, geometry, 
algebra, and trigonometry. In some lines of work logarithms are used 
often, and occasionally in establishing a formula the calculus is employed ; 
but the engineer in active practice soon pretty nearly forgets what analyti
cal geometry and calculus mean. As for applied mechanics, which, as the 
term is generally understood, is a branch of mathematics (although it in
volves also physics and other sciences), the engineer once in a while has 
to take down his old text-books to look up some principle that he has en
countered in his reading but has forgotten. Strictly speaking, though, 
engineers in their daily tasks utilize applied mechanics, almost without 
recognition: for stresses. moments, energy, moments of inertia, impact, 
momentum, radii of gyration, etc., are all conceptions of applied mechanics; 
and these are terms that the engineer employs constantly.

There are some branches of the higher mathematics of which as yet 
engineers have made no practical use. and prominent among these is quater
nions. When it first appeared the conciseness of its reasoning and its nu
merous short-cuts to results gave promise of practical usefulness to en
gineers, hut thus far the promise has not been fulfilled.

Notwithstanding the fact that the higher mathematics are of so little 
use to the practicing engineer, this is no reason why their study should be 
omitted from or even slighted in the technical schools : because when an 
engineer has need in his work for the higher mathematics lie needs them 
badly : lx-sides. the mental training that their study involves is almost a 
necessity for an engineer's professional success.

Geology (with its allied branch, or more strictly speaking subdivision, 
petrology) and civil engineering are closely allied. Civil engineers are
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by no means so well versed in this important science as they should be. 
This, perhaps, is due to the fact that the instruction given on geology in 
technical schools is mainly from books, hence most graduates find difficulty 
in naming properly the ordinary stones that they encounter, and are unable 
to prognosticate with reasonable assurance concerning what a proposed 
cutting contains.

Geology is important to the civil engineer in tunneling, railroading, 
foundations, mining, water-supply, and many other lines of work ; conse
quently, he needs to receive at his technical school a thorough course in 
the subject given both by text-hooks and by field instruction.

A knowledge of petrology will enable the engineer to determine readily 
whether building stone contains iron which will injure its appearance on 
exposure, or feldspar which will disintegrate rapidly under the action 
of the weather or of acids from manufacturing establishments.

Xext to mathematics, physics is undoubtedly the science most essential 
to civil engineering. The physicist discovers and formulates the laws of 
nature, the engineer employs them in “ directing the sources of power 
in nature for the use and convenience of man." The forces of gravitation, 
adhesion, and cohesion ; the pressure, compressibility, and expansibility 
of fluids and gases ; the laws of motion, curvilinear, rectilinear, accelerated, 
and retarded : momentum; work : energy; the transformation of energy; 
thermodynamics ; electricity ; the laws of wave motion : the reflection, re
fraction, and transmission of light : and the mass of other data furnished 
by the physicist form a large portion of the first principles of civil en
gineering.

The function of applied mechanics is to establish the fundamental laws 
of physics in terms suitable for service, and to demonstrate their applica
bility to engineering construction.

Chemistry is a science that enters into closer relations with civil en
gineering than does any other science except mathematics and physics, 
and as the manufacture of the materials of engineering approaches per
fection the importance of chemistry to engineers increases. Within a 
comparatively short period the chemist had made it possible by analyzing 
and selecting the constituents to control the quality of cast iron, cast steel, 
rolled steel, bronze, brass, nickel steel, and other alloys. The engineer re
quires certain physical characteristics in his materials, and obtains them 
by limiting the chemical constituents in accord with data previously fur
nished by the chemist. The proper manufacture of cement requires the 
combined skill and knowledge of the chemist and the mechanical engineer.

In water supply the chemist is called in to determine the character and 
amounts of the impurities in the water furnished or contemplated for use. 
The recent discovery that the introduction of about one part of sulphate 
of copper in a million parts of water will effectively dispose of the algae,
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which have long given trouble, is a notable instance of the increasing in
terdependence of these two branches of science, as is also the fact that the 
addition to water of a small amount of alum will precipitate the earthy 
matter held in suspension without leaving in it any appreciable trace of 
the reagent.

In the purification of water and sewage, in the selection of materials 
which will resist the action of acids and the elements, and in the manufac
ture of alloys to meet various requirements, a thorough knowledge of 
chemistry is essential.

A knowledge of mineralogy is requisite for a clear understanding of 
the nature of many materials of construction, but is otherwise of only 
general interest to civil engineers.

Geography in its broad sense is related to civil engineering in some of 
its lines, for instance, geodesy and surveying, but generally speaking there 
is not much connection between these two branches of science.

Astronomy is perhaps more nearly related to civil engineering than is 
geography, although it is so related in exactly the same lines, for the 
railroad engineer on a long survey must occasionally check the correctness 
of his alignment by observations of Polaris, and the coast surveyor lo
cates points by observations of the heavenly bodies.

Biology is allied to civil engineering mainly through bacteriology as 
applied to potable water, the treatment of sewage to prevent contamina
tion of streams, and the sanitation of the camps of surveying and con
struction parties. The treatment of sewage has been given much more 
thorough study abroad than in this country, but the importance of its bear
ing upon life in the large cities of America is becoming better understood ; 
consequently the progressive sanitary engineer should possess a thorough 
knowledge of bacteriology. In important cases, such as an epidemic of 
typhoid fever, the specialist in bacteriology would undoubtedly be called 
in : but a large jiortion of the work of preventing or eradicating bacterial 
diseases will fall to the lot of the sanitary engineer.

Botany comes in touch with civil engineering mainly, if not solely, in 
the study of the various woods used in construction, although it is a fact 
that a very intimate knowledge of this pure science might enable a railroad 
engineer or surveyor to determine approximately the characters of soils 
from the plants and trees growing upon them. A knowledge of botany 
is of no great value to the civil engineer, and much time is often wasted 
on its study in technical schools.

Political economy is a science that at first thought one would be likely 
to say is not at all allied to civil engineering : but if he did so, he would 
be mistaken, because political economy certainly includes the science of 
business and finance, and civil engineering is most assuredly a business as 
well as a profession; l>esi(les the leading engineers usually are either
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financiers themselves or advisers to financiers. Great enterprises are often 
evolved, studied, financed, and executed by engineers. How important 
it is then that they understand the principles of political economy, espe
cially in its relation to engineering enterprises! It is only of late years 
that technical students have received much instruction in this branch of 
social science, and the ordinary technical school curriculum to-day certainly 
leaves much to be desired in respect to instruction in political economy.

Jurisprudence and civil engineering are closely allied in that engineers 
of all lines must understand the laws of business and the restrictions that 
arc likely to be placed upon their constructions by municipal, county, state, 
and federal laws. While most engineering schools carry in their lists of 
studies the “ Laws of Business,” very few of them devote anything like 
sufficient attention to this important branch of science.

