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PREFACE.

It is with no little satisfaction that this, the fifteenth 
edition of the proceedings of the Engineering Society 
of Practical Science, is presented to the 
ard set

annual 
of the School

members. The high stand- 
in previous editions is quite equalled by the quality of the

papers icre published. It is an evidence of the esprit de corps char­
acteristic of “ School ” Vthat the graduates of our college havemen

ie will to find the time and energy necessary for the preparation 
of essays for the information and inspiration of our members. 
Special attention might be drawn to the papers of Messrs. Haultain 
and Mitchell dealing with the relation of the young graduate to his 
profession. The discussion by Mr. MacMurchy defining _ 
relation of the engineer to his employers is also noteworthy, 
very practical papers are those of Messrs. Thomson and Francis, 
the one describing an up-to-date method of solving a “ticklish” 
problem; the other giving information 
unique part of the construction of

a special 
Two

upon an interesting and 
one of our newest highways of

commerce.

Let the motto of the Society, as well as of the School, 
Scite et Strenue.

This edition consists of 1,500 copies.

be ever:

W. G. CHACE.
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I

OBITUARY NOTICE.
Tt

During the present tern the grim reaper, Death, has 
removed one of our undergraduate members, William Ed­
ward Costin, who died January 16th, 1902. For several 
months he suffered from a sarcomatous growth which finally 
baffled the best medical skill that could be procured.

He was the only son of W. I. Costin, M.D., and vas a 
native of Oxford county. After attaining senior leaving 
standing at Woodstock Collegiate Institute, he taught for 
about three years, and then entered S. P. S. in a course of 

Civil Engineering with the present graduating class, obtain­

ing honor standing in his first and second years.

On account of his many winning qualities he made many 
warm friends among the students, who feel that they ha\e 

lost a true and noble-hearted schoolfellow.
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We regret to have to record the death of another of 
undergraduate members, John A. Nelson, a student in the 
Mechanical and Electrical Department of the first year. He 
was the youngest son of Mr. J. C. Nelson of St. Catharines, 
and was a general favorite among those who made his ac­

quaintance during his short term here.
He was taken ill on Wednesday, January 1st, 1902, with 

ppendicitis, and, after a week of intense suffering, died at 

the home of his parents.
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ENGINEERING SOCIETY
OF

The School of Practical Science
TORONTO.

PRESIDENT’S ADDRESS.

Gentlemen: As this is the first occasion on which it has been 
my pleasure to meet the Engineering Society since you did me the 
honour of electing me President of this honourable body, I welcome. 
the opportunity of thanking you for the confidence you have placed 
in me. The Engineering Society has been presided over by men 
who have achieved the highest success in the engineering world. 
Our Society represents a School of Engineering which is second to 
none in Canada. These things impress upon me the weight of 
responsibility I have assumed in accepting this office. But I am 
reassured when I consider the strong, energetic committee with 
which you have surrounded me; and with your hearty co-operation, 
we shafl endeavour to continue that progress which has so markedly 
characterized the history of our Society.

I would call your attention to the great interest taken in the 
department of engineering, as evidenced by the increasing number 
of students entering each year. To the gentlemen of the first 
year who are about to become members of our Society, I would 
extend a hearty welcome. Enter at once into the life of the Society. 
Do not wait till your second or third year, to feel that you are a 
part of its workings. It is unnecessary for me to go into a discus­
sion of the objects of the Society, or the advantages to be gained 
by contributing papers. These have been very thoroughly laid 
before you in the addresses of a number of our former Presidents 
It will pay you to read them up. Suffice it to say, that the Society 
needs your help and you need the Society’s help. To these ends 
1 would ask you to take an interest in everything pertaining to the 

s.p.s. 1
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THE PRESIDENTS ADDRESS.2
Society, contribute a paper if you can, ask questions and be ready 
for a discussion after every paper that is read.

Engineering Society being representative, as it is, of tlv' 
student body of the School of Practical Science, 1 wish to

The
whole
refer to a few things of general interest.

there occurred an event which willDuring the past year
remain a landmark in the history of our institution. 1 refer to the 
banquet tendered by the graduates and undergraduates of the School 
to our honoured Principal, on the twenty-first anniversary of the 
birthday of the School of Practical Science. The gathering was a 
most representative and enthusiastic one, indicating the high esteem 
in which our Principal is held.

At the conclusion of his address on that occasion, Principal Gal­
braith made an important announcement. To use his own words: 1 A 
week ago the Senate of the University passed a statute which provides 
that the School of Practical Science, the teaching staff, examiners and 
students, together with examiners for the degrees in applied science 
and engineering, shall ex-officio constitute the Faculty of Applied 
Science of the University of Toronto. By this statute the powers 
of the Senate with reference to the degrees, and those of the School 
with reference to the curriculum and work of instruction, as also 
the statute respecting affiliation, remain unaltered. The result is 
that the University gains without expense a fully equipped Faculty 
of Applied Science, and in this respect puts itself on an equality with 
the other great Universities of the continent; while on the other 
hand, the School gains public recognition of the fact that its work 
is of equal rank and dignity with that of the ancient faculties of 
Arts, Medicine, and Law. This action of the Senate forms a fitting 
close to the history of the School in the nineteenth century.”

In view of the fact that we are now a full fledged faculty, on 
equal standing with the faculties of Arts, Medicine, and Law, it 
behooves us that we enter more fully into the student life of 
great University.

In respect to athletics no fault can be found, 
has been the war-cry which has cheered on to victory our athletic 
champions on many a hard fought field. There are, however, other 
phases of University life into which we do not enter with such zeal. 
We might mention the Varsity paper, an excellent publication, in

our

“ School-Cups !”
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3THE PRESIDENT’S ADDRESS.

which we should manifest a greater interest. The Dining Hall and 
the Students’ Union are new departures, and should be powerful 
agents in cementing the union of the different faculties. In loyalty 
to the School our men have been true to the core. Let us now 
extend our sympathies, and without, lessening in the least our love 
for old S.P.S., let us join with a fervor characteristic of school men, 
in sounding the fame of this great University of which we form no 
unimportant part.

The upper years of the School will remember that last spring 
an enthusiastic delegation from this institution crossed over to the 
Parliament Buildings and made representations to the Government 
setting forth the urgent needs of the School. They will also 
remember that later the Legislature decided to devote $200,000 
to Science, $00,000 of which was to be immediately available. 
During the summer Professors Galbraith and Wright visited many 
of the American Universities, inspecting the Applied Science 
Departments with a view to the best methods of constructing and 
equipping the new buildings. Also J. W. Bain, B.A.Sc., who has 
been in Europe the past summer, visited the chemical departments 
of a number of the universities on the continent, with the same end 
in view. They have submitted their report to the Government. 
The Provincial architect is busy preparing plans to be submitted to 
the Council for their approval; and it is probable that the contract 
for the construction of the new building will be let this Fall. The 
site of the new building will be somewhere in the vacant plot owned 
by the University on College Street. It is to be hoped that every 
effort will be put forth by the Government in order that the new 
building will be constructed as soon as possible. We all know that 
already, owing to the insufficient accommodation, small teaching 
staff and poor experimental equipment, that the needs of the students 
arc far from being supplied..

As a result of the energetic efforts of Capt. Lang and Lieu­
tenant Burnside, the Toronto Engineer Corps is now a reality; and 
a striking reality it proved itself to be during the recent visit of the 
Royal Party. In the Royal Review on Friday, the Duke remarked 
on the smart appearance of the company, and during the afternoon 
of the same day while forming a “Guard of Honor” for the Royal 
Party on their visit to the University, it again came in for con-
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gratulatory remarks. The company at present musters fifty-eight
of the School of Practical Science.men, and nearly all are 

We shall hope that before long their numbers may be doubled. 
When the men have all qualified in drill, the chief work which is 

Engineer Company will then be proceeded with.

men
Hi

the specialty of an 
This work consists of field work, earthing, use of spar, bridging, 
etc. Good advancement may be expected, considering the speed 
with which the preliminary drill was 
engineering stores has been provided, including outfits for signalling 
and telegraphing.

There has been some discussion, perhaps some dissatisfaction, 
in regard to the Library of the School. The following may prove 
some enlightenment on the subject. The chief officer is the 
Librarian appointed by the Council, who is made responsible for 
the management of the Library over which he has control. The 
students elect by ballot at their general elections two representatives 
—first and second assistants—who do the actual work in connection 
with the Library. A catalogue has been printed and is accessible to 
all members of the Society. In this catalogue, opposite the names of 
the volumes, are letters indicating the libraries of the Professors in 
which the volumes may be found. AVliere no letter occurs opposite 
the volume, it will be found in the General Library of the School. 
The volumes in the respective libraries of the Professors are 
permanently located there. These books may be procured subject 
to the ordinary regulations, by applying to the Professor. Each 
Professor in this way acts as an assistant librarian.
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ToWe are all glad to know that the health of our Lecturer in 

Applied Mechanics, Mr. Duff, has so far improved that he is able 
to resume his duties in the School. We all join in welcoming him 
among us, and trust that we may have his genial presence at our 
meetings in the coming year.

I might call your attention to the appointment of Mr. Monds 
to the position of Demonstrator in Mechanical Engineering, to that 
of Mr. Chace to the Fellowship in Electricity, to that of Mr. Craig 
to the Fellowship in Mechanical Engineering, and to that of Mr. 
Ardagh to the Fellowship in Chemistry.

In preparing this paper on “ Engineering as a Profession,” I 
cannot claim entire originality. My experience so far has been
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5THE PRESIDENT’S ADDRESS.

limited, and if you find some of my ideas too far advanced for a 
Fourth-Year man, I can plead with Kipling—

When ^mer banged his bloomin’ lyre,
E’d ’eard men sing by land and sea;
And what ’e thought ’e might require,
’E went and took the same as we.

ENGINEERING AS A PROFESSION.

The profession of engineering is an honoured and honourable 
one, but its place in the public estimation is not yet where its merits 
and services would place it. In Europe the standing and remuner­
ation of the engineer are second to those of no other professional 
man. England recognizes the services of her engineers by honours 
and emoluments. The Engineers of the Forth Bridge were knighted 
in recognition of their services. Public measures and acts of par­
liament arc largely influenced by their advice and direction. Manu­
facturing and industrial operations arc largely managed by engineers 
instead of so-called practical men.

When John Smeaton, a little more than a century ago, became 
the first man to write Civil Engineer after his name, the title gave 
no prestige to the possessor. The early engineers, Watt, Stephen­
son, Smeaton and Fulton, had to fight their way through poverty 
and discouragements to a recognition of their services.

Canada and the United States are very slow in the recognition 
of the valuable services of their engineers. Either country owes 
more to the engineer than to any other class of equal numbers. 
Think of the immense development in any of the different branches. 
To follow out any one of the numerous lilies of work in which he 
has been engaged, to trace the development of the first crude 
mechanism, up to the splendid triumphs of the present day in 
almost any department of industry, would be no idle task.

Engineering is a profession in which a man can be honourable. 
It is fascinating from the fact that one sees the realization of his 
mathematical and scientific theories and deductions. Its objects 
are useful in the highest degree. It is healthful and ennobling in 
its practice. In fact it is a profession which may well challenge 
the attention of the young man of earnest endeavour, who is seeking 
not only material prosperity, but an honoured place among those 
who have well served their day and generation.
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THE PRESIDENT’S ADDRESS.6

Mr. Charles*T. Harvey, an eminent engineer, in a paper read 
before our Society, said:—“Engineers of the highest degree are 
born not made. Technical education is helpful, but not deter­
minative of the quality or strength of the will power which you 
need-to best succeed in your profession. You have chosen a profes­
sion which calls for intense exercise of trained will power, as its 
functions arc to re-arrange the material features of the earth to 
serve human purposes to a higher degree. The embankment of a 
railway, the prism of a canal, and the mechanism of a steam or elec­
trical engine, arc triumphs of educated will power over matter.”

One great factor very necessary in the make up of a successful 
engineer is the power of observation. The observation of a simple 
fact, and the train of thought induced thereby, have led continually 
to important results. The ability to map localities in the mind, 
the faculty of noting the workings of a piece of mechanism, the 
observation of leading features of places and things; all of these 
are of the utmost value to the engineer. This power, combined 
with a sound knowledge of natural and mechanical laws, together 
with a sufficient amount of nerve to put the thing into execution, 
arc the great requisites of an engineer.

The engineer should love his profession. The most simple 
operations should possess an attraction to him. The application of 
his theoretical knowledge, both in mathematics and science, should 
be beautiful to him. The man who sees only the theoretical truth 
of the fundamental formulae, and 1ms no love for their application, 
should not adopt engineering as a profession. Obstacles that spring 
up along the line should not dampen his ardour to obtain a true 
result.
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The engineer should honour his profession. After becoming as 
proficient as possible in the department which he has chosen, honour 
and honesty should characterize his policy. When the engineer 
accepts bribes from the contractor for passing work which does not 
fulfil the specifications; when he charges his employer a fee for 
first-class work when he knows it is inferior; when he adopts the 
practice of “ making days ” when the “ per diem ” prescribed by 
law is too small, he had better blot the name of his profession from 
his card and devote himself to a trade in which honourable dealing 
is not expected.
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The final success of an engineer probably depends upon 
qualities than arc absolutely required in most of the other profes­
sions. His knowledge must be thoroughly technical, while his 
methods must be perfectly practical. The clergyman or lawyer is 
tolerably sure of success, if he is eloquent and respectable. The 
physician who has an engaging manner, need not be a great prac­
titioner in order to secure a good income. But the engineer, in 
order that he may attain to success, must possess qualities which 
would have won much more fame and fortune if they had been 
applied to some other calling.

A prominent engineer of the day has put it thus: “The demand 
to-day is for men who can accomplish specific results ; not the ancient 
history of the steam engine, but the ability to construct the most 
modern and complete form; not the story of how Franklin dis­
covered the relations of lightning to the electric fluid, but the 
ability to design and construct a dynamo that will run the greatest 
number of lights at the least expense; not how the subject of 
alchemy has developed into modern chemistry, but how to conduct 
industrial manufactories with the least possible waste.”

The demands of engineering upon the man are greater than in 
most of the professions. He must first submit himself to a thorough 
technical training, in order that he may be able to read and observe. 
Having secured his diploma, he must seek employment that he may 
obtain experience, for the glimpse of the real thing which he has 
got in his college course is far from fitting him for the responsi­
bilities of the work. During the earlier part of his career he will 
probably find that his work is something more than trying.

The worst feature of the engineer’s life is its uncertainty. 
Especially is this true of the mining and civil branches. One must 
at all times be in readiness, at a moment’s notice, to go to any part 
of the country where his work may call him. Often he is exposed 
to great hardships in the way of extremes of heat and cold, rain 
and drouth, and sometimes scanty fare.

What does the Faculty of Applied Science offer to a prospec­
tive engineer? It offers that technical training which is so neces­
sary nowadays in the make up of a successful engineer. “ Know­
ledge is power ” is an old adage, a back-number. Power is rather 
the ability to apply knowledge. Technical schools not only furnish 
knowledge, but train their students in the application of it. Just
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THE PRESIDENT’S ADDRESS.

here I would take the opportunity of referring the men of the First 
Year to Principal Galbraith’s address at the Banquet last Christ­
mas. The subject was, “ The Function of the School of Applied 
Science in the Education of the Engineer.” The subject is very 
thoroughly dealt with, and is especially adapted to us as students.

We in our technical training should aim at laying a broad 
foundation, rather than at specializing along some chosen line 
Circumstances in most cases determine our specialization in after 
life. In fact, it is said by men of authority that a young man thor­
oughly grounded in fundamental principles and well trained how 
to apply them, has almost an equal chance for success in all branches 
of engineering. As a proof of the fact we only need look up the 
records of our own graduates.

What does the Engineering Society offer to the prospective 
engineer? I shall not enlarge very much on this, but refer you 
again to the addresses of our former presidents. With regard to 
papers, I would say, do not wait to be asked, but set to work and 
prepare one to be read before the Society during the coming year. 
The mere act of preparing a paper is a valuable discipline to the 
writer. Nothing serves so well in systematizing one’s ideas, 
clearing up doubts and exposing deficiencies on a subject, 
as the compiling of a paper. The benefits which you receive 
from the Society, will probably depend on the amount of energy 
you invest in it. If you are'simply looking to your own interests, 
without regard to the interests of others, probably neither will 
profit much by your presence. Let each member, without thought 
of year distinctions, feel that his part is necessary in order to make 
up the finished whole.

In conclusion, what are our professional prospects? In looking 
about Canada to-day one would say that the prospects never were 
brighter. Of course times are good, and one cannot tell how long 
they will continue. Engineering probably is the first profession to 
feel a depression, as great works are not usually undertaken when 
the country is suffering from hard times.

However, the immense developments in every kind of industry 
have created a great demand for competent and trained engineers. 
Capitalists are beginning to see the necessity of entrusting their 
great works in the hands of trained men. Let us all strive to come 
up to the standards required, and thereby render ourselves indis­
pensable as well as honouring to our profession.
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OUR TIMBER SUPPLY.ry

ad
J. A. DeCew, ’96.le.

er
>r-
)W The cost of material is generally the factor of prime import- 

in engineering construction, and the relative amount of each 
material used depends to a large extent upon its value, ae well as 
upon its suitability for the purpose in hand. A structure which now 
contains certain proportions of wood, steel and concrete, might have 
contained these materials in quite different proportions had their 
respective values been differently related at the time. Therefore, 
if the cost of our timbers for construction and other purposes keeps 
steadily on the increase in the future as it has in the past, and if 
the price of iron, steel and concrete should remain comparatively 
constant, then the tendency of the future will be to abandon the 

of wood as a constructive material, in proportion as its increased 
cost stimulates the employment of substitutes. What the ultimate 
result will be is hard to predict, as there arc many variable influences 
to be considered. One thing, however, is quite certain, and that is, 
if we continue our present rate of consumption, the price of 
timber must go on steadily increasing until its stumpage value 
becomes equivalent to the cost of reproduction.

If a species of timber should become exhausted before the 
equilibrium between consumption and reproduction is established, 
or if the demand for it should exceed the capacity of reproduction, 
then it is certain to become quite expensive and will only be employed 
for «those purposes to which it is peculiarly adapted.

The cost of our timbers in the market may be expressed directly 
in terms of the cost of labour, supplies, stumpage and the distance 
between the market and stump. Therefore as we are rapidly 
consuming the present stand, which we might call our capital stock, 
the steady increase of the last two factors is sufficiently evident, 
and with these factors the price to the consumer must also advance.
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10 OUR TIMBER SUPPLY.

/ As an example of a timber which will be commercially exhausted 
long before any adequate reproduction can take place, we might 
select the white pine. This is without question our most important 
and highly prized timber product, on account of its combination of 
qualities, which adapt it to an almost unlimited number of uses. The 
white pine is at home in commercial quantities, over an area of about 
400,000 square miles, over which the original stand is estimated to 
have been about 700,000,000,000 feet, board measure. All that re- 
nuins to us of this inheritance is about 110 billion feet, of which the 
Lake States (Michigan, Wisconsin and Minnesota) possess 04 bil­
lion and Canada about 40 billion. The annual cut in the Lake 
States is about 0 billion feet, and in Canada from H to 2 billion feet, 
so that otir total annual consumption is about 7£ to 8 billion feet. 
It this rate continues it is quite evident that all of our present stand 
of pine will be consumed in about 15 years. It is interesting to note 
in this connection that while the pine manufacturers of Canada 
have still from 20 to 25 years of stock in sight, the American mills 
can manufacture all of their remaining white pine in less than 10 
years. Nearly all of the white pine is so located that the present 
rate of exploitation can be and probably will be continued until 75 
per cent, of the present supply is cut, when, of course, the lack of 
logs will lead to a reduction in output. This curtailed output will 
begin on the American side in a very few years, and then the white 
pine will gradually cease to be the great staple of our lumber 
markets. 1 his result is unavoidable, for if recuperative 
were
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tree, with an average diameter inside the bark of 15 inches, and to 
reproduce forests like those we are now consuming would take about 
200 years. ,

It is erroneous to suppose that other conifers or hard woods 
may be substituted for or easily adapted to the uses of white pine, 
which is shown by a comparison with its most natural substitute, the 
southern pine. A shipping case, made of. white pine, requires but 
half thé effort to manufacture, and .5 to .05 the effort to handle or 
transport, as one made from hard pine, and as for lath, the white 
pine nails easier and shrinks less. For sash and doors the only sat­
isfactory substitutes are cypress and white cedar, and these are not 
an-, too abundant themselves. Although from the scarcity of good
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11OUR TIMltER SUPPLY.

pine shingles, we arc already using red cedar shingles from the 
Pacific coast, yet prices must reach a high mark before we can afford 
to freight lumber such a distance.

It is not only the white pine of which we might say, speaking 
relatively, that the end is in sight, for the same is true of the wal­
nut, yellow poplar, ash and elm. As the elm and ash are particularly 
well adapted for the making of barrels, on account of their strength 
and toughness, the question of paramount importance to all those 
interested in cooperage stock is, what satisfactory substitute can be 
found for these fast disappearing woods ?

In spite of the fact that there has been a great increase of late 
years in engineering construction, there has been no increase what­
ever in our annual consumption of timber. Nevertheless since the 
supply is decreasing faster than thedemand, we shall be forced in 
the near future to pay still higher prices for those wooden materials _ 
that we actually require. It is just this class of timber which we 
cannot well do without, that we shall find in future very hard to 
obtain. For although it does not take very long to grow railway ties 
or fence posts, we shall find it a very different matter to reproduce 
trees similar to those from which we obtain the wide clear lumber of 
our markets to-day.

Hemlock may make a fairly good substitute for pine in rough 
construction, but not for interior work.

Perhaps when the Isthmian Canal is completed, we shall be able 
to obtain our finest grades of lumber and shingles from the Pacific 
coast, but even that rich source of supply may in time become ex­
hausted. The annual consumption of timbers, ties, fence rails, 
cord wood, etc., in the United States amounts to about 25 billion 
cubic feet. Their total forest area amounts to about 500 million 
acres, and on each acre it is possible to grow, according to German 
estimates, 55 cubic feet per annum, but of this growth only about 
05 cubic feet is available to the American lumberman. Therefore, 
if all their forest area were well planted and managed, the annual 
harvest would not equal the annual consumption. But this possible 
state of reproductive efficiency is as yet but a dream of the future, 
and as our present stand is fast disappearing, it is the duty of every­
one to conserve as much as possible the present supply. This can
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12 OUR TIMBER SUPPLY.

be accomplished only by scientific lumbering, efficient fire protec­
tion, a more extended use of wood preservatives and an increased 
economy, along with the gradual substitution of other materials in 
construction.

Our wood consumption per capita, outside of fire-wood, is 8 to 
10 times that of Germany, and 18 to 20 times that of Great Britain, 
for we rely more upon wooden structures than they do and are more 
wasteful in construction.

These facts go to show that we have yet plenty of opportunity 
to restrict the demand in proportion as the supply decreases, and in 
this way avoid future scarcity and excessive prices. However, not 
the engineer alone, but the community as a whole, has a direct 
interest in the perpetuity and conservative use of our forest re­
sources, as well as in the preservation of favourable forest condi­
tions, both in behalf of the agricultural interests of the country 
and on account of the resulting beneficial climatic effects.
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FORESTRY AND ENGINEERING.
I

1 Thos. Southworth.I

My pleasure at being allowed again to read a paper before your 
Society is somewhat alloyed by the difficulty in presenting matter 
that will be new or interesting to the critical scientific minds com­
prising your membership.

Of course Mr. Barrett intimated that I would be expected to 
address you on forestry, but that is a large subject and presents 
too many phases to be treated as a whole, even hastily, in the time 
at my disposal.

In view of the number of letters I have received from various 
sources giving me advice on the subject of forestry in Ontario, the 
writers of which seem to regard the subject from such a different 
standpoint from my own, it has occurred to me that I might be 
permitted to define the term forestry as I understand it, speaking 
generally as applied to this Province. Forestry is primarily a . 
system of farming with trees as the principal crop—I say principal 
crop advisedly—for they do not constitute the only crop in the 
forest. Forestry is not the mere preservation or protection of trees, 
nor the planting of trees where the country has been too much 
denuded, as it is quite often intimated

In farming with trees as the main crop, it is essential that the 
financial aspect should be had in view just the same as in other lines 
of farming. The farmer who raises wheat does so for profit, and 
when he harvests one crop he prepares for another. Just so with 
the forester, with the difference, in this country at least, that 
nature has started him with*a grown crop ready to be harvested, 
and it is business with him so to harvest this original crop as to 
secure the largest financial returns from it consistent with the 
economical but effective reproduction of similar crops.

In Ontario we have to do with two main phases of forestry 
work, the one as it applies to the individual owner of woodlands,
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14 FORESTRY AND ENGINEERING.

the farm wood lot, and the other relating to the larger problem of 
the forest farm of the whole people on the Crown lands.

Both are important, both affect the general welfare of the
Province.

The farmers of old Ontario, in clearing land to grow other and 
mere, valuable crops than trees, have removed the forest cover so 
completely as to seriously affect adversely the fertility of the land 
in some sections, and, through the drying up of our water sources, 
increasing the evaporation of moisture from the soil, and in other 
ways to seriously alter climatic conditions for the worse. At the 
same time, while the community in general suffers to some extent 
from this cause, the chief sufferer is the individual farmer himself. 
I will confine myself at present to a consideration of the large* 
and more important problem of forestry on the lands of the Crown.

By far the greater portion of the Province of Ontario is still 
tree covered. The land area of the Province is estimated at about 
126 million acres. Of this less than 25 millions of acres arc suffi­
ciently settled to be under some form of municipal government. The 
balance, over 100 millions of acres, may be said to be tree covered. 
Of this immense area probably another 40 million acres is well 
suited for agricultural settlement, the rest being broken and chiefly 
valuable for mining and forest lands. The remaining 60 millions 
of acres is more or less tree covered and is all capable of growing 
trees. Mining development is now being prosecuted in several 
points in this area, and there will be many small villages and towns 
with the necessary agricultural settlement around them, but we 
may safely assume that this area will, or rather let me say should, 
remain permanently in forest—a vast forest farm the property of 
the whole people. Of the sixty millions of acres remaining, the 
greater part is still covered with its natural forest crop yet to he 
harvested; and from this will be seen the vastness of our resources in 
this line, and the desirability of solving the question of exploitation 
in the wisest way. #

As I have said, forestry, or the growing and harvesting of trees 
for profit, is mainly a financial proposition, but there are certain 
other incidental advantages derived from the presence of trees in 
larger masses, in their effect on climate, water supply, and in other 
ways, such as to render it advisable that in some cases the mere
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15FORESTRY AND ENGINEERING. '

financial aspect should be subordinate. These incidental advantages 
concern the general public rather than the individual, and in the 
case of the individual holder of woodland, he cannot be expected 
to sacrifice his personal financial interests for the general good. 
For this and other reasons, it is wise that forestry on a large scale 
should be conducted by the State. A private holder might, under 
pressure of pressing financial need, realize qh his forest wealth in 
a w.,y inimical to the general welfare and disastrous to the indus­
tries dependent upon forest products. The State, on the other hand, 
is free from this danger, and is in position to disregard immediate 
profits where a close regard for them would adversely affect the 
general good in other ways. At the same time it is possible to 
retain these incidental advantages without sacrificing the purely 
financial results, and it is in this direction that the services of the 
skilled forester, the trained and scientific observer, will be required.

No formulated system of forestry, no matter how scientific it 
may lie, will serve in this Province unless it is based on observa­
tion and practice under our own conditions. We have to solve our 
problems in our own way.

France and Germany and other European countries have ela­
borate scientific forestry systems that are well nigh perfect in their 
way, and for the countries in which they have been developed. 
They are the result of years of investigation and practice by scien­
tific men; yet their systems are of little use to us except as forming 
a basis from which to study our own needs.

In our country, where only a third to a half of a small prqpor- 
tion of the more valuable varieties of trees have a market value, 
we eould not afford to establish nurseries and transplant trees on a 
large scale, as is done in some parts of Europe, where the limbs, roots 
and even the leaves of the trees are marketable.

The cost of preparing the ground, planting the young trees, 
plus the cost of protection and care of the forests for 50 to 100 
years, plus also the interest on the capital invested during that long 
period would, I fear, show a balance on the wrong side of the ledger 
when the crop was harvested. It is true conditions will be changed 
in this country before a crop planted now
but not sufficiently so as to make a financial success of tree planting 
by the State in a large scale.

will be ready for harvest,
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of the most valuable commercial varieties of trees.

Nature is sometimes slow in her methods and does not always 
accomplish the work in hand as we would have it done; yet in the 
reproduction of forests in Ontario, she is apt to reproduce a forest 
of the highest economic value. The most valuable tree rom a 
commercial point of view in our original forests was the white pine, 
(Finns Strobus), and in nearly all cases the forest planted by Nature 
after the original one has been cleared away by the axe of the lum­
berman and bv fire, is largely composed of that tree. It is true tha 
after a forest fire the first succeeding crop of trees is cotnpo.ee 
largely of poplar and birch, trees that seed yearly, and whose seeds 
are light winged and are carried miles by the wind ; but these broad­
leaved trees form the proper condition of shade and fit the s il 
the growth of the young pines that grow up under their protectio , 
in all cases where any pine trees old enough to bear seed have 
been left in the neighborhood. The young pine plant is very deli­
cate, and liable to extinction in the first few days of its growth, if 
exposed to the direct rays of the sun. Hence you will see that the 
presence of the forest weeds, the poplars and birches is necessary as 
a nursery for the more valuable sorts; and Nature is doing her 
work wdl in spite of, nay, in some cases, assisted by fire That

assist Nature and hasten the growth of the profitable forest is 
undoubted, and to apply the trained skill necessary for this object 

we require educated foresters.
Our orests, besides returning a direct annual revenue to the 

Province of over a million dollars, support, next to agriculture, by 
far our largest industry. Though not so attractive as mining, it 
has produced more wealth in Ontario than mining is likely to do 
for some time, and upon its continuance depends largely our pros­
perity. It is not too much to expect that in the not distant future, 
the best trained men from our scientific schools will find employment 
in managing the forest industries of the Province. We have no 
School of Forestry in Canada, though some three or four have been 
started in the United States. What we need is practical men 
whose scientific training has taught them how to observe.
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FORESTRY AND ENGINEERING.

It is largely a matter of observing, of finding out the “ why ” 
of things. A couple of years ago, in travelling through a pine 
forest with the superintendent of one of our large lumber firms, I 
picked up a considerable number of cones to see if there were any 
seeds left in them after they had fallen from the trees. Upon 
remarking that I had about concluded that the scales of the 
opened and the seeds dropped out before the cone fell off the tree, 
my companion remarked:—“ Do you mean to say that there were 
seeds in them things? I have seen plenty of them lying on the 
ground lor years, but never knew what they were.” Now I cannot 
imagine a student of the S. P. S. walking over pine cones for 20 
years, as this man had done, without having curiosity enough to find 
out what they were.

As an instance of the benefit of a scientific training, no matter 
to what branch of engineering the problem which confronts 
may belong, I may state that I have been assisted recently by a 
graduate of this School in trying to solve one of the problems that 
we have to face. A lumberman whose forest contained considerable 
quantities of hemlock (Abies Canadensis) was unable to harvest it 
profitably. There was no local market for hemlock bark, and this 
inability to sell the bark removed the profit there should otherwise 
have been in cutting the timber. I happened to know that Mr. J. 
A. BeC'ew, a graduate of the S. P. S., had been investigating the 
chemistry of woods, and I appealed to him in the matter. I have 
now in my office a very valuable paper prepared by him on the pro­
cess of preparing extract of hemlock bark, or liquid tannin, and if 
moderate sized portable plants can be secured at a suitable price, 
hemlock lumber may be produced profitably in these limits, as is 
the case in similar forests near railways or near tanneries.

I mention this merely to show that the problems in forestry 
practice are either financial or scientific, or, correctly speaking, both. 
A college training, as I understand it, does not make 
petent surveyor or engineer, but equips him so that he may become 
one. He may not have the expert knowledge required, but he 
knows, or should know, how to acquire it. He has been trained to 
apply his powers of observation, his “horse-sense,” to the various 
scientific problems as they arise in actual practice.

S.P.S.

