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Railway location is again becoming one of the most im
portant branches of civil engineering, partly because Canada Is 
entering an era of railroad construction unequalled in magnitude 
by any that she has passed through since the completion of the 
C.P.R. main line in 1885, and partly because the critical study of 
railroad transportation, commented, In engineering departments at 
least, after the publication of the revised edition of Wellington’s 
“ Economic Theory of Railroad Location " in 1891, has established 
principles which call for the almost complete reconstruction of the 
more Important of the older lines.
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The great factors in any railroad location, In order of import
ance, are—

(1) The alma and ideas of the promoters
(2) The position of present and future traffic centres.
(3) The topography of the country.
(4) The economic advantage of adjusting roadbed and rolling 

stock to one another.
(5) The requirements of modern operating practice.
(6) Difficulties of construction.

The general route of a railroad is rarely determined by engineer
ing considerations. The promoters of the line—be they politicians, 
railroad men, or speculators—have some political or financial end 
to attain, and to that end all other considerations will be subor
dinated. In Canada the completion of our great railways has 
marked successive stages in the political and commercial growth of 
the country—the Grand Trunk united the old Canadas, the Inter
colonial linked them to the Maritime Provinces, and the Canadian 
Pacific connected the whole Dominion.

The struggles that took place over the location of these roads are 
matters of history, and show how clearly the public realized that 
the problem was of economies rather than of engineering. The his
tory of all the minor lines that have grown up around the great 
lines is more or less similar, and It Is hardly necessary to add that 
they all have been built where they were thought to be of most 
Immediate advantage to their promoters. It has frequently hap
pened that the route has been determined before an engineer has 
even been called In for consultation, and In easy country such a 
practice cannot be considered altogether objectionable. An en
gineer's training does not fit him In particular, as distinguished 
from other classes of railroad officials, to foresee the great economic 
and commercial changes that will be sure to follow the opening up 
of railroad communication, and at times he would be almost at a 
loss to choose between competitive routes, had they to be Judged 
from an engineering standpoint only. The four lines that now 
connect Montreal and Ottawa furnish a good example of this point 
(see Figure 1); they connect termini that are about one hundred 
miles apart and yet are as much as fifty miles distant from each 
other, and their lengths vary from 112 to 125 miles; It can, how
ever, hardly be said that the proportions of the traffic they carry
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are materially affected by this variation or by any other difference 
In the engineering detail of the lines; that proportion is de
termined by terminal facilities and by the support of connections. 
Instances, on the other hand, are not unknown where the promoters 
have undertaken to locate a line through what Is by no means easy 
country, and the history of such attempts Is the most forcible 
argument that an engineer can bring forward when opposing any re
petition of the same policy. The writer conceives It to be the duty 
of a chief engineer to form and express an Independent opinion 
upon the merits of any route that he Is Instructed to examine, the 
Adoption of the route being a question for his employers to decide. 
A remarkable instance of location without engineering advice 
occurred in the planning of the Pittsburg and West Va. Railroad, 
now part of the Baltimore and Ohio system (see Figure 2), but 
originally built, like the Algoma Central and the Ottawa, Arnprior 
and Parry Sound, to serve the great business Interests of Its pro
moter. It was projected to reach the headquarters of the Oauley 
River, and the route adopted for the main line was to follow the 
Buckhannon River; the location parties succeeded In reaching the 
Elk River crossing, where they found themselves confronted