Are the sciences of civil engineering and education in any way allied ? 
Aye. that they are ! and far more than most people think, for there is no 
other profession that requires as much education as does civil engineering. 
Not only must the would-be engineer study the various pure and applied 
sciences and learn a great mass of technical f.acts : but he must also have 
in advance of all this instruction a broad, general education—the broader 
the better, provided that no time be wasted on useless studies, such as the 
dead languages.

The science of education is so important a subject for civil engineers 
that all members of the profession in North America, more especially 
those rank, ought to take the deepest interest in the development
of engineering education, primarily by joining the special society organized 
for its prom lion, and afterward bv devoting some of their working time 
to aid this society in accomplishing its most praiseworthy objects.

The science of economics and that of civil engineering are, or ought 
to lie. in the closest possible touch ; for true economy in design and con
struction is one of the most important features of modern engineering. 
Every high-class engineer must he a true economist in all the professional 
work that he does, for unless one be such, it is impossible to-day for him 
to rise above mediocrity.

True economy in engineering consists in always designing and build
ing structures, machines, and other constructions so that, while they will 
perform satisfactorily in every way all the functions for which they are 
required, the sum of their first cost and the equivalent capitalized cost for 
their maintenance, operation, and repairs shall be a minimum. The or
dinary notion that the structure or machine which is least in first cost 
must he the most economical is a fallacy. In fact, in many cases, just the 
opposite is true, the structure or machine involving the largest first cost 
being often the cheapest.

Economics as a science should be taught thoroughly to the student in
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the technical school, then economy in all his early work should be drilled 
into him by his superiors during his novitiate in the profession, so that 
when he reaches the stage where he designs and builds independently, his 
constructions will invariably be models of true economy.

It has been stated that the relations between civil engineering and 
many of the pure sciences are very intimate, that the various branches 
of engineering, although becoming constantly more and more specialized, 
are so interdependent and so closely connected that they cannot be separated 
in important constructions, that the more data the pure scientists furnish 
the engineers the better it is for both parties, and that a broad, general 
knowledge of many of the sciences, both pure and applied, is essential to 
great success in the engineering profession.

Such being the case, the question arises as to what can he done to foster 
a still closer affiliation between engineering and the other sciences, and how 
engineers of all branches and the pure scientists can best be brought into 
more intimate relations, in order to advance the development of the pure 
sciences, and thus benefit the entire world by increasing the knowledge 
and efficiency of its engineers.

One of the most effective means is to encourage the creation of such 
congresses as the one that is now being held, and to so organize them 
and arrange their various meetings as to secure the greatest possible 
beneficial results.

Another is for such societies as the American Association for the Ad
vancement of Science and the Society for the Promotion of Engineering 
Education to take into their membership engineers of good standing, 
and induce them to share the labors and responsibilities of the other mem
bers.

Conversely, the various technical societies should associate with them 
by admission to some dignified grade (other, perhaps, than that of full 
member) pure scientists of high rank and specialists in other branches of 
constructive science, and should do their best to interest such gentlemen 
in the societies' objects and development.

A self-evident and most effective method of accomplishing the desired 
result is to improve the courses of study in the technical schools in every 
possible way: for instance, by bringing prominent scientists and en
gineers to lecture to the students and to tell them just how scientific and 
professional work of importance is being done throughout the world, by 
stimulating their ambition to rise in their chosen profession, by teaching 
them to love their work instead of looking upon it as a necessary evil, 
and by offering prizes and distinctions for the evidence of superior and 
effective mental effort on the part of both students and practicing en
gineers.

There has lately been advanced an idea which, if followed out, would
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aid the development of engineering more effectually than any other pos
sible method, and incidentally it would bring into close contact scientists 
in all branches related directly or indirectly to engineering. It is the es
tablishment of a great post-graduate school of engineering in which should 
be taught in every branch of the profession the most advanced subjects of 
all existing knowledge that is of real, practical value, the instructors being 
chosen mainly from the leading engineers in each specialty, regardless 
of the cost of their services. Such specialists would, of course, be ex
pected to give to this teaching only a few weeks per annum, and a corps 
of regular professors and instructors, who would devote their entire 
time and energies to the interests of the school would be required. These 
professors and instructors should be the best that the country possesses, 
and the inducements of salary and facilities for investigation that are pro
vided should be such that no technical instructor could afford to refuse an 
offer of a professorship in this school.

Every modern apparatus needed for either instruction or original in
vestigation should be furnished ; and arrangements should be made for 
providing means to carry out all important technical investigations.

It should be the duty of the regular faculty to make a special study 
of engineering literature for the benefit of the profession ; to prepare 
annual indices thereof ; to put into book form the gist of all technical writ
ings in the transactions of the various engineering societies and in the 
technical press that are worthy of being preserved and recorded in this 
way, so that students and engineers shall be able to search in books for 
all the data they need instead of in the back files of periodicals ; to trans
late or assist in the translation of all engineering books in foreign lan
guages, which, in the opinion of competent experts, would prove useful to 
engineers or to the students of the school ; and to edit and publish a 
periodical for the recording of the results of all investigations of value 
made under the auspices of the institution.

In respect to what might be accomplished by such a post-graduate 
school of engineering the following quotation is made from the pamphlet 
containing the address in which the project was advanced :—*

“ The advantages to be gained by attendance at such a post-graduate 
school as the one advocated arc almost beyond expression. A degree 
from such a school would always ensure rapid success for its recipient. 
Possibly for two or three years after taking it a young engineer would 
have less earning capacity than his classmates of equal ability from the 
lower technical school, who had gone directly into actual practice.. How
ever, in five years he certainly would have surpassed them, and in less

* Higher Education for Civil Engineers. An Address to the Engineering 
Society of the University of Nebraska, April 8. 1904. by J. A. L. Waddell, D. Sc.,
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than ten years he would be a recognized authority, while the majority of 
the others would be forming the rank and lilv of the pr< ivssion, with none 
of them approaching at all closely in reputation the m* re highly educated 
engineer.

“ But if the advantages of the proposed school to the individual are so 
great, how much greater would be its advantages to liic engineering pro
fession and to the entire nation 1 After a few years of its existence there 
would be scattered throughout the country a number of engineers more 
highly trained in the arts and sciences than any technical men who have 
ever lived; and it certainly would not take long to make apparent the 
impress of their individuality and knowledge upon the development of 
civil engineering in all its branches, with a resulting betterment to all 
kinds of constructions and the evolution of many new and important 
types.

“ When one considers that the true progress of the entire civilized 
world is due almost entirely to the work of its civil engineers, the im
portance of providing the engineering profession with the highest possible 
education in both theoretical and practical lines cannot be exaggerated.