17

cone

a man

a man a com-

2

i
l

t
l

3

3

t
1

e

t
cl
s

r
b
e
i-
if
ie
is
;r
re
is
;t

ie
>y
it
lo
s-
e,
at
10

;n

I
i

r

s

\

<

>



FORESTRY AND ENGINEERING.18 •I
Another problem in Ontario forestry, largely of an engineering 

nature is presented in connection with the Teinagami Forest 
Reserve This reserve, comprising 1,400,000 acres of virgin forest 
land, contains a very large quantity of standing timber, some of 
which is mature and ready to cut. The territory is drained partly 
into the Ottawa River and partly through the Temagami and Stur­
geon Rivers into Lake Nipissing, and thence to Georgian Bay. The 
height of land separating the two drainage basins is very narrow.

the mature timber from this 
to know whether it would be prac-

' r

Before beginning to remove 
Reserve, it will be necessary
ticable or profitable to connect the two systems of waterways, 
will also require a more or less complete topographical map of the 
Reserve; will need to find out what improvements will be neces­
sary to the various streams to enable the logs to reach the market, 
as well as to lay down and construct roads in the bush for hauling 
logs to the water. There are other problems of a purely sylvicultural 

ascertaining the rate of growth and present age of
exe-
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nature, such as
the trees to be cut, in order that the cutting may be properly 
cuted, problems to be solved by the expert forester; but many ot 
the problems are of a purely engineering nature.

I have been frequently asked if I thought there was likely to 
be a chance of employment for scientific foresters in Ontario. I 
quite unhesitatingly say I do think so, not by the Government alone, 

well, for it will not be long before they willbut by lumbermen as
the large forest owners of the United States already recog-see, as

nize, that scientifically trained men, who also have common sense, 
are better than men with common sense alone.

In this connection I have referred to some of the problems in 
Ontario to be solved, to show you that the training given in the 
School of Practical Science is quite in the line required for the 
special work when the proper time arrives. True, you will need 
special work in botany and practical forestry, but the instructions

T understand it, are such

used
apart
sheet
twice
maim
for n

you are receiving in civil engineering, 
as you need for the forestry profession. Therefore, let me urge 
you when engaged in surveying, or in other branches of engineering, 
to observe conditions in the forest, in saw milling, in lumbering, and 
in all that pertains to this great industry. The knowledge you 
thus acquire will be useful, and you do not know how soon you may 
be called upon to put it to practical use.
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THE USE OF IRON AND STEEL IN MINES.y

D. L. H. Forbes, ‘02.e

llie increasing scarcity and cost of large timbers, together with 
their rapid deterioration in the air of most mines, are bringing 
masonry, iron and steel more and more into prominence as materials 
for mine structures which

s

e
e intended to be of a permanent char­

acter. The use of iron and steel as substitutes for timber has 
already had a place for a considerable time in continental mining 
practice. They have also been employed in many English mines and 
collieries. In American mines, however, owing to the abundance 
and relative cheapness of timber in most mining camps, iron and 
steel have had but a limited use up to the present. But there is a 
tendency, even on this continent, to restrict the use of timber for 
many purposes in mining. This is partly due to the disastrous 
mine fires which often occur, and which cause mine managers to 
come to the conclusion that the extra cost involved in the use of 
non-combustible materials for lining permanent ways in large mines 
ma\ frequently be justified. It will be the object of this paper to 
call attention to some typical constructions employing iron or steel 
which have been tried in mines and have been found satisfactory.
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SHAFTS.

In lining shafts, rings of I-beams or channel-bars have been 
used extensively as curbs. 1 hey arc upheld at the proper distances 
apart, by struts of wood or iron, and backed by heavy planks or iron 
sheeting. The initial cost of iron lining in place is estimated to be 
twice that of wood and equal to that of masonry, but the cost of 
maintenance is only one-third that for wood and about the 
for masonry in dry shafts.*

The most successful methods 'of sinking shafts in running 
ground all employ iron tubing. The ordinary methods, as well as

* Ihlseng, “ Manual of Mining,” p. 337.
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USE OF IRON AND STEEL IN MINES.THE20
those of Triger, Haase, Kind and Chaudron, are described fully in 
the textbooks on mining, so that to mention them in connection with 

this subject will he sufficient.
Steel has recently been used in the form of expanded metal in 

lining the shaft of a Pennsylvania coal mine.* The No. 2 shaft of 
Manville mine at Scranton had been lined with a double wood

the cribs. Quicksand and water had

Tin
int<
whi
fast
wet

the
cribbing with clay between . . , , , ,
caused this work to fail, and the management put in its place slabs ot
concrete 18 inches thick, reinforced by expanded metal. This con- 

said to be satisfactory in keeping back the quicksandstruction is 
and water.

TUNNELS, DRIFTS, ETC.

for tunnels, iron and steel have been used quiteIn linings
extensively in Europe, and various forms of construction are 

ployed.

em1

In the Halkyn Drainage Tunnel, Flintshire, where the sides arc 
firm, but the roof weak, frames are employed consisting of two 
hollow cast-iron cylinders as posts with a 50-lb. rail strung across 
their tops. The liead of the rail is placed downwards and rests m 
grooved chairs which fit into the tops of the cylinders. These 

placed about three feet apart and planks or light rails
between them and

frames are
are laid from one to the other. The space 
the roof is tightly packed with stones. A dry stone wall is built 

each side with an occasional plank or rail to make it firmer, 
estimated that to have secured this part of the tunnel with

much as this method,

upon 
It was
good masonry would have cost nearly twice
using iron, the cost of which was $10.75 (£2 4s.) per linear yard of 

tunnel-f

Mas
Fi

manufactured for framesIn France, special forms of I-steel 
in tunnels, levels, etc. A favourite form consists of two side pieces 
suitably bent at the top and united by fish-plates and bolts so as to 
form a shape like an inverted IT. Another French frame much in 
use is composed of two semicircles of mild steel. For this, two 
kinds of sections are employed,—channel steel, and bulb tee steel.

are

the
of tl 
aboiThe Doings of Expanded Metal," December, 1901, published by the Asso­

ciated Expanded Metal Companies.
t C. Le Neve Foster, '• Ore and Stone Mining," p. 259.

up,
SD.TC



to
n1

re
ivo
)S3

in
:se
ils
nd
ilt
or.
ith
3d,
of

(108

COS

to
in

wo
30l.

B80-

' J

21THE USE OF IRON AND STEEL IN MINES.

The channel steel used weighs about 16 lbs. to the' yard. It is sawn 
into proper lengths on leaving the rolls and bent into semicircles 
while still hot. The two pieces are joined by sleeves of sheet steel 
fastened by a couple of iron wedges. Steel of the bulb tee section 
weighing about 26 lbs. per yard is employed for heavier ground.
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While in Saxony last year, the writer was much impressed by 
the extensive use to which old rails are put in the silver-lead mines 
of the Freiberg district. Here it is claimed that, although iron costs 
about the same as masonry and will not last so long, yet, in setting 
up, the iron takes much less time and when completed occupies less 
space than masonry; while, in all probability, the iron will stand for
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22 THE USE OF IRON AND STEEL IN MINES.

several generations.* In the Rothshônberg tunnel two rails are bent 
so as to form an elliptical shape, and united at top and bottom by 
fish plates and bolts. Behind these frames light mine rails are 
strung and flat pieces of rock packed in tightly all around. At other 
places in the district rails are used as posts and caps. The head of 
the rail used as cap is let into the upper ends of the upright rails. 
The feet of the uprights rest directly on the floor of the tunnel. 
Where the sides are firm and only the roof needs support, as in 
drifts where overhand sloping is employed, rails are placed across 
with their ends resting in hitches cut into the wall-rock, thus form­
ing stulls to support the waste material heaped above. The rails 
used for this purpose are of varying size and cross-section, depending 
upon the load they have to support. Light mine rails arc strung 
across these rails and spaced G to 8 inches apart, with flat pieces of 
rock laid on top to form the staging on which the miners stand and 
pile up the waste after each blast. (Sec Fig. 1.) In some of tlie 
Freiberg mines the rails are given a slight bend upwards so as to 
bring the principle of the arch into play. Where this is done, it is 
usual to give a bend of about 5 cm. ini 100 cm. of length. It is 
claimed that the strength is increased by doing this, so that much 
lighter rails may be used than if they were straight! under the same 
load. In places where the mine waters are acid, the use of iron for 
supports should be avoided. At several places in the upper levels 
of the Himmclfahrt mine at Freiberg, the rails have to be replaced 
frequently on account of the rapid corrosion caused by such mine 
water. Fven coating the rails with tar is said to have but little 
effect in delaying the corrosion.

GANGWAYS, ETC., IN COAL MINES.

Steel I-beams have been used with success for some years at the 
Nunnery Colliery, Sheffield. The usual size is 4 inches wide, 5 
inches deep, with 3-8 in. web. They are used cither as caps on 
timber posts (see Fig. 2) or as posts and caps. In both cases the 
beam used for the cap has a lug or band of wrought iron, 1 in. x 
3-4 in., shrunk on about a foot from each end. This prevents the 
posts from coming in sideways. Such frames or sets are placed 3

Freiberg Berg-und Hiittenwesen,” pp. 176-183.• 41
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THE USE OF IRON AND STEEL IN MINES.

feet apart, and old timber is placed across from cap to cap, support­
ing the roof. The steel beams are tarred over with unboiled gas 
tar, and have been in use several years without showing any signs of 
deterioration; while timber at the same colliery lasts only two years 
on an average.*
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In another English colliery I-beams arc similarly employed. As 
an experiment in this colliery, lengths of roads were timbered 
alternately with wood and steel (timber being used for props in both 
cases.) But, before definite results could be obtained, the district 
fired was dammed off and abandoned. After a lapse of 9 months, 
the roads were re-opened, and it was found that thç steel bars had 

* C. Le Neve Foster, “ Ore and Stone Mining,” p. 261.

n
1ie

x
ie
3

?r

«I
I ■

- -
W

M
I

_L
__

__
__



r

the use of iron and steel in mines.24

suffered scarcely, at all, only a few being displaced owing to their 
timber supports breaking. But, at places where timber caps had 
been set, the roof iiad fallen in, and considerable expense in wages 

involved in repairing it. On a main haulage road in this same 
colliery 12-ft. girders of a section 6 in. x 4£ in. with |-in. web, 
weighing 78 lbs. to the yard, were employed, replacing 9-in. timber 
bars. The first cost of the steel here was 'ty times that of wood. 
The date of fixing each girder was noted, and in many instances the 
girders outlasted 3 to 4 sets of timber before removal ; so that, even 
if the steel bars were worthless on removal, their actual cost would 
have been less than for timber. But, after being taken out, they 
had merely to be straightened and then were practically as good as 
new.*

was

■

I 1

Cast iron cylinders are being used in place of timber posts in 
many English collieries. It has been said, however, that they are liable 
to break if any great side pressure comes on them. The Balmer prop 
is a modification which consists of two cast iron cylinders, of which 
the lower is filled with loose packing, and the upper telescopes into 
it as far as the packing will permit. Holes in the side of the lower 
cylinder allow some of the packing to be removed, so that the prop 
can shorten itself.f

For withstanding very great pressures coming from floor and 
sides as well as roof, two forms of construction which were observed 
by the writer in the Oberholmdorf colliery at Zwickau, Saxony, 
have been in use for several years. One of these is a tubular form, 
the frames being rings composed of two semicircles of channel steel 
joined by fish plates bolted on the outsides of the flanges (Fig. 3). 
The rings are 2$ metres in outside diameter, and are placed 1 metre 
apart, centre to centre, each being held in position by three tie-rods 
or dogs joining it to the preceding ring. These tie-rods are made 
from mine rails cut to proper lengths and turned over at the ends 
The gangway to be lined with this construction has first to be en­
larged until its cross-section is about 14 feet square, the roof and 
sides being held temporarily by timber props and logging. The 
excavation is carried about 20 feet in advance of the work of lining. 
The floor is first covered with concrete up to a certain level. A

• Hughes, “ Textbook of Coal Mining,” p. 137.
t Journal of Iron and Steel Inst., 1900, II, p. 472.
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26 THE USE OF IRON AND STEEL IN MINES.

timber sleeper 4 metres long is then laid on the concrete, given its 
proper leveling and alingment, and then firmly embedded with more 
concrete. Four of the channel steel rings are then set up and held 
temporarily by timber props and wedges. Timber slabs from 2 to 
3 inches thick and 2 metres long are then placed in position on the 
outside of the rings, and concrete rammed in firmly all around. 
Temporary timber supports, which interfere with the work as it is 
built up, arc cut away, leaving the lower parts imbedded in the con­
crete. When the concrete filling is about two-thirds of the height 
of the excavation it has to be continued in sections of one metre, 
the end face of the section being held with boards until it has reached 
the roof and has set. In a double-tracked gangway this work may 
go on without seriously disturbing its traffic, by keeping one track 
constantly supported and having a switch at each end of the place 
of construction, so that both in and out going trams may use it. 
The other track is used for hauling concrete to the work. Six men 
are required—two miners, two masons, and two shovellers. Working 
two ten-hour shifts per day, a section 4 metres in length is completed 
in six days. The total cost is about $50 per metre length of gangway. 
For single-tracked gangways a construction differing only in the 
employment of elliptical channel frames is used, but where the side 
pressure is very great, these frames have occasionally been crushed 
in at the joints.

The other form of iron construction used in the Oberhohndorf 
colliery is shown by the sketches in Fig. 4. Cross-rails used as sills are 
embedded in a concrete foundation, and side walls resting on them are 
built up to a height of about 1| metres above the floor of the gang­
way with a thickness of 1 metre. These side walls are constructed of 
layers of rail lengths laid crosswise and lengthwise alternately. Tie- 
rods prevent the rails from spreading, and concrete is packed in 
between and behind them. The roof is formed by lengths of rails, 
bent slightly at the middle, which arch against an I-beam at the top 
of the gangway and spring from a rail and angle-iron laid along the 
tops t>f the sidewalls. In between the webs of these roof-rails com­
mon sized bricks are placed. Concrete is rammed in tightly above 
the bent rails and the side walls. This construction was first put 
in about 16 years ago after a fire had caused the collapse of some of 
the main haulage ways and had necessitated the closing of one of the
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THE USE OF IRON AND STEEL IN MINES.

shafts for several months. The work of this kind which was then 
constructed is still apparently as firm as ever. Only the main gang­
ways are supported in this way, and they only for a hundred metres 
or so from the shaft, on account ot the expense, the cost being about 
$85 per metre.

At the Spring Valley coal mines, in Illinois, a new shaft had to 
be sunk in 1890, on account of a fire which had caused considerable 
damage. When the gangways and sidings were being constructed at 
the new shaft, the manager was particularly anxious to use as little 
timber or other combustible material as possible. The side walls 
were built of masonry and 15-in. I-beams, weighing 50 lbs. per foot, 
were placed 4 feet apart to support the roof. These I-beams rested 
on heavy cap stones in the tops of the walls. The width of the 
gangway is 14 feet, and its height 7 feet, from top of tracks to 
bottom of I-beams. The covering of the I-beams is composed of 
3-in. oak planks.*

A similar use of steel girders is made in some of the Pennsyl­
vania coal mines.

28

ADVANTAGES IN THE USE OF IRON OR STEEL.

The great advantage of steel beams over timber ones is in the 
matter of durability, which means a reduction in the cost of repairs. 
Besides this, however, there is the possibility of using the beams 
elsewhere when taken out. When only slightly bent they can be 
reversed and used over again. If badly bent they can be straightened 
or sent to the steel works to be worked over. In any case the steel 
has some value, but timber after failure is crushed and splintered so 
badly that it is worthless. Another advantage in the use of steel 
beams is the increased space for ventilation, due to the small size 
of steel # beams compared with timber ones, 
takes fire very easily, and is moreover an important factor in causing 
the air of a mine to become foul. Finally, in setting up almost any 
form of steel or iron construction, the parts can be put together 
and the structure completed in less time and with less labour 
than masonry, or even timber used for the

Decaying timber

same purpose.

Improvements at the Spring Valley Mines,” Trans. Am. Inst. M. E., vol. 
xxix, 1900, pp. 187-209.
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68 BACTERIAL METHOD OF SEWAGE DISPOSAL.
Ut

Charles H. Rust, C.E., M. Can. Soc. C. E.to
le

The following short account of the biological or bacterial 
method of sewage disposal has been prepared by the writer with 
the hope that it may be of some interest to the members of your 
Society.

at
le
Is
»t,

It is only within the past five or six years that the bacterial 
method of disposal has been brought prominently before the public, 
but there is now a large number of small towns in England that 
have adopted it, and some of the largest cities have been experi­
menting, with a view of doing so, while in America at the present 
time several towns have installed sewage works upon the bacterial 
system.
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The following short extract will explain clearly what bacteria 
—“ Bacteria are minute forms of vegetable life, whose existence 

was not even suspected until late in the seventeenth century. They 
are so small that it requires the most powerful microscope to make 
them visible at all. There are other low forms of life which bear 
a part, with them. They may be divided into two classes, the 
robie and the aerobic. The anaerobic live without air, that is. with­
out free oxygen, the aerobic existing with free oxygen. Exposure to 
air kills the anaerobes, and all bacteria are destroyed if allowed to 
remain too long in contact with their own products. In the absence 
of water, or at least moisture, they are unable to multiply and 
remain dormant. The work bacteria do in the purification of sewage 
is to oxidize the foul matters of which it is partly composed. To 
effect a thorough purification three separate processes are needed, 
viz. (first) anaerobic, (second) partly anaerobic and partly aerobic, 
(third) aerobic.”

The subject may be discussed under two heads, first, the so- 
called septic tank; second, the contact or bacteria beds; and under 
this heading comes land treatment, either by broad irrigation or 
by intermittent downward filtration.
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30 BACTERIAL METHOD OF SEWAGE DISPOSAL.

The septic tank consists of a tank or series of tanks, and 
first introduced by Mr. Cameron, City Surveyor of Exeter, in 1895, 
when a small experimental one was installed to dispose of the sewage 
of Belle Isle, Exeter. These tanks when first introduced 
covered, hut now this is not considered absolutely necessary, although 
the writer is of the opinion that in this country, on account of the 
climate, it would be more satisfactory during the winter months to 
have some form of cover. This system altogether changed the old 
methods of treating sewage, when aril suspended solids were thrown 
down by means of chemicals. In a septic tank the solids arc lique­
fied by means of anaerobic bacteria. “It used to be considered 
necessary to prevent decomposition, but in the septic tank the object 
is to promote it. It was also considered necessary to exterminate 
all the bacteria. Now they are cultivated.”

1 he action that takes place in the tank is a process of removing 
most of the suspended organic matter, some which is in solution, 
giving an effluent, which, although not chemically pure, is inoffen­
sive, and in some cases pure enough to be turned into large streams 
or bodies of water without creating a nuisance. This is all brought 
about by the action of anaerobic bacteria, which are different from 
those which act in the contact beds, and in land treatment. Thev 
thrive in the absence of oxygen and are the organisms which 
putrefaction.
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Instead of filling and emptying the tank alternately, as is done 
ir the chemical process of precipitation, the sewage runs continu­
ously through it, the motion being so slow that the contents are 
practically at rest. This affords an opportunity for the separation 
of the solid matter, the heavier substances falling to the bottom 
while the lighter ones rise to the surface. This results in a thick 
scum forming on the top of the liquid. Bacteria are thus afforded 
conditions very favourable to their growth. The bottom of the tank 
is covered with a deposit largely mineral, but is verv small compared 
with the amount of solid matter that comes in with the sewage. It 
is necessary, especially where the combined system is in use, before 
putting the sewage into the tanks, to pass it through grit chambers, 
which should be cleaned out at frequent intervals, and it would be 
advisable also to have screens in front of these chambers, for the 
purpose of intercepting bits of wood, rags, etc. These chambers
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The capacity of the tanks will vary somewhat, depending upon 
the condition of the sewage. In England it has been the practice 
to provide a capacity in the tanks equal to three-quarters to 
one-half day’s supply of sewage. In this 
much weaker nature of the sewage, one-half to three-qu rt 
day’s supply will probably prove sufficient, although hi 
understands from the result of the recent experiments made at 
Manchester that a system of septic tanks having a capacity equal to 
one-half the daily flow of sewage will be ample.

After the sewage passes through the grit chambers, it flows into 
the septic tank, where it is acted upon by the bacteria. It is found 
in the septic tank that the action begins slowly and gradually rises 
up to the maximum. It is, therefore, important that the ultimate 
flow should not be passed through the tanks at first, 
done sludge would rapidly accumulate before 
menced.
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The great advantage of the septic tank over the old system of 
precipitation by chemical means is the large reduction in the amount 
of sludge produced. Not only does a reduction in the amount of 
s udge take place, but the tank is of great use in obtaining an efflu- 
ent for after treatment on contact beds, and it also produces an 
effluent readily capable of nitrification.

At Exeter, where there is a small experimental tank which has 
been in use for the past six years, enough gas is produced for lighting 
the works and for running a small gas engine. It is, however, 
questionable whether the amount of gas given off in an open septic 
tank would be of sufficient value to pay for the cost of collection, 
ut in the new plant now being constructed for treating all of the 

sewage of Exeter, the tanks are to be covered and it is proposed to 
obtain a sufficient quantity of gas to illuminate and provide power 
or the extensive works. It is, however, not supposed that there 

will be a sufficient quantity of gas to do this until a period of some 
months has elapsed. The gas which is given off as the result of 
decomposition is marsh gas and free hydrogen.

HACTER1AL method of sewage disposal.

should be frequently cleaned out and the sludge burnt, if possible 
Having first removed these insoluble substances from the sewage it 
will be much easier to obtain a higher percentage of destruction in 
the tanks.
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32 BACTERIAL METHOD OF SEWAGE DISPOSAL.

This description of the septic tanks, although short, will pro­
bably explain clearly to the members of your society their working.

The contact system consists in passing the sewage into beds 
filled with from three feet to four feet of filtering material, usually 
clinkers. These beds are open and in them the sewage is acted upon 
by aerobic bacteria, which thrive in the presence of air and light, 
and the greater portion of the organic matter is removed or changed 
into harmless compounds. If a higher degree of purification is re­
quired, the efiluent is passed from the first into another and finer 
bed. It is absolutely necessary, in order to secure a good efiluent, to 
have these beds thoroughly drained and aerated, for if the water 
cannot get out the air cannot get in, and the lower part of the beds 
gradually becomes putrid. These beds are drained in some cases by 
ordinary drain pipes and also by agricultural drains, 3 to 2lA inches 
in diameter, the rows being 2 feet apart.

When this system was first introduced it was generally supposed 
that coke would make a satisfactory filtering mterial, but that has 
not been found to be the case, the sewage having a tendency to 
gradually break down the coke, and as it was necessary to use a more 
refractory material, clinkers were adopted. In addition to clinkers, 
coarse gravel or broken stone would be a satisfactory material, and 
the writer has heard of broken glass being used with satisfactory 
results. The beds in the majority of cases are constructed of either 
brick or concrete, although in a few instances where the soil has 
been suitable, they have been constructed without masonry. There 
is not sufficient information available at present to know definitely 
the lifetime of the filtering material or the annual cost of opera­
tion. In spite of all precautions it may be necessary, after a period 
of three or four years, to either replace the material or have it 
washed. Up to the present time, from the result of the experiments 
made in the various cities and towns in England, it has been found 
that the capacity of these beds has decreased 33 per cent, shortly 
after being installed, but have since shown no further signs of de­
crease. “ The beds must also be worked very slowly at first in order 
to allow the material to settle and the bacterial growths to form. 
In this way there would be less danger of suspended matter finding 
its way into the body of the bed while the material is still loose and 
open.” The beds become choked by reason of the settling together
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33BACTERIAL METHOD OF SEWAGE DISPOSAL.

and breaking down of the material, imperfect drainage, insoluble 
matter entering the beds, and the growth of organisms. The de­
fective drainage decreases the actual water capacity of the beds and 
prevents thorough aeration, and other means should be taken, there­
fore, to make it as perfect as possible.

The manner of putting on the sewage to the beds is generally 
as follows :

Each bed is filled three times per day, the filling generally 
taking about three hours, while the time taken to empty is from VA 
to 2 hours, and the beds in some cases are allowed one week’s rest 
in five, and in other cases they are given 7 hours’ rest. The flow of 
sewage is in some cases controlled by an alternating gear and in other 
cases by the Adams syphon or by manual labour. “ The alternat­
ing gear automatically opens and closes the various valves in their 
proper order and at regular intervals, and the supply and discharge 
valves for each pair of filters are suspended from the outside ends 
of two levers, which are connected to one shaft. This shaft carried 
a couple of rubber actuating buckets, which furnish the motive 
power. As soon as the filter is filled a small quantity of the liquid 
overflows from its discharge well into one of the actuating buckets 
belonging to another pair of filters.” This action goes on so that 
each filter is in turn filled, rested full, discharged and aerated.

In addition to the treatment by the ordinary Dibden contact 
bed, experiments have been made with continuous filters, such as 
the Whittaker and Bryant, and Stoddart. The patentees for these 
filters claim that as much as 3,000,000 to 8,000,000 gallons of sewage 
per acre per day can be treated.

The following is a description of the Whittaker and Bryant 
filter in use at Rochdale, England, kindly furnished me by Mr. 
Pratt, Borough Surveyor:—

“There are two filters, each having a surface area of 200 square 
yards=400 square yards. The volume of sedimented sewage treated 
thereon is about 160,000 gallons per day of 24 hours. The sewage 
is continuously applied. Each filter is constructed as follows :—The 
foundation is of cement concrete rendered to a smooth surface and 
made to fall towards a channel on one side provided for the collec­
tion of the effluent. Resting on the concrete are two courses of 
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bacterial method of sewage disposal.34

bricks in rows supporting 18-in. perforated half pipes, above which 
is the filtering material, 9 feet in depth, composed of gas coke which 
has had all smaller than l^n. taken out of it.

« In the centre of each filter is a perforated chamber or shaft 
of brickwork, pigeon-holed for aeration of the filtering material, on 
the top of which rests the mechanism for distributing the sewage. 
This mechanism consists of four revolving arms lj-in. and 1-in. 
iron pipes, which are perforated at varying distances and with holes 
of varying sizes, so as to ensure a uniform distribution of the sewage 
over the whole of the upper surface of the filter. The sewage dealt 
with is not treated at all by chemicals, but passes into an open septic 
tank, of capacity about 200,000 gallons, or rather more than the 
daily volume treated. This tank has been in continuous operation 
since July, 1899, and the sediment accumulated is now about 12 in. 
deep. From this open septic tank the effluent is syphoned into a 

all collecting tank of about 750 gallons capacity, placed near the 
filters, and from this it is pumped by a No. 5 pulsometer pump, 
which lifts the tank effluent and forces it to the distributors of both 
filters, and causes the arms to revolve at the necessary rate to ensure 
the uniform distribution over the upper surface of the filter. The 
steam used in the pulsometer passes into the sewage, and in addition 
to that a jet of steam is injected into the sewage (in winter) on its 
way to the revolving arms, in order that the temperature of the dis­
tributed sewage shall be as nearly as possible about 10 deg. F. higher 
than that of the sewage an the open septic tank, so as to ensure the 
better bacterial action of the filter.

“ The effluent from the bacterial beds contains a certain amount
view of removing this as far as
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of suspended matter, and with a 
possible it is passed through a settling or deposition tank of about 
10,000 gallons capacity.

“ The settling tank requires to be emptied twice a week, the 
effluent and the precipitated matter which cannot be drained away 
being pumped back into the open septic tank.”

The results of experiments made in England with this class of 
filter are, I believe, fairly satisfactory, and Accrington has adopted 
these filters for the treatment of all the sewage, but owing to 
severe winter, I do not think the continuous filter would be a suc­
cess in this country. The results so far show that the maintenance 
of the beds and septic tank will not be costly.
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35BACTERIAL METHOD OF SEWAGE DISPOSAL.

I The members of your Society are probably aware that it is not 
absolutely necessary to have the septic tank followed by after-treat­
ment on contact beds. In places where a high degree of purity is 
not required, septic tanks alone will be sufficient, or, as is the case 
in some small towns in England, contact beds with either two or 
three contacts, without the septic tank, would be satisfactory, but it 
would be advisable to first pass the sewage through small settling 
tanks.

t

t
l

9
e Last winter the writer had an opportunity in England of in­

specting some of the sewage disposal works, and below is given a 
description of the method in operation in four small towns, which 
have adopted, with very satisfactory results, the bacterial method of 
sewage disposal.

t
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HAMPTON.a
The plant at this town was one of the best and most complete 

the writer inspected. Owing to the rigid requirements of the 
Thames River Conservators, three contacts are used. The Local 
Government Board ordered the effluent to be discharged on land 
after coming from the contact beds, and the Council purchased 20 
acres of land for this purpose, but it was found that the effluent 
actually deteriorated after land treatment, and consequently it was 
discontinued.
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The effluent is used for condensing, feeding and 

cooling purposes. The sewage is delivered at a screening chamber, 
where it passes through £-in. screens, and thence to the beds without 
sedimentation. There are fifteen beds built in terraces of five each. The

s-
2r
îe

nt coarse or first contact beds are 4 ft. 4 in. deep, 50 ft. x 34 ft. 6 in. 
filled to within 4 in. of the top with coarse clinkers rejected by a 
3-4 in. sieve. The medium or second contact beds are 54 ft. x 35 ft. 
6 in., filled with clinkers rejected by a £-in. sieve. The fine or third 
contact beds are 58 ft. x 35 ft. 6 in., filled with residue from 
screened bed consisting of finely powdered clinkers and ashes. The 
beds have a fall of G in. and are drained by semi-circular pipes, 5 in. 
in diameter, formed of concrete. They arc 2 ft. 6 in. apart and 6-in. 
sluice valves are used. The liquid capacity of the coarse beds is 
20,000 gallons, or 4G per cent, of the total. This capacity has not 
been decreased since the beds were first used in 1898. There is a 
population of about 4,200 now connected with the sewers, and about 
100,000 gallons of sewage is being treated daily.

as
ut

lie
ay

of
ed
iur
ic-
îce



des
18!
effl
cor
difl
am
the
sew

bac
the

was
smi
dis
sew
wid
resi
of .
cok
cha
use
tan
ver
sew
mci
wri

sow
tow
and
ft.
and
mai

BACTERIAL METHOD OF SEWAGE DISPOSAL.

The operation is as follows:—

A coarse bed is filled to within about 4 in. or 6 in. of the sur­
face of the bed material, and allowed to stand full about two hours, 
then emptied slowly, taking about one hour. The same process is 
employed with other beds. The beds are allowed one week’s rest in 
five. The coarse beds are charged by shallow bays 8 ft. or 10 tt. 
wide, running across the entire width of the bed, and sunk about 
6 in. below the level, and arc cleaned by skimming the surface and 
lightly turning it over, after a week’s rest. On the medium be’ds 
the sewage is distributed by 12:in. half channel pipes, having 6-in. 
branches, 2 ft. 6 in. apart. The spaces for drainage at the bottom 
of the beds are filled with large clinkers. The surface of the 
medium beds requires no attention, but the surface of the fine beds 
requires occasional weeding. No particular method is adopted for 
distributing the sewage on the fine beds. Tomatoes arc grown on 
the coarse beds.

36

SUTTON, SURREY.

This town was one of the first to adopt the bacterial treatment 
of sewage, and the beds have nowr been in use four years, with very 
satisfactory results. The population of Sutton is about 18,000, and 
the daily flow of sewage 550,000 gallons. The sewage was formerly 
precipitated with lime, and the precipitation tanks were converted 
into bacteria beds when the system was first introduced. These 
beds are 55 ft. x 35 ft. and 3 it. 6 in. to 5 ft. deep. There are 
now seven coarse beds and five fine ones. All the new beds are built 
in clay, the coarse beds being 125 ft. x 45 ft. and 150 ft. x 135 ft., 
but the smaller size seems to be preferred. Fine beds are used for 
second contact and are 160 ft. x 30 ft. and 170 ft. x 30 ft. The 
filtering material has been used in some of the fine beds for four 
years, and they are only raked over in summer to prevent growth of 
weeds. The fine beds are ridged and furrowed, and the material 
used is coke breeze and burnt ballast. The effluent runs into a 
small creek and is very satisfactory. There are also a few small 
septic tanks which are covered with galvanized iron sheeting. The 
beds take 1£ to 2 hours to fill, care being taken to prevent the sew­
age from reaching the surface of the beds, the flow being stopped 
as soon as the level rises to within a few inches of the top.
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37BACTERIAL METHOD OF SEWAGE DISPOSAL.

In 1891 and 1893 the original works were constructed, and 
designed for chemical precipitation and broad irrigation, and until 
1896 the whole of the sewage was treated by chemicals. The 
effluent, however, was not such as to satisfy the requirements of the 
conservators of the Hiver Thames. There was also considerable 
difficulty in getting rid of the sludge, as there was no demand for it, , 
and in 1896, at the suggestion of Mr. Dibdin, the eminent chemist, 
they constructed the first bacteria beds for the treatment of crude 
sewage in England. i

Mr. Chambers Smith, borough surveyor, informed me that the 
bacterial treatment was much cheaper and more satisfactory than 
the old system of chemical precipitation.

EXETER.