" What greater or more worthy use for his accumulated wealth could 
an American multi-millionaire conceive than the endowment and estab
lishment of a post-graduate school of civil engineering.”

Another extremely practical and effective means for affiliating civil en
gineering and the other sciences is for engineers and professors of both 
pure science and technics to establish the custom of associating themselves 
for the purpose of solving problems that occur in the engineers' practice. 
Funds should be made available by millionaires and the richer institutions 
of learning for the prosecution of such investigations.

Another possible (but in the past not always a successful) method, is 
the appointment by technical societies of special committees to investigate 
important questions. The main trouble experienced by such committees 
has been the lack of funds for carrying out the necessary investigations, 
and the fact that in nearly every case the members of the committees were 
unpaid except by the possible honor and glory resulting from a satisfactory 
conclusion of their work.

Finally, an ideal but still practicable means is the evolution of a high 
standard of professional ethics, applicable to all branches of çngineering. 
and governing the relations of engineers to each other, to their fellow 
workers in the allied sciences, and to mankind in general.

As an example of what may l)e accomplished by an alliance of engineer
ing and the pure sciences, the construction of the proposed Panama Canal 
might be mentioned. Some years ago the French attempted to build this 
waterway and failed, largely on account of the deadly fevers which at-
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tacked the workmen. It is said that at times the annual death rate on the 
work ran as high as six hundred per thousand. Since the efforts of the 
French on the project practically ceased, the science of medicine and 
biology have discovered how to combat with good chances for success 
the fatal malarial and yellow fevers, as was instanced by the success of the 
Americans in dealing with these scourges in the City of Havana after the 
conclusion of the Spanish-American war.

The success of the American engineers in consummating the great 
enterprise of excavating a navigable channel between the Atlantic and 
Pacific Oceans (and concerning their ultimate success there is almost no 
reasonable doubt) will depend largely upon the assistance they receive 
from medical science and its allied sciences, such as hygiene, bacteriology, 
and chemistry.

Geological science will also play an important part in the design and 
building of many portions of this great work, for a comprehensive and 
correct knowledge of the geology of the Isthmus will prevent the making 
of many costly mistakes, similar to those that resulted from the last at
tempt to connect the two oceans.

Again, the handling of this vast enterprise will involve from start to 
finish and to an eminent degree the science of economics. That this science 
will he utilized to the utmost throughout the entire work is assured by 
the character and professional reputation of both the Chief Engineer and 
the members of the Commission.

Notwithstanding, though, the great precautions and high hopes for a 
speedy and fortunate conclusion of the enterprise with which all con
cerned are starting out, many unanticipated difficulties are very certain to 
be encountered, and many valuable lives are likely to be expended on the 
Isthmus before the first steamer passes through the completed canal. 
Engineering work in tropical countries always costs much more and takes 
much longer to accomplish than is at first anticipated ; and disease, in spite 
of all precautions, is very certain to demand and receive its toll from those 
who rashly and fearlessly face it on construction works in the tierra 
calicntc. But with American engineers in charge, and with the finances of 
the American Government behind the project, success is practically as
sured in advance.

What the future of civil engineering is to he, who can say ? If it 
continues to advance as of late by almost geometrical progression, the 
mind of man can hardly conceive what it will become in fifty years more ! 
Every valuable scientific discovery is certainly going to he grasped quickly 
by the engineers and put to practical use by them for the benefit of man
kind. and it is only by their close association with the pure scientists that 
the greatest possible development of the world can he attained.
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Engineering schools, equipment of.. 88 
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Engineering, specialization in......... 9(13
Engineering studies, methods of ob
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Engineering, teaching principles of. 173
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Engineering, the development of.... 962
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struction .......................................  41
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by students.................................... 853

Engineering works, visiting by stu
dents ................  101
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contractor ...................................... 872
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perience in .................................... 789
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. Bridgv ...................................... 558. 572

Error in recording angles................ 33
Errors, the responsibility for........... 881
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Ethics, teaching of............................. *127
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Exploratory survey, data to be ob
tained from.................................... 57
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Floor beam concentrations....... 226. 315

329. 405. 433
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of ............................................. 916. 920
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Flow-line bridge, strengthening the
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Flow-line bridge, type of...................917
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Foreign languages, teaching of.... 132 
Foreign languages, value of to en
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Foundations, course in.....................  114
Foundations, data for...................... 894
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Freehand drawing, the value of.... 850
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" Fudging " notes ............................... 3(1
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General design for elevated railroads O90
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Graduate work, advantages of.......... 845
Graduate work, preparation for........ *>51
Graduate’s study ................................  832
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Habits of students, the controlling of 863

I’AliE.
Halsted Street Li ft-Bridge............(>. 525
Halstcd Street Lift-Bridge, addi

tional specifications for............ 544
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Halsted Street Lift-Bridge engines.. 567
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of ................................................558. 57-2
Halsted Street Lift-Bridge, founda
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Halsted Street Lift-Bridge, impedi

ments to its construction........ 530. 581
Halsted Street Lift-Bridge, location
of........................    571

Halsted Street Lift-Bridge, ma
chinery for...................................  566

Halsted Street Lift Bridge, satisfac
tory character of.......................... 528
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cism regarding............................572-574

Halsted Street Li ft-Bridge, speed of
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Halsted Street Lift-Bridge, suspen
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Hand power apparatus for Halsted
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Higher education, necessity for........ 933
Higher engineering............................. 944
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Higher engineering education, ne

cessity for.......................................... 88
11 ighway bridges, Japanese............71. 72
Highway engineering, instructions in 947
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"ii .....................................................  193
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History of engineering, expense of
publication ........................................... 192

History of engineering, form of pub-

History of engineering, instruction

History of engineering, lack of time
for, in present courses.....................  200

History of engineering, reasons for.
194. 852

History of engineering, the prepara
tion of a...........................................187, 190

Holidays, excessive in schools........... 157
Honesty, its usefulness.......................... 86.;
Hours of work, Japanese......................78
Houses. Japanese.............................. 73, 74
“ Hub stake.” size and marking of.. ,33
Hubs, the placing of............................ 41
Hunting, Dr. Waddell's interest in. 10
Hydraulic buffers....................................  5,37
Hydraulic motors, course in.............. 11.3
Hydraulic work, course in.................... 114

I

Idleness, detriment of. to young en
gineer ........................................................ 819

Impact, allowance for............................ 380
Impact, amount of----- 342. 367, 378. 415

416, 450. 493- 494. 496. 497 
Impact as determined by deflection. 494
Impact assumptions, regarding......... 498
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Impact formulae...............................260. 497
Impact formulae, corrections of.........498
Impact formulae, results compared.. 500
impact, importance of............................ 34-’
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Impact, method of proportioning
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Impact stresses, methods of provid
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Impact tests, method of making. . 498
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Impact tests, plan of conducting... 494
Impact tests, value of.......................... 494
Impact, the determination of.............49.3
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Indexing, the study of............................ 851
Information, methods of search for. 8(15
Information, source of.......................... 513
Information to be asked for freely.. 515
Information to be given freely........... 515
Information to be obtained from
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Inspection, current practice in...........936
Inspection, final specifications for... 882 
Inspection, place for.............................. 882

Inspection, purpose of experience in 789 
Inspection, specifications for....882. 910
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Instruction in theory and practice.. 177
Instruction, methods of.................181, 182
Instructor, responsibility of................. 180
Instructor’s time, for what purpose.. 181 
Instructors, effect of overwork upon 93
Instructors, necessity for good........... 92
Instructors, vacation work of............. 180
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Instruments, improvements in...........858
Instruments, use and adjustment of. 858 
Integrity, essential character of.... 523 
Intensities of working stresses.280. 450 
Interest of instructor in students.... 179
Investigations, original.........791, 854, 943
Investment of funds..................... ..........  83r
Iron for bridges, its use obsolete... 499
Irrigation, Japanese methods............. 79
Irrigation, windmills for..................... 79
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Japanese engineering society, posi

tion of..................................................... 67
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Judgment, cultivation of.....................  853
Jurisprudence, relations to civil en
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Kansas City, situation of, during
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Labor, Japanese................................... 77
Lacing of columns, value of.. .693. 732 
Lack of practice in engineering.... 944
Lakes, drainage of............................. 20
Languages, modern, advantages of.. 864
Languages, the study of...............846. 803
Lateral blows of trains.................... 306
Lateral bracing..............................303. 306
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Lateral bracing in elevated railroads 642
Lateral rods, connection of.............291
Lateral stresses from live loads.... 43.4
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Lateral systems for bridges...............  ,382
Lateral systems, necessity for rigid. 275 

278. .392, 452
Lateral systems, proportioning of... 4.35
Laterals, connection of lower...........  290
Latin, the value of. to engineers.... 8O.3 
Lattice girders for elevated rail-

roads, rivets for......................... 630
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Law of contracts, course in........ US
Law suits, the handling of........... 888
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Lectures to undergraduates, the

Legislation respecting highway
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Leveling in snow.......................... 3<>
Leveling, method of................... 35
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Lift-bridges, designs for..................... 5.30
Lift-bridges, end type...................... 562
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Lift-bridges, suspended floors for.

561. 564
Lift-bridges, the paving of........562, 56.3
Lift-bridges, time of operation for.. 562 
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Lighthouses for Cuba............................. 7
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Lighthouses, specifications for........ 899
Lighthouses, stair mantels for........ 900
Lighthouses, stairs for...................... 900
Lighthouses, wood work for..........  902
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Literature of railroad construction.. 29
Literature, relation to practice.........  51.3
Literature, the reading of pure......... 830
Literature, the value of current........835
Literary societies, the value of......... 847
Live load, method of calculating, rea
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Live loads for railway bridges, posi

tion of engines in........................... 473
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Loading of material for water ship

ment .................................................. 906
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Loads for Northwestern Elevated

Railroad ............................................ 596
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Location of grade plugs..................... 43
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Location of railways......................... .38
Logarithms, the use of.....................  848
Longitudinal bracing of elevated

railroads ...........................................660
Longitudinal girders, connection to

cross girders....................................  736
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of cross girders........................633, 742
Longitudinal thrust, distribution of,
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Bridge, specifications for...............  545
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Machinery house for Halsted Street
Lift-Bridge ...................................... 538
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neer .................................................. 788
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Bridge ........................................380. 581

Management of men......................... 514
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Manufacture, improvements uf.. .. 778 
Manufacturing, effect of employment

Marine department. Dr. Waddell's
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Marking of stakes........................32, 33
Marriage, detriment of early......... 517
Marriage of Dr. Waddell.................. .3
Marriage of young engineers, age

for ................................ 517. 8.32
Materials, classification of.............. 44
Materials for Halsted Street Lift-

Bridge, testing of.........................  553
Materials in cutting, quantity of.... 43 
Materials, measurement of in exca
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Materials of engineering, how taught 11.3
Materials, prices of........................... 70
Materials, specifications for............. 910
Mathematics, branches to he taught 97 
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Mathematics, importance of. ...511. 84.'» 
Mathematics, impractical character

of ... —.................................... 827
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Mathematics, methods of teaching.. 177 
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Mathematics, practical use of.........828
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Mathematics, teaching of.........111, 12.3
Matriculation, proper age for. .845, 861
Measurement for payment..............  49
Measurements of materials in exca

vation or embankment............. 45. 46
Measurements, units of.................... 911
Mechanical engineering, definition
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Mechanical engineering, instructions

in .....................................   947
Mechanics, method of teaching.... 11,3 
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Medium steel compared to soft steel.

59.1. 716
Medium steel, economy of the use of 59.3
Medium steel, higher value of......... 77b
Medium steel, reliability of............... 666
Medium steel, unit stresses for.......675
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Metallurgy, course in.......................  947
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Metal, weight of in elevated rail
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Methods of approximation.........177. 857
Methods of calculating, engineers’
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Methods of calculation, practical... 827 
Methods of instruction, behind prac
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Methods, original..............................  8,30
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Mexico, soil underlying...................  801
Mineralogy, in technical courses.... H>8 
Mineralogy, relations to civil en
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Mining engineering, course in......... 11,3
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Missouri River Bridge at Jefferson

City ................................................ 7
Missouri River Bridge at Omaha.. 6
Missouri River Bridge at Sioux City 6
Moment diagrams............................  .381
Moment tables. ..399, 401, 40.3. 404. 448 
Movable bridges, development of... 527 
Movable bridges, difficulty in opera-

Movahle bridges, land damage for.. 563
Movable bridges of the future......... 528
Movable bridges over Chicago River 578 
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Naval construction, instruction in.. 947 
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New York elevated railroads, faults
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Nickel steel...............................8. 260, 777
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Notebooks, the keeping of.............. 829
Notes, fudging of............................. 36
Notes, importance of keeping.........851
Notes, keeping of by engineers.......  788
Notes, levelers, on construction. .35, ji
Notes of lectures..............................  158
Notes on railroading, publication of. 29
Notes, purpose in keeping................ 521
Notes, transitman's........................... 36
Northwestern Elevated Railroad.

description of................................. 593
Northwestern Elevated Railroad... 7
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of ...................................................
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Li ft-Bridge ...................................
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Papers, technical writing of.......81. 788
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Parabolic truss.................................  277 1
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Pedestals, for Halsted Street Lift-

Bridge columns.........................539. 548
Pedestals, proportion of to columns 754
Penalties .................    898
Periodicals, students’ use of...... 179

Periodicals.
technical

Periodicals.
Periodicals.
Periodicals,

Perspective 
tance of. 