The first septic tank installed in England was at Exeter, and 
was constructed by Mr. Cameron, city surveyor, in 1896. It is a 
small plant for the treatment of the sewage from the St. Leonard’s 
district, the population being about 1,500, and the daily flow of 
sewage 90,000 gallons. The septic tank is 65 ft. long by 18 ft. 
wide and 7 ft. 6 in. deep. There arc five filters, one being held in 
reserve. These liave each an area of 80 square yards and a depth 
of 5 ft. Furnace clinker is used in four of the filters, and broken 
coke in the other. No attendance is required, the flow and dis­
charge being controlled by an automatic arrangement. The material 
used in the construction of the tanks, ietc., is concrete. The septic 
tank has not been cleaned since it was constructed; the effluent is 
very good. A new plant is now being constructed to treat the whole 
sewage, providing for a population of about 55,000. In the im­
mediate vicinity of the works there are several residences, and the 
writer was informed that no complaints have been made.

BARRHEAD.

The population of Barrhead is 10,000, and the daily flow of 
sewage is from 350,000 to 400,000 gallons. The works in this 
town were constructed by the Exeter syndicate, and the septic tank 
and one contact is used. There are four septic tanks, 100 ft. x 18 
ft. x 8 ft. ; two settling tanks or grit chambers, 18 ft. x 6 ft. x 5 ft., 
and also eight contact beds, 54 ft. x 54 ft. x 4 ft. deep, the 
material used being clinkers. The beds are underdrained with
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38 BACTERIAL METHOD OF SEWAGE DISPOSAL.

agricultural tile drains 3 in. to 2£ in. in diameter, placed 2 ft. apart, 
and the walls are composed entirely of concrete. The time occupied 
in filling the beds is 1£ hours. The same period is taken to empty 
the beds, and the sewage is allowed to stand 7 hours The cost of 
the works was $25,000. Alternating gear is used to control the flow 

. and discharge from the pipes, and one man is employed. The 
effluent appeared very good, and, although there were two dairy 
farms in close proximity, there have been no complaints. The 
works have been in operation two years.

UN

In addition to the above places, Manchester, Sheffield and Leeds 
have been conducting for some years past a series of very elaborate 
experiments, and Manchester is so satisfied with these that the city 
is now engaged in constructing works consisting of septic tanks 
and bacteria beds, for the treatment of all the sewage of the city.

The writer is especially indebted to Mr. Gilbert J. Fowler. 
Superintendent and Chemist in charge of the Manchester Corp 
tion Sewage AVorks, for <a great deal of the information contained 
in this paper.
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UNDERPINNING THE WEST WALL OF THE STOKES BUILD­
ING, 49 CEDAR STREET, NEW YORK CITY.

W
1C

•y
ie T. Kennard Thomson, C.E., M. Am. Soc. C. E.

Is
In February, 1900, the Mutual Life Assurance Company awarded 

a contract for the foundations of their new building on Cedar and 
Liberty streets to Arthur McMullen & Co. This contract involved 
making four stories below the street level and placing the cellar 
floor 35 feet below the water level, which, of course, necessitated 
supporting the adjacent walls, as the foundations of the new building 
were to be from 60 to 80 feet below the foundations of the adjoin­
ing walls, which were resting on quicksand near the surface of the 
standing water. Much of this was described and illustrated by the 
writer in the Engineering News of March 28th, 1901, but the under­
pinning of the Stokes Building was only slightly described in that 
publication. Owing to the fact that this wall was very badly con­
structed it caused a good deal of worry until it was safely under­
pinned. The New York Building I&w, although full of many 
absurdities, is very explicit in one respect where it states that the 
owners of adjacent buildings must give the contractors free 
to their property in order to protect the same from damage, or else 
take the responsibility of making their building secure themselves 
while the foundations for the new buildings alongside are being put 
in at a lower level. But in spite of this law the Stokes people caused 
a good deal of delay to us before giving us access to their property, 
with the result that it was the middle of June before work was 
started on this unique wall. It might be termed a combination 
wall, inasmuch as the Cedar street corner had no iron columns, 
but consisted of a good brick pier for the whole twelve stories. The 
northerly corner had a heavy cast iron column 24 x 28 inches, with 
1 3-4 inch metal in the basement, first and second stories, above 
which was brick work alone. Between the two comers were three 
cast iron columns 16 x 15 inches, 1J inch metal for the first five
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40 UNDERPINNING WEST WALL OF THE STOKES BUILDING.

floors with an 8 inch brick wail, and above the fifth floor 
nothing but a 12 inch brick wall. The four columns rested 
good granite caps supported by good brick piers, which were vertical 
on the outside of the Stokes wall, but stepped off on the other three 
sides, making a broad base, but eccentrically loaded. These granite 
caps had been very badly set and were all cracked through the 
middle when first loaded. In fact the entire wall seemed to be as 
flimsy and disconnected as possible, and before sinking any caissons 
for underpinning purposes it was absolutely necessary to bind.the 
various parts together so that jacking against one portion of the 
building would not break it in two, and the only possible way to tie 
this was by means of plate girders from one end of the building to 
the other. As the three centre columns rested eccentrically on the 
edge of their brick piers, it was not safe to undermine these piers to 
place the girders below the granite caps, nor was there room to place 
the girders between the bases and the street floor, and the only place 
left was just above this floor. It was therefore decided to use 6 
feet deep plate girders, one on each side of the columns, with the 
bottom flange about the level of the ground floor. As it was not 
d oirable to run this girder outside of the building line above the 
sidewalk, the plan of supporting the corner brick pier by inde­
pendent girders 18 feet long was adopted, leaving 4 feet between the 
top of girder A and the bottom of girder B, girder B lapping 
girder A about 3 feet, which permitted girders A and B being 
nected by a heavy column consisting of four 15 inch, 60 pound 
channels, 16 feet long. The girders A and B were each 15 inches 
back to back of web plates, which

was
on

over
con-

drawn up close against the
sides of the 15 x 16 inch columns. As the corner column 
inches wide, and not on the same centre line as the 15 inch columns, 
it was decided to splice the 6 foot girders about half way between 
the corner columns and the first 15 inch column, making an offset 
of 3 7-16 inches on the inside of the building and 5 3-4 inches on 
thj outside, which was done by using 6x6 inch angles. (See Fig. 1.)

The corner column was so excessively large that all the holes 
we wanted to drill in it could not affect the safe strength, so 63 bolt 
holes for one inch bolts were drilled through the column and both 
girders without reinforcing the column in any way. But the 
owners of the Stokes building were afraid to trust the other three
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ing up 6 feet above the girders. Twenty-five 1 inch bolts connected 
each pair of these angles of the columns, leaving about three feet of 
blank angle above the top bolt ; this was the only modification in our

41UNDERPINNING WEST WALL OF THE STOKES BUILDING.

columns unless they were reinforced, so four 6 x 6 x 5-8 inch angles 
12 feet long were bolted on each side of these columns, having the 
bottom of the angles flush with the bottom of the girders and stand-
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42 UNDERPINNING WEST WALL OF THE STOKES BUILDING.

plans made by the Stokes people and was made so as to permit 
clamping the four angles to the column, thus reinforcing the sec­
tion before getting down to the bolt holes. Twenty-one short bolts 
connected each of these angles to the girders, which had in addition 
seventeen long bolts through both girders and column. These girders 
had 72x3-4 inch web plates, one 6 x 6 x 3-4 inch flange angle top 
and bottom throughout, with base plates where required. The flange 
angles were of course turned out. All long bolts were nominally 
1 mch in diameter, having one end upset to 1 1-32 inch and the 
other end to 1 3-64 inch for a length of 2$ inches, the middle of 
the bar remaining one inch in diameter, the screw for the nut 
end being slightly smaller to prevent injury in driving. This design 
of bolt permitted tight driving through both girders and both sides 
of the column. The 12 foot angles were made in pairs with one 
angle punched in the shop and the other left blank, so that when one 
was in place the holes were drilled clear through the column, then 
its mate was put in place and the holes centre punched, the an»le 

then taken down and drilled, after which the pair of angles 
put in position and the holes reamed out. These bolts were driven 
just a< hhrd as it was considered safe to drive without running a 
risk oi splitting the columns with a line of bolts as wedges. This 
operation would have been tedious, the bolts going through 
girders and column, so a frame was rigged up to permit drilling the 
ho es from each side of the column, which, of course, did not give 
holes m absolutely true line through both sides of the column and 
gir er but it was found that all that was necessary was to shove a 
bolt through from one side and see how far the hole on the other 

e o e co umn. was off centre, and then give the bolt a slight tap
L11 Ü °,g °J ,'V0°d’ and with a little Practice the men were able to 
bend the bolts to the exact amount required. Each bolt was put

of the bolt hadUmatiC’ 8nd 6aCh 6nd W8S filed down until both ends
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. to sink heavy cylinders between the
columns of the old building and carry the old columns entirely on 
he girders, but when the Stokes people raised objections to leaving 
he girders in permanently, claiming that because the top flange 

would extend 4 inches into their room and decrease the rental value 
ereof, it was resolved to put down the caissons between the col-
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UNDERPINNING WEST WALL OF THE STOKES BUILDING.

unins first and carry the columns by means of these caissons and the 
girders, and then undermine the columns themselves by 
additional caissons, which of course would take the strain off of the 
girders and intermediate cylinders. Before any work was done on 
the building a partition was placed about 3 feet from the wall on 
the inside of the Stokes building, so that the tenants would not be 
disturbed in any way by the operations 
"as niade of boards and studs with 4 inch terra cotta blocks behind, 
and was then papered. Coming to an understanding with the 
Stokes people, and putting in the partition and girders B and C took 
time, so that it was July 21st before any caissons could be put 
directly under the wall. In the meantime, however, a trestle had 
been built at the north end of the wall, to hold 100 tons of pig iron 
to resist the jacks used to enforce cylinder No. 9 down, as this cylinder 

entirely beyond the building and formed half of the temporary 
support for the end column, for although this cylinder was directly 
under the end of girder C, it was not considered safe to jack against 
the girder for fear of putting bending strains in the end column, 
"hich as already stated, was of cast iron, and ran up only two stories. 
Cylinder No. 9, the first eight being under another wall, was jacked 
down to rock under this platform through 36 feet of quicksand, 12 
feet of hardpan, and then through 9 feet of fine sand and decom­
posed mica. The jacking started on July 9th, and the cylinder 
filled with concrete on July 20th, or in 11 working days. As this 
caisson was intended to be used only until the new cellar was com­
pleted, a temporary support was quickly made to go between the 
cylinder and girder C, by taking four 20 inch I-beams, weighing 65 
pounds per foot, and 10 feet 7 3-8 inches long, and bolting them 
together in pairs with two 8 x 10 inch timbers for separators. Under 
and also over this post were four 15 inch I-beams weighing 60 pounds 
per foot and 3 feet long, to distribute the strain from the girders 
above and to the cylinder below. Between the post and the upper 
I-beams were two 8 x 1£ x 20 inch plates over each of the four 
vertical beams, with four steel wedges the same size as used on the 
previous cylinders, each wedge being 2£ inches wide, \ inch thick 
gt one end, and 1 inch at the other end, and 18 inches long, and 
of course planed on top and bottom. These 16 wedges were driven 
until the girders were slightly deflected upwards. The pig iron 
was then transferred to a similar trestle built under the curb to jack
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44 UNDERPINNING WEST WALL OF THE STOKES BUILDING,

down cylindrical caisson No. 11, which was started on July 21st and 
finished August 9th. By this time the Stokes people had decided 
that our girders B and C would have to be removed before we left 
the job; so it was resolved to stop three cylinders that did not 
directly under any old column near 
of carrying them to rock like the other seven. This kicking by 
their neighbours however saved the Mutual Life Company quite a 
little expense and time; for instance, cylinder No. 10, which 
started the same day as No. 11, was completed on August 26th, or 
in six working days, as against ten, No. 11 being delayed a couple of 
days waiting for cast iron cylinders, although we had two different 
shops at work on these cylinders since early in April.

The cylinders were the same as those used under the Mutual 
Life Building on Cedar street, being 3 feet outside diameter and 33 
inches inside diameter. The details of these cylinders, with their 
steel cutting edge, diaphragm caps, etc., are fully described in 
the Engineering News of March ' 28th, 1901. Cylinder No. 
9, however, had three, diaphragms, 4 feet, 9 feet, and 19 feet 
from the cutting edge, as there was not sufficient head 
to jack down 9 ft. of cylinder before striking water and necessitating 
the use of compresed air. Cylinder No. 10 went through 40 feet 
of quicksand and 3£ feet into the hard pan to get a good bearing. 
Cylinder No. 11 passed through 35 feet of quicksand, 13 feet 4 inches 
of hardpan and 7 feet of fine material under the hardpan, landing on 
bed rock. Cylinder No. 12, commencing on July 31st, sank through 
35 feet of quicksand and 2 feet 7 inches of hardpan, being concreted 
on August 4th and 5th. Cylinder No. 13 penetrated 32 feet of 
quicksand and 3 feet 4 inches of hardpan, taking from August 7th 
to August 15th. Cylinder No. 10 had five 15 inch at 60 pound 
I-beams 3 feet 6 inches long on top of the cap, and four vertical 
beams, the same as for the first eight cylinders, under the opposite 
wall, but these were wedged directly under the webs of the girders. 
On cylinders ^Nos. 12 and 13, the distance from the cap to the girders 
being shorter, the horizontal beams were omitted.

The entire wall, with the exception of the Cedar Street corner, 
being carried by the girders B and C, it was safe to commence 

undermining the four cast-iron columns. The brick piers and 3£ 
feec of concrete were very hard and slow to remove, even with the
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UNDERPINNING WEST WALL OF THE STOKES BUILDING.

aid of a gadder drill, so that it was August 22nd before the sinking 
of cylinder Ko. 14 commenced, where the material was found to be 
32 feet of quicksand, 15 feet of hardpan, and then 10| feet of fine 
sand and boulders. This cylinder was completed on September 5tfi. 
hive 15 inch GO pound beams were placed under the granite caps, 
and the wedges driven between the beams and the cast iron cap
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until the column and granite cap above were lifted a hair’s width. 
Cylinder No. 15, commencing on August 26th, passed through 30 
feet of quicksand, 17 feet of hardpan, and 12 feet of fine material 
under the hardpan, and was filled on September 4th; the wedging, 
otc., being similar to No. 14. Cylinder No. 16 is directly under 
the corner column, and while the shoe and bottom section of the
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46 UNDERPINNING WEST WALL OF THE STOKES BUILDING.

old column werè being removed, thus transferring the entire weight 
of this corner of the building from the old base to the new girders, 
a Y level was kept sighted on the girders from a secure position on 
the opposite side of Liberty Street, and at no time did the weight 
of the building cause the slightest deflection in these girders, C, 
showing that the wedging had been sufficient to overcome any ten­
dency to deflect. Cvender No. 17, which supports one end of girders 
A and B, and com gently is half the support for the Cedar Street 
corner brick colu’.m, was held back until September 8th, until 
could be had to the place, and was landed on rock on September 
25th, the hardpan being 14 feet thick and 9 feet above the rock.
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As soon as No. 17 was filled and capped, girders A were put in 
place. The erection of these two girders caused more worry and 
anxiety than any other part of the work, for this corner consisted 
of a brick pier, or rather column, 5 feet x 6 feet and twelve stories 
high, and to cut a notch in one side of this column near the bottom 
7 feet high, and about 20 inches into the pier, or, in other words, 
cutting off about 20 inches out of 60 inches to place the girders A 
in, was cutting a big slice. Before making this cut four 12 x 12 
inch inclined shores of timber were placed side by side, with their 
tops braced against the floor of the second story and the bottoms 
firmly secured about the level of Cedar Street. ‘ (See Fig. 2.) A 
similar strut of four timbers was placed on the lot side of the corner. 
Then seven inches of the 20 inches were stripped off the side of the 
brick column and three 15 inch beams 6 feet 6 inches long and 
weighing 60 pounds were put in place and wedged up while the re­
maining 13 inches were being cut out, and when this was done two of 
the beams were removed and the inside girder A was put in place and 
temporarily wedged up, when the third strut was removed and the 
outside girder A was quickly slid in place and levelled up, and then 
the two base plates and the cover plates were quickly bolted up. One 
fact which relieved
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good deal of anxiety about this corner,a was
the fact that a few inches above the girder was a good granite cap 
18 inches thick, extending under the whole corner, which greatly 
reduced the risk of the brick work above cracking. As the vertical 
space to this cap was only 6 3-8 inches, it was decided to use fifteen 
4 inch rails weighing 60 pounds per yard, cut in 2 foot lengths and 
placed side by side. A filler 3 inches x 5-8 inch x 5 feet was placed
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UNDERPINNING WEST WALL OF THE STOKES

over each web so that the rails would not foul the heads of the cover 
plate bolts. The rails were of course placed at right angles to the 
girders, and over each rail were driven two pairs of wedges, the 
upper wedge bearing directly against the 18 inch granite cap. Each 
wedge was 2X inches wide x 12 inches long x 7-8 inch thick at 
end and 1-8 inch at the other. An assortment of shims 1-16, 1-8 
and 1-4 inch thick, were used for evening up. The wedges were 
driven hard, and then all the interstices between the rails were filled 
up and the most treacherous part of the underpinning was com­
pleted. The next operation was the connection of girders A and 
B, which was designed to carry either tension or compression: ten­
sion when the jacks were being used on cylinder No. 18, to avoid 
any danger of bending the super-imposed old column, and compres­
sion to carry the same column when the jacks had been removed. 
Both girders were placed 15 inches back to back of web plates, and 

made by bolting four 15 inch channels 16 feet long 
0 116 webs of Sirders A and B, the channels being coupled by 

several 12 inch tie plates. The girders proved rigid enough to with­
stand the application of two 125 ton jacks without deflection.

The entire western wall of the Stokes building being now 
secured, the last cylinder, No. 18, was sunk to support the column 
after the girders should be removed. This cylinder was started on 
October 13th and completed 11 days later. Thëre we had 10 feet of 
fine stuff under 10 feet of hardpan and 35 feet of quicksand on top.

îe entire wall was thus wedged off its original supports. One cause 
of worry was the poor connections of the old iron work; for instance, 
the floor at one plac was carried to the column by two 20 inch I 
beams; but the onlv onnections between the beams and the column 
were two 3-4 inch bolts for each beam. It is true that brackets had 
been placed on the columns under the beams, but through some mis­
take in the shop they were placed 3-4 of an inch too low to do any 
good. Several months after the work on this wall was completed, 
these 3-4 inch bolts were sheared off, allowing the 20 inch beams 
to drop on the shelf brackets. It is probable that as the ends of 
those girders were exposed to the winter weather, that the expansion 
and contraction had snapped the already overstrained bolts. When 
all the joints exposed to view showed such a bad state of affairs, it 
left considerable doubt as to what the remaining joints in the build­
ing were like, and therefore it was not considered advisable to
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48 UNDERPINNING WEST WALL OF THE STOKES BUILDING.

the girders B and C until the iron work of the new building was 
erected. It would of course have been vastly better to have left 
both girders in permanently, but the Stokes people demanded $10,000 
if the inside girder was left in, although they would have had a much 
safer building at no cost to themselves. Eventually we removed the 
cover-plates and flange angles of the inside girder, leaving both 
web plates in place.

In this building, as before, when the concrete was put in the 
air chamber to the level of the lower door when hanging open, the 
air was left on for twenty-four hours with a gaugeman to watch the 
indicator, but one Sunday night the man must have went to sleep and 
allowed the air pressure to increase probably to the pressure in the 
receiver, about 40 pounds per square inch, instead of keeping it down 
to about 20 pounds. The result was that the air forced its way 
through the 6 feet of hard concrete, bubbled up around the cylinder 
and raised the surrounding sand a foot, allowing two feet of sand to 
flow over into the cylinder. This and several other incidents proved 
the utter unreliability of labouring men for gaugemen. Four hy­
draulic jacks were used on this job, two of 60 tons capacity and two 
of 125 tons each. These jacks required a good deal of repairing. 
Sometimes one jack was used on a cylinder and sometimes two 
together.
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CONCRETE CULVERTS.
ie
:li

I A. W. Campbell.
ie
ie
ie A great many townships throughout the Province have largely 

discarded timber as a material for small culverts and sluiceways. 
Cedar where obtainable has been most commonly used, but all 
varieties of suitable lumber are becoming scarce, the price is con­
stantly increasing, and the quality now available is far from being 
equal to that of former years.

Those municipalities which have experimented with vitrified 
and concrete tile, have, with very few exceptions, been favourably 
impressed with the new materials. Failure and some dissatisfaction 
are occasionally reported, but this in every case can be traced to 
causes not in any sense condemnatory of the new materials. Where 
any kind of tile is used there are certain requirements which must 
be observed. In the first instance the tile must be of good quality 
It is just as necessary to use good tile in culverts as in sewers; 
where “ culled ” tile are used, failure is almost of necessity the 
result. These tile must be perfectly sound and straight, not 
warped or mis-shaped in any way, otherwise good joints cannot be 
made, water will lie in hollow places, and culverts are apt to 
wash out.
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Excellent culvert pipe of concrete can be manufactured cheaply 
in any gravel pit under the immediate direction of the road over­
seer. The -pipes are from two to four inches in thickness, accord­
ing to diameter; which latter may safely and conveniently reach
three feet, in lengths of two and one half feet.

The implements required are of the simplest kind. The most 
important are two steel spring-cylinders, one to sit inside the other, 
leaving a space between the two equal to the thickness of the fin­
ished concrete pipe. By “spring-cylinder” it may be explained is
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50 CONCRETE CULVERTS.

meant such a cylinder as would be formed by rolling a steel plate 
into a tube without sealing the joint. With the smaller of these 
cylinders the edges overlap or coil slightly; but are so manufactured 
that the edges may be forced back and set into a perfect cylinder. 
Accompanying these moulds are bottom and top rings, which shape 
the bell and spigot ends of the pipe.
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The two cylinders with joints flush are set on end, the one 
centrally inside the other and on the bottom ring, which in turn 
rests on a firm board base. The concrete, made of first-class cement 
and well-screened gravel in the proportion of one of cement to three 
of gravel, is then tamped firmly but lightly into the space or mould 
between the two cylinders. The tamping-iron used to press the 
concrete into place is so shaped as to fit closely to the cylinders.

The concrete is allowed to stand in the mould for a short time, 
when the cylinders are removed; the outer and larger cylinder by 
inserting an iron wedge into the joint and forcing the edges apart; 
the inner cylinder, by inserting the wedge into the joint and turn­
ing the edges, so as to allow them to again overlap, returning to the 
shape of a coil. The outer cylinder having thus been made larger 
and the inner one smaller, they can readily be taken away, and the 
concrete pipe is then left until thoroughly hardened.

Just such a number of pipe
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as are actually required for the 
season’s work need be manufactured; the implements required 
inexpensive, and the pipe may be made by the municipality for 
actual cost, which, after a little experience, can be reduced to 
small amount.
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If cement concrete pipe are employed, they must be of first- 
class quality. They must be well shaped, as with sewer pipe, and all 
the rules for making a good concrete must be observed—that is, the 
material composing the concrete (cement, sand and stone) must be 
of good "quality, and properly mixed. The making of good 
crete is not a difficult matter, but it is sometimes difficult to find 
men who will follow directions. Dirty sand or gravel, too much 
water, careless- and insufficient mixing, neglect to see that the 
materials are used in the right proportions, are the defects most 
commonly found. Concrete cannot be mixed like common mortar, 
and an attempt to do so is far too often made. It is affirmed by 
cement manufacturers that masons are the greatest offenders in
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51CONCRÈTE CULVERTS.

this respect ; that it is almost impossible to get them to follow any 
system other than that to which they have been accustomed in the 
use of common lime; and that therefore an entirely inexperienced 
but practical man, who will follow directions, will often make the 
best concrete.

To meet with success in the use of tile culverts they must be 
put in place properly. They should be laid with a good fall on a 
regular grade to a free outlet, in such a way that water will not 
stand in them. The tile should be laid with the spigot end down 
grade, and the joints made tight with cement mortar. If the joints 
are open water will work its way along the outside of the culvert, and 
finally make a considerable channel which will allow the culvert to 
get out of line and finally result in a “ cave-in.” To prevent the 
water finding its way along the outside of the pipe, it is advisable 
to protect the ends with concrete, stone or brick head walls. 
Care should be taken to excavate a concave bed for the pipe, 
with depressions for the bell of the pipe to rest in, thus securing 
an even bearing, without which a heavy load passing over before tne 
culvert has properly settled into place, may burst the tile. Tile 
cannot be used in very shallow culverts, but must have a sufficient 
depth of earth over them, to protect them from the direct pressure 
of heavy loads. The depth of covering necessary increases with 
the size of the pipe. At least a foot of earth over the top is advis­
able in every case, but for culverts of two feet in diameter, or 
over, this should De increased to at least eighteen inches.

The earth should be well packed and rammed around the tile 
to secure a firm bearing, and light soils should not be used immedi­
ately over or around the culvert. A heavy clay, a firm gravel, or 
a compact sand or gravel will answer, but vegetable mould, water 
sand, and light loams arc subject to wash-outs. At the 
outlet the culvert should be set nearly flush with the 
surface of the ground. If set higher than the surface, the fall of 
water will wash out a depression, and in time will undermine the 
end of the culvert. A too rapid grade will have the same effect, 
and it is well to cobble-pave an outlet where this undermining 
action is likely to occur. .

Culverts, in many townships, are very numerous, and neces­
sarily so. Water should be disposed of in small quantities, along
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52 CONCRETE CULVERTS.

natural watercourses, otherwise if gathered in large bodies along 
the roadside, it gathers force and headway, resulting in extensive 
wash-outs, and is in every way more costly to handle. Water 
should be taken away from the roads as quickly as possible, for it is 
excess water that is the great destroyer of roads.

Culverts, in addition to being a matter of considerable expense 
to municipalities, are too often in a bad state of repair, sometimes 
dangerous, and when not level with the roadway, arc an annoyance 
and interruption to traffic. Good roadmaking is largely a matter 
of good drainage, and culverts are a detail of drainage upon which 
municipal councils should bestow a good deal of attention, with a 
view to a greater permanency, increased efficiency, and a reduction 
of cost. I

The concrete arch culvert is, in a number of municipalities, 
replacing the old form of timber structure. Greater in first cost, 
the concrete culvert, if rightly constructed, is a permanent saving 
in road expenditure. The greater portion of the annual road appro­
priation is, in many townships, spent in repairing and re-building 
wooden culverts and sluiceways. The life of timber in this work 
is very short. Wooden culverts arc quickly upheaved by frost, 
warped by the sun, and decayed by penetration of moisture. Wher­
ever concrete culverts have been fairly tested they give satisfac­
tion, and their general use by a township will mean, in the 
of a few years, a marked reduction in this branch of roadwork.

The stone arch is designed on the principle that it will remain 
in place without the use of mortar. The concrete arch, on the 
other hand, is a monolith, dependent upon its cohesive strength. 
That the concrete arch is dependent upon cohesive strength points 
to the necessity, in construction, of a generous proportion of cemcot, 
very great care in mixing the concrete, and a good quality of all 
materials employed.

A concrete can best be regarded as a mixture of mortar and 
broken stone, the mortar beiîlg formed from a mixture of sand and 
cement. Given a sample of broken stone in a vessel, the requisite 
quantity of mortar can be gauged by pouring water into the vessel 
until the stone is submerged. The quantity of water used will 
indicate the amount of mortar required to completely fill the 7oids 
in the stone. The proportionate amount of cement needed to fill
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53CONCRETE CULVERTS.

the voids in the sand can be gauged in the same way. The pro­
portions of cement, sand and broken stone obtained in this way 
would provide, with perfect mixing, a mortar in which the voids 
in the sand are filled with cement and each particle of sand is 
coated with cement; it would provide a concrete in which the 
interstices of the stone are filled with this mortar, and each stone 
coated with mortar. This would be the case with perfect mixing, 
and would provide a theoretically perfect concrete. Perfect mixing 
is not possible, however, and it is necessary to provide an amount 
of cement in excess of the voids in the sand, and an amount of 
mortar in excess of the voids in the stone.

With proper mixing and good materials, a satisfactory concrete 
for bridge abutments can be formed from cement and broken stone, 
in the proportions of one, three and six. It is recognized that the 
greatest strength in concrete can he obtained by making the mortar 
rich in cement, rather than by lessening the quantity of stone, but 
beyond providing for a strong adhesion of mortar and stone, little 
is gained by making the mortar materially stronger than the stone. 
The foregoing applies to crushing strength, however, rather more 
than to the tensile strength required to some extent in the arch. 
For the arch proper, it will be well to use a richer concrete, in, say, 
the proportions of one of cement, two of sand, and three of broken 
stone.
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The cost of the abutments may he lessened, where they are of 
sufficient thickness, by the use* of rubble concrete. The casing or 
curbing must be built up as the laying of the concrete proceeds. 
Within the casing and firmly tamped against it, there should be 
placed fine concrete to a thickness of about six inches. This will 
form a shell for the abutment, inside of which large stones may be 
placed in rack-and-pinion order, ends up. There should be a space 
of at least two inches between the stone, filled with fine concrete, 
and all firmly rammed. The outer shell of fine concrete should 
always he kept built up six inches or so in advance of the rubble 
work. The rubble should be placed in layers, each layer well flushed 
with a layer of fine concrete.

The lumber used in making the curbing or casing should be 
dressed, tightly fitted and firmly braced, so that the concrete may 
be well rammed into place. The framework should be closely
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54 CONCRETE CULVERTS.

boarded up against the work as it proceeds. The centering for the 
arch should be well formed. The ribs should not be farther than 
three feet apart. The lagging should be three inches thick and 
dressed to the intrados of the arch. All the framework, centering 
and supports should be substantial and well constructed. This 
framework is a considerable item of expense in the building of a 
culvert, but it can be used as often as it may be required for arches 
of similar span. The exterior of the culvert when finished should 
have a smooth face, free from holes; and a surface coating, which 
is of little use, should not be necessary.
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There is some difference of opinion as to the relative strengths 
of gravel and broken stone in concrete. The natural inference is 
to suppose that a rough, irregular surface will secure greater adhe­
sion than one that is smooth. However that may be, there is little 
reason to doubt that gravel will make a good concrete, but there is 
a right and a wrong way of using gravel. It is not 
find cement and gravel just as it is taken from the pit, mixed to 
form a concrete. Remembering the proper composition of 
crete, and placing beside this the fact that gravel usually contains 
sand, but not in any definite proportions, and that some pockets of 
“ gravel,T may be almost completely sand, while in the layers 
adjoining there may be little if any sand, and that many gravel 
beds contain much clay or earthy material, it will be readily under­
stood vhy it is that, in some cases, concrete mixed in this
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may be successful, yet it will always be uncertain and hazardous. 
The only safe method is to separate the stone and sand composing 
the gravel by screening, then to mix cement, sand and clean stone 
uniformly and in their right proportions.

A cause of poor concrete is the excessive amount of water used 
when mixing. The tendency very often is to bring concrete to the 
same consistency as common mortar. Concrete when ready to be 
placed in the work should have the appearance of freshly dug earth.
Where an excessive amount of water is used, the hardened concrete 
will have an
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open, spongy texture.
The concrete should be mixed at a point convenient to the 

work in a box which is sometimes specified as water-tight, but the 
concrete will quickly make it so. It should be mixed in just such 
quantity as is required, and a constant stream kept passing to the
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ie work. It should be laid in layers, each layer thoroughly rammed 
until moisture appears on the surface.

It is very necessary to see that the sand and stone used in mak­
ing concrete are clean, that it is free from clay, loam, vegetable 
or other matter which will act as an adulterant, and result in' a 
weak and friable concrete. If such matter is intermixed with the 
stone it is well to flush it away with a good stream of water. Large 
stone used in rubble concrete should be also treated in this way. 
It is well, particularly in hot weather, to dampen the stone before 
mixing it with the mortar. The heat of the stone in hot weather 
causes the moisture of the mortar to evaporate, causes it to set too 
quickly, and at all times there is more or less absorption from the 
mortar in immediate contact with the stone, unless the stone, as 
intimated, has been dampened.

When the work ceases for the day, or is for other reasons 
interrupted, the surface of concrete should be kept damp until 
■work is resumed. When work is in progress in hot weather, any 
exposed surfaces should be kept damp and protected from the rays 
of the sun, otherwise the surface will, in setting too rapidly, be 
interlaced with hair-like cracks which, filling with water in winter, 
and freezing, will cause the surface to scale off. The same scaling 
sometimes results from laying concrete in frosty weather.
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r- Arch culverts of masonry or concrete fail frequently from
The foundationy settlement caused by an insecure foundation, 

should always be of at least sufficient depth to be free from any 
danger of undermining by the action of the water, and of suffi­
cient further depth to be safe from settlement.

s.
g
e

d
e
e
t.
e

e
e
ti
e

j

---
---

---
---

---
---

---
---

---
---

---
--

---
- ----

---
---

--
—

wm
m

m
m

m
m

«Ü

V
 V. 

Bg
'-i

ra
s

c

"f
 1 _ 

: r

7

\



1

lot O 
ing i

A MODERN SHIP-BUILDING PLANT.

in th
J. Boy Cockburn, ’01.

of oj
In view of the fact that ship-building is yearly becoming of 

greater importance in both Canada and the United States, as well 
as in other parts of the world, I venture these few remarks on the 
subject.

feet

of fr
If Canada wishes to compete with other countries in ocean and 

lake transportation, it is important that the ship-building industry 
should be developed. Canada has certainly all the necessary 
Perhaps the only difficulty is that labour is somewhat more expen­
sive here than in some parts of the world, but it is not more so than 
in the United States.

Nearly all the great shipyards of the world are the result of a 
great many years growth and development, and were started years 
before the advent of great labour-saving machinery, so that when 
such equipment was afterwards installed it could not be used to the 
greatest advantage. This objection does not exist, however, in the 
case of a new plant being built.

To the best of my knowledge there is but one large ship-building 
plant in the world where everything is arranged and laid out in 
thoroughly up-to-date manner. I refer to the plant of the “ New 
T ork Ship-building Co.” of Camden, N.J., where I had the pleasure 
of working last summer and which I will now try to briefly describe.

was so chosen that it should, in any 
part of the world, be suggestive of America, and also because it 
originally intended to locate the plant somewhere in New York 
harbour.

mum
resources.

rail i

120
is ai: 
poses 
3,00( 
Bail] 
tracl

(

large
built
three

a

' othe
roof.
four

The name of the company

was

from
mote
feet,
outfi
bodi

However, the site was finally chosen at the southern end of the 
city of Camden, opposite Philadelphia. The property has a front­
age on the Delaware Bivcr of about 3,600 feet, and a width of about 

The land is very suitable for th<i purpose of ship-build- 
ing, the underlying strata being of white sand, gravel and clav.
1.800 feet.
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57A MODERN SHIP-BUILDING PLANT.

The area of the property is about 130 acres, besides a two-acre 
lot on the opposite side of the street on which the main office build­
ing is situated.

The following are the chief objects which were kept in view 
in the designing and building of the plant:—

First—Convenience in the transfer of material from one field 
of operation to another.

Second—The arrangement of the ways so that ships up to 1,000 
feet in length may be built under cover.

Third—An arrangement of shops that will permit of an increase 
of from 50 to 100 per cent, in capacity.

Fouvth—Such isolation of structures as will reduce to a mini­
mum danger from fire.

Fifth—Facilities for the ready handling of material received by 
rail and water.

On the side of the property next to Broadway, is a strip of land 
120 feet wide reserved for ornamental purposes, and adjoining this 
is another reservation 128 feet wide for highway and railway pur­
poses. There is ample room on this for six parallel tracks, each 
3,000 feet long, connected with both the Pennsylvania and Beading 
Railroads. The buildings themselves are almost entirely free from 
tracks, such only being laid as are necessary for unloading material.

Track scales are provided to accommodate two cars of the 
largest size, and to weigh 300,000 pounds. A coal trestle has been 
built from which coal is dumped into bins sufficiently large to hold 
three months’ supply.

The main building is enormous in size and unlike that in any 
other plant. Here all metal working departments are under one 
roof. The floor space is over 18 acres, and light is admitted by 
four acres of skylights, and two acres of windows.

There are more than forty travelling cranes ranging in capacity 
from seven to one hundred tons. All are driven by direct current 
motors. The one hundred-ton crane is carried on a span of 120 
feet, and its field of operation covers the machine shop, ways, and 
outfitting slip, so that it may be employed to lift an engine or boiler 
bodily from the machine shop, and deliver it in a vessel, either on 
the ways or afloat. Each of the smaller cranes has its own field
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58 A MODERN SHIP-BUILDING PLANT.

of operation, and an original type has been installed, which by 
of an extension arm, is able to deliver and receive material without

installed by Pawling & Harnispfeger,

A great many of the cranes used for handling steel plates 
equipped with powerful electro-magnets controlled by the engineer 
of the crane. The latter brings his electro-magnets over the plate, 
turns on the current, and the plate, now the armature of the magnet, 

be lifted and carried to any place in the shop. It is instantly 
released by turning off the current.

MACHINE SHOP.
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The machine shop is very large and roomy. There are three 
bays and one lean-to. Along each side of the machine shop 
large galleries connected with the main floor by iron staircases. In 
the east gallery are a miscellaneous storeroom, and an electric repair 
shop, with lathes, shapers, drill presses, forges, etc. 
gallery is the pipe shop which is thoroughly equipped with pipe­
cutting and threading machines, lathes, drills, and grinding machines.

The lean-to contains the brass shop, a storage, and a tool room, 
a forge shop, and a tool manufacturing room, where a methodical 
system is employed for the supply of tools to the workmen, who 
not required to sharpen their own tools, but return a dull one, getting 
a sharpened one in its place. Here also are clothes-closets, wash­
rooms, etc., for the workmen, all fitted with the best sanitary devices.

The following very heavy machines

10-t<run
mem

In the west desig 
cr 1

li

are buih 
than 
ing 1 
are i

all of special design 
and specially built for the company: The first is a sixteen-foot 
vertical ^ iles boring mill, fitted with three arms, two for use when

(the central one) for use when the work 
is stationary. The next machine is a large Sellers’ drilling, boring 
and milling machine with an eight-inch spindle. This machine is 
equipped with steel scales and verniers for placing the work on the 
table, and measuring it in each direction.
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There are two band saws for cutting steel, such as for cutting 
out eccentric straps, etc. These were built by the Noble & Fund 
Co., of England.

There is a horizontal milling machine from Bement-Miles & 
Co.; two Newton milling machines; an open side planer, 78 in. x 78
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59A MODERN SHIP-BUILDING PLANT.

in. x 28 inches; a Betts’ planer, 96 in. x 96 in. x 36 inches; two 
double-headed lathes, one 48 inches by 60 feet, and one 60 inches by 
60 feet; two Niles’ horizontal boring and milling machines, and a 
great many other smaller machines.

The erecting floor is in the west side of the shop and is served 
by two cranes, besides the 100-ton crane previously mentioned.

BOILER SHOP.

The boiler shop is directly north of the machine shop, and 
separated from it by a low partition only. It is also adjacent to the 
plate storage department, from which the plates are taken rolled by 
the straightening rolls, and delivered to the boiler shop.

The boiler shop is served by four cranes, one 60-ton crane, one 
10-ton crane, end two 74-ton extension cranes similar to the one 
mentioned before.

The hydraulic rivetter, built by Win. Sellers & Co., is of special 
design. It is designed to operate with a pressure of either 50, 100, 
cr 150 tons. There is also a 160-ton hydraulic flanging machine 
equipped with dies for upsetting stay bolts, flanging furnace mouths 
and making manhole covers.

The large boiler drill which was built by the “ New York Ship­
building Co.” has a capacity for boilers from 6 feet to 20 feet in 
diameter and 20 feet long. It has three drill heads each contain­
ing four spindles, which can be operated at the same time, and which 
are adjustable in all directions.

BLACKSMITH SHOP.

The blacksmith shop is very free from gas and smoke, all the 
forges being furnished with exhaust hoods. There are several steam 
hammers as well as a complete drop forging plant, nut and bolt 
machine, etc.

FRAME AND PLATE SHOP.

The frame and plate shops are located side by side and adjoining 
the blacksmith shop. In this department are drills, countersinks, 
and like tools, moving over a field of 20 feet or more in diameter. 
Here is installed the first joggling machine in use in America, and 
all ships being built are of joggled plating. This machine so bends 
the edges of the plates that they shall, wherever lapped, present a
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60 A MODERN SHIP-BUILDING PLANT.

plane surface on the outside. There is also a searphing machine to 
plane off to a feather edge the steel plates, and two Sellers’ plate 
planers used for planing and calking the edges of the plates. At the 
er.d of this shop are the laying off tables, where the plate is marked 
according to the template made in the mould loft. Those plates 
which are to be bent are carried to the plate furnace, which is 6 feet 
6 inches broad by 28 feet long. At the southern end of the shop 
are two rolls, one of which can handle a plate 27 feet broad, and the 
other is used for rolling mast plates.

THE MOULD LOFT.
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The mould loft where the templates arc made is located over 
the plate shop. At the south end of the loft is a draughting-room 
entirely distinct from the hull draughting-room, where about twenty 
draughtsmen are employed to make drawings for each shape and 
plate that goes into a ship. From the lines furnished by the hull 
draughting-room the body plan of the ship is laid down on a marble 
table. The offsets from this table are given to the mould lofts- 
men who make the templates of the frames, etc.

THE LAUNCHING WAYS.

The launching ways am at the end of the frame and plate shop 
and directly opposite the machine shop, where the engines 
assembled. All departments, including the launching ways and ___ 
fitting slip, arc under one roof, the clear height of which, above the 
"ater, is about 125 feet. The depth of water in the slip is about 
30 feet at low tide. There arc seven parallel launching ways, and 
each may be extended to build a vessel 1,000 feet long. Adjoining 
the slip are two piers, one 1,000 feet long, and one 1,200 feet long, 
each having 30 feet of water on either side.

FIRE PROTECTION.

The system of fire protection is very complete. All depart­
ments such as pattern shop, joiner shop, power house, paint shop,
and rigger s loft are sufficiently removed from each other so that 
a fire occurring in any

Water for fire protection is furnished by three 1,500 gallon 
pumps, through mains ranging in diameter from 16 inches down, 
and the Outside and inside of each building is thoroughly equipped
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A MODERN SHIP-BUILDING PLANT.

with hydrants and hose in addition to a complete sprinkler system, 
so that tire risk is almost completely eliminated.

POWER HOUSE.

The power house is a building about 100 feet by 200 feet, situ­
ated on the line of railway reservation. The boilers are of 2,500 
horse power and are fitted with a Greene economizer and the usual 
feed pumps and heaters. The smoke stack is about 200 feet high 
and b or 0 feet inside diameter. It is large enough for boilers of 
double the capacity of those now in use. There are two main 
engines of 750 horse power each. They are cross-compound Corliss, 
having cylinders 18 inches and 30 inches diameter by 42-inch stroke, 
and make 120 revolutions per minute. They arc direct connected 
to two 500 K. W. generators of the rotary converter type, supplying 
both direct and alternating current, the latter being of two phases. 
In addition there is a 50 K. W. direct connected, direct current 
generator. rl he exhaust may be led either to the open air, to a jet 
condenser, or into the heating system of the shops. All the large 
machine tools are driven by direct connected induction motors. The 
general illumination is by about five hundred enclosed arc lamps, while 
tiie offices and individual tools are lighted by incandescent lamps. Com­
pressed air is supplied by a compressor of 5,000 cubic feet capacity 
per minute, at a pressure of 120 pounds per square inch. 
Hydraulic power is supplied by two compound pumps each having 
a capacity of 400 gallons of water per minute, at a pressure of 1,500 
pounds per square inch.

The three kinds of power are carried underground to the main 
buildings, where they
system of power transmission without belts or line shafting are so 
obvious that it is not necessary here to make further comment 
the subject.

The drinking and general service water is taken from artesian
wells on the premises. It is pumped to all parts of the plant and
has a uniform temperature of about 56 degrees F. The plant has
also a complete and up-to-date sewage system.

/
OFFICE BUILDING.

The office building is a plain structure on the east side of Broad­
way. It contains two large draughting rooms, where about one hun-
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t)2 A MODERN SHIP-BUILDING PLANT.

dred and sixty draughtsmen, are employed, blue print rooms, library, 
fire-proof vault, and all necessary ottices and rooms. The basement 

contains a bicycle room, a museum, three large dining rooms, with 
accommodation for two hundred people; and toilet rooms for those 
employed in the office. There is a complete telephone system 
necting the office and all departments, as well as a staff of messenger 
boys who run errands round the plant.

con-

An ingenious system of marking material has been adopted, by 
of which the ultimate destination of any piece is indicated. 

A whole number is employed, which is the number of the ship to 
which the piece belongs; the first number to the right designates 
lhat the part belongs to the hull or machinery or other part, etc. 
The number 1.5421 on a

means

casting indicates the following: 
(1.) means that it belongs to ship No. 1.
.5 means that it belongs to the machinery.
.04 means that it belongs to the main engine.
.002 means that it belongs to the bed plate.
.0001 means that it is No. 1 section of that bed plate. 
2.5421 would mean the same part for ship No. 2. 
They intended to employ about 5,000 men when all depart­

ments are full. My number was 4,422, so that gives a fair idea of 
the number employed.

Last summer the company had under contract about ten ships 
xarying in size from 310 to 625 feet in length. The company was 
organized in the spring of 1899, with a capital of $6,000,000.

To sum up, the New A ork Ship-building Co. has now in Cam­
den one of the greatest of ship-building plants. It has contracts 
hand that give it sufficient work to establish it on a firm basis, and 
ii will without doubt, if wisely managed, prove an engineering and 
financial success; let us hope to see in the near future a similar 
institution in this country.
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H. E. T. Haultain, C.E., A. M. Can. Soc. C. E.by
?d.
to Both in my own experience and in my observation of young 

graduates from engineering schools in all parts of the world, I have 
found a general ignorance of the profession as a whole generally, 
coupled with a very much distorted view of the young graduate’s 
position in, and relation to, his profession. This is probably to 
a very large extent unavoidable, but it has always seemed 
to me a very important point, and I . should strongly like 

. to see a series of lectures on the subject embodied in the general 
curriculum of the school. Doubtless very much of such knowledge 
must "be personally and painfully learned by experience, but a very 
valuable skeleton of information could be built up in the lecture 
room. In the short time at my disposal, I will attempt an outline 
of the profession of mining engineering as I in my limited experi­
ence have found it, and attempt to deal with some of the more 
prominent difficulties that will be encountered in the early days of 
the Young Engineer’s career.

Kipling says:
“ When the waters were dried an’ the earth did appear,

The Lord, He created the Engineer.”

And, from the first, the mining engineer must have been a man of 
prime importance in his class. As time went on, and all structures 
depended more and more, either in their fashioning or in their 
material, upon the supply of metals, so would the importance of the 
miner become greater. In France and Germany this is recognized, 
and mining engineering ranks ahead of all other branches of engi­
neering, but in our English speaking communities it is not officially 
accorded the same recognition, and possibly the miner is often con­
sidered rough and unfinished in his methods, a pioneer occupied in 
coping with nature in the rough and lagging far behind the polish
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64 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING.

and finish of the scientific engineering of the cities. It is true he 
is a pioneer and that he duals with the forces of nature in her crudest 
and roughest forms, but he does it with a wider range of scientific 
knowledge than that possessed by any of his engineering brothers.

. He needs and he makes use of the specialized knowledge of all other 
branches of engineering in addition to such that is peculiarly his own.

The profession of mining engineering embodies very much more 
than any one man's mind could possibly encompass, and there is a 
limitless number of subdivisions or combinations of subdivisions for 
the specialist in which to bury himself.

In general, mining engineers are divided into two main classes, 
viz., Mining Engineers and Metallurgical Engineers. Under this 
classification in its closest sense, the mining engineer has to do with 
the getting of ore to the point where it lies in a broken state at the 
surface, and the metallurgical engineer carries on the work from 
this point, until the metals are finally extracted from the ore. But 
as a general rule the metallurgical engineer’s work is confined to 
smelting operations, while the processes of mechanical concentration 
of ores, and even the leaching and lixiviation processes, are in the 
hands of the mining engineer in charge of the other mining work. 
The reason of this is to be found in the fact that as a rule the 
mechanical concentration and the lixiviation of ores is carried on 
at the mine under the one management; while smelting is generally 
done at some central point at a distance from the mining operations. 
The department of smelting I must leave out of consideration, and 
trust some other graduate will take up this very important branch.

Of mining engineers proper, there is a rough classification that 
will divide them into two classes: the engineers connected with the 
large permanent mining centres, usually coal and iron; and those 
connected with the general mining industry scattered all over the 
world. It is with the work of the latter class that mv experience 
has been, and it is with them that I will deal. This class of mining 
engineers is again subdivided into two main classes—the consulting 
engineer and the managing engineer, and the thoroughly competent 
consulting engineer will have passed through the stage of managing 
engineer. The work of the consulting engineer can be divided into 
two main divisions — reporting on the value of properties and 
reporting on the management of properties. The term managing
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YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING. 65

he engineer would embody in its general sense all the engineers resi­
dent about a mine, and would include assayers, chemists, surveyors, 
mechanical engineers, electricians and those engineers skilled in 
concentration and lixiviation

lest
tific
ers. processes.

The prominent consulting engineer would have his headquarter< 
at some commercial centre—London being the particular home of 
this class and he might or might not have assistants or partners in 
parts of the world nearer to the mining centres. A large part of his 
work perhaps his sole work—would be the examining of, and 
reporting on, the value of mining properties in various parts of the 
world. This is of course most important work and is correspond­
ingly Paid for. In this work experience and judgment, built upon 
foundation of wide scientific knowledge, coupled with a well balanced 
commercial sense and the necessarily ever present disinterested in­
tegrity, are the main requirements. It is a position of the utmost 
commercial responsibility, a single report often controlling the 
investment of millions. The keynote of success is of course Reputa­
tion, and before a man could expect to succeed at this work, he must 
have built up a reputation, and have made friends. The fees tor 
this kind of work are high. Among prominent London engineers 
the fee for a report of any consequence would not often be under 
$5,000.
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ally Consulting engineers located in either commercial or mining 
centres also undertake the reporting on the management of mines. 
They may visit the mine at intervals, or they may simply base their 
reports and advice on the information, accounts, etc., supplied to 
the company by the mine manager; and their advice might extend 
to the supplying of detailed plans for development or for machinery. 
Consulting engineers in this capacity 
London companies owning mines abroad.

The position of a consulting engineer with a reputation, able 
practically to choose his own work, travelling in many parts of the 
world, returning always to his headquarters, and receiving most sub­
stantial fees, is a most enviable one, ahd is one looked forward to 
us a natural consequence of years of successful work in the field.

But it is to the position of a managing engineer and the steps 
subordinate to that position that I would more particularly draw
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66 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING.

your attention. Perhaps I could not do better than outline the 
duties and responsibilities in an actual case.

Take the case of a manager of an English Company owning 
mining territory in Africa. They have one mine partially developed 
and several prospects giving more or less promise of good values. 
The Company is managed in London by a board of directors—non­
technical men — with a chairman at their head. This Board will 
meet once a month, or once a fortnight, and will outline the general 
policy of the Company. The details as far as the London end is 
concerned are in the hands of the chairman, who relegates them 
largely to the secretary, who corresponds with the manager in Africa. 
The manager will have a wholesale power of attorney to do any­
thing and everything in Africa, and will be answerable for all his
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actions directly to the Board. He will have an agreement or engage­
ment as manager, terminable as a rule by six months notice on either 
side. He must of necessity have had the full confidence of the 
Board before he was appointed, and must retain this to the full or 
his position will become untepable. The Board will be completely at 
the mercy of the manager—their only information being what he 
chooses to give them in his letters and reports, together with that 
obtained through an annual visit of a director or a consulting engi­
neer.

1

1
The manager in turn will be very much at the mercy of the 

misunderstandings and disappointments of the Board, and nothing 
but full confidence can keep things running. The keeping of the 
Board well and judicially supplied with information is perhaps 
of the most important functions of the manager.

Coming nearer to his work, we find him in charge of an isolated 
community twenty miles or more from a settlement—100 miles from 
a railway—with slow-going ox-wagons as the only means of freight 
transport.
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First and foremost he must examine his ore deposits and then 
with all the knowledge that he possesses of geology and mineralogy, 
he must form some opinion of their probable value and outline 
method of development. With his already partially developed 
deposit, all his past experience of the costs of mining and ore treat­
ment, together with all the information he can obtain in a raw 
country concerning labour, power, fuel, transportation and markets, 
will leave him in no high degree of certainty as to probable profits.
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He has to study the resources of the country, and to design his 
plant accordingly. He is alone, single handed, and up against 
the real thing. And lie has to organize in a bare wilderness a large 
and complex business. AVliile keeping his mind keenly on the deep 
scientific problems of his various and varying ore deposits, on the 
problems of haulage, timbering and ore treatment, he has to arrange 
for the establishing of his camp, the housing of his men and ani­
mals, the purchase of innumerable supplies, and transportation over 
difficult country. He has to procure, and very often to a large extent 
must be prepared to train, a most varied gang of workmen, skilled and 
unskilled, in all branches of labour. He has to control a most mixed 
loti of the roughest class of men, both white and black; at all times 
he must preserve his personal influence and tone. He is the single- 
handed autocrat of an isolated community, with nothing to main- 

personality. He is spending large 
of money, and spending it in innumerable ways that are diffi­

cult to trace and check. On all sides are men trying to get the best 
<>i him in every proposition, and he must have the business side— 
the commercial side—of his work organized to a degree unthought 
oi in many establishments nearer the centres of civilization.

tain his authority but his own
sums

While organizing and personally controlling these varied 
plexities, he must ever keep a clear mind for the constant, careful 
and well balanced study of the intricate scientific problems of his 
work.

com-

Let us consider some of these engineering problems:
In the first place his ore bodies differ in many respects from 

any he has had any previous knowledge of—no two ore bodies are 
the same. Nothing but experience—wide and varied experience— 
founded on a scientific training, is going to save him in the solution 
of the problems involved in the exploration of his ore bodies.

He has one ore body so far opened up that sufficient values 
in sight to justify the installation of machinery on a large scale for 
the breaking, mining and treating of his ore. Upon all the intricate 
details I cannot touch, but let us look at some of the main problems 
invoked.

are

1 he first problem of mining his ore and protecting his under­
ground workings is one depending almost entirely upon judgment 
and foresight based on experience, and is one that no amount of
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68 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING. \
training or reading can solve for him. In any case he must work 
tentatively—must feel his way. That probably is the keynote of ail 
underground work—certainly of all the early stages. It is impos­
sible to see far ahead, and one must feel his way foot by foot, plan­
ning to-morrow’s work by to-day’s results.

But the planning of the ultimate development which must soon 
be taken in hand is a large problem involving work spread over many 
years, and the general skeleton of the plan must be laid out and 
undertaken at once. Upon the position of his main working shaft 
or tunnel the position of his surface works will to a large extent 
depend. Into this problem must enter the problems of pumping, 
ventilation, and haulage, and much calculation and well balanced 
judgment are required for a satisfactory solution. The problem 
involves not only a very large sum 
seriously affect the working costs.
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Inseparable from this problem is the question of power. The 
I have in view has practically unlimited water power five milescase

away, so that the question of power does not affect the hoisting 
question ; and it is found that for the first few years the most satis­
factory course is the running of a low level tunnel which will give 
several years ore supplies above it, and which will always be the 
main working tunnel.

The next problem is the treatment of the ore, and though the 
manager ought to be capable of dealing with this problem himself, 
he may call in the assistance of a consulting specialist.

And here comes in a very nice point :
It is of course out of the question that our mine manager should 

know everything, or that he should know as much of detail 
specialist in any branch, and very naturally the average business 
man will say: Here is an isolated problem, let it be solved by the 
specialist.
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In the large mining centres are to be found consulting engineers, 
who are disinterested specialists in milling and lixiviation processes! 
and who make a business of such problems. They often are called 
upon to supply complete plans. In

In the first place, there is one statement that will hold under 
all circumstances :—There is no isolated problem connected with any
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work 
if ail 
npos- 
plan-

niine. The mine and everything connected with it is one vast com­
plex machine, with all its parts and details interdependent, and 
smootli running—successful running—depends on the balance oe- 
tween all its parts, and upon their perfect inter-working. This 
only be achieved in one mind. There must be only one controlling 
hand, and though it is not necessary for the manager to design all 
the details, he must fully grasp the essentials of every department. 
He must be responsible for everything.

If outside consulting advice is called in, it must be in consulta­
tion with the manager, and if the manager is incapable of dealing 
with the subject, a most dangerous element of failure is at 
introduced. This is a most essential element of mine management 
and I will refer to it later on.
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If a thorough professional consulting engineer with a reputation 
is called in to settle the problem of ore treatment, he may be pre­
pared to deal with it in its entirety, in which case he would go 
carefully into all the conditions surrounding the problem from the 
ore deposit to the market, and would do this in close consultation 
with the manager, whom also he would carefully consider 
important condition. Then after designing the plant he would to 
certain extent supervise construction, and on its completion would 
personally attend to the early stages of its operation. For 
treatment plant is not like a small steam engine which will run 
when supplied with steam. Even after most careful and capable 
designing, there will have to be much adjusting of its method of 
operations before the best results 
must be done by a capable and responsible head.
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If the specialist’s connection ceases on the delivery of the plans, 
the manager’s responsibility will only then commence, and if there 
be any failure in results the manager will blame the design and the 
designer will blame the method of operation, and the company will 
be in the position of the man trying to sit on two chairs. This is 
one of the commonest causes of failure and trouble in mining, and 
every mining man can point to many incidents of this kind.
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In the case I have described, the specialist’s fee would be 
ous—probably much larger than the manager’s annual salary.

Most frequently it would not be possible to obtain the 
vices of a distinguished specialist, and recourse is often had to the
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70 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING.

manufacturers of mining machinery. They call themselves special­
ists in such matters and very often are so, and have much experience 
and data at their command, but we then have the anomalous posi­
tion ot the consulting engineer and the contractor being one and the 
same person. It is surprising how frequently this is the case and 
it is not surprising that this is most frequently a cause of disaster.

I he manufacturer can never be a disinterested party. Condi­
tions do not permit him to make a thorough examination of all the 
conditions. He will tell you what machinery 
his own and there will be

any 
to c< 
slior 
as ai 
to m 
even 
wast 
monto put in; it will be 

as much as'possible of it; it will be good 
machinery, and he will guarantee the smooth running of individual 
machines, but he will not guarantee the results.

sanx

And he will have 
many excuses to show that the blame of failure is not attachable to
him. He will tell you that the ore treated in the mill differs from the 
sample sent him; that the construction 
is worse.
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l ou cannot pin down the manufacturer to results—he is 
too old a bird at the game.
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^hat then is the manager to do?
He ought to be capable of designing his own plant. If he feels 

noubts about it, let him engage a man who has knowledege of such 
matters, engage him as an assistant—as a head of a department—and
let this man experiment on a laboratory scale in co-operation with 
the manager.
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After the manager, with or without outside aid, has decided that 
free milling ore requiring a subsequent treatment of 

tailings by cyanide, and has decided on the general main idea of his 
p ant, he can safely go to the manufacturer for his machinery, 
trusting largely to him for all details—for the details are the work 
of a mechanical engineer, and in this department the manufacturer 
is the highest specialist.

I lie first plant will doubtless be a small one, designed with a 
\ie\\ to further increase, and also with a view of permitting consider­
able experimenting.

What I have said in regard to the ore treatment plant also holds 
good with the tramway from the mine to the mill, and with the water 
power plant, and with the electric transmission plant, with of 

some modifications.
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Aerial tramways come nearer to being isolated problems than does 
any other part of the plant, and they are very frequently given over 
to contractors, who guarantee tc erect the tramway and run it for a 
short time. To a certain extent the tramway can be looked upon 
as an isolated machine of the nature of a steam engine. But again 
to make the contractor and the consulting engineer the same person, 
even in so simple a matter as a tramway, tends to an unnecessary 
waste of money and consists in paying to a contractor very much 
more than what is already paid to the manager or his staff for the 
same work.

In the case of electric machinery:—electricity is perhaps some­
what removed from the mining engineer, but is daily becoming 
less so, and though the mining engineer would certainly never 
attempt to design his dynamos, he certainly ought to know epough 
to decide whether he wanted direct current or alternating machinery 
and to be able rationally to check over the electrician’s figures as to 
line loss, etc., etc.

To sum up this question of machinery, the manager should be 
thoroughly conversant with all the standard types of machinery of all 
the prominent manufacturers that might possibly be of use in mining 
work, and this includes practically everything except heavy ordnance 
and marine engines, though the knowledge of heavy guns possessed 
by the mining staff in Kimberley was of considerable value last year. 
With the detailed design of this machinery he need not unduly 
burden himself beyond understanding the why and the wherefore of 
every part. The manufacturer can be depended on for excellence of 
detail. Thereon depends his existence.

The erection of his plant is an all-important part of the man­
ager’s work or of a most trusted assistant. To let this by contracts 
generally ends in disaster unless most competent and keen watch is 
kept on the contractor. Generally speaking, in all mining construc­
tion it is more satisfactory and more economical to watch over a 
good foreman than to check a contractor. The contractor, like the 
Indian, will be bad if he can be.

The operation of the plant will be the work of the heads of 
departments always under the personal eye of the manager.

This is a bare skeleton of the work of the mine. It is filled in 
with an interesting network of details of every kind, from the
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72 YOUNG GRADUATE PROFESSION OF MINING ENGINEERING.

niceties of subtle chemical investigation to the handling of a drunken 
mob, and through it all must run side by side the deepest scientific 

îought and the most cold-blooded business methods, tempered 
always by the truest disinterested professional tone.

The manager will have to assist him in his work, besides his own 
personal assistant, several heads of departments-» commercial sun- 
crintendent in charge of the baying and of the books and the com- 
merci a 1 side of the business general1 
intendants or head foremen of mine, ^ 
mechanic, and foremen of the various
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surveyor, an assayer, super- 
ind cyanide plant, a master 

,, sub-departments, and with
ese the successful manager will keep in very close, intimate touch.

there is another phase of the manager’s work that I have 
yet touched upon—a department in which he remains alone.

The mine is the property of a company, and the public pav very 
much more attention to the shares than they do to the mine, and the 
majority of shareholders expect to make very much more out of the 
fluctuation m the price of shares than they do out of the mine.

constant and active buying and selling of shares. Now the man­
ager s regular reports to his Board can very materially affect the price 
of shares and his plans of operations do also very materially affect 
the price of shares; discoveries will be made in the mine that will 
make enormous differences in the value of the stock. In very many 
ways the manager has a very large control over the price of the 
stock, and if there be any deviation on his part from strict honesty, 
rom the true professional spirit of disinterestedness, he may be in 

a position to make much money for himself or his friends. Here is
6 °Pln temPtation-a temptation so coarse and glaring-so 
palpable—-that it will in general be easily avoided, but it has also its 
more subtle aspects, and the only protection _ 
inherent honesty, the professional spirit and 
engineer.
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This is an outline of the position of 
large property, and may be taken 

As an

manager of by no means 
fair general example.

example of the extent to which the business of mine m n- 
agcment may grow, I would cite the
Helds of South Africa. In 1897, in their "engineering office» in 
Johannesburg, they had fifteen draughtsmen in the surveying de­
partment, and seventeen more in the general department. Their
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ken chief engineer drew a salary of $60,000 a year, their chief mechani­
cal engineer drew $25,000, and so on. Of course this office did all 
the engineering work for a large group of mines.

But it is the smaller propositions that tax the resources of the 
mining engineer most severely, for in these cases he must himself 
control every department and must carry out works that in larger 
concerns would be in the hands of heads of departments in them­
selves specialists capable of carrying responsibility.

Ip an examination of the duties of the mine manager, as I have 
outlined, what do we find as the more prominent points ? I think 
shall find that the most important point of all is confidence—mutual 
confidence between the directors and the manager. To obtain this 
the manager must be a man of experience—a man with a record— 

who has made friends. The next point of importance is the 
fact that the whole concern, first, last and all the time, is a business 
proposition undertaken with the sole and only purpose of making 
money, and as far as our engineer is concerned, making money 
legitimately, though—and this is a point ever to be remembered by 
the young graduate—there are always those seeking to make money 
illegitimately. The whole concern in every department must be 
organized on a commercial basis. The third point of importance 
is the essentially scientific character of all the problems involved in 
the finding, winning and treating of the
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ate's technical course, his whole time and energies being occupied 
with this latter point, he is apt to lose sight almost altogether of the 
other two. But these three points are as inseparable as the three 
dimensions of space, and any proposition founded on two only will 
be a failure.

y>
in
is

so
ts
ie Of course there is an exception to this rule—the factor known 

as luc k may once in a thousand times upset all rational conceptions.
Besides these three fundamental points there are others of 

nearly equal importance. All mining work is new work ; every pro­
blem is a new one, differing in many respects from the engineer’s 
previous experiences; every problem is complex, involving a large 
number of facts and conditions often very obscure. The engineer 
must be a man of varied experience, not only conversant with a wide 
range of scientific knowledge, but with a very wide range of actual 
experience. He must be essentially quick witted and he must have
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74 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING.

a lively technical imagination, ever ready to imagine new combina­
tions and possibilities. But his temperament and technical character 
must be strong enough to allow this technical imagination full play 
without its carrying him off his feet into a wilderness of conjecture!