Pettit truss 
Pettit trus>

necessity for reading

value for library.......
value in current work, 
young engineers should

drawing, the impor

sub-panel members
351.

Phoenix Bridge Co.. Dr. Waddell’s
engagement with...........................

Phœnixville, Dr. Waddell’s resi-

Phosphorus, elimination of..............
Photography, usefulness of............
Physics, relations to engineering.961,
Picket line, running of.....................
Pickets, setting of...........................
Piece work, effects upon accuracy... 
Piers for Halsted Street Lift-Bridge

towers.............................. 539, 549.
Piers, responsibility for placing of..
Pile driving, instruction in............
Pile driving, methods of...................
Pile trestles.......................................
Piles, section of..................................
Piles, specifications relating to... . 
Piling, for Mexican foundations....
Pins for highway bridges................
Pins, unit stresses in.........................
Pipe line, on flow-line bridge.........
Pipe lines, details of specifications.. 
Pipe lines, formation of angles and

curves in.........................................
Pipe lines, protection of steel.........
Pipe lines, specifications for............
Plan, making of railroad..................
Plans, alterations in...........................
Plans for flow-line bridge, prepara-

Plans, specifications for the return.
Plate girder proportioning.........288.

323. 341. 361. 362. 
376. 383. 3«7. 388. 

Plate girders, calculation of stresses

511
521
521

825

850
276
339
305

1 )S< I
852
965

34
33

775

Plate girders, compared with latticed
girders for elevated railroad.........

Plate girders, cost of.......................
Plate girders, double track..............
Plate girders, fabrication of............
Plate girders, length of...................
Plate girders, limitations of............
Plate girders, methods of calculating

stresses .........................................
Plate girders, packers for................
Plate girders, shipment of..............
Ploughing to prevent sliding of em

bankments.......................................
Pockethook, the making of..............
Pock et hooks, in examinations.........

570
894
«>46

71
24

O47
904
805
232
343
924
907

908 
«>08 
907

46
884

9*9
886
298
374

268

449
449
390
448 
683

430
449 
449

45
796
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Poetry, in engineering course........ 847
Pole drains.......................................... 22
Political economy, course in.............. 163
Political economy for Japan......... 76
Political economy in engineering

course ..........................................   944
Political economy, relations to civil

engineering .....................................  966
Pony trusses.276. 295. 334. 339. 345. 347 

351. 38.5. 449. 632. 708. 740
Portals, effects of lack of rigidity.. 446 
Portals for highway bridges. .226. 232 
Portland cement, best and cheapest 596
Posts, for highway bridges..............  232
Posts, stresses in............................... 372
Posts, working stresses in.285. 286. 287 
Power for moving Halstcd Street 

Lift-Bridge, experimental deter
mination of............................... 565. 569

Practical methods, the study of.... 827
Practice combined with theory....... 94
Practice in engineering courses....... 97
Practice, instruction in........................857
Practice, the teaching of engineering,

934- 949
Precedent, influence of.................... 834
Preliminary survey, beginning of... 32 
Preliminary surveys, organization

for ................................................... 31
Preparatory education................. 103, 104

119. 120. 785. 841»
Preparatory schools........................... 95
President of graduate school............. 943
Pressed thread holts........................ 615
Prices of materials...................... 79, 514
Process of surveying, higher instruc

tion in.............................................  946
Profession, life of............................... 850
Profession, maintenance of dignity of 85g 
Professional life, the narrowing ef

fect of.............................................  520
Professional jealousies...................... 516
Professional work, choice of............. 523
Professional work, importance of

picking of........................................ 520
Professional work, student's idea of 505 
Professor, Dr. Waddell’s work as.. 3
Professor of civil engineering, quali

fications for....................................  102
Professor’s need of experience.... 844
Profile, making of railroad.............. 46
Progress in technical schools.........  91
Promptness, importance of to young

men ..................  853
Proportioning bridges, a matter of

judgment ........................................ 495
Proportioning columns for elevated

railroad .....................................     634
Protection of lift-bridge from ship’s

rigging ...........................................  534
Punching, accuracy of............... 688, 717
Punching, degree of accuracy......... 7>7
Punching, inaccuracy in............. 594- 717

Q
Quicksand cuts, drainage of............ 22
Quicksand in drains................... 18, 19

R
Railroad bridges improvements in.72, 73 
Railroad construction, contracts for 49 
Railroad construction, literature of. 29 
Railroad construction, methods of.

! 1 71
Railroad crossing swamp'................ 45
Railroad curves.................................. 38
Railroad drainage............................  13
Railroading, method of teaching---- 112
Railroading, notes on....................... 27
Rails for elevated railroads....... O01. 712
Railway bridge designing, disputed

points in ....................................... 257
Railway bridges, deterioration of.

412, 413
Railway bridges, proportions for.... 451 
Railway bridges, standard methods

of designing of..............................  453
Railway bridges, State control of

building ......................................... 241
Railway location, Japanese.............. 71
Railway work, compensation for... 508
Reading, by young engineers........... 787
Reading, course of............................  512
Reading, nature of..........................  512
Reading-room, equipment of............. 93
Reading, style of..............................  512
Reamers, character of......................... (>85
Reamers, types of.............................. 594
Reaming, advantages of....257. 376, 424 

594, 649, 651, 654, 660. 661, 666 
669. 670. 671. 675. 678, 683. 684 
687, 691. O98. 707. 708, 716. 893 

Reaming, amount necessary to pro
duce perfect results................... 719

Reaming, cost of.......................... 653
Reaming, gain in strength from_ 775
Reaming, material requiring........  292
Reaming, need of, in all steel....... 323
Reaming, objections to, by manufac

turers ............................................  654
Reaming, trouble caused by drill

ings from................................... 657
Reaming, value of........................  652
Recitation system of instruction.... 99

! Reconstruction necessitated by bad
drainage ...................................... 23

Record, résumé of work for......  514
Records of railroad work............ 47

1 Records, the systematic keeping of.. 848
Recreation for engineers...............  832
Recreation, necessity for.............. 518

j Red Rock Cantilever Bridge.........  5
Reference books, use of...............  159

1 Reinforced concrete, the instruction
relating to .................................... 946
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Relations between civil engineering 
and pure sciences, means for pro
moting ........................................... 968

Relations between engineering ed
ucation and practice.....................  934 j

Relations between engineers and con
tractors ......................................... 518