He must be physically strong-able to live anywhere and eat 
anything; he must ever be ready to pack his blankets and his scientific 
knowledge on his own back.
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He must be a professional man in the fullest sense of the 
teiro. He must have tone-, I cannot define tone, it 
shall I say quality marks tone. And tone is 
it is hard to defin

mi
marks quality, or 

Js as unassailable as 
"om the fml «««P to the last the mining 

engineer * surrounded by temptations of every kind; even- tendency
mthm him will have free opportunity to pull him towards disaster. 
Irom the start he is away from the influence of custom and social 
ties and he who has never been absolutely free from these influences
But Iw *e.COnCeF‘.'0n °f the eItent "1 their controlling power. 
But the temptations arising from avarice and ambition are the most

Zn:?landhr;8!ei'? ^And *■«en of the subtlest L id—most frequently not having even the 
ppearanees of temptation, and this is a phase of his work in which 
he engineer stands alone-a game in which he must play o lone
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. omebody—Gilbert Hamerton, I think—has said that the most 
impoi tant characteristic of a critic should be disinterestedness. Dis­
interestedness is the foundation and skeleton framework of the whole 
structure of the professional man. If he is not disinterested he is
1 °u if8*# v .G 18 af emPloyee afid his interests alwavs must be on 
behalf of his employer. This explains how the mine 
be a business man and still a professional 
business for another and he 
straightest of business methods.
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He is carrying on 
can carry it on only in the cleanest and
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l +vAxnrthfr thmg t0 be observed in the work of our mine manager 
is that he has more to do with human nature than with any of the
hnnT He has t0 deal with his directors in one
hand, and with his employees on the other. He has to deal continu-
«dly with the cleverest scoundrels and rogues of all classes and kinds.
He has to oepend on his judgment of character in black 
and white.
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"ell, gentlemen, have I painted an impossible picture for you? 
I have outlined the main skeleton frame of a possible structure—a 
structure for which there is an enormous demand; the completion of 
the edifice depends upon the individual.

So much for what there is in front of us. Let us now consider 
our first steps.

The young graduate,, despite his hard work and scientific attain­
ments, is, as an engineer, well nigh as useless as the new-born babe. 
I know you will not believe this—it is not compatible with your 
years and your efforts—it is probably jus! as well that you don’t 
believe it, but it is one of the first important things that you must 
learn in the outside world.

How is this so? Thus: the young graduate has had no experi­
ence (T know there are exceptions), consequently can have no judg­
ment, and therefore is absolutely incapable of responsible initiative.

Many people will tell me I am entirely wrong—that the young 
graduate is full to overflowing with judgment—that he will judge 
anything or anybody, and as for initiative, he has the nerve and the 
supreme self-confidence to tackle any proposition/—to initiate any­
thing. Exactly—that emphasises what I mean—he has no judg­
ment—that is, no judgment that can be depended upon.

In England they put the embryo engineer in an incubator— 
that is—he is articled as a pupil for one, two, or more years to an 
engineer of standing and experience, and for this privilege he will 
pay as much as $1,000 a year, and will receive 
in return for his work. With this idea I would be wholly in accord, 
if the conditions in the colonies permitted it. I would not advise 
for a colonial mining graduate an articled pupilage in England; but 
if a western mining engineer would take him, he could not possibly 
do better. Rut out here the conditions are different, and we have 
to face conditions as we find them.

In the first place, many of our technical graduates have not 
the means to pay any pupilage fees, nor even to give their services 
and time for nothing; they must earn soon after graduation. And 
again I do not think you could persuade any mining engineer in 
active work on this continent to accept pupilage fees or to have about 
him a pupil working for nothing.
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76 young graduate—profession of mining engineering.

mo’ e>’> ami it is a function of 
the technical school to leave him in a .osition to do this, and there 
are two or perhaps three or even four u inches of work in which the 
technical schools can turn out commercially useful men. 1 refer 
to assaying and surveying, #nd to a certain extent, draughting.

Ihe school can—if it chooses—turn out men who could take 
hold of the position of essayer or of surveyor at any small mine, or 
who would make excellent assistants on a large property. These 
positions require practically no judgment or initiative, and the main 
difference between the work at the school and the work at the mine 
consists in the rapidity that is required in
a certain ability to make shift with the anything but ideal 
conditions and appliances that one may be up against. If to a 
smooth working knowledge of assaying and surveying, the young 
graduate has added an active knowledge of book-keeping and cost- 
keeping, lie has three strings to his bow that will earn him n living

The young graduate must earn oi
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commercial work, and pr
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iniin any active mining camp. 

It is a common
ne

saying in the West that if you cannot get 
job you should take two, by which is meant that you may often be 
able to get a job as an assayer and book-keeper combined where 
you could get nothing if you applied for either singly. My 
advice to any technical school would be—make book-keeping 
and cost-keeping and the commercial organization of engineering 
business, an important part of your curriculum. My advice to any 
student of a school where this is not part of the curriculum is, to
take steps to make a special study of these subjects at the earliest 
possible opportunity.
,, , 1,16; obtaining of a position as assayer or surveyor, and, from 
that position, studying the actual working conditions of a mine to
method f0F fUFther advanCement in y°ur Profession, is the orthodox
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The surveyor has the better 
and everywhere on

opportunity—he is here, there 
the property—mixed with everybody and sees 

everything that is going on, and will be more naturally given the 
position of acting manager or assistant manager.

However, before going any further, let us consider more fully 
- functions of the first few years after graduation. The first 

function doubtless is the earning of a living, and the orthodox way
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3f of doing this 1 have outlined. But if you stop at that, you will never 
be an engineer. The main function is to get experience—wide, 
varied experience—of everything you will need in after years. An­
other function is to make professional friends, but the main point 
is experience.

re
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:e In your h. P. ti. course you have had a most excellent training. 
You have been trained to think—to reason—to read and to a certain 
extent to observe—you have been trained to ask the question “why?” 
and to make an effort to rationally answer that question. You have 
learnt much about the physical laws underlying all engineering 
problems, llie excavations have been dug and a very substantial 
foundation has been laid for a very elaborate superstructure; and 
further than this, the skeleton steel frame work has been in part 
erected; and even still further, if the material for further erection 
has not been gathered, the method of obtaining it has at least been 
indicated, lou can live in the cellar if you like, but that will 
ne\er make a house of it—you will never be an engineer. You 
must build on the foundation. You must fill in the skeleton frame 
work—you must erect extensions to your frame work—this you 
must, do alone. Nobody else can do it for you. The elaborating of 
the structure is by personal experience.

In my student days Prof. Galbraith advised us to devote the 
first ten years after graduating to the sole function of gaining a 
varied experience. I think this most excellent advice.
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Ao matter what position you hold you will be gaining experi­
ence, and to gain a varied experience you must not stay too long 
m one position. But you must not trust to hap-hazard luck in the 
positions you get. There several points to be remembered. In 
the first place in your early days you can do things that later on 
in your professional life, you could not do. For instance, on gradu­
ating you could work as a mucker or common labourer underground 
1 or y°u nfght innocently be employed by some notoriously corrupt 
men or companies. In neither case would your reputation suffer 
and you would be the gainer by some valuable knowledge.

The most prominent feature of mining work in all parts of the 
world (and in Canada and in Ontario have we had most scandalous 
examples of it) is the extreme corruption, crodkedness and dis­
honesty that frequently accompanies it. This exists to a degree
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78 YOUNG GRADUATE—PROFESSION OF MINING ENGINEERING.

beyond all conception by those who have not actually seen it. If 
you keep this fact in view and remain always ready to quit a job 
when it looks dirty, you can in your early years take pretty nearly 
anything you can get, but later on you must be more careful what 
you do. Then the main point would be to get near good men, near 
good companies and successful concerns.

In your early years there are several very unorthodox things 
that I would advise. In all mining work the biggest item is for 
labour, and there is no other item of expenditure in which money
may be lost or saved to the same extent. The human machine is 
not only the most used, but it is the most complex, and to be 
eessful mining man you must understand your workman. The best 
place to study your workingman is alongside of him. I strongly 
advise every young mining graduate to work as a mucker or trammer 
underground in some fairly large mine. To do this properly you 
must do it thoroughly and drop all your engineering business, and 
a our diploma and all that, and get into dirty overalls and get your 
job from the foreman and sleep in the bunk-house and keep away 
from the office. This I know is often advised, and in Cornwall anil 
Freiberg there are regular practical courses underground where the 
students play more or less seriously at work and learn after a fashion 
to swing a hammer and frame a set. Candidly I don’t think much 
of that—I do not see that such work is of very much use, and 
in those practical courses you don’t learn anything of the men— 
you don’t get round to their point of view. This to my mind is 
the essential point, and my advice is to get a mucker’s job and hold it 
at least over one pay day and over several if you can. It will hurt 
and it will be hard, but it will be worth it.

a, suc-

Again, if you have any inclination towards carpenter’s work or 
machine fitting or any opportunity to follow up such work, I say 
by all means do so. I know of no better qualification for a young 
man seeking mining experience than a knowledge of machine fitting. 
1 here is no part of a mine free from machinery, and the fitter is 
wanted everywhere and gets a job more easily than any other class of 
skilled or semi-skilled workman ; while a carpenter can often get a job 
on mill construction or the like that will give him an insight into con­
struction that he could get in no other way. These arc not short
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YOUNG GRADUATE —PROFESSION OF MINING ENGINEERING. 79

cuts to success or by-paths—they are stepping stones and most valu­
able ones at that. I would strongly advise the mining student to 
spend at least one of his summers in a machine shop or a carpenter’s 
siiop. 1 would consider this better than a summer spent in an assay 
office, on survey, or in a mine.

I he next question is as to where the young graduate is to go on 
graduation. Into the question of a post-graduate course I cannot 
go beyond saying that 1 in favour of a post-graduate course, 
and would still recommend Freiberg despite all the advances made 
by technical schools on this continent.

am

After the completion of his technical course he should go to 
some active mining camp, and I certainly would choose the Western 
States. I am enthusiastically a Canadian, but I do not advise the 
young mining engineer to remain in Canada. He should go to an 
older mining country for his experience, and the United States—
the Y\ estera States has trained and still is training the world’s 
most prominent engineers. And when you go west leave your 
diploma behind you, also your testimonials and recommendations. 
{You will be looking only for subordinate positions, and for these 
positions men will size you up by looking at you and will discharge 
you as casually as they engage you. Never be afraid of quitting a 
a job. It is no disgrace—very often it is not a bad thing to be 
discharged. A willingness to turn your hand to anything and every­
thing that comes your way and do it with your best effort, arc traits - 
that will help you more than others. It will be several years before 
you get to what your heart pines for—that is. real engineering work 

but you must not neglect it for that reason; your eyes must 
always be open to everything about you, and you must read every- 
thing you can lay your hands on—technical magazines and cata­
logues in particular.

I

You will probably find the life a hard one, full of painful 
physical effort—full of misunderstandings and disappointments. 
Hope will be long deferred. Your scientific attainments will 
lost—swallowed up by chance and the force of circumstances, 
will think you are losing all your finer feelings—your social niceties; 
the latest operas and plays will hardly be known by name to you’ 
and the popular airs will be three years old when they reach you. 
Life will be anything but a soft snap and your only consolation will
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80 YOUNG GRADUATE—PROFESSION OF MINING

^„be: “Well> ^ go°d experience, and anyway, it’s all in the day’s 
Mork You will find that you will have to give up very much if 
not all that went to make life pleasant, and you will get in return—
pafd°Uwoark. ky"W°rk~and iU maUy yearS~if y°U are lucky—well

engineering.
lit

T]

But you will see—and if» your eyes are open, life will be 
you will play your own game with a freedom and 

in any other profession. You will have 
carry your tendencies to the full. You will be with men and you

J ",°r v "lth men’ and ihe conditions and surroundings will be such 
as to bring out, m full prominence, the characters good and bad of 
men. A eneer and polish will be absent, and if you are a lover of 
men you will love your life. If you want an ** °f
alone. If you are not a

very 
a scope 1111- 

opportunities to

full-
known
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easy life leave mining 

tramp and want everything settled—if you
will Z T v g T y marriage-d°n’t go in for mining, for you 

have to live and work where it would not be fair to take her
Bet me finish up by giving v 

on matters in general
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Üsome disconnected bits of adviceou
b.

fppniTreat CVery friend as if somc daJ he might be your enemy and 
treat your enemy as if some day he might be your friend. ' ’

In making investigation 
nothing for granted.

Trust everybody but cut the cards.
Keep your face shut.
In everything remember first that 
Kipling says:—

“ are nine ?nd aix‘y ways of constructing tribal lays,
And every single one of them is right.'* y

on ,,lhereiare also nine and sixty Ways of skinning 
anything else, and very often every single 
depends on circumstances.

In other words, different circumstances 
methods. Do not be afraid of
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will demand different
new methods. <1

8kelson, B.C., February, 1902. s
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POSITION OF AN ENGINEER AS ARBITRATOR UNDER 
THE CONTRACT.

THE

Angus MacMurchy.

The employer appoints the engineer under the contract, and
choice or option inthe contractor has to accept him. He has no

Not only must the contractor execute the works inthat matter.
accordance with the directions of the engineer under the contract, 
but the engineer is usually made the sole judge of the quality and 
sufficiency of the works when executed, and the engineer is also 
most frequently made the final judge in any dispute arising under 
the contract between the employer and contractor. Thus it will 
be seen that the functions of the engineer/as arbitrator are both
extensive and important.

The engineer is responsible to his employer under the contract ; 
to the contractor he is responsible by law only in case of fraud or 
misconduct. In legal phraseology there is privity between the em­
ployer and the engineer, but there is no privity between the 
tractor and the engineer. The consequence of this is that the con­
tractor has a cause of action against the employer only, unless the 
engineer has been guilty of fraud or deceit while acting under the 
contract. But the contractor in a proper case has an action against 
the engineer for negligence in the discharge of his duties.

For many purposes, the acts of the engineer and the owner or 
company employing him are identical or rather equivalent. As 
stated by Lord Cranworth, his position is not quasi judicial. 
Ranger v. G. W. Ry. Co., (1854) 5 H. L. C. at p. 89.

If an engineer acts bona fide according to the contract, that is 
quite enough to make his acts valid and binding upon the contractor. 
So long as the engineer has no concealed interest in the contract or 
secret relationship to the parties tha4 will certainly bias his judg­
ment, his acts will receive due weight, in fact he may almost be 
called the judge in his own case.

S.P.S.
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82 POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT.

The contractor, however, is not always bound by the decision 
of the engineer, as, for instance, in a case decided in 1818, Kemp v. 
Eose, 1 Giff. 258, the builder was bound by the contract to accept 
the decision and certificate of the architect as to the amount to 
be paid for his work, but the builder did not know that the archi­
tect had promised the employer that the work would not cost more 
than a certain sum-in that case the Court did not consider the 
decision of the architect made under such bias binding.

. The last reported case on this subject comes from Chatham and 
is just to hand. There the superintendent under the contract was 
the uncle and “drowned in debt” to the owner. This was un­
known to the contractor, who brought an action to recover the 
balance cla.med by him without procuring the superintendent's 
certificate. It was held by the Court of Appeal, Chief Justice 
Armour « vigorous intellect brushing aside, as usual, formal and tech­
nical legal defences, that the relationships, “family and financial,"
01 7 •uPTntieindcnt to the defendant owner, for whom the house 
was built, should have been disclosed to the plaintiff contractor, and
:‘at und®r the circumstances the plaintiff was net bound to obtain 
the certificate required by the contract from the superintendent

Ludlam v. Wilson, (1901) 2 O. L. E. 549.
This whole subject of the circumstances under which a con­

tracter is dispensed from the necessity of procuring the final certifi­
cate called for by the contract was much discussed in a notable 
m our own Courts some ten years ago, that of Conmee v. C P R 
which lasted for seven years in the Courts with varying fortune to 
cither party, judgment being given at the trial without a final cer- 
tificate m favour of the contractors for upwards of a quarter million 
dollars, which was compromised for a much smaller amount after 
appeals to the Court of Appeal and Supreme Court.

Pr°Ceeding t0 discuss some of the more recently decided 
a.es to further illustrate these remarks, let me read a portion of

CPv°7 m (fr°m the preSUlt form of contract used by
City of Toronto) constituting the engineer the sole judge
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‘ to any omissions therefrom, or misstatements therein, in any 
respect, or as to the quality or dimensions, or sufficiency of tne 

“ materials, plant or work, or any part thereof, or as to the due 
“ and proper execution of the works, or as to the measurement 

or quantity or valuation of any works executed, or to be executed 
“ under the contract, or as to extras thereupon, or deductions 
“ therefrom, or as to any oilier questions or matters arising out of the 
“ contract, the same shall be determined by the Engineer . . . 

and his decision shall be final and binding upon all parties con­
cerned, and from it there shall be no appeal.”

The result of many decided cases is the introduction into such 
contracts of many safeguards and restrictions drawn from wisdom 
learned by experience. Nov/, let us glance at a few of the judg­
ments in which such similar provisions have been discussed by 
eminent Judges in England and Canada.
JACKSON V. BARRY RAILWAY COMPANY (1892), 1 Ch. Div. p. 258. 

Arbitration—Unfitness of Arbitrator—Injunction—Jurisdictiou.
A contract by which the plaintiff undertook to construct a 

dock for the defendant company, provided that any dispute between 
the company and the contractor as to the meaning of any pait of 
the contract, or as to the quality or description of the materials 
to be used in the works, should be referred to the company’s engi­
neer as arbitrator. Tho dispute arose whether the contract required 
the interior. of a certain embankment to be made of stone, or 
whether rocky marl was allowable, so that, if the contractor by the 
direction of the engineer used stone, he would be entitled to be paid 
for it as an extra. A correspondence took place between the con­
tractor and the engineer, in which the engineer stated his view to 
be that the contract bound the contractor to use stone, and that 
it was not an extra. The company then referred the dispute to the 
arbitration of the engineer. After this reference, and on the dav 
for which the first appointment had been made, the engineer wrote 
to the contractor a letter in which he repeated his former view. 
The plaintiff brought this action to restrain the company from 
proceeding further with the arbitration.

Kekewich, J., held that the last letter showed that the engineer 
had finally made up his mind on the point, and was, therefore, 
disqualified to act as arbitrator, and granted an injunction.

POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT. 83
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84 POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT

Held, on appeal, that, considering the position of the engineer 
who, as engineer of the company, must necessarily have already 
expressed an opinion on the point in dispute, his writing after the 
commencement of the arbitration a letter repeating the same opinion 
would not disqualify him from acting as arbitrÜtor, unless, on the 
fair consideration of the letter, it appeared that he had made up 
bis mind so as not to be open to change it upon argument :

Held by Lindley and Bowen, L.JJ. (Dissentiente A. L. Smith, 
L.J.), that the letter in question did not, upon its fair construction, 
show that the engineer had precluded himself from keeping his 
mind open, and that the injunction ought to be dissolved ; and 
whether there was jurisdiction to grant it, quaere.

Bowen, L.J.: It was an essential feature between the plain­
tiff and the railway company that a dispute such as that which has 
arisen between the plaintiff and the company’s engineer should be 
finally decided not by a stranger or a wholly unbiassed person, but 
by the company’s engineer himself. Technically the controversy is 
one between the plaintiff and the railway company; but virtually 
the engineer, on such an occasion, must be the judge, so to speak, 
in his own quarrel. Employers find it necessary in their own 
interests, it seems, to impose such terms on the contractors whose 
tenders they accept, and the contractors are willing in order that 
t^eir tenders should be accepted, to be bound by such terms. It is 
no part of our duty to approach such curiously coloured contracts 
with a desire to upset them or to emancipate the contractor from 
the burden of a stipulation which, however onerous, it was worth 
his while to agree to bear. To do so would be to attempt to dic­
tate to the commercial world the conditions under which it should 
carry on its business. To an adjudication in such a peculiar refer­
ence
should come with a mind free from the human weakness of 
conceived opinion. The perfectly open judgment, the absence of 
all previously formed or pronounced views, which in an ordinary 
arbitrator are natural and to be looked for, neither party to the 
contract proposed to exact from the arbitrator of their choice. 
They knew well that he possibly or probably would be committed 
to a prior view of his own, and that he might not be impartial in 
the ordinary sense of the word. What they relied on was his pro­
fessional honour,, his position, his intelligence', and the contractor

the engineer cannot be expected, nor was it intended, that he
a pre-
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POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT. 85

certainly had a right to demand that whatever views the engineer 
, might have formed, he would be ready to listen to argument, and, 

at the last moment, to determine as fairly as he could, after all 
had been said and heard. The question in the present appeal is, 
whether the engineer of the company has done anything to unfit 
himself to act, or render himself incapable of acting, no, as an 
arbitrator without previously formed or even strong views, but as 
an honest judge of this very special and exceptional kind. I will 
assume (without deciding) what was assumed by both sides, in the 
argument at the bar, that the point before us is properly raised in 
such an action as the present, and consider the matter entirely on 
its merits. That the letter of the 2nd of August shows Mr. Barry 
to have had, and retained up to the opening of the arbitration, a 
rooted view that the contractor was wrong, is obvious. This, Mr. 
Barry may not have been able to avoid. Has he, then, disqualified 
himself from pursuing the function of such an arbitrator as the 
contract contemplates, by informing the contractor, in answer to 
the contractor’s controversial letter, of what the contractor, I 
convinced, well knew already, viz.: that Mr. Barry wholly disagreed 
with him ? I cannot see that the letter of the 2nd of August war­
rants the inference that Mr. Barry would not or could no longer 
do his best, when the matter finally came before him and his legal 
assessor, to decide honestly between his own distinct view and that 
of the contractor. He restates, it is true, what he had already 
stated, and I daresay he thought it fair and honest towards the 
contractor to do so. I should agree with my brother Kekewich’s 
judgment, if I thought the letter of the 2nd of August amounted 
to an intimation that the contractor would not be patiently listened 
to and receive at the last an honest decision. M here I differ from 
my brother Kekewich is, that he seems to me not to have made 
sufficient allowance for the very special character which by the con­
tract this arbitrator had to fulfil, and to have required from the 
engineer of the company, who must necessarily be a somewhat 
biassed person, but by whose decision, nevertheless (fairly given), 
the parties had contracted to be bound—the icy impartiality of a 
Jihadamantlius. The difficulty in the contractor’s way arises, net 
from the engineer’s utterances in the letter of the 2nd of August, 
but from the fact that the contractor, by his contract, had pledged 
himself to submit this very dispute that has arisen to the person
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86 POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT.

with whom he virtually is waging it. 
appears to me, catching at a straw; endeavouring on the ground 
that the engineer had revealed a view which

The contractor is, as it

every one was aware
he entertained, to escape from an onerous arbitration clause whicn 
the contractor accepted as part of the consideration for his bargain. 
To release him on such a pretext would be to dissolve his obliga­
tions under the contract and to substitute, by force of the p 
of this Court, a wholly different and far more agreeable kind of arbitra­
ment before either some stranger or a jury of strangers, a tribunal 
which it was the express object of this contract to exclude.

; ower

.
For these reasons I differ from my brother Kekewiçh, with 

whose views as to the importance of judicial impartiality I entirely 
coincide, regarding them only as not quite applicable to this special 
ease, in which it was part of the very bargain that the scales of 
justice in the case of a dispute need not be held in a neutral or 
wholly indifferent hand. I

MCNAMEE V. TORONTO (1892), 24 0. R 313.
By contract between contractor and city for additions and 

improvements to its waterworks system, all differences were referred 
to the award of one H., superintendent in charge of the waterworks.

Held that H., being superintendent, did not disqualify him 
from being arbitrator, and on the evidence no cause existed to 
restrain him from proceeding with arbitration :

Causes urged: H. furnished estimates of costs of work to city, 
which were acted upon in accepting plaintiff’s tender unknown to 
plaintiff when he executed the contract.

. t,ie fact that the superintendent signed certificate as to
penalties to be deducted did not show he had prejudged the

Boyd, C.: The Scotch cases show that when arbitrator named 
is also engineer of works, anything he says or does falling within 
his ordinary functions as engineer does not disqualify him as 
arbitrator; this results from his dual character—in one relation 
acting as agent or representative of proprietors, and in the other 
changing his function to that of a judge who is to hear both sides 
before he decides the matter in dispute.
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IVES AND BARKER V. WILLANS (1894), 2 Ch. 478.
An arbitration clause referring disputes to the engineer of one 

party cannot be disregarded on the ground that the engineer is in 
substance a judge in his own case, wdess there is sufficient reason 
to suspect that he will act unfairly.

Provision : “ If any question, difference or dispute shall arise 
between company and contractor touching the construction or 
meaning of anything contained in these presents or in said specifica­
tions, etc., or as to any works, plant, material, etc., which the com­
pany may require the contractor to do, or any extra work ordered 
or as to price to be charged, or moneys alleged to be due, or rights 
and liabilities of either parties, etc., the matter or difference shall be 
referred to the engineer, whose decision thereon will be final and 
conclusive on both parties.”

Lindley, L.J., says:—“That is a very stringent provision and 
one is surprised at first that any contractor should submit to be 

. bound so tightly, because a dispute between contractor and com­
pany is in substance a dispute between contractor and engineer, 
whose business it is to see that works are done for the company 
according to agreement, plans and specifications; and the real 
agreement between the contractor and company is that if there i? 
any dispute between them, the engineer can tell the contractor 
what to do, and order him to do what he likes consistently with the 
agreement, his decision must be final.”

The learned Judge gives two reasons. First: Competition for 
this kind of work is very keen and contractors compete with each 
other to get it. Second : It has been ascertained by long experience 
that engineers of the highest character may be trusted, and when a 
contractor enters into such a very stringent provision such as this 
he knows the man he has to deal with.
ECKERSLEY V. MERSEY DOCKS * HARBOR BOARD (1894), 2 Q. B. 66.

The rule which applies to a Judge or other person holding 
judicial office, viz., that he ought not to hear causes in which he 
might be suspected of a bias in favour of one of the parties, does 
not apply to an arbitrator named in a contract, to whom the parties 
have agreed to refer disputes which may arise between them under 
it. In order to justify the Court in saying that such an arbitrator 
is disqualified from acting, circumstances must be shown to exist
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88 POSITION OF ENGINEER AS ARBITRATOR UNDER CONTRACT.

which established at least a probability that he will be in fact 
biassed in favour of one of the parties in giving his decision.

This was a dispute between the contractors and the board above 
named, in which the former claimed that by the negligence or incom­
petence of the assistant engineer, who was the son of the engineer 
under the contract, water had escaped into the Canada Dock which 
they were excavating, causing them delay and loss. The contractors 
commenced an action claiming it should not be stayed under arbi­
tration clause, because of probability of bias of engineer in favour of 
defendants, and that engineer’s son hoped to succeed his father in 
the post of engineer to board.

That eminent Judge, Lord Esher, said:—
“ It seems to be admitted that if the engineer had to consider 

whether he had himself given a negligent or unskilful or incom­
petent order, it could not be said that the Court would be justified in 
directing that the matter would not be referred to him, but the Court 
is asked to act because such an order was given by his son; i.e., a 
man who could not be biassed in judging of his own acts would be 
biassed to give a decision in favour of his son which he knew to be 
wrong. I cannot take that view of human nature.”

“ Where you have a man of high character, one whose char­
acter for impartiality cannot be impeached when he has to decide 
as to his own conduct, to say such a man would not have enough 
honesty and strength of mind to act impartially when his son’s 
conduct came in question, is a statement which I cannot accept. I 
do not believe it in this particular case.”

GOOD v. T. h. & b. r. co. (1899), 26 A. R 133.
The rule that a contractor is bound by a condition in his 

tract making the employer’s engineer the interpreter of the contract 
and the arbiter of all disputes arising under it, does not extend to 
a case where a named engineer, while in fact the engineer of 
the employer, is described in the contract as, and is supposed by 
the contractor to be, the engineer of a third person.

In a contract between Good and a construction company, the 
engineer named was that of the railway company. The construction 
company in reality, though unknown to the contractor, controlled 
the railway company, and the engineer was really paid by them.
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This was also unknown to the contractor. The final certificate was 
not given under the contract, but Armour, C.J., held that this did 
not disentitle the contractor from payment for his claim, the 
engineer being “Young’s man from the beginning,” Young formed 
the construction company, and the construction company controlled 
the railroad company. The learned Chief Justice said that the con­
tractor was entitled to say upon discovering the arrangement be­
tween the engineer and construction company : “ He is not our
choice as judge under this contract, and we repudiate our being 
bound by the term of the contract which requires a certificate from 
him;” and Mr. Justice Osier held that the contractor had the right 
^o assume that the engineer was not the servant or agent of the con­
struction company, not their salaried official, that he owed no duty to 
them as having been employed by them* and that he was indepen­
dent of them.
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NOTES ON ALUMINUM CONDUCTORS.

F. C. Smallpeice, ’98.

Since the earliest days of electrical engineering the superiority 
of copper as a conductor for commercial use has been undisputed. 
The high specific conductivity of copper (almost equal to that of 
silver), the ease with which it can be drawn into wires, and the high 
tensile strength of such wires, only exceeded by steel and iron, 
properties which have rendered the metal invaluable for electrical 
purposes. In addition to this, the metal can be freed from its im­
purities, and a very uniform product obtained by comparatively 
inexpensive processes.

Within the last two or three years, however, the absolute rule 
of copper in the electrical world has been somewhat shaken by the 
rapid advances made in the manufacture of aluminum. Undoubt­
edly the abnormally high price of copper during the past three years 
has been largely instrumental in bringing to notice the claims of 
aluminum ; and whether the latter will ultimately displace copper 
for some purposes is largely a matter of conjecture. Though but 
recently introduced, aluminum has been used for several long trans­
missions on this continent and in Europe, and great interest is being 
manifested in the results obtained on these lines.

Aluminum can hardly be said to have attained importance 
commercial product, or, at any rate, as a rival of copper, as the 
following figures will show:—
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91NOTES ON ALUMINUM CONDUCTORS.

For the year 1900—
The world’s output of aluminum was G,150 tons, of which 2,225 

tons were produced in the United States.
The output of copper for the same year was 543,000 tons, the 

United States producing 300,000 tons.
,Thus the output of aluminum was only about 1.1% that of

copper.
On this continent the only company manufacturing aluminum 

is the Pittsburg Reduction Company, operating works at Niagara 
Falls, N.Y., and at Shawinigan Falls, P.Q. During the past year or 
two this company has hardly been able to keep pace with the demand 
for its product.

In Europe there are six firms engaged in the reduction of alu­
minum from its ores, one of these being an English company. The 
methods employed are for the most part secret, but in all cases the 
process involves the use of electric current in a bath of fused electro­
lyte. It may also be said that all the European companies 
facture calcium carbide, though, of course, this is an entirely dis­
tinct branch of their business, the process being quite different 
from that of aluminum reduction.

The price of aluminum to-day is in the neighborhood of 30c. 
per lb., while the price of copper being controlled largely by trusts 
and subject to the trickery of the stock market, has in the last year 
ranged from 19c. to 12c. per lb. Considering the relative specific 
gravities and conductivities of the two metals for any given trans­
mission, the weight of aluminum required is, roughly, half the 

. weight of copper. Consequently at 30c. per lb. aluminum is equiva­
lent to lSc. copper; and at 20c. per lb. would be as cheap 
at 10c. Thus, though the aluminum industry is still young, the 
nietal can to-day be put on the market at a price equivalent to that 
of copper as a conductor; and it seems probable that as their output 
increases the manufacturers will be able to produce the metal at 
still lower prices.

Specific Gravity.—Considering the properties of the two metals 
as affecting their use as conductors, we have first the specific gravity 
of chemically pure aluminum=2.5ti, while aluminum wire over 99% 
pure has a specific gravity of 2.68. This increased density in the com-
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92 NOTES ON ALUMINUM CONDUCTORS.

mercial wire is not proportional to the amounts of impurities present, 
hut seems to be due to a contraction caused by these impurities, and 
depends also on the working of the metal. The specific gravity of 
commercial copper we may take as 8.93. Thus we get 1:3.33 as the 
ratio between the weights of equal volumes of aluminum and copper.

Tensile Strength.—Perhaps nothing has contributed so to the 
lack of confidence felt by many electrical men towards the new 
conductor as the failure, due to low tensile strength, of several of 
the first aluminum lines to be installed in this country.

When first introducing aluminum wire advantage was taken by 
the Pittsburg Seduction Co. of the fact that almost all foreign 
metals when alloyed with aluminum increase the tensile strength of 
the wire.
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For instance, a No. 12 B. & S. wire showed a tensile strength 
of 39,000 pounds per square inch; same wire alloyed with 1% nickel, 
45,000 pounds per square inch; same wire alloyed with 2% nickel, 
55,000 pounds per square inch.