Relations between engineers and
scientists in future......................... 963

Relations between faculty and stu
dents ..................................49. 137. 147

Relations between student and pro
fessor ............................................  861 j

Relations of various branches of en
gineering ................... 958 ,

Relocation of railway line for track-
laying ............................................  48

Removal of old structures..............  890
Reputation, value of engineer's---- 797 :
Research, by teachers.......................  138
Researches of the scientists............. 9<v
Retaining walls, designing of......... 70 '
Retaining walls, Halsted Street Lift-

Bridge foundations.......................  539
Retaining walls in Chicago............. 571
Retaining walls. Japanese................ 7°
Return sheets, contents of................ 47 1
Return sheets, divisions of line for.. 47
Reviewing engineering courses......... 101
Reviews, conduct of......................... 182 1
Right of way. the clearing of..........  40
Right of way. width of...................  58
Rigidity in highway bridges............  225
Rigidity of elevated railroads. .618. hi9 

620. 622. 623. 624. 626. 628. 691. 731 
Rising Sun. Dr. Waddell’s decora-

Rivet holes, reaming of.................... 710 ;
Riveted trusses, safety in................ 448
Riveting, faults of............................  775
Rivets, eccentric stresses on group

of .................................................. 392
Rivets, in connections....... 684. 693. 760
Rivets in joints of latticed girders.. 733
Rivets in tension..............................  233
Rivets in webs of lattice girders... 739
Road construction........................68. 69
Roads. Japanese................. 68. 60
Roadway, width of. on bridges....... 278
Rock, removal of loose................... 50 j
Rods, use of. as laterals....... ............ 452
Rolling stock, increasing weight of.

446. 447. 459
Rolling stock, in use...................  408
Rope for Halsted Street Lift-Bridge 546 
Ropes, reaving of. in Halsted Street 

Lift-Bridge ...................................  541

s
Safe working stresses for railway

bridges ..........................................  491
Salary, its relations to experience.. 510

Salary, reasons for seeking..............  511
Saving, the advisability of............... 517
Saving, the necessity for. by young

engineers .......................................  831
Sciences, employed by civil engineers 9O3
Sciences, pure.................................... 959
Sciences, purposes of......................... 961
Sciences, the divisions of.................... 959
Sciences, their application to en

gineers ........................................... 962
Scientists, their relation to progress 9(>2
Scientists, who they are.................. 956
Screenings, the value of.................. 777
Second Avenue Elevated Railroad.

details of structure......................... 733
Secondary stresses......................344. 493
Secondary stresses, instruction in... 945
Section books, completion of............. 47
Services, compensation for..............  51b
Services rendered, character of.......  516
Services, value of, in engineer’s

office ............................................. 509
Setting of slope stakes.....................  42
Sewerage, course in......................... 114
Sewerage. Japanese........................... 74
Sextant, the use of........................... 52
Shapes, strength of. in tension....... 283
Shear in plate girders.....................  382
Shear, maximum........................405. 420
Shear, permissible stresses in......... 343
Shears, calculations of end............... 2(19
Shears, proportioning for................  270
Shears, tables of..............................  448
Sheaves on Halsted Street Lift-

Bridge ....................  ....... 338. 573. 574
Shipbuilding, course in.................... 114
Shop experience, value of......... 121. 521
Shop work, importance of study of.. 520
Shop work, training in...................... 128
Shops, effect of employment in.......  520
Shrinkage of embankments.........44. 59
Side ditches, construction of............. 17
Side ditches, width of...................... 17
Signaling device for Halsted Street

Lift-Bridge ................... 541. 568. 576
Single track bridge changed to

double track.................................. 8
Slide rule, instruction in use of....... 145
Sliding of embankment, prevention
of................   45

Slope stakes, setting of...................... 42
Slopes of ditch sides.....................17, 18
Societies, Dr. Waddell's member

ship in..........................................9. 10
Societies in technical schools, value

of ..............................................179. 785
Societies, local, value of............. 514, 789
Societies, national, membership of. 512 

514. s«
Societies, papers for......................... 512
Societies, professor should join.... 103 
Societies, technical, the value of to 

recent graduate............................  829
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Societies, technical, importance of.. 788
Sodding of railroad hanks................. 59
Soft steel, advantages of............708, 774
Soft steel compared to medium steel.

5QJ. 71'1
Soil of Chicago, hearing capacity of 592 
Soil, supporting power of Mexican. 801 
Soil, underlying the City of Mexico 
Soil under Mexico, detriment of

disturbing ........................................
Soil under Mexico, lack of Uniform-

Solitary columns for elevated rail-

Span lengths for elevated railroad,
economical ................................ 598,

Span of Halsted Street Lift-Bridge,
description of..............................533,

Spanish, importance of. to engineer.
Spans for elevated railroads............ <117
Spare time, the utilization of........80. 829
Specialists, course for.........................  951
Specialization in civil engineering.. 90
Specialties, selection of.....................  510
Specifications, adherence to................ 880
Specifications, adoption of stand

ard urged.......... ............................. 457
Specifications, ambiguous clauses in. 912 
Specifications, attempts to over

throw ................................................ 660
Specifications, ballot upon adoption

of standard........................................  467
Specifications, changes in. for con

tractor ..............................................  875
Specifications, clearness essential to. 889 
Specifications, common sense in

writing of..........................................  878
Specifications, covering transporta

tion ....................................................  889
Specifications, covering uncompleted

work ..................................................  887
Specifications, endeavor to over

throw ......................................... 595. 667
Specifications, favoritism in.............. 876
Specifications for bridge materials.. 242 
Specifications for Halsted Street

Li ft-Bridge ....................................... 542
Specifications for lighthouse............  899
Specifications for materials............... 890
Specifications for steel bridges........  9
Specifications for steel pier..............  903
Specifications, fulness of.................... 910
Specifications, fundamental data for. 911 
Specifications, futility of unfair.... 869 
Specifications, general clauses.. .870-873 
Specifications, harmony in compo

nent parts of..................................... 877
Specifications, headings for................ 879
Specifications, injustice in.................  869
Specifications, instruction in pre

paration of......................................... 870
Specifications, instructions in. for 

contractor ......................................... 883

Specifications, interpretation of.. 
Specifications. lectures relating to
Specitications. mistakes in.............
Specifications, necessity for...........
Specifications, omissions in.........
Specifications, one-sided clauses in

888
871
878
873
884
887
8/7

807 Specifications. preparation of.......... H.i-’
873. <>45

805 Specifications, ,l,,a'"y ufmanded in.. 87;
806 1 Specifications relating to

595
599 Specifications. relating to

911
<>41. Specifications. relating to methods

X-4of construction...............
547 Specifications. relating to quantity
H^7 of materials 880