This increased tensile strength was not gained, however, with­
out offsetting disadvantages. For, taking the conductivity of the 
pure aluminum as 03 in the Matthiessen standard, one per cent, 
of nickel reduced this to 58, while the two per cent, ahoy showed 
a conductivity of only about 54. The above is the result of a test 
made by the Pittsburg Reduction Co.
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For all the first lines installed alloyed wire was used, and the 
result was far from satisfactory. In almost every instance so many 
breaks occurred in the lines that they had to be replaced. In one 
instance over fifty breaks were reported in a mile of line, till occur­
ring inside of one month. The cause of these failures seems to be 
a lack of homogeneity in the alloyed wires. Apparently the copper, 
nickel or other metal used to give strength to the wires does not 
form1 a perfect alloy with the aluminum, but tends to settle in spots 
in the wire bar. These spots are hard and brittle, and the wire is 
very apt to break at these points.

The use of alloyed wires has, however, been abandoned, and all 
wires sold at present are commercially pure aluminum. The results 
obtained have been very gratifying to the manufacturers.
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93NOTES ON ALUMINUM CONDUCTORS.

The following figures are from tests made by the Pittsburg 
Eeduction Co.:

Reduction 
in Area 

Per Cent.

Estimated 
SafeWork- 
ing Load

Average of tests on wires J " to J *
diameter (wire as drawn)................

Same annealed....................................
Average of tests on wires T*e" to 3*5 "

diameter............................................
Same annealed........................... .

58.46%
65.57%

68.00%
62.00%

4500
4500

12000
7000

The tests were made on No. 1 quality aluminum, all over 98% 
pure. Annealing renders the îvire more pliable, and more easily 
handled.

The practice of the company at present is to make all line con­
ductors up in the form of cables. The reasons arc two-fold. First, 
any weakness in one strand, due to hard spots caused by the concen­
tration of impurities, does not endanger the whole cable. By strand­
ing the conductor there is only a small chance of these brittle places 
coming together in the cable, and thus though one strand may be 
weak, the strength of the whole section will not be greatly affected. 
The second reason for stranding line conductors will be apparent by 
referring to the table just given. The higher tensile strength in 
the smaller size of wire is quite marked.

Up to No. 8 B. & S. 3-strand cables are used. For No. 6 B. & S. 
either 3 or 7 strands ; and the number of strands is increased for 
sizes still larger.

Comparing the tensile strengths of copper and aluminum, Dr. 
Kennelly’s tests for the Bay Counties Co. of California gave an aver­
age of 33,000 pds.persq.in. as the ultimate strength of the aluminum 
wire used. The strength of soft drawn copper is given by Roebling 
as 32,000 to 36,000 pds. per sq. in., and 45,000 to 68,000 for hard 
drawn wire. In comparing, however, we must remember that for 
the same conductivity an aluminum conductor must have a cross- 
section 1.6 times that of copper.

The elastic limit of aluminum is not very well defined, for the 
reason that the wire takes up a permanent set at very low strains.
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94 notes on aluminum conductors.

It appears, however, that somewhere between 14,500 and 17,000 
(according to Dr. Perrine) this permanent set increases rapidly,’ in­
dicating that the safe working load lies within these limits.’ In 
one respect this tendency to elongate is an advantage, since it 
counteracts to some extent the effect of the large co-efficient of 
expansion referred to later. For instance, a span drawn up in the 
summer, so as to allow but little sag, might break under the heavy 
strain due to the contraction in cold weather were it not for the 
stretching of the wire. It is necessary to exercise care in erecting 
aluminum spans to avoid reducing the cross-section in drawing up.

Under these conditions copper is much better, though soft- 
drawn wire has the same

2

tendency. The percentage elongation in 
hard-drawn copper is very slight, but a loss of about 2% in 
ductility can be counted upon, due to hard-drawing.

con-

Expansion.—British Board of Trade gives the following fig 
Co-efficient of expansion (linear).

0.00001234.

0.00000887.
i.e., expansion of aluminum is 1.39 times that of

ures :

Aluminum 
Copper... Per degree Fahrenheit, 

copper.
llius in climates subject to extremes of temperature greater 
must be taken in erecting aluminum lines to give them the 

proper sag. In this connection rather complete tests have been 
made by the Pittsburg Beduction Co. to aid their customers in the 
erection of lines. In a span the sag at any given temperature 
not be computed from the co-efficient " of expansion given above, 
since e\ery increase in the length of the wire due to rise of tempera­
ture causes a decrease in the tension of the wire. Supposing the 
stiain to be within the elastic limit, the decrease in tension 
a proportional decrease in length, so that it has been found that the 
ret expansion is about one-half what it would be if the wire 
supported throughout its whole length.

The method of determining the net expansion is as follows
Spans of different lengths are chosen and the wires fastened 

securely at one end. The other end runs over a knife edge to a 
spring balance. By a standard at the centre of the span the deflec­
tion is measured. The deflection being noted and also the corres­
ponding tensiçn, the wire is given more sag by allowing a length
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1261
1552
1822

602
628
755
041

1009
1256

1039
1215
1393

781
933

1120
1390
1630
1930

Hè
U*
17*
21Ï
25*
28*

961
1202
1400
1788

10
12*
15tf
18*
21*
24*

1660
2083
2500
3038
3643
4206

181
22*
27*
3411
802
45*

527
658
792
987

1152
1316

151
19
22 À
288!
33*-
38*1

1176
1470
1768
2540
2576
2947

80 12940 
100 12940 
120 12940 
150 12940 
175 12940 
200 12940

680
869

1022
1265
1488
1672

Electrical Properties.—The conductivity of the Pittsburg Reduc­
tion Co.’s wire has been given as between GO and 61 in the Matthies- 

seale, though within the last few months the writer understands 
that this has been increased to 62 through improved methods of 
treatment. Annealed copper averages a conductivity of 99, and 
££=1.G is the ratio of the specific conductivities.

sen

It will be remembered that in the B. & S. gauge this 
corresponds very closely to r4, where r (1.12) is the ratio be­
tween the diameters of any two consecutive sizes. Thus a conveni­
ent rule for determining the equivalent of copper wire of any

s X ' S XX S X s X 8

40° 50» 60» 70° 80» 90»

Span SX SX SX X SXS X s

t= -20° F 10° 0® 10» 20° 30»

NOTES ON ALUMINUM CONDUCTORS.

corresponding to the linear expansion for any desired rise of tem­
perature to pass over the knife edge. Then the deflection and ten­
sion are again noted. Thus the conditions of the wire over a wide 
range of temperature can be determined.

The table gives the results of a series of such tests.

TABLE OF DEFLECTIONS AND TENSIONS FOR ALUMINUM WIRE.

span; S = Factor, which multiply by weight 
of foot of wire to obtai.i tension. Maximum Load = 15,000.

95

X = Deflection in inches at centre of
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number is to take the aluminum wire two sizes larger. Forgauge
example, No. 00 copper has a conductivity equal to No. 0000 
aluminum.

For equal conductivity in a given transmission the weights of 
copper and aluminum required will be as 1 : Ha

Effects of Alternating Currents.—The self-induction and capa­
city of a transmission circuit depend upon the ratio of the diameter 
of the conductors to the distance between them. For the same 
conductivity the diameter of an aluminum wire is roughly 26% 
greater than that of a copper wire. Hence we can say:—

(а) If the aluminum wires are 26% farther apart than the 
copper wires, the capacity and self-induction will be the

(б) It can also be shown that if the wires be the same distance 
apart that the self-induction of the aluminum circuit will be de­
creased from 3 to 5%, and its capacity increased by about the same 
amount as compared with a copper circuit of the same conductivity.

Skin effect—or the tendency of an alternating current to flow near 
the surface of a conductor, thus increasing its effective resistance. 
This effect is almost always negligible with frequencies ordinarily 
employed in transmission work, the increase in effective resistance 
being only 54% for a 54-in. copper wire at 60 cycles. Skin effect is 
proportional to the square of the frequency and cross-section, and 
inversely proportional to the square of the specific resistance, hence 
for aluminum' and copper wires of equal conductivity the effect is 
the same since the cross-section and specific resistance are increased 
in the same proportion.

From the above it would appear that so far as the effects of 
alternating currents are concerned, there is little to choose between 
aluminum and copper. Any difference in their behaviour is in 
favour of aluminum.

The temperature co-efficients of resistance are about the same, 
viz.:—Aluminum, .00214 per degree F.; copper, .00217 per degree F.

Chemical Properties.—When we consider the chemical properties 
of aluminum we are confronted with a serious difficulty, namely, 
the joint problem. With copper, good permanent joints equal in 
conductivity to the wire itself can readily be made by soldering, but 
the soldering of aluminum is such a difficult and uncertain operation 
that it is almost impossible to carry it out in line work.
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This difficulty in soldering may be attributed to three
(1) Aluminum is very highly electro-positive, in fact 

positive than any of the commercial metals. Consequently it oxi­
dizes very 'readily, and its surface is always coated with a thin film 
of Al2 03, which has to be removed to effect a soldered joint. Or­
dinary fluxes have no effect, as the oxide film forms as fast as it is 
removed. The usual method employed is to use a solder of such a 
composition that it contains its own flux, and thus the removal of 
the oxide film and the “ taking hold n of the solder are simultaneous.

(2) Owing to the high specific conductivity for heat of alum­
inum1, it requires a very high temperature to effect a joint. Also 
while solder combines with copper at 460° F, over 650° F is required 
to make a combination with aluminum.

(3) The fact that aluminum is so highly electro-positive is the 
cause of galvanic action between the metal and its solder, unless 
the solder be very near aluminum in the electro-chemical series. 
A few days in water will render useless many an apparently good 
joint.
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The solder recommended by the Pittsburg Reduction Co. is that 
proposed by Mr. Joseph Richards, and is also that used by nearly 
all the manufacturers of aluminum in Europe.

Its composition is:—29 parts tin,
11 parts zinc,

1 part aluminum,
1 part phosphor-tin.

The superiority of the solder seems to be due to the phosphor- 
tin. The parts are heated and the melting stick of solder rubbed 
hard over the surface to remove the film of oxide. While the solder 
is still fluid the surface is rubbed with a metal brush to ensure a 
thorough combination. After the pieces are tinned as above, pure 
block tin is used to sweat them together. As it is impossible to 
cause jthe solder to How into an aluminum joint, the tin must be put 
just whêre it is required.

While the above process appears to be fairly simple, unless the 
work is done by an expert, the joints are seldom satisfactory. Con­
sequently in nearly all lines recently erected mechanical joints have
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with sleeves; then all that is necessary in the erection of the line is- 
to couple these sleeves together by means of the right and left hand 
connector 1. Fig. 3 is called the wedge joint. The ends of the 
cables are passed through the sleeves 2, and the strands spread by 
the conical wedges 3. The coupling 1 is now screwed on, and as the 
hases of the wedges are pressed together the wires are pressed more 
firmly against the conical recess in the sleeve. Both of the latter 
forms of joint are quite largely used, the compressive joint being 
the more common.
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been used, and as far as can be learned they have proved quite
cessful. Several forms of mechanical joints are given below:_

Fig. 1 is an aluminum sleeve employed for sizes up to No. 000. 
The ends of the wire are inserted and the whole is twisted through 
three or four turns. Fig. 2 is known as the compression joint, and 
consists of three parts. The cable ends are inserted in the sleeves- 
2 and 3, and held in place by hydraulic pressure. This is usually 
done in the factory, both ends of every coil sent out being furnished
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The action of gases and vapors upon aluminum wire is still 
rather a moot point. While the manufacturers claim that the metal 
is quite equal to copper in its non-corrosive properties, investiga­
tions of Kershaw in England show that the wire is corroded by the 
sulphurous vapors of a city and by hydrochloric acid. It is perhaps 
hardly fair to judge the American product by the results of Ker­
shaw’s tests, as his experiments were with heavily alloyed wire of 
51% conductivity. It might be said also, that the tests were con­
ducted at St. Helen’s, which is the centre of large chemical industries. 
A less favourable place could hardly have been chosen. The action 
of hydrochloric acid is not as great as might be expected, protection 
being aiforded by the coating of Al2 03 which always covers the wire. 
The manufacturers claim that no corrosion takes place on wires 
exposed to the salt air along the coast.

The galvanic action of aluminum in contact with nearly all 
metals makes it important that all tics, joints, etc., be made of the 
same metal. The resistance to corrosion is decreased by small per­
centages of impurities, notably silicon and iron, which arc difficult to 
remove. Sodium is also most harmful. The Pittsburg Reduction 
Co. attribute nearly all failures from corrosion to the presence of 
these metals.

To sum up- what has been said, weight for weight aluminum has 
about double the conductivity of copper, with a tensile strength 
about 90% that of soft-drawn copper or 60% that of hard-drawn 
copper. The weakening tendency of impurities is overcome by the 
use of stranded conductors. It is possible to use longer spans for 
aluminum wire on account of its lightness.

On the new Niagara-Buffalo aluminum line the poles are 113 
feet apart, against 75 ft. spans on the copper line. Thus a saving 
of about one-third on the poles and insulators was effected.

Chemically the balance seems to be in favour of copper, though 
the aluminum lines already in use have not been in position long 
enough to give any definite information on this point. The joint 
problem has been satisfactorily solved by the mechanical contriv­
ances described. With aluminum we have reduced freights and 
gain in the matter of distribution and handling. It is claimed also 
by those who have used aluminum, that the labour in erection is 
materially less than where copper is used. The wire can often be

suc-

300.
ugh
and
3ves
ally
hed

1

1

X)

e is.
and
the
by

the
lore
tter
ling
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strung along the ground and carried upon the poles on a man’s 
shoulder. It is said also that the care necessary in giving the proper 
sag has been exaggerated.

Aluminum is not so well adapted for other branches of electrical 
work, except perhaps for bus bars, where it has been quite extensively 
used. The large cross-section, as compared with copper, makes its 
use for armature conductors and all windings where space is an im­
portant factor, almost prohibitive. It has replaced brass in the parts 
of many electrical measuring instruments, and has also been recom­
mended lor spacing blocks in iron cores. The large section makes 
insulation of aluminum conductors more expensive, and the finished 
wire is very bulk}'. Mr. Steiametz says that aluminum has not 
proved successful for commutators. There are many other minor 
uses to which aluminum has been put, too numerous to mention here.
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THE BEHAVIOUR OF STEEL UNDER STRESS.•ch­

its
im-

Professor C. H. C. Wright, B.A. Sc.irts
nr-
kes While discussing with one of the members of the Council of this 

Association the results of certain experimental work of the post­
graduate year at the School of Practical Science, I was induced to 
pr mise a paper on the behaviour of steel under stress, and in its 
preparation I have kept in view the younger members and students 
of the Association,

Inasmuch as the use of steel has completely revolutionized 
methods of construction and plan, its effect should be and is appar­
ent in the design, not, however, to the extent the material deserves. 
It has been the custom for years to use rolled shapes, rivets, and 
joints of an engineering type partly because this branch of the work 
has been generally relegated to the engineer, and partly because 
most of the steel work is hidden. Is not much of it hidden because 
it is considered unsightly? Why should not the parts exposed to 
view- be aesthetically treated and the shapes receive architectural 
attention.

bed
not
nor
"re.

It has always been considered necessary to study carefully the 
properties of other building materials. The successful treatment of 
granite shows boldness or vigor; of marble, delicacy or refinement; 
of sandstone, elaboration; of terra-cotta, repetition, etc.

While steel has been used very largely during the last decade, it 
will be used much more extensively in the immediate future. It 
becomes desirable that the members of our profession should, and 
imperative that the younger members shall, observe closely the 
peculiar properties and behaviour of this important material in 
order that it may be treated satisfactorily in design as wrell as in 
construction. It ought not and cannot be left to the engineer.

Note. —This is a paper read by Professor Wright before the Annual Conven­
tion in January, 1902, of the Ontario Association of Architects.—Editor.
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102 THE BEHAVIOUR OF STEEL UNDER STRESS.

Another difficulty that might he mentioned is the action of fire 
on steel. Serious as this difficulty is from the point of view of 
design, it must be met frankly and not forgotten that this very same 
property enables it to be rolled and worked into shapes economically.

Interesting as this line of thought is, we must turn our atten­
tion to the more elementary stages and consider a few of the pro­
perties of steel.

Suppose a steel rod (usually 24" long) is placed in a testing 
machine and a load applied so as to produce tension in the rod. 
Now if measurements of the lengths of a part of the rod (usually 
8") are made, it will be found that for every load applied or stress 
induced there is a corresponding change in length, a deformation or 
strain; further, that when the load is removed the load will regain 
its original length.

There is a point, however, beyond which this is .not true, or 
where the deformation or strain is not constant for equal increments 
of load or stress. Below this point steel is elastic, while beyond it it 
is plastic. The point at which this change occurs is called the 
elastic limit. If. however, a piece of steel be stretched (strained) 
beyond the elastic limit, and the load removed, it will contract more 
or less, but will not regain its original length.

The measurements of deformation or strain, which must be 
accurate to the nearest 1-10,000 of an inch, are made with an exten- 
someter of which this Kiehlc Yale represents a very satisfactory 
type. As will readily be seen, the points of the screws which fasten 
it to the specimen are held rigidly 8' apart. After fastening it to 
the specimen, the bar connecting the two heads is removed, and 
the two micrometers are read or set at zero (the contact being deter­
mined by the ringing of an electric bell on the closing of the cir­
cuit by the contact). A load is next applied to the specimen, and the 
micrometers arc again read, the difference between the two sets of 
readings giving the deformation or strain corresponding to the load 
or stress. If the stress be doubled the micrometers will show that 
the strain has been doubled. As the stress is increased it will be 
found that equal increments of load will produce equal strains so 
long as the steel remains elastic, or in other words within the elastic 
limit.

V

If these measurements were continued and the resultant stress 
strain curve drawn, plotting the loads as vertical ordinates, and theJ;
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THE BEHAVIOUR OF STEEL UNDER STRESS.

strains as horizontal abscissa, it would resemble O A B C of the 
accompanying figure.

In the complete curve there are four significant points, viz., 
the true elastic limit, A; the apparent elastic limit, B; the ultimate 
strength, C; and thq breaking point, D. From 0 to A the ratio of 
stress to strain or load to deformation is constant and the curve 
becomes a straight line. Between A and B the ratio of strain to 
stress increases slightly, -while at B a very marked change takes 
place, hence the term “ apparent elastic limit.” Micrometer meas­
urements of the length are not necessary to determine this point, 
and consequently it is widely used in commerce, and is often spoken 
of as “ the commercial elastic limit,” or often merely “ elastic 
limit.” Beyond the elastic limit the material continues to increase
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in length as additional loads are added until it reaches its ultimate 
strength, when it begins to fail. It no longer continues to sup­
port the load, but stretches under a decreasing load and finally sepa­
rates under a greatly reduced one such as is indicated in our dia­
gram by the point D.

Specimen No. 1 is a mild steel made by the' open hearth pro­
cess and gave the following results when tested in tension. The 
length of the specimen was 24 inches and its diameter 1".015. 
Punch marks one inch apart were made along the rod. The speci­
men was then placed in the testing machine and subjected to ten­
sion. The load was gradually applied and the material elongated 
uniformly for a time until it reached a point where it stretched under
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104 THE BEHAVIOUR OF STEEL UNDER STRESS.

a constant load of 21,000 pounds, i.e., the commercial elastic limit of 
21,000-^-(1.0152x.7854) i.e., 21,000 divided by the cross-section of 
the rod or 27,200 pounds per square inch. The rod finally broke 
under a load of 37,700 pounds or of 37,700-h(1.0152x.7854) or 
47,200 pounds per square inch of its original cross-sectional area. 
On measuring the distance between two of the punch marks origin­
ally 8" apart (4 on each side of the break), it was found to be 11.08" 
long, i.e. the steel had an elongation in 8" of 38.57<>. Collecting we 
have :—

Commercial elastic limit
Ultimate strength...........
Elongation in 8 inches...,

.27,200 pds. per sq. in.
47,200 
88.5%

The following measurements made on this specimen will show 
perhaps more clearly the elasticity of the material.

Stress in Pounds 
Load in Pds. per sq. inch.

1,000 
2,000 
3,000 
4,000 
5,000 
6,000 
7,000 
8,000 
9,000 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000

Extensometer
readings.
8.0005
8.0009
8.00125
8.00160
8.00195
8.00225
8.0026
8.00295
8.00325
8.00355
8.0039
8.00425
8.00455
8.0049
8.0052
8.00555

Deformation 
or Strain.I

1237 0.0005
2474 .0004
3711 .00035

.00035

.00035

.0003

.00035

.00035
.0003
.0003
.00035
.00035
.0003

4948
6185
7422
8659
9896

z11133
12370
13607
14844
16081
17318
18555
19792

.0003

.00035

.0003

On drawing this stress strain curve, plotting the stresses as 
vertical ordinates and the strains or deformations as horizontal 
abscissae, we get the following diagram.

The complete stress strain curve is given in Fig. 2.

Specimen No. 2 of Milo Steel, madp by the open hearth pro­
cess, gave the following results in tension:—

Length of specimen,....
Diameter of specimen,.
Apparent elastic limit..
Ultimate strength.........
Elongation in 8 inches,

.......... 24 inches.
.. .1.015 inches.
27,000 pounds per square inch.
. .47,500 pounds per square inch. 
....38.0%

y

X

r

to



1

THE BEHAVIOUR OF STEEL UNDER STRESS.

if
f

:e
r
i. 17000

L-

13000

e
IQOOO

13000

-V12000

V» * 
4*•0 f \%

/
/OOOO
/

Aeooo

7000

4 *■)
? -7
iff

<000 z

// Strt33 Strain Diaçmirr 
Showing tho C/aslîc Piv/»*rtin 

o/
WM STh!

Sooo

4»«*>

3000

2000z
1000

I,

Fig. 1.

Stress in Pounds 
per Square Inch.

Extensometer
Readings.

.27135

.27185

.27235

.27265

.27290

.27325

.27355

.27395

.27430

.2746

.2749

.2753

.2756

.27585

.27655

.27655

.2769

Load. Elongation.
0 0IS 1000 1237

11ll 2000 2474
3000 3711
4000 4948 1 ’61855000
6000 7422

86597000
> 98968000

9000 11133
12370
13607
14844
16081
17318
18555
19792

10000
11000
12000
13000
14000
15000
16000
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106 THE BEHAVIOUR OF STEEL UNDER STRESS.

Specimen No. 3 mild steel made by the Bessemer process gave 
the following results in tension:

Leugth of specimen...
Diameter of “
Apparent elastic limit 
Ultimate strength 
Elongation in 8" .

Load.

4
t;24"

.1.0155
29,500 pds. per sq. in. 
46,400 
40% .

c

l

Stress iu pds. 
per sq. iu.

Micrometer
Headings.

.5578
.5581
.5586
.5591
.5595
.5599
.5602
.5606
.5609
.5612
.5616
.5620
.5624
.6627
.5629
.5632

Elougatiou.
F

1000 1229 .0003
.0008
.0013
.0017
.0021
.0024
.0028
.0031
.0034
.0038
.0042
.0046
.0049
.0051
.0054

11
2000 2457 t3000 3685
4000 4914
5000 6145
6000 7371
7000 8600
8000 9828
9000 11050

12290
13510
14740
15970
17200
18430

10000
11000
12000
13000
14000
15000

Specimen No. 4 of machine steel gave the following results in
tension:

Length of specimen .. 
Diameter of specimen 
Apparent elastic limit , 
Ultimate strength .... 
Elongation in 8 inches

24 inches. 
1.014

100,600
16.5%

Stress in Pounds 
per Square Inch.

Extensometer
Readings.
.3837
.3940
.3844
.3848
.3852
.3856
.3860
.3864
.3868
.3872
.8876
.3879
.3883
.3887
.3890
.3394
.3897
.3901
.3904
.3908

Load. Elongation
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19,000
20,000

1273
2547 .0003

.0007

.0011
.0015
.0019
.0023
.0027
.0031
.0036
.0039
.0042
.0046
.0050
.0053
.0057
.0060
.0061
.0067
.9071

F3820
5093 r
6366
7640
8913 V

10190
11460
12730
14010
15280
16550
17830
19100
20370
21640
22920
24190
25470

f
V

s

F
c
0

i

I

5
5R

S
■

. ; s
er

t-



Of

107THE BEHAVIOUR OF STEEL UNDER STRESS.

Figure 3 is the stress strain diagram of specimens Nos. 2, 3 and 
4 within the elastic limit. Allowing for reasonable errors of observa­
tion, the line joining the plotted points is a straight line showing 
conclusively that steel is within these limits perfectly elastic.

Before looking, at the classification of steel, let us examine very 
briefly its composition and process of manufacture.

Cast iron, as you will remember, is a combination of from 2 to G 
per cent, of carbon with iron. The large amount of carbon deter­
mines its charasteristic features or behaviour. Wrought iron is 
the product resulting from the removal of carbon from cast iron. 
This leaves with the wrought iron such impurities as sulphur and

ive
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phosphorus. When these are present in too large quantities they 
render the iron red short or cold short respectively.

Steel is a combination of iron with a percentage of carbon 
varying from minute quantities to as high as 2%. It is manu­
factured in the three following ways, viz.—1. By adding carbon to 
wrought iron—the product of such process being known as crucible 
steel. 2. By removing carbon from cast iron—the product of this 
process being known as Bessemer steel. 3. By melting together 
cast and wrought iron—-the product of this process being known as 
open hearth steel.

Cast iron is hard and brittle and can be moulded, while wrought 
iron is soft and ductile and can be welded. Steel is unlike wrought

-
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strength they may vary from 40,000 to 200,000 pounds per square 
inch.

It is now customary commercially to classify steels either accord­
ing to their properties or uses. In the one group there is mild, 
medium or hard steel, while the other classification includes rivet 
steel, boiler plate, structural, machine, tool and spring steel, etc.
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iron in that it is fusible, and unlike cast iron, it can be forged, and 
with the exception of high grades, it can be welded. In addition to 
these advantages the higher grades can be hardened and tempered.

The term steel is applied to a class of materials which cover a 
very wide range of properties. One particular grade may be soft 
and ductile while another is quite hard and brittle. In tensile
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The following table gives a few of the characteristic physical 
properties of these different classes:—

ltivet steel should be ductile rather than strong and should 
have an ultimate strength of 40,000 to 55,000 pounds per square 
inch; elastic limit, 30,000 to 45,000 pounds per square inch; elonga­
tion in 8" = 25 co 35%.

Boiler plate—Ultimate strength 50,000 to 65,000 pounds per 
square inch; elastic limit, 30,000 to 45,000 pounds per square inch; 
elongation in 8" = 25 to 30%.

Structural steel—Mild, ultimate strength 40,000 to 55,000 
pounds per square inch; clastic limit, 25,000 to 43,000 pounds per 
square inch; elongation in 8" = 25 to 35%.

Medium—Ultimate strength, 55,000 to 70,000 pounds per 
square inch; elastic limit, 35.000 to 45,000 pounds per square inch; 
elongation in 8" = 20 to 25%.

Machine steel—Ultimate strength, 80,000 to 110,oOO pounds 
per square inch; elastic limit, 55,000 to 70,000 pounds per square 
inch; elongation in 8".

Tool steel and spring steel—Ultimate strength, 120,000 to 200,- 
000 pounds per square inch.

The standard specifications for structural steel proposed by 
committee of the American Society of Civil Engineers in 1896 is 
follows :

a
as

Lbs per sq. in.
Tensile strength low steel 60,000 + 4,000 

“ medium 65,000 + 4,000
“ high 70,000 + 4,000

Elastic limit 55% of the ultimate strength of the specimen. 
1,500,000

Per cent, elongation in 8 in. =
Ultimate

2,800,000
Per cent, redaction of area =

Ultimate

Bivet steel when heated to a low cherry-red and quenched in 
water at 82° Fahr., must bend to close contact without sign of frac­
ture. Specimens of low steel when treated and tested in the same 
manner must stand bending 180° to a curve whose inner radius is 
equal to the thickness of the speimen, without sign of fracture.
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THE BEHAVIOUR OF STEEL UNDER STRESS.110

Specimens of medium steel as cut from the bars or plates and 
without quenching, must stand bending 180° to an inner radius of 

times the thickness of the specimen, without sign of fracture. 
While those of high steel, also without quenching, must stand bend­
ing 180° to a radius of twice the thickness of the specimen without 
sign of fracture.

In connection with the latter part of this specification, the fol­
lowing test may be interesting and instructive.

I
*

hearth and the other ofTwo specimens, one of mild open 
machine steel, were heated to a cherry-red, quenched with water and 
tested with the following results:

Elongation 
in. 8"

____38.5%
broke in strips
....21%

Elastic limit 
pds. per sq. in.
....27,200...
....43,000...
....55,600...
....60,500...

Ultimate strength 
pds. per sq. in.

....47,200 ..........Mild steel
Mild steel hardened...............62,200.

83,900.Machine steel... 
do hardened

"While almost every specification mentions maximum and mini­
mum tensile strengths, it is very seldom that mention is ever made 
of the compressive strength, although the material is used quite as 
frequently in compression as in tension. This is because the ulti­
mate strength, elastic limit and deformation or strain are more 
readily determined in tension than in compression, and because the 
results in tension are the same as those in compression.

Under a uniformly increasing load steel in compression con­
tracts uniformly within the elastic limit, which fortunately is the 
same as that for tension. When the load increases beyond the 
elastic limit the material simply spreads and increases the area of 
its cross-section indefinitely, so that in compression steel has no 
ultimate strength. This is well illustrated in the following speci­
mens, originally 2 inches long, which were subjected to a load of 
170,000 pounds each.

Specimens numbered 1, 2, and 3, arc wrought iron, made in 
Sweden, England and Ontario respectively; while numbers 4, 5, and 
G are mild steel open hearth, mild steel Bessemer, and machine steel. 
Those specimens which are cracked open or are ctcheu show very 
c'early the flow of the material under the stress.

2%106,000

H
 

r-.-
~



loci.
and

1 in

and 
s of 
;ure. 
3nd- 
iout

very

THE BEHAVIOUR OF STEEL UNDER STRESS. in

-—l,
' ;

(rlnjalt ShHrffh "» /OO.hûo fids Sf h/ /Z/onfcJtQrj in 6“ •> /<•*

£.fo*ga.r.<,i, ft* , *o V0

ri-Usa
ISBto

/>>««■#/
£/onga.nt,n ft* ,Ü/tinffti. SlhyH . 97.M0 • *7.*00C

trips

:lw lu IÜ
*</.«« oWty z •,/.«/» <,.«,/•>* Z,e.»» /.«„/;*

1M 3r*{ V# 5W VkcS/r* Ja,,/

iini- 
lade 
3 as 
ilti- 
îorc JifSSHptr
the

ou

■

ïon-
the
the

i of
no

icci- 
1 of

a." * / : o/*>y 73 x />J
\tfrougfrt hop Lomyoov

/

1

o

^ r
t.o

pP3



THE BEHAVIOUR OF STEEL UNDER STRESS.112

k
KSSmefis-■ *-**•. ' • ■

Z'a /-00&04/Ô > /-6tr
i

Wrought hog 3 wtdt

:

Hggft ;;4'J
*

■

v/rouybï hoy Ca.17a.diay
0 609 A /”«<

k •

1

■iv" > •>*

1

w

r
1.
.. i1

 1114
- - -

-IS

3L



113THE BEHAVIOUR OF STEEL UNDER STRESS.

The stress strain diagram for steel in compression when the 
stress is determined by dividing the load by the original cross- 
sectional area is as indicated in the annexed diagram, Fig. 4.

These compressive tests were made on a Riehle 200,000 pounds 
machine, and as the screws were kept running at a uniform rate, a
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set of readings of the times required to produce the stresses were 
registered on a chronograph simultaneously with the measurements 
of the deformation or strain. On plotting from these results the 
stress strain curve and the stress time curve, it is found that they 
were identical when the scales correspond.
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BRIDGE FOUNDATIONS AND ABUTMENTS. t

J. Herbert Jackson, O.L.S., *03.

The information for the following paper was gathered last sum­
mer from work on which the writer was assistant in charge under 
C. H. Mitchell, C.E. It is intended as a descriptive paper, only such 
technical questions being taken up as are thought to be of interest 
to those unfamiliar with this class of construction.

The work comprised the building of two highway bridges to re­
place old ones over the Welland River, at points five and eight miles 
respectively above the town of Welland. The contractor under­
took to remove the existent structures and erect others as per plans 
adopted. The cost of each bridge complete was $6,000. This in­
cluded all work necessary to make the highway passable and ready 
for use by the public.

Looking at the problem from an engineering point of view, it 
resolved itself into designing a bridge for general highway use which 
would clear the stream in a single span. This length proved to be 
134 feet from centre to centre of end pins. The apprôaches were 
to be earth embankments with the surface macadamized for a dis­
tance of 200 feet in each direction. The conditions of the soil, etc., 
on the sites of the bridges were found to be precisely similar, as was 
also the length of span, so that the two bridges could be built from 
practically the same set of plans. At the points selected the banks 
of the Welland are of a soft, black, porous earth on top of plastic clay, 
and in no way capable of sustaining a load except by piling for the 
foundations.

The stream is very sluggish, even running back on itself when 
the waters of the Niagara River are high. This seemed to comprise 
the total of the information at hand.

From these facts it was decided to put in a steel superstructure 
with abutments of concrete.

(
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115BRIDGE FOUNDATIONS AND ABUTMENTS.

PILE DRIVING.

The question which now came up was the number, spacing, etc., 
of the piles, and was worked out as follows:—The bridge selected 
was one of 16 foot roadway and was to withstand a dead load of 600 
lbs. per lineal foot, and a live load of 1,200 lbs. per lineal foot. The 
weight of bridge designed for these loads was 132 tons, or 61 tons 
weight to each abutment. The form of abutment gave a content of 
90 cubic yards. This amount of concrete, at an average of 4,000 
lbs. per cubic yard, made the weight of an abutment 180 tons. To 
this was added 36 tons for transferred earth pressure and miscel­
laneous load. Thus the load for each abutment was:—

Superstructure............
Content of abutment 
Miscellaneous .......... .

I

n-
er
eh

61 tons. 
180 tons. 

36 tons.

st

e-
es Total 277 tons.
;r- To support this it was thought that thirty-seven piles would be 

sufficient, and assuming the load to be uniformly distributed each 
pile had a load of 7.5 tons.

ns
n-
dy The formula for driving the piles was taken from- the Engineer­

ing News.
it 2 WhL = ‘ch

S + l.be Where Lc=safe load in lbs.
W=weight of hammer in lbs. 
h=fall of hammer in feet.
S=penetration in inches at last blow.

In using this a factor of safety of 4 was assumed.
The safe load on each pile was then 7.5X4=30 tons=60,000 lbs. 
The weight of hammer used was 2,600 lbs., and the fall was

re
IS­

C',
as
>m
ks
iy.
he 30 feet.

To find S.
2 x 2600 x 30 

S+l
In the specifications, 1.5 inches was the maximum penetration 

allowed at the last blow.
In construction it was found that on both abutments of one of 

the bridges the centre piles gave a greater penetration than the

en 1 6 inches.or S60000 = — -
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116 BRIDGE FOUNDATIONS AND ABUTMENTS.

above, and it was necessary to add eight supplementary piles to each 
in order to come up to requirements. These were necessary by 
reason of the clay being much less solid than was anticipated from 
tests.

The addition of the eight piles made the strength ample for the 
weight to be sustained.

The driving of the piles was accomplished by sinking a coffer­
dam about the space to be occupied and pumping out, when the 
usual method of drop hammer was used. The piles were banded to 
prevent brooming at the ends.

GRILLAGE AND PLATFORM.

On the top of piles sawed off true and level at two feet below 
low water mark was built a grillage of sound white oak timbers. 
These were 10\12 and had a full bearing on each pile and drift 
bolted with J-inch bolts with upset heads, driven flush. The grill­
age timbers supported a platform of white oak 5 inches thick. This 
was kept dry by the coffer-dam, which, being left in place, also acted 
as a protection after completion.

CONCRETE.

The concrete was laid on these platforms in molds built to the 
form of the abutment. The composition of the concrete for the 
interior of the abutments was in the proportion of 1 cement, 2.5 
sand, 5 broken stone. The proportions for the weather surface to 
a depth of 6" was 1 cement, 2 sand, 4 broken stone.

The forms for the concrete were held perfectly solid by means 
of rows of wires placed in at every three or four lasers of concrete 
and fastened to the outside of the form. In this way, when one side 
of the form was made solid the other could not move. In removing 
these forms it was only necessary to cut the wires, leaving them in 
after trimming off the ends. All corners and angles were bevelled 
so as to give the finished abutment a neat appearance.

In mixing it was required that the cement and sand should be 
mixed dry and then water added. Finally the stone, which had been 
previously wetted, was added, and the whole thoroughly mixed.

This concrete was placed in 8" layers ; in placing the concrete in 
the forms jthe weather surface was mixed and thrown in close to the 
mold from the platform above. In this way the mass was pretty
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117BRIDGE FOUNDATIONS AND ABUTMENTS.

well compacted on reaching its position. This was done all round 
the edge and raked to a comparatively even surface. The interior 
portion was now added to the height of the weather surface, and the 
whole was thoroughly tamped and compacted. Layer after layer 
was added in this manner till the whole was completed. Just at 
the surface, bridge-seats of limestone were set for the truss bearing 
of the superstructure.

Great care had to be exercised to keep the whole mass of each 
abutment from slightly moving out of alignment, and the forms had 
to he checked on permanent plugs set on the bank at some distance 
back. As a final precaution, when one abutment wps complete the 
forms of the opposite one were checked on it so that if by any pos­
sibility it Had shifted, the second one might be made parallel to it, 
and thus we avoided trouble when the steel work was to be set.

APPROACHES.

The approaches were built on an easy grade up to the bridge 
roadway and had side slopes of VA horizontal to 1 vertical. The 
surface was of limestone, well compacted, to form a solid pavement, 
and brought to a true grade.

The posts of the fencing along the sides of the approaches were 
prevented from leaning by a wire placed under the macadam and 
tightly twisted.

The superstructure was finally erected when the abutments 
were completed. To temporarily support this a net work of piles 
and false work was erected across the stream and removed again on 
the completion of the bridge.
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THE COLLEGE GRADUATE AND HIS SPECIALTY.

C. H. Mitchell, B.A. Sc., C.E.
------  I

^he writer ha® 1,66,1 requested to prepare a paper on this subject in the hope 
that ,t may prove of service to students and graduates upon leaving college Tïe 
desire being to refer more particularly to Hydraulic Engineering this specialty

pri"c“”“ "°'"d *• <»
Not until quite recent years has the true place of a scientific 

school begun to be assigned in the education of the young engineer. 
While a quarter of a century ago it was generally admitted that edu­
cation in an engmeering school was good, but not a necessity, it has 
come of late to be generally considered an indispensable factor in the 
education of the engineer. This is so, not only in Canada, but 
throughout all other countries, where, during the past few decades, 
the industrial activity has been very marked.

Previously the early education of the engineer, in whatever 
branch he might select, was planned out for him, leading through 
long terms of pupilage in cngi leer offices, gaining experience through 

îe different steps of the work in the specialty or group of specialties 
to which he gave attention. The place of the school or college in 

ns course of training was more to serve as providing the necessary 
foundation of general education, as distinguished from a scientific 
education, and the student was expected to derive his scientific attain­
ment m a large measure from his experience and association with his 
comrades and superiors engaged in his engineering work, doin<r so 
by some means of absorption and example perhaps, more than bv 
special devotion to study and research. The result of this has been 
the production of the famous engineers of experience who have 
brought us to the modern civilization, who have learned „„ 
school, by nature’s hand, by success and failure. These are the

*h° h{lve enab,ed our modern schools to adapt the actual theory
and construction”1^ SC“WC *° ™" ,rork’ its

f

■ f

at nature’s
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undation, and, in some cases, a considerable portion of the technl-
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119THE COLLEGE GRADUATE AND HIS SPECIALTY.

cal education. Many of the leading schools have, of latter years, 
also provided a means of specializing in the engineering education, 
thus providing a means for the student to acquaint himself with not 
only the theoretical but also with much of the practical work of his 
chosen specialty. It does not follow, however, that the student 
graduating from a college in one of these engineering specialties can 
by any means be termed an expert, although there are some well 
known institutions which go so far as to lay claim to the distinction

“ Engineers ” in the full acceptation of

hope
The

ialty 
e for

of graduating its students as
the term. The writer believes that the principles laid down in con­
nection with the School of Practical Science and Toronto University, 
with reference to the engineering courses, meet the modern condi­
tions in an eminently satisfactory manner, 
pretend to do more than prepare the student in his theory and appli­
cation of the theory, to teach him to study and pursue research, and, 
to a certain degree, “ make him immediately useful when he corn- 

actual professional work.” Most engineering works, for the
are fitted, are such that

tific
eer.
du-

The school does nothas
the
but
les,

mences
design and construction of which students 
their magnitude and general nature render it impossible to study 
them in such a manner as is possible to students in other professions. 
Many colleges meet this by arranging excursions and tours of inspec­
tion to interesting engineering works, either built or under construc­
tion. These, however, cannot be classed as anything but object 
lessons, and while valuable as such, do not permit of that close 
insight into methods and design of detail which would be so valuable 
to the young student. This applies primarily to engineering works 
of large magnitude, but almost equally so to works of easier access, 
particularly of a mechanical nature, because of the inability of the 
student to get to the true inwardness of the work in the short time 
usually at his disposal. The Toronto courses do not follow this plan, 
but prescribe a much better means by encouraging the student to 

ploy his vacation periods in actual engineering service under what 
may be termed “ actual working conditions,” and in this way at onde 
render him in touch with the professional life. Carrying this still 
further, he is told, after ordinary graduation, to go out into the pro­
fessional world, having behind him his college or academic career 
with its primary scientific education, and its mere “ elements ” of 
preparation, and work with those who are designing and construct­
ing, learning all he can as well as he can. After three years of this
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120 THE COLLEGE GRADUATE AND HIS SPECIALTY

active life under working conditions, he is told to come back with 
his record, and the University is then prepared to call him 
Engineer.

The value of this programme of education is but partly appre­
ciated by the under-graduate in his early days at the college, nor is 
it to be expected that he should see it as do the older and experienced 
engineers who have, perhaps, learned their work without the ad­
vantage of the college education. The young man, upon graduation, 
has learned many of the things which the early engineer learned 
after years of experience, and has probably become in a few years 
much more conversant with his theory and principles than the older 
man, but he has still to learn those things which the latter learned 

.m his first six months. He has been taught to think and to reason, 
but he has yet to learn to work and to work hard, and incidentally 
to compute, design and superintend, to meet emergency, to become
a friend and a master of natire and her laws, and above all, to know 
men.

an

It is upon graduation that specialization usually manifests itself 
although in the college course the election of studies may have 
already determined it. However, in most cases the nature of the 
first few years out of college has all to do with the future line of 
work and may be considered to mould the taste or the talent of the 
graduate to this particular direction. It is at this time, perhaps, 
more than at any other, that this adaptability of the student to a 
particular line of engineering becomes apparent. All the professions 
have of recent years tended towards a division into specialties and 
he modern life is made up of the work of the expert to such an 

extent that even specialists employ other specialists on their work, 
this is equally true of the engineering profession, 
works the designers and constructors 
of experts in the several departments.
. S°me 6PeciaIists have for many years formed distinct branches 

o engineenng, and many of these have of late again been subdivided 
into others, each having its followers. That of hydraulic engineer­
ing ha8 existed for many years and has passed through many phases 
of interpretation. New lines of work have been added to it, and 
others have been removed, as for instance, that of sewerage, drainage, 
water works construction, etc., wnich are now usually classed with 
sanitary or municipal engineering, a new group. Of late years, and

and on all large 
are, in reality, a group or staff
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121THE COLLEGE GRADUATE AND HIS SPECIALTY.

particularly during the past decade, hydraulic engineering held a 
somewhat unique position and has consequently come to mean not 
only canal, river and harbour construction, with kindred works, as 
before, but water power development in all its branches. In the 
latter, such work in turn frequently calls for the employment of 
many other experts or special specialists, comprising mechanical, 
electrical, architectural, mining and sometimes chemical engineers 
in the varied classes of work required in water power construction 
for different purposes.

It is manifestly impossible, therefore, for the young graduate 
who desires to enter the field of hydraulic engineering, having in 
view the specialty of water power construction, to take it up as a 
single study in the same manner as one would many other lines. It 
is further evident that he must immediately upon leaving college, 
seek employment on works which will quickly put him in touch with 
this branch of the work. In this department of engineering, per­
haps more than any other, should the student follow the school of 
experience, outlined as being that in vogue before the days of the 
science school. It is only in this method of getting out into the 
actual work, that hydraulic engineering can be studied, for the 
dearth of literature upon the subject is very marked. Water power 
engineering in reality is a very new line, and previous to, say, twenty- 
five years ago, it was studied by scientific men to but a small extent. 
No doubt the perfecting of long distance electric transmission has, 
within recent years, brought the whole question very strongly before 
the engineering profession, and electricity and hydraulic work are 
now destined to be grouped definitely together. Owing to the recent 
growth of this branch, the literature on water power questions is 
nearly all in magazine and periodical form, while the manufacturers 
of machinery are adding quickly to it by advertising matter, in the 
form of experimental research.

The writer would advise graduates of the School of Practical 
Science, desirous of following this line, to obtain employment in, or 
at any rate to visit and carefully examine designs, methods of con­
struction and operation at water power centres, not only in Canad i 
and the United States, but if possible in Europe. America, while not 
in the lead in research in this branch of engineering, is doubtless 
destined to become essentially a water power or hydro-electric power 
using continent. Already hydraulic enterprise is far beyond that of the
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122 THE COLLEGE GRADUATE AND HIS SPECIALTY

old world, and Canada, on account of her vast power resource, is not 
tc be by any means behind in this progress. It is to Switzerland, 
Italy and Germany, however, that even yet we have to look for the 
lead in real scientific work, particularly under high heads. Nearer 
at home, however, the student should be acquainted with the char­
acteristics of the rivers, watersheds, falls, and physical features, the 
methods of development, the conditions of operation and mainten­
ance, and of the available markets for power generated, existing in 
the locality of each power centre. Grouped roughly, these centres 
might be said to comprise, in Canada : British Columbia, New Ontario, 
the “ Soo,” Niagara Falls, St Lawrence and Ottawa, Quebec, and as 
yet, to a small extent, several centres in the Maritime Provinces. In 
the United States are Massachusetts and Connecticut, which 
probably pioneers, New York State, with Niagara Falls and the 
Adirondacks, Minneapolis, Colorado, Montana and California, where 
the boldest transmission work has been attempted, and a few 
scattered centres in the south. All of these have their own distinct 
features, and each forms a special study in problems of high or low 
heads, large units, floods, ice, and cold weather conditions, trans­
mission or peculiarity of use.

n

are

The course to be followed by a student is plainly to gain experi­
ence by close association with power construction in several of these 
centres, and particularly in the designing and erection of new pro­
positions if possible. The graduate from college could expect to 
first obtain employment at tracing, or other subordinate work at 
which he must some time start, and if ability is displayed, it will be 
but a short time before he may assist in design of details, or if his 
inclinations are such, he may get “ out on the work ” as a field man 
or superintendent of construction. From this work his real experi­
ence will date, and his value as a specialist increase with time. If 
he applies himself to become thoroughly acquainted with all the 
details of the work from design to operation, he "should become very 
^luable in his one branch, commandin» high remuneration, and not 
requiring to seek his employment.

To conclude, there is but one school, and that is experience, 
and but one master, and that is nature. The student, though he be 
first man in his year at college, must expect to start the humblest 
scholar, but after, with opportunity and energy, he may hope to 
rapid promotion with golden opinions for himself and his work.

earn
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THE HYDRAULIC LIFT LOCK ON THE TRENT CANAL AT 
PETERBOROUGH.
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Walter J. Francis, C.E., M. Can. Soc. C. E., Assoc. M. Am. Soc. 
C. E., Division Engineer, Trent Canal.

are [The courtesy of Richard I>. Rogers, Esq., M. Inst. C. E., M. Can. Soc. C.E., 
Chief Engineer of the Trent Canal, in kindly permitting the writing of this paper, 
is thankfully acknowledged by the writer.]

PRELIMINARY.
The hydraulic lift lock on the Trent Canal has been considered 

worthy of a special paper owing to the fact that it is not only the 
only one of its kind on the American continent, but also because it 
surpasses in capacity and in height of lift anything of its type that 
has hitherto been attempted.

In order to get a clear idea of the route on which this lock is 
being constructed, it might be well to state that the Trent water-way 
consists of a series of rivers and lakes connected by artificial canals. 
It is intended to form a connecting link between the southern end 
of Georgian Bay, at Midland Harbour, and Trenton, on the Bay of 
Quinte, leading to Lake Ontario. This canal, which has been under 
contemplation for a great number of years, and which was originally 
selected by the Royal Engineers of England as the most practicable 
route between the upper lakes and the seaboard, is now being ex­
peditiously pushed forward by the Government of the Dominion of 
Canada, and several contracts have been let and many of them com­
pleted during the last six years. Of the the total length of 203 
miles, only about 33 require to be completed to furnish navigation 
throughout the whole distance.

Leaving Midland Harbour, where there is a depth of water of 
about 20 feet, the route is intended to pass by way of the River 
Severn into Lake Simcoe, this part of it as yet having had no work
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125HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

done on it. From Lake Simcoe, through the valley of the Talbot Fiver, 
Balsam Lake is reached, and from here access is had to a chain of 
magnificent lakes, many of which equal in grandeur of scenery the 
Thousand Islands. Leaving this chain of lakes the route enters 
the Fiver Otonabee, which is better known at its lower end as the 
Trent, passing through the town of Peterborough into Fice Lake 
and thence to the Bay of Quinte. The whole of the route passes 
through a fertile and progressive part of the Province, and, from a 
local point of view, will be of immense benefit to the inhabitants 
of these parts. Many towns of considerable size and importance are 
located along the route. The chief importance of the water-way, 
however, is thought to be its value for barge navigation, per­
mitting grain from the west to be brought in large vessels into 
Midland Harbour, here breaking bulk and unloading it into barges, 
which will be towed in lines of from two to six through this route 
down the St. Lawrence, to the ocean vessels in Montreal.

The works of the canal are being constructed in the most sub­
stantial and modern manner. The locks, with the exception of 
three, are of the ordinary type, and built entirely of concrete; some 
of them are said to have been the first of the kind in Canada. All 
the bridges are of steel, and very little timber is used in any struc­
ture above water level; so the entire work is carried out with the

The hydraulic lock, with which 
section of four miles of the canal

■ vv
'ii-m\

idea of complete -permanency, 
wo chiefly deal, is located in a 
which is built to overcome the obstructions to navigation found in 
the Fiver Otonabee where it passes the town of Peterborough and 
where there are many water powers in use for manufacturing pur- 

The total difference in elevation in this section is 77 feet.poses.
After leaving the river at the upper end about three miles and a 
half of canal is formed by short lengths of excavation and natural 
valleys until a slope of a hill is reached, where a difference in eleva­
tion of 65 feet is found in a distance of about 800 feet. Here the 
hydraulic lock is located and the difference in height overcome in 
one lockage. About a quarter of a mile further along the route 
has been built a lock of the ordinary type, which leads again into
the natural water.

The hydraulic lift lock is, theoretically, an automatic machine, 
and is devised to take the place of the ordinary lock, where great 
differences in elevation are found in a comparatively short distance.
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126 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

Ihe first lock of this type was built by the inventor, Mr. Edwin 
Clark, of Clark & Standfield, Hydraulic Engineers, London, Eng­
land, about the year 1872, in England, at Anderton, on the River 
Weaver, to connect the Trent and Mersey canals. While it differs 
somew hat in some particulars from the two other locks since con­
structed, it has answered its purpose admirably and has given no 
trouble. Ihe same gentleman has also built, or has been connected 
with the building of, a lock of much larger dimensions at Les 
Fontinettes, in France, and at La Louviere, in Belgium. The Bel­
gian Government has at present in some stage of construction four 
other locks of the same type. The chief dimensions of the Anderton 
lock are; lift, 50 feet; length of chambers, 75 feet; width, 15^ feet. 
The two locks already built on the continent, as well as those con­
templated, have a lift of about 50 feet, with chambers 140 feet 

19 feet wide, iyith 7 feet 10 inches normal depth of water.
With this contrivance a lockage is performed by the vessel float- 

ing into a box or tank of water which can be shut off from the adja­
cent reach. The box, with the water and the floating vessel, is then 
raised or lowered to the other reach, with which communication 
also be made. The power required to control the lowering, 
accomplish the raising, is obtained by having a similar box con­
nected with the other and balancing it. Each of the boxes is carried 
on the top of a ram working in a hydraulic press. The two presses 
are filled with water and

can
or to

connected by a pipe. The rams 
arranged so that when one is up the other is down. The uppermost 
box is made heavier than the other. When a valve on the connect- 
ing pipe is opened the heavier box in descending forces down its 

displacing the water from its press into the other press, making 
the ram protrude and carrying the lighter box up with it.

The manner of constructing the Canadian lock varies materially 
from those already built in about the same way that American prac­
tice varies from European, and so far as outward appearance is 
eerned, when the present work is finished, there will be little simi­
larity, although the principles necessarily remain the

are are

ram,

con-

same.

THE SUBSTRUCTURE.

As has been stated, the lock is located on a gradual slope. The 
excavation was begun in 1896. The exact point of location 
chosen so that an average depth of excavation of about 40 feet
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128 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

required, and the material thus obtained was used in forming 
embankment to complete the length of the upper reach. The 
remainder of the material required to finish this embankment 
obtained from the earth cutting above the lock.

The excavated material was found to be of a hard clay mixed 
with small stones and boulders undeSying a thin laver of fertile 
soil. At the northern end of the excavation, where it was a little 
the deeper, a small amount of hard-pan was encountered, and below 
this a shaly lime-stone rock. This rock was in layers of from half 
an inch to eight inches in thickness, between which were thinner 
layers of clayey and shaly material. The layers of rock, which 
of crystalline structure, stand the weather very well, but the shaly 
parts disintegrate very rapidly under the action of rain and frost.

The elevation at which this rock was found proved to be an 
exceedingly fortunate one, requiring as it did very little expensive 
excavation, and at the same time providing an excellent foundation 
for the heavy substructure and saving much concrete that would 
otherwise have been required for footings. It might also be added 
that the discovery of the rock was a pleasant surprise, as many 
common wells had been sunk in the neighbourhood to considerable 
depths without having encountered rock, and the borings made on 
the site had not been sufficiently extensive to discover it. The pre­
liminary plans were prepared for establishing the substructure 
earth. Before the work had progressed to any extent, however, 
extensive borings were made to determine the character of the under­
lying strata, in order that the contract for the wells, in which the 
large presses stand, might be let with some degree of certainty. 
One of the borings was made by a small horse-power machine to a 
depth of about 130 feet below the surface of the ground, and accurate 
notes, which have proven themselves correct in the work which has 
since been completed, were made as the borings progressed. The 
rock was also a decided advantage for the construction of the wells, 
which were about 80 feet deep. Its nature permitted it to be 
blasted and excavated with comparative ease, and no difficulty what-

experienced in making an excellent job of the excavation 
at a very small cost.

The foundations in the yvells require, as will be seen from what 
has been already said concerning the principle of the operation of 
the lift, that the utmost care be exercised in order that there shall

was

are

on

ever was

m
&

■■
■■

H

/
■—

r~
5

—
---------—

-------~=ia
/

Î



HYDRAULIC LIFT LOCK ON THE TRENT CANAL. 129
ning
The
was

be no failure at this place, the total weight of the lock chamber, 
with its burden, having to be supported on the comparatively small 
base which the well affords. Here again the rock proved of great 
value. 4 lie total load at the bottom of the presses is, in round 
numbers, 2,000 tons, a rather heavy load to trust on so small an 
•area of ordinary masonry foundation, and very much more than was 
considered advisable to put upon the somewhat poor quality of lime- 
si one found in the bottoms. On account of this rather excessive 
load and its uneven distribution at the press base, it was decided tp 
use blocks of granite so arranged as to distribute the pressure uni­
formly over a sufficient area of the natural rock to give a bearing 
which seemed favourable under the conditions, and further, in order 
that not the slightest risk should be run in incurring possible acci­
dent and consequently enormous expense, these foundations were 
dealt with liberally and more expensive stones were used than would 
probably be called for under other circumstances.
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The courses of granite were specified to be between 24 and 30 
inches in thickness, and some of the stones were 7 feet 6 inches 
square, gi\ing a weight (about 11 tons) requiring care in handling, 
and affording no little difficulties in the way of setting at such 
great depth below the surface. Three courses of granite have been 
laid and finished in the wells and a very satisfactory job has been 
made. The design of these foundations will be seen by reference 
to the drawing on page 131.

The walls of the wells are very regular and reflect credit on the 
man in charge of the work. By judicious arrangement of the 
charges of dynamite and blasting very little divergence was made 
from the truly cylindrical form, 16 feet 6 inches in diameter, which 

required by the specification. It was decided, in order to pre­
vent the disintegration of the walls of the wells, to line the sides with 
concrete. The thickness of the lining is sufficient to form a finished 
diameter of 14 feet 2 inches, in this way leaving a clearance all round 
the main presses of 3 feet. It is not necessary that this lining be 
water tight, although it is believed that it is practically so, as the 
wells will be constantly full of water and will require to be unwatered 
at intervals of perhaps five years for inspection purposes. Adequate 
means in the way of pumps are afforded for this purpose. In put­
ting these linings in, the water was permitted to follow up the 
crete work, thus relieving the pressure of any leaks through the
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ON THE TRENT CAJÎAL.HYDRAULIC LIFT LOCK130
tender mortar by balancing it. Thie lining is carried 

d is finished at the floor of the lock-rock on the 
up to the top of the wells an
chamber pit.The substructure of the lock is built entirely of concrete and 

contains about
according to tTe working general plans which accompany this paper 
and which have the special title “ Masonry and are numbered I t 
10 The substructure may be divided for convemenee intoa) mm

the purpose of a retaining wall for the 
act as retaining walls inor breast wall, which serves

along he sides of the lock; (d) the towers, the duty of which is to 
maintain the lock chambers in their vertical motion; and (e) the 
lower gateways which end the lower reach. 'All the walls (except * 
the wings) form a dry pit, or rather two dry pits, into which the 

metal lock-chambers descend.
The main wall is 40 feet in 

height; the length being 126 feet at the base, 
from the rock surface there is formed for convenience

which is called the pump room, in which the turbines and 
pumps are installed. This room is 12 feet wide, 17 feet high and 
110 feet long, including partitions 8 feet in thickness, w ic ar 
intended to assist in taking the shear through the otherwise weak­
ened cross-section of the wall. At about the original natura sur­
face of the ground the wall is pierced longitudinally by a roadway, 
which will form a continuation of the line of the main street run­
ning through the town of Peterborough, giving access for vehicles 
to the furthermost side of the canal and dispensing with the ordi­
nary swing bridge. This roadway is 14 feet wide and 21 feet high. 
In the top part o the wall are formed recesses for the gates which 
close the ends of the upper reach. Access is provided from the pump 
room to the roadway by a staircase formed in the concrete wa , 
and one may also pass from the roadway to the upper level by a 
spiral iron staircase placed in a cylindrical void formed in the con­
crete. Viewed from the side nothing of the main wall will appear 
below the level of the roadway. On this elevation an attempt has

upper 
holding

thickness and about 80 feet in 
At about 15 feet 
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HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

architectural effect by mouldings and
132

been made to obtain an
pilasters.

The wings are situated, as will be seen from the plans, at the 
of the main wall, extending 53 feet beyond it.

by reference to the plans. They
no undue

uppermost side 
Their form may best be seen
carried down to the rock bottom in order that there may be 
settlement between the main wall and the wings to cause unsightly 
cracks on the face and awkward breaks on the top surface. At the 
bottom the wings are only 40 feet in length, the full 5o feet being 
made up by cantilcvering out 15 feet at the elevation of about 4, 
feet above‘the rock level. Considering also the light duty which 
these walls are called upon to perform, they have been made cellular 
in construction. Along their outer sides a stairway is earned up 

of access from the roadway level to that of the upper reach,
continued along the exposed 

The side elevation will convey very little idea

are

as a mean
are

sides of the wings, 
of the differences in construction of these two parts of the work,
the main wall and the wings.

The side walls, as it has been said, form retaining walls for the 
earth along the sides and arc intended to maintain the lock-chamber 
pits perfectly dry. These walls are of solid section and present no 
especial features. At the points next the main wall stairways are 
carried up from the level of the lower reach to that of the roadway 
as a convenient means of access from one to the other, and also to 
provide a sort of buttress to the main wall. In the term, side-walls, 
is included a wall 12 feet in width extending along the central line 
of the construction and dividing one pit from the other.

The towers, three in number, are located on the same trans­
verse centre line as the two wells. In round numbers the total 
height of each from rock bottom to the top is 100 feet. Each of 
the side towers has a base 29' 6" x 40' 8", which decreases somewhat 
at the elevation of the top of the side walls. From this upwards 
the base of the tower is battered for a continual height of 45 feet; 
and above this the shaft on all sides is vertical 18' $ 18' 6". For 
operating purposes it is necessary to build the inside face of the 
tower plumb from top to bottom. The central tower has for the 
same reason to be plumb on both the sides next the chamber, while 
its other two sides conform to the same lines as those of the side
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133HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

towers. Its width throughout is 12 feet. The towers have been 
tieated in *he same architectural maimer as the main wall. _

The lower gateways extend from the rock to the top of the side 
walls, and are formed to accommodate the steel gates which close 
the ends of the lower reach. In the centre between the gates is 
small chamber which contains the hydraulic engine used to operate 

the gates.
It will be seen by referring to the masonry plans, for instance 

No. 3, that the concrete work is built in sections—the main wall 
stands by itself, being separated in construction from the side walls. 
In the same way the towers are not bonded with the adjacent side 
walls excepting in a lateral direction, by what is termed on the works 

“ key.” The object of this system of construction is to obviate 
unsightly cracks, which occur from uneven loading on the founda­
tion, as well as from contraction and expansion due to the extreme 
changes of temperature. It has been found in concrete work if 
lines of Aveakness are not provided in construction they form them­
selves in a short period of time. These lines of weakness are formed 
by placing a partition or “ bulkhead ” from face to back of the 
moulding of the Avail, and keeping the concrete Avork on one side of 
it a feAv feet higher than the other. Before the lower side is brought 
up the bulkhead is removed and the new concrete is placed against 
that formed by the bulkhead. The vertical line thus formed is 
marked by a small triangular piece of Avood 3-8" on a side, tacked 

< to the face forming and which is removed with the forming. These 
A’ertical lines are never noticed on the AV'alls, wrhereas a crack is com­
mented upon bv nearly everybody. Where the construction has to 
proA'ide against unAA'atering and keep the water from leaking through 
from the back, the keys aboA-e referred to are introduced.

The concrete of the hydraulic lock goes under the general speci­
fications for concrete used on this section of the canal. By the 
specification the concrete has to be formed of clean sharp sand, 
gravel, approved field stone broken to about 2-inch cubes, clean 
Avater and Portland cement. The cement is provided by the Govern­
ment.
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The cement used is Portland of the best quality. About 
ninety-five per cent, of that used was of Canadian manufacture. 
About five thousand barrels of German Portland, which proved to
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134 HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

be of excellent quality, were also used. The Government maintains 
an excellent cement laboratory, with an efficient chemist in charge, 
where all' the cement undergoes rigid examination before it is used

The sand and gravel is subjected to very rigid inspection, and 
none is allowed to be used in which there is an appreciable amount 
of clay or foreign material. For mortar not to be incorporated into 
concrete the sand is kept separate, but for concrete purposes the 
sand and gravel is mixed, and an effort is made to get the sand and 
gravel uniformly graded from the size which would ordinarily be 
called sharp sand up to gravel stones an inch and a half in diameter.

About two-thirds of the concrete already in place has been 
mixed by a “continuous” mixer, which is a long box of square 
section, open at both ends, set on an incline and caused to rotate. 
The ingredients of the concrete are fed into a hopper at the upper 
end, water is forced into the upper end of the box from a hose held 
aj the lower end, and the materials by the time they reach the lower 
end of the box are pretty well incorporated. With care an excel­
lent concrete can in this way be produced. The remainder of the 
concrete has been made with a “ cubical ” mixer, being a cubical 
steel box pivoted with one of its long diagonals horizontal. The 
box is charged with the required proportions of material, the lid 
closed and the box rotated. When the materials have become suffi­
ciently incorporated, which can best be determined from experiment, 
the rotation is stopped and the contents discharged. This mixer 
has an advantage over the continuous one above described that the 
material may be manipulated as long as it may be considered neces­
sary, and one is quite aware of the amount of mixing in a batch 
of concrete; whereas with the continuous, it is impossible to tell 
just where one batch ends and another starts. This in many cases 
is a disadvantage and requires most careful watching, particularly 
when it is desired to use concrete of varied strength to suit the 
requirements of special parts of the work.

In the substructure the proportion of the ingredients is varied 
according to the importance of the parts. For example, in the towers 
the batches were made by adding an additional bag of cement, mak­
ing in this manner a stronger mortar, but using about the same 
amount of stone as in ordinary work. The mixture of ordinary 
concrete is given by the specification as follows:—To each cubic yard 
of approved broken stone there shall be added half a cubic yard of
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136 HYDRAULIC LIFT LOCK ON THE TRENT CANAL

screened gravel, one quarter of a cubic yard of sand and three and 
one-half cubic feet of Portland cement.