Specifications, relating to shipping. 893 
Specifications, relation to contracts. 878
Specifications, safeguards in.............. 912
Specifications, salient features of.... 874 
Specifications, specific clauses in.... 873
Specifications, strictness of................ 875
Specifications, support of...................  884
Specifications, the language of........875
Specifications, the overturning of.. 880
Specifications, the purpose of............ 869
Specifications, the relation of, to

drawings ............................................ 881
Specifications, the study of........513, 790
Specifications, the support of....  910
Specifications, training for prepara

tion of .............................................  870
Specifications, voidance of...............  867
Specifications, without plans............ 874
Sports, value to students............  115
Stairways for elevated railroad sta

tions ........... 611.612, 613, 704. 760. 779
Stakes, marking of......................... 32. 33
Standard designs for bridges.. .358. 359 
Standard specifications, adoption of 444 
Standard specifications, ballot upon

adoption of................................. 467
Standard train loads, result of bal

lot upon....................................  46(1
Station grounds, laying out....... 45
Stay plates, function of.............. 357
Stay plates, size of...................... 292
Steam engines, course in............  113
Steel, basic open hearth, qualities of.

685. 716
Steel, classification of.................. 777
Steel, deleterious ingredients of.... (>80
Steel, drifting test for................ 688
Steel, economical constituents of.

682. (.80
Steel for elevated railroads......... 647
Steel for railway bridges.. .310. 311. 321

328. 347. 396. 423. 438
Steel, manufacture of soft and med

ium ................................................... 700
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Steel, medium, character of............  (>98
Steel, nickel....................................... 260
Steel, open hearth, specifications for (>81 
Steel, open hearth, superiority of.... (>80 
Steel piers, method of construction <k>4 
Steel, present mode of manufacture 777 
Steel, process of manufacture. .999, (175 

701. 710. 774. 777
Steel, reliability of............................. 777
Steel, shapes of.................................. 778
Steel, single grade desired..............  701
Steel skeleton buildings for the City

of Mexico advantages of.......808. 809
Steel, soft, advantages of.................. 699
Steel, soft, reasons for its use......... (*90
Steel, soft, shock resisting qualities

of .................................................... 698
Steel, specifications for....363. 368. 577 

581. (>50. 953. 676. (>79 
682. (t8o. 692. 700. 770

Steel strength of medium.................. 500
Steel, strength of soft.......................  500
Stiff bottom chords, reason for use

Stiffeners, proportioning of etui.... 289
Stone drains .................................... 22
Stone for concrete............................  777
Strait of Can so Bridge..................... 7
Strength of elevated railroads. .618. 619 

f>20. 624. 929. 928
Stresses, calculations of.................... 370
Stresses, combined............................  286
Stresses, data regarding.................... 36
Stresses, eccentric on groups of evils 292 
Stresses for railway bridges, safe

working ....................................... 491
Stresses in trusses, calculation of.. 4(14 
Stresses, intensities of working.... 264 
Stresses, labor of calculation of.... 204
Stresses, maximum..................... 294. 265
Stresses, methods of computation of 457 
Stresses, secondary, in Second Ave-

nue Elevated Railroad................ 734
Stringers, calculation of stresses in. 432 
Stringers, connection to floor beams.

440. 357- 494
Stringers, distance between. 279. 391. 452
Stringers, safety................................ 452
Stringers, spacing of....................... 437
Structures, ownership of partially

completed .....................................  887
Structures, the study of...................  835
Students, age of................................ 121
Student's choice of profession, ad

vises regarding..............................  892
Students, development of.................. 844
Students, failure of............................. 95
Students, Japanese..................... 143. 148
Students, relation of to faculty.......  843
Studies for elevated railroad stritc-

Studies. number, at one time........... 98

Study, continuance of after gradu-

Study, course of for recent gradu
al v- .................................................. 826

Study, methods of................... 8. 9. 179
Study, time for.................................. 98
Study, where students should.. 158, i(ki
Styles of bridges.......371. 389. 436. 448
Sub-grade, finish embankment to. . 39
Subjects for engineering course.... 939
Sub letting railroad work.......... 30. 888
Subordinate positions, for sake of

experience ........................................823
Sub punching and reaming <>i metal

work ................ 594. 991, 675. (>84. (187
702. 704. 719. 779

Subways, field for............................  390
Sulphur, elimination of................ 080
Super-elevation of chords................ 751
Super-elevation of track on girders 610
Supplies, stores of............................  50
Supporting power of Mexican soil.. 8o9
Surveying instruments.....................  39
Surveys, exploratory...................30. 31
Surveys, preliminary......................... 31
Suspended floor beams.....................  431
Suspending floors for lift-bridges.

Suspension bridge, cable stiffened.. . 8
Suspension bridge over Kansas 

River ............................................. 8
Suspension bridges, highway......... 227

228. 229
Suspension cables, attachment of.

Swamps, railroads crossing............. 43
Swamps, situation of....................... 17
Swinging bridges, cost of................  328
Swinging bridges, objections to.......  327
Systematization, instruction in.......937
Systematization the study of........... 832
System in work, value of. in pro

fessional life..................................  518
System, teaching of................... 163. 173

T

Take-off drains, the laying out of. i9. 17
Take-off drains, value of.................. 16
Teachers, amount of work of......... 161
Teachers, character of.....................  144
Teachers, experience of.................... t9i
Teachers, professional standing of.

141. 144
Teachers, qualifications for................ 134
Teachers' work, importance of.... 507 
Teaching, desirable amount of ex

perience in....................................... 791
Teaching force, lack of....................... 139
Teaching, for experience.................. 790
Teaching, methods of................131. 146
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Teaching, value of......................506, 790
Teaching, value of to young engi

neer ................................................. 8.30
Technical course, components of... 169
Technical course, time for................  94
Technical literature, reading by stu

dents ............................................. 193
Technical literature, use of by pro

fessors ...........................................  10.3
Technical papers, breadth to be

gained from....................................  834
Technical papers, by Dr. Waddell.. .3
Technical school, management of.