This mixture will not work in these rigid proportions in all 
cases,—the kind of cement, the fineness of the sand and the gravel 
and the product of the stone crushers all having an influence. The 
idea is to have a rich mortar which will bind the coarse materials 
together, the varying sizes of the gravel and of the broken stone 
giving uniformity of density to the 
necessary to separate the different parts for trial mixtures, and in 
these the stone and gravel is added to “fill.”

All of the concrete is made and placed under careful inspection 
and the component parts are watched to see that no changes in the 
conditions occur.

1

On all the exposed faces of the work, mortar (generally 1 cement 
to or 3 of sand) to a depth t>f about three inches is placed. This 
mortar is mixed at the same time as the remainder of the concrete, 
and is deposited simultaneously, usually bv one man with a shovel, 
who does nothing else but attend to this matter, keep the moulds 
clean, and see that none of the coarser material of the concrete is 
allowed to touch the forming which retains the concrete in position 
until settling has taken place.

The forming or moulding throughout is made of pine lumber, 
three inches in thickness and about ten inches wide. The face side of 
the timber is dressed to a smooth surface and the edges of the planks 
are rabbeted so as to form a lap joint. The studding to support this 
surface is required by.the specifications to be 6" x 8" stuff set up at 
about 4 foot centres. It has been found absolutely necessary to 
stiff forming like the above in order to preserve uniform lines on the 
face of important walls. Back lines of the walls are constructed by 
rough inch boarding which oftentimes does not present a very 
workmanlike appearance as far as the carpentry is concerned, but 
sc long as the lines are kept reasonably near what is intended noth­
ing more is required in this particular.

THE SUPERSTRUCTURE.

The superstructure of the hydraulic lock, which is under 
tract with the Dominion Bridge Company of Montreal, was let in 
the spring of 1898. Some slight modifications in the plans,

It has always been foundmass.
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THE LOCK CHAMBERS.
As has already been mentioned, the lock chambers of this lock 

than those of any lock previously built, having 
largest of the others. The 

139 feet long

are very much larger 
a width practically double that

areclear inside dimensions
and 33 feet wide, with a free board of 9 feet 10 inches. 1 
dimensions, with the exception of the depth of water, are fixed y 
Government commission; and'it is necessary, as «U M 
with the conditions above, that a clear headway o 25 feet be left 
above the water-level. (It would appear that these sizes were de er 
mined upon from the construction of the old »f “dew'.eeta
in common use on' the Trent waters some years ago.) The depth 
of water for which the lock is constructed would be called in ordi- 
na “navigation language “8 feet on the sills,” and tiie whole of 
the construction of the canal at the present time is.being; earned 
on with a view to using this depth of water, although 6 feet is 
nominal depth of the canal. The load of water which each of tlw 
lock chambers will contain is about 1,700 tons, and this is the maxi
mum load which it is necessary uu yiw * ------
is floating in the chamber it is merely question of displacement.

arirs resitttrzr.
The depth of the trusses at the centre is 32 feet, this depth ha g 
been chosen with a view to preventing the teetering tendency which 
is always present, rather than that of lowering the stresses due to 
the water load. The trusses arc simple, and it is not necessary 
ary of the members to provide for alternate stresses, as the load is 
constant and always in the same direction. All the connections are 
riveted and stiff; the top chord cover-plate is 30 inches m widt ,

LIFT LOCK ON THE TRENT CANAL.

as a more complete and 
done to advantage; but in

hydraulic

however, have been made from time to time
rmliuttatt contract5plans^have been rigidly adhered tm 

For nurnoses of description it would perhaps be well to separate the 
construction into its different important parts,-the lock-chambers, 
the guides, the gates and their operating machinery, and the auxili­

ary mechanical plant.
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the diagonals are of flat rolled bars throughout. The stresses with 
the material are given on the drawing on page 137. Thei floor 
b ams and stringers extend under the whole of the plating and will 
form a very stiff frame-work for it. No lateral bracing has been 
provided, as it is considered that the plating itself will be quite suffi­
cient to withstand any wind stresses. The plating of the chambers 
is, in the lower part, 3-8 of an inch thick, steel, with 5-16 along the 
sides. The plates are arranged of such a width that there will be 
very little fouling of the stringers and floor beams, and they are 
joined by butt splice plates inches wide throughout. The rivet­
ing of the plating is put in in the same way as for boiler work, and 
all the edges of the splice plates are caulked by the concave method. 
The whole of the load of the chambers is, as will be seen, brought 
directly on to the top of the rams by plate girders 9 feet in depth. 
There are four of these girders, each taking practically an equal 
share of the load, as will be seen by an examination of the double 
system of the trusses.

plete and 
e; but in 
hered to. 
>arate the 
chambers, 
he auxili-

! this lock 
ilt, having 

Theiers. 
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vere deter- 
e wheelers 
The depth 
ed in ordi- 
3 whole of 
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THE GUIDES.

The guides, which will be required to overcome the teetering 
tendency which is always present, and to overcome also the tendency 
of rotation due to the unbalanced wind forces, are placed at the 
centre of the trusses at the sides and the upstream end. The central 
guides, which have mainly to overcome the teetering, are placed on 
the line of the top and the bottom chords and connect with the 
towers. The guide adjacent to the side tower is made of such 
form as to withstand a side pressure of the wind, from which 
way it may be blowing, in this way relieving the centre tower of 
this kind of load and giving it all to the side one. It will be seen 
by the masonry drawings that the side tower is of much greater 
width than the centre one, which is only 12 feet in this direction. 
Those guides which will probably be the more efficient in overcom­
ing the rotating tendency of the wind are placed at the upstream ends 
of the trusses and work against steel beams embedded in the 
crete work.

These guides have, in former locks, also to overcome the un­
balanced end pressure of the water when the adjacent gates are 
opened ready for the chamber to receive the vessel. This end pres­
sure has been so small, compared to what is found in the Canadian

a
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necessary to care tor it. Thelock, that no extra precautions 

unbalanced pressure, however, in the Canadian lock is so great that 
it has been considered advisable to provide a separate means for 
coming this end thrust. The unbalanced pressure produced in this 
way is 180,000 lbs. and is taken care of by a special “ end thrust 
arrangement” which engages directly with the concrete work. It 
consists of a steel casting secured to the trusses of the chamber at 

the level of the floor line, and these castings engage with
imbedded in

were

over-

about
others which are firmly anchored to heavy steel beams
the concrete work.

THE GATES.
of a very different typeThe gates and operating machinery 

from anything that has hitherto been employed for this purpose. 
The design of the gates is thought to be entirely new. In the Euro­
pean locks it has been the custom to hang and raise them vertically, 
which has proved to be quite a satisfactory method where the head- 
room required has not been much more than 8 feet above the sur­
face of the water. However, as it is necessary that 25 feet clear

gates are of necessity

are

headway be preserved in our case, and as 
about twice the length of the European ones, it did not seem a desir-

,The method which

our

able thing to operate them in the old manner, 
has been adopted and on which the gates 
is clearly seen in the diagram on plan 3, and further in the sketch

on page 143.

being constructed,are now

It will be seen by inspection of one of the gates closing the end 
of the reach, that it is hinged along the length of its lower edge 
and arranged so that it will fall flat above the bottom of the gate 
recesses. As it is never necessary that one of these gates be opene 
without the other, they are arranged to operate in pairs. 1 he 
reach gate is controlled directly by a small three-cylinder hydraulic 
engine and the chamber gate is automatically connected with it. 
The gates themselves are of steel throughout, the frame work con- 

of vertical posts made of I-beams, which connccsisting of a series .
to the top girder, giving a perfectly determinate system of stresses
throughout, and bringing definite abutment loads where they can 
be readily taken care of. The plating is all on the outer (that Is, 
away from the reach) side of the gate, is 5-16 inches thick on the 
upper parts, 3-8 inches thick below, is butt-spliced and caulked inJ
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the same manner as the plating of the chambers. In order to render 
the gates less cumbersome in handling, or rather to make it prac­
ticable to handle them, the space between the vertical beams will be 
taken up by light, water-tight, galvanized-iron boilers of the type 
commercially known as range or hot-water boilers, and the buoy­
ancy which will be gained by the use of these boilers will make the 
gate so that it can be readily maintained in any desired position. 
It was originally intended that this buoyancy should be obtained, 
as will be seen by an examination of the contract drawings, by plat­
ing the gates on both sides and having them caulked. But a further 
study of the subject seemed to show that this was an undesirable 
method, as the possible racking of the gates in operation might cause 
the caulking to become loose, and thus destroy the buoyancy in such 
a way that it could not easily be repaired ; and further the extra 
amount of plating required to obtain the buoyancy added materially 
to the weight of the gates. A new method was therefore sought for, 
and the ranger boiler idea seemed to possess so many merits that it 

readily agreed to by the contractors. These boilers are light 
in construction, thoroughly galvanized within and without, and 
tested under any required reasonable pressure ; and they are cheap. 
Damage to one or more of them1 would not materially effect the 
operation of the gate, and a broken one may be readily replaced at a 
convenient time. The galvanizing will of course prevent any cor­
rosion of the iron by the water.

Water-tightness is ensured within the gates and chambers, or 
reaches, by means of a rubber strip, about 3" x fastened along 
the sides and bottom of the frame against which the gate closes. 
The pressure of the water itself keeps the strip tightly pressed 
against the gate, in this way preventing any leakage. The edge 
against which the rubber bears is machined to a true surface.

The hydraulic engine operating the gates is situated in such a 
way that its main shaft is on a line with the axis of the gate, and a 
sprocket pinion is attached to it next to the side of the recesses. A 
second sprocket, which is connected to the former one by a chain, is 
attached near the'top of the gate rigidly to the same shaft as a 
pinion which engages with a segmental rack fixed to the side of the 
masonry. The rotation of the engine shaft causes the gate to be 
raised or lowered. The shaft extends across the top of the gate, and 
at its farther end has a similar pinion engaging in a corresponding
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rack, in this way bringing both ends of the gate up without a 
twisting motion.

While speaking of the gates it -would perhaps be well to describe 
the method whereby a water-tight joint is made betweeti the end of 
the chamber and the corresponding end of the reach. The end of 
the chamber clears the end of the reach by a space of about 1$ 
inches, and it will he seen that this space has in some manner to be 
closed before the water in the canal can connect with that in the 
chamber, or, in other words, before the gates can be opened. The 
joint is made by the inflation with compressed air of a rubber tube, 
which is fastened to the face of the reach along the bottom and up 
the sides of it. This hose is made flat in form and lies against the 
frame of the gate. When inflated with air, at a pressure of about 
27 pounds per square inch, it will form by its tendency to become 
circular, a joint which will be perfectly water-tight under a head of 
12 or 14 feet, which is the maximum depth of the water at this 
place. In practice it is intended to inflate this hose only as much 
as may be necessary to make the joint tight, because the intended 
amount of pressure increases materially the “ end thrust ” which is 
referred to when speaking of the* guides. iAt one of the Euro­
pean lifts this joint has been made by building the end of the lock 
chamber on a taper and having a movable wedge, faced on both sides 
with rubber, so adjusted against the end of the reach that when the 
chamber comes to the top of its stroke, the two inclined faces would 
b nd against one another and in this way form a water-tight joint. 
This method, while it has its advantages, seems also to have its dis­
advantages, and these were considered so great 'that the hose idea 
was adopted.
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THE LARGE PRESSES.

The presses, which are really the most important part of the 
whole mechanism, differ very materially from anything that has 
hitherto been constructed. The pressure by the gauge during oper­
ations will be 600 pounds. The rams have a finished, external 
diameter of 90 inches, and the inside diameter of the presses is 7 
feet 84 inches, giving a clear space of 1^ inches all round the ram. 
The rams themselves are built of cast iron 3J inches in thickness, 
made up in sections. Each section is 5 feet 3 inches long and is 
bolted to the adjacent ones by \\ bolts through inside flanges. The
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HYDRAULIC LIFT LOCK ON THE TRENT CANAL.146
made perfectly tight by means of ajoints between the sections

gasket of thin soft copper, rolled true to gauge, of cross section 
dimensions of f inch by 1-16 of an inch. This gasket is brazed in 
the form of a ring. The end sections of the ram castings are rab­
beted to fit into one another and have male and female corrugations. 
The copper is put in flat and when the joint is screwed down tightly 
becomes corrugated, making the joint perfectly tight.

It is, however, in the presses themselves that the important 
changes have been made. In the presses at Anderton, cast iron 
tions were used throughout. Failure in these caused Mr. Clark

satisfactory type of

are

sec-

to change his plans. In order to obtain 
press, cast iron at such high pressure being unreliable in tension, 
many experiments were tried, and the presses at La Louviere and Lea 
Fontinettes were built on two different plans. The Les Fontinettes 
presses consist of steel hoops, rabbeted, and piled on top of one 
another to make up the required height, water-tightness being gained 
by an interior lining of copper brazed, in much the same manner as 
the inner tube of a bicycle tire gives air-tightness to the tire; the 

is water-tight and the steel hoops take all the tension. At
The sections of the .

a more

copper
La Louviere a different method was tried.
presses were of cast iron to get the water-tightness, and the strength 

given to these sections by means of steel hoops rolled in the 
ordinary tire mills, rabbeted so as to fit together, heated and shrunk 
on to the sections. On either end of the cast iron sections a small 
lip or projection was left while turning them, to serve as a protec­
tion against the hoops being dragged off, but these lips were not so 
large as to prevent the heated hoops from being passed over them. 
The end hoops of the sections were flanged and served as a means 
of bolting the adjacent sections together. This has proved to be a 
very satisfactory type of press, but it requires not very much con­
sideration to see that it is also a very expensive one. The cast iron 
sections must be turned with the utmost accuracy ; the greatest care 
must also he used to have the hoops bored out, and an immense 
amount of machining is required on each of the hoops. The heating 
of the hoops is also a serious matter, and after the press is finished, 
while there may be no doubt whatever of its suitability, still the 
actual stresses are very uncertain. They endeavoured to set up suffi­
cient compression in the cast iron when in the normal condition to 
exactly balance the tension produced by the load when working, and
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in this way leave the cast iron in a neutral state of stress. This 
style was shown on the plans for the letting of the superstructure, 
and was tendered on by the European firm which built the La 
Louviere lift, who asked to have them made the same diameter as 
those at La Louviere (namely, 2 meters) instead of 7 feet 6 inches 
diameter as our specification required. The present contractors, 
however, in their tender, submitted also an alternative tender for 
presses made of steel castings, at the same time making such a sub­
stantial decrease in their alternative figure that the Government 
felt compelled to enquire very carefully into their proposal, with the 
result that their tender for the presses of steel castings 
accepted. Mr. Clark, in his experiments of presses, had tried steel 
castings, but in one of the large sections he produced failure at 
about 40 per cent, of its calculated ultimate strength, owing, as 
examination showed, to the fact that a large piece of scale had be­
come loosened from the mould and had embedded itself in the wall 
of the casting. This was really all the information along this line 
that the Government had when entering upon their investigatio 
to the feasibility of using steel castings for this purpose, with, of 
course, the knowledge that immense strides have been made in the 
manufacture of steel castings since the tests at La Louviere 
made ten years before. A careful study of the products of some of 
the large steel casting manufacturers of the United States, and of 
their test specimens, coupled with the assurance that they were able 
to make a satisfactory press in this manner, led to the adoption of 
steel castings, which
The internal diameter, as has been stated, is 7 feet 8£ inches, the 
thickness of the metal inches, the length of the sections 5 feet 
•3 inches, with flanges on either end for connection purposes. The 
thickness, 3£ inches, was chosen chiefly as a matter of considera­
tion in casting rather than on account of the stresses. The maxi­
mum pressure in the presses will probably give a tensile stress in the 
walls of about 8,500 lbs. per square inch. The Government required 
that every casting in the presses should undergo a pressure test by . 
water. The maximum pressure to be applied was decided upon 
2,000 lbs. per square inch, which strains the metal of the casting 
almost up to the elastic limit; and this pressure may be applied and 
relieved as many times as the engineer may direct. It is considered 
that this will insure, beyond a doubt, that every casting is perfect
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and that no flaws or large faults exist in them.. The tests already 
made on these eastings have been eminently satisfactory, and have far 
exceeded the most sanguine expectations. Not only have the steel 
castings taken the load perfectly, but there has not been the slightest 
oozing, while some of the auxiliary ordinary iron castings used in 
the test have allowed the water to pour through them like sponges.

The tops of the presses are finished with a stuffing box of re?- 
tangular form, 1 inch wide and about 10 inches in depth, and will 
he filled with braided hemp, which before using is about an inch 

in section. It is intended to use about nine rings of thissquare
hemp in the stuffing box. The hemp is tightened down by means of 
a steel gland or follower held by stud-bolts tapped into the top 
section. The gaskets forming a water-tight joint between the 
adjacent sections of the press, 
described for the rams. In the tests already performed there has 
been no difficulty experienced in keeping this hemp packing quite 
tight under pressure of 1,300 lbs. per square inch.

Another important deviation from former examples is the 
in which the water is admitted to, or discharged from., the 

It is necessary that a volume of water equal to the volume

of copper, the same as thoseare

man­
ner
presses.
of one of the rams be forced from one press into the other during 
the process of lockage. The chief difficulty with the Anderton press 

encountered at the point where the connecting pipe joined the 
presses. To overcome this, a rather complicated inlet system 
devised and patented by the Société Cockerill of Seraing, which has 
proved very satisfactory on the La Louviere lock. The contractors 
of the Canadian lock suggested an entirely different form of inlet, 
which consisted practically in the enlargement of presses at the level 
of the connecting pipe by a swell, which would permit the water to 
discharge freely away from the ram. Before approving of this the 
engineers studied the matter very carefully, and after a most liberal 
application of hydraulic formulae, and the most variable results from 
very slight changes in assumptions, it was decided to perform some 
experiments to determine if possible what would be the best arrange­
ment of curves for this inlet. A model was made of wood one-fiftli 
full size, and the curves suggested by the contractors 
a tel y and carefully formed in the model and shellacked. Water from 
a height of about 30 feet was discharged through this model, which 
represented as closely as practicable the actual conditions which will
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the accumulator.
The accumulator consists of a cylinder in which 

the ram carrying a weight which a ram works,
rS ” M may k dCSirC" *» “
contained in the presses. In the accumulator in question it is in-
mortti aÎh1T Trü b,C 101,(16,1 t0 givC a Pre88Urc of about 15 lbs*, 

re than that at which the large presses will work, so that in event
oi additional water being rcouired in either of the large presses, at
any une it can be readily admitted rom the accumulator The
accumulator receives its supply of water from a pressure pump
ocated m the pump-room, the pump being driven by a small water-
heel working under the head of the upper reach. The accumulator

S bU,lt after ihe same mannor as the large presses, having a press

the auxiliary plant.
, , ,fs 1|"“ bcen sta|ed, the hydraulic lock is theoretically automatic 
but ,t will be seen that slight leakages about the gland 'of the main 
presses cannot be avoided. For this reason it is nfccssary that

IconM "tJ prCS8UrC b; maintained and always ready when 
equired. this supply is provided from an accumulator

some

hydraulic lift lock on THE TRENT CANAL.
and the curves were correctly and carefully increased, numbers 

of experiments being performed with each set of curves. I, was
r«rge from tt “T,” C"'aigements ha'> made, that the dis- 

fromlhis That ti™ W*S n° l0ng" e#“W- «■ » «• assumed 

and least friction. These lines
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exist,

would give probably the best results 
,r, . agreed to by the contractors.

ameter madJ TT*"18 the tw'° Pr«sl's is 12 inches internal di- 
eter, made of steel castings one inch in thickness, the various
gtlis being fastened together with bolted flanges. Midway between

he presses and immediately under the centre of the centra* t v 's
SÏÏ ThrmiVal-e’ WhiCh, Cl08fS th° connoctio„ between'the 

cabin on the .o"„7
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HYDRAULIC LIFT LOCK ON THE TRENT CANAL.

ylinder of steel castings. In the type of accumulator 
Lord Armstrong, the ballast-box, whereby the weight 

applied totiie top of the ram, is in the form of a ring encircling 
the press. But this appears to be undesirable, because when the ram 
is at the top of its stroke there is practically a pivot joint in the 
middle of the column, the height of which is twice the length of the 
ram. This accumulator is now built with the ballast-box directly 
on the top of the ram, and the top of the press is stayed to the walls 
of the concrete, where it is installed. It is expected that a much 
steadier motion will be obtained in the machine by this method. 
The accumulator is installed in a void in the eastern side tower, and 

ylindrical well has been carried down to about the level of the top 
of the large presses in order to contain the press. The stroke of the 

_ will be accommodated in the height of the tower. The diameter 
of the ram is 20 inches and its stroke is 30 feet 6 inches. This will 
give, without further supply from the pumps, a sufficient quantity of 
water to raise one of the large rams one foot high.

that the accumulator and pump should be

or is

a v

ram

As it was necessary
installed, it was thought desirable that the gates and the capstans

• ' ' 1 ) be operated 
Brotherhood 
one for each

for towing vessels in and out o tne cimniuns m-gnu 
to advantage from this power, so it was decided to use 
three-cylinder hvdraulic engines to operate the gates, 
pair of gates upstream and another for each pair of gates down­
stream, the gearing being so arranged that only one pair of gates

practically ofbe worked at a time. The hydraulic capstans 
the same form as these engines and arc operated by the same power. 
The engines and the capstans are being constructed by the Hydraulic 
Engineering Co. of Chester, England.

arecan

THE PUMPS.

accumulator receives its supply of water from two high
Each of the

The
pressure hydraulic pumps located in the pump-room, 
pumps has a capacity sufficient to operate the accumulator, the two 
being provided in order to orm a duplicate plant. The pumps are 
built in the most substantial manner, having bronze pistons and 
piston rods, and bronze-lined cylinders. They are directly connected 
to the turbines by which they are driven, and are so arranged that in 
case of accident both can be connected to pump up the lock-chambers 
singly so as not to completely stop the traffic on the canal.
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A pump having a capacity of about 20 cubic feet per minute is 
provided for the continual unwatering of the lock-chamber pits and 
is placed in the lower gateway engine chamber discharging into the 
lower reach. It will doubtless be impossible to keep the lock- 
chamber pits perfectly dry, owing to the height of the water back of 
the walls. This, together with a certain amount of leakage from the 
presses and other machines, as well as from the gates, will accumulate 
in the lower portions of the pits around the main presses. When 
this water reaches a level very nearly the floor of the pits at this 
place, this pump will be automatically started and work until the 
water is taken out to the desired level.

THE TURBINES.

151
tor
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and
top
the
eter The turbines operating the pressure pumps are located in the 

pump-room and derive their power from the G5-foot head of the 
upper reach. This water is taken in through a screen or rack at the 
side of the reach, and down

will

vertical penstock leading into the 
pump-room, the wheels discharging into the two draft tubes em­
bedded in the concrete wall separating the pump-room from, the 
culvert into which they empty. The culvert conveys the water to 
the level of the lower reach, where it will be utilized to make up for 
the evaporation and percolation on this short stretch of the canal. 
Each of the turbines is 16 inches in diameter and is of the “Croker” 
type. The turbines are built in the most substantial manner and 
have bronze steps. It is ordinarily intended that one of the turbines 
shall be utilized to operate one of the pumps, while the other will 
generate electricity for lighting the lock and for supplying electrical 
power tor any other object which may be deemed advisable within 
reasonable distance of the lock, such as the operating of the swing 
ridges and the guard gates. The turbines are arranged so that each 

can work either pump. The working of one pump is all that will 
ordinarily be required; if necessary, however, both may be operated 
flt the same time.
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THE DYNAMO.

The type of dynamo has not yet been decided upon, but it will 
be sufficient to provide about 100 arc lamps. It is intended to install 
t _ is machine in the central chamber of the pump-room, belting it 
directly to the turbine nearest to it.

«
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\THE TAYLOR HYDRAULIC AIR COMPRESSOR.
i

Keference has already been made to the air tube which forms a 
joint between the ends of the chambers and the ends of the reaches 
and which is inflated with compressed air, when it is required to 
make the joint. This air is supplied by a compressor, built under 
the patents of the Taylor Hydraulic Air Compressing Co. of Mon­
treal, and is located in the south-west corner of the main well. It 
receives its supply of water from the upper reach and the air is com­
pressed by becoming entangled with the water at the point of inlet, 
dragged down by the water to a depth considerably below that at 
which the water escapes, and afterwards collected below and thence 
delivered into the pump-room. The inlet of the water indicated 
on the masonry plans is about 13 feet above the outlet, which may 
be seen passing over the top of the main wall, and into this the inlet 
or feed-pipe delivers. The headpiece is a device separately patented 
whereby air is admitted so as to become entangled with the inflowing 
water.

18-inch pipe to a tankIt is connected through its base by 
85 feet below it. The connection at the lower end of the pipe is 
made on the side of the tank where the water is given a horizontal 
and rotary motion, allowing the air to collect in the conical top of the 
tank. A 4-inch pipe is attached at the top of the cone, delivering the 
air at the required destination. The lower tank, 11 feet in diameter, 
is open at the bottom, permitting the water to escape after the air 
is released. The water then rises around the outside of the tank 
and up the 42-inch shaft in which the 18-inch down-pipe, before 
referred to, is placed, and escapes at the outlet above the level of 
the top of the roadway. The pressure of the air is that due to the 
column of water from the water-line in the lower tank to the level 
at which the water escapes in the outlet at the roadway level. The 
lower chamber also forms a reservoir for, as well as a collector, of the 
compressed air; the compressor is automatic in its action and 
continuously, a safety valve being provided to allow the air to escape 
when too much accumulates below.

an
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From the pump-room the compressed air is led in pipes to the 

various places at which it is required to be used.
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I

metal in the superstructure.

• 1 t of the amounts and the various kinds of metal
included m the superstructure is as follows :-Rolled steel in plates 

nd shapes for the lock-chambers and gates, 1.680,000 lbs. ; * 
m e main rams, accumulator, guides and various machines, 495,000 

s.; steel castings for the main presses and accumulator, 668,000 lbs.
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The operation of the lock will require three 
and two assistants men—a lock-master 

or gatemen. The duties of the lock-master will 
be to oversee everything, and he will be fully responsible for the 

ruoture. The gatemen will be required, one at the lower end and 
the other at the upper, to open and close the gates, make good the 
joints between the ends of the chambers and the reaches and to 
operate the capstans. It will also be necessary for the gatemen to

, ”harf® °[ ve8scls at a distance of about two hundred feet above 
or below the lock, at which point the vessels will 
charge of the hydraulic lock pass into the sole

men.tank 
pe is 
ontal 
if the 
g the 
îeter, 
e air 
tank 
efore 
el of 
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level 
The 

»f the 
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scape

The lock-master, during operations, will be required to stay in 
his cabin, located on the top of the central tower, where he will be in 
full view of all the operations and in full communication with both 
of his assistants by a simple signal system. The lock-master will 
have all the levers before him, and will control all the workings of 
the lock. The levers for controlling the gates, water-tight joints, 
capstans and all parts of the apparatus will be interlocked so 
that none of them can be moved out of proper order, thus guarding 
against possible accident and giving the lock-master complete and 
sure control of the whole apparatus. In order to get a clear idea of 
the complete mode of operation, let us assume that both lock- 
chambers are down at the lower level, and empty, as they will be at 
the end of the winter, or even when it is desired "to prepare them for 
navigation purposes. Each of the presses will be filled with water 
by the pumps. The main valve the connecting pipe will be 
closed and water will be pumped into one of the presses until the ram 
with its superimposed chamber rises to the level of the upper 
reach. An examination of the case will show that it is necessary 
that the uppermost chamber, in order that it shall be 
descending to cause the other to take the full upward stroke,

on

o the

able in 
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contain a volume of water greater than the rising chamber contains. 
This extra amount of water is equal to the volume of one of the 
main rams, since the change that takes place during the relative 
motion of the two chambers, is that the ram of the descending 
chamber becomes constantly immersed while the other protrudes. 
In popular language, the descending chamber is losing weight while 
the ascending one is constantly becoming heavier. It is also neces­
sary that some extra weight or “ surcharge,” as it is called, be pro­
vided to overcome the friction of the guides and of the stuffing 
boxes of the main presses. The area of each of the lock-chambers 
is so great that it requires only an additional depth of 8^ inches to 
give an extra load of water of 100 tons, which will, no doubt, be 
quite sufficient. The addition to this weight will, of course, have 
the effect of accelerating the time of the relative change in posi­
tion of the chambers. It is intended that the actual time required 
in raising the chamber through the whole elevation, will be about 
three minutes. But this will depend upon the adjustment of the 
main gland, the nicety of the working of the guides and the con­
trolling of the main valve in the hands of the lock-master. In the 
European locks this part of the lockage is readily performed in three 
or four minutes. Suppose that the uppermost chamber will be re­
quired to stop, say with its floor 8J inches lower than the bottom of 
the upper reach. When communication is established between it and 
the reach it will have a load of 100 tons in excess of that in the 
lower reach, assuming that the depth of water in the two reaches 
is the same. Then the total operations to perform the lockage, assum­
ing that the gates adjoining the reaches are open and that the water­
tight joint between the chambers and the reaches is made, will con­
s'st in hauling the vessel into the chamber and mooring her there 
securely, closing the gates, deflating the water-tight joint and open­
ing the main valve between the presses. The heavier chamber will 
commence to descend, the motion being allowed to increase gradually 
by the gradual opening of the valve, until it reaches the maximum 
speed. At about three-quarters of the stroke the main valve is 
slowly closed, communication between the presses being entirely cut 
off when the end of the journey is reached. Theoretically it would 
appear possible to have an ideal surcharge which would perform the 
required stroke without the operation of any valve whatever. The 
change in elevation being made, the water-tight joints are again made
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by the air tubes between the chambers and the adjacent reaches, the 
gates are opened and the vessel or vessels are free to go on their 
journey, after being towed out by the capstans. The surcharge 
tained in the descending chamber simply flows out into the lower 
reach, while a similar quantity to perform the next lockage is 
admitted into the chamber which has just reached the higher 
elevation.

155
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It would appear that the hydraulic lift lock possesses many advan­
tages over locks of the ordinary type. First of all it bears the 
relation to the ordinary lock as the double track railway does to the 
single, for one vessel may be locked downwards and another upwards 
at the same time, this making no difference whatever to the lockage, 
as the admission of the vessel is merely a question of displacement 
of so much water. Again, the saving of time is an important item, 
for the total operation is readily performed within a space of twelve 
minutes, while with the ordinary locks an hour or more would be 
considered fast work. The third advantage, and one which is of 
great importance where there is a scarcity of water in the upper 
reach, is the small quantity of water required to make the lockage. 
In the ordinary form of lock the amount of water is equal in volume 
to the area of the lock multiplied by the height through which the 
lift is made, which is very many times greater than the quantity 
required by the hydraulic lift lock; indeed, certain conditions of 
traffic may arise which make it possible for water to be delivered 
from the lower level into the upper.
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OUTLINES OF WORKING DRAWINGS OF 
MASONRY SUB-STRUCTURE OF LOCK.
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Mi". President,—I beg leave to

To Balance on hand April 27th, 1901 
lo amount from advertisement

pamphlet No. 14............
collected as fees of ordinary

hers ....................
received from Librarian .......
received as life-members’ fees....

•$ 219 49
and sale of

$ 157 73
mem-

170 00 
040 95 

16 00
984 68

Total
$ 1,304 17

By amount paid for publishing pamphlet
No. 14......................

a i( postage........................
photos and frames for

library........................
printing and stationery.

paper, supplies, etc..........  546 60
ribbons, flags, etc.............
representatives to Queen’s

and McGill ..............
customs and exchange... 
advertising committee...

By Balance in Bank of Commerce ...

$ 424 00 
11 67

it

«

4 50it

11 25«
it

18 97,U

38 35it

2 94
it

3 85
1,062 13 

142 04

$1,204 17
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168 treasurer’s report.

It might be well to bring to the notice of the members the fact 
that very few of the graduates pay the necessary fee to entitle them 
to life membership and our annual pamphlet!

Also that the cost of our pamphlet far exceeds the sum received 
from our advertisers. If our life members would assist us in this 
matter we would soon be in a position to make our publications more 
valuable than they now are. All of which is respectfully submitted.

Yours,
E. A. James,

Treasurer.
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AUDITORS’ REPORT.

of th<> TreaTurér^and^vouchers **

of $142.04. r> and ftnd a balance on hand

due ?££« “* 0f $"°'49-and "*l-dbe account,

R. J. Dunlop,
I1. D. Henderson,

Auditors.March 21st, 1902.
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