Technical schools, causes of lack of
progress in...................................... 91

Technical schools, classes of........... 166
Technical schools, director of......... 92
Technical schools, field work in.... 89 
Technical schools, higher grade.... iô(i
Technical schools, income of............. 92
Technical schools, in universities.. i(>8 
Technical schools, lower grade.... i06
Technical schools, progressive.........  91
Technical schools, studies of......... 931
Technical studies, to gain time for. i(x>
Technical subjects, new.................... 1(19
Temporary stresses in elevated rail

road columns.....................................652
Tendering, alternate plans used in.. 595
Tenders, form of................................. 898
Teredo navalis, protection from.... 13
Testing of materials.........................  891
Testing of metals, instruction in.... 947
Testing of wire ropes........................ 564
Tests of paints for metal work.... 712 
Tests of the hearing power of

Chicago soil....................713, 714, 715
Tests, specifications for.................... 910
Text-book, method of teaching.......  159
Text-books, choice of........................ 127
Text-books, need of good ones......... 94
Text-books, number of.................... 98
Text-lwioks, selection of....................  178
Theory combined with practice. .94. 127
Theory in engineering courses......... 97
Theory, instruction in........................ 177
Theory, its relations to practice......... 93»)
Theses, preparation of.................... 164
Thickness of metal, minimum......... 393
Thoroughness essential in students.. 176 
Thoroughness, essential in the engi

neer ......................................... 796. 817
Thoroughness, importance of......... 836
Thoroughness in instruction............. 139
Thoroughness, need of in students. W>2
Thoroughness of courses..................  124
Thrust from brake trains, amount of 730 
Thrust from brake trains, observa

tion of. by floors.............................  772
Thrust from brake trains, proofs 

of, on New York elevated rail
roads ............................................... 731

Thrust fr>m braked trains, descrip
tion of.......................... 730, 731

Thrust in elevated railroad col
umns. proportioning for  691

Thrust in elevated railroads, descrip
tion of... .(>42, 647. 660. ô6i, O78. 697 

Thrust on elevated railroad...col
umns  634, 670

Thrust on elevated railroads from
brake trains__ 723. 724. 725, 726. 772

Tile drains......................................... 24
Timber for elevated railroad floors.

598. 711
Timber, seasoning............................. 72
Timber, teaching properties of.......  163
Timber, treated for...elevated..rail

road floors  73. 60q
Timber, value of treatment....... (>77. 766

797. 769. 770. 778
Time, employment of. in engineer

ing schools .................................... 156
Time for technical courses............. 94
Time of completion, engineer’s con

trol of............................................. 911
Time-saving on surveys, methods of.

37. 38
Top chords as stringers.................... 391
Top drains.............................................. 16
Top of cross girders in respect to 

stringers in elevated railroads.... 704
Topographer's duties........................ 36
Tower bracing for elevated railroads.

531, 600
Towers for Halsted Street Lift-

Bridge. adjustment of.................... 578
Towers for lift-bridge, adjustment

of ............................................. S3L 532
Track bolts, with nuts above and

below ............................................. 610
Track centers, distance between.... 451
Track laying...................................... 60
Track laying machines...................... 60
Track laying, relocation for............. 48
Traffic, maintenance of........................ 890
Train loads preceding and following

engine.............................................  318
Transferred load..........................274, 451
Transferred load on stringers......... 435
Transit, adjustment of...................... 33
Transit book...................................... 36
Transit, checking position of........... 33
Transitman. his duties...................... 32
Translation of foreign engineering

works ............................................. 943
Transportation facilities, importance

of .................................................... 67
Transportation, specifications cover

ing ................................................... 889
Transverse girders projecting above

stringers, objections to..................  658
Traverse  ̂the recording of................. 52



INDEX. 99»

Treated timber for elevated railroad
floors................................ 602, 669, 749

Treated timber, value of.................. 677
Trestles, highway..............................  233
Trestles, pile........................................ 24
Triangulation, the study of........... 848
Trigonometry, the importance of.... 847
Truss, parabolic................................  277
Trusses, calculation, by various

methods, of stresses in...................  488
Trusses, distance between.......... 277, 278

3ai, 35». 451
Trusses, economical depth of......... 230

278. 452
Trusses for highway bridges........... 226
Trusses, multiple intersection.. .300, 344
Trusses. Pettit..................................  270
Trusses, pony.................................... 276
Trusses, Pratt.................................... 276
Trusses, styles of. .306. 312. 320. 334. 344 

34<>. .347- 351. -V>4
Two-column bents for elevated rail

road ................................................ 599
Tying a new line to an old one......... 34
Types of construction abandoned... 453 
Typical freight engines.................... 411

U
Undergraduate work, advice to stu

dents regarding............................. 842
Undergraduates, addresses to......... 842
Uniform live loads... .262, 263. 265. 2O8 
Uniform live loads, labor-saving 

value of...338. 341. 346. 349. 358. 384 
392, 398, 420, 421. 42b 

Uniform loads, accuracy of.268, 270. 271 
298, 308. 309. 313. 314. 4'7. 334 
327. 329. 331. 333. 338, 346. 35« 
365. 374. 375. 4-M. 468. 4<*>. 47' 

Uniform loads, diagrams for — 426, 431 
Uniform loads, use of, in calculating 436 
Uniformity of construction of ele

vated railroads....... 618. 620. 621. 622,
624. 625. (>27

Union Loop Elevated Railroad.........  7
Unit stresses....... 372, 383. 386. 387. 414

418. 438. 450
Unit stresses, a matter of judgment. 499 
Unit stresses for railway bridges... 412 
Unit stresses, formulae for 295. 307. 348 
Unit stresses in elevated railroad

• structures ...................................... 758
Unit stresses in medium steel......... 776
Universities, technical schools in__  167
Uplifts, amount of............................. 275

V
Vacation, students' work in. 153, 851. 8(14
Vacation work in field................ 156, 157
Vacations, amount of.......................  99

Vacations, reduction in................... 156
Vibration ised by thrust from

brake trains.................................... 731
Vibration in bridges, amount of.... 493
Vibrations in elevated railroads, ef-

fect of....................673. 691. 77--. 773
View, breadth of................................  519

W

Waddell, J. A. L., place and date of
birth ............................................... i

Walls and earth compared to steel 
work for elevated railroads. .752. 753

Warren trusses..................................  334
Wastes, Japanese disposal of........... 65
Water power. Japanese.................... 75
Water supply, course in.... 114. 947. 951
Web members, stiffening of............  277
Web of girders, counted in flange... 289
Web plates, thickness of.................. 394
Web stiffeners, crimped............ G05. (J84
Web stiffeners for plate girders.... 288 

324. 391. 393
W h e e 1 concentrations, graphical 

methods of finding position of
maximum stress............................. 317

Wheel load method, origin of...262. 331 
Whipple stresses, calculation of

stresses in........................................ 432
Whist, Dr. Waddell’s interest in.... to 
Willows, their resistance to erosion. 59 
Wind pressure, amount of. .273. 298. 300 

312. 320. 346. 350. 371 
382. 397. 425. 43b. 450 

Wind pressure, areas acting upon.. 274 
Wind pressure, effect of.. .274. 323. 375 

387. 425. 435
\\ ind stresses, provision for........... 450
Windmills for irrigation.................. 79
Wire ropes, fastenings for..............  561
Wire ropes, testing of.......................  564
Work, changes of, for experience... 836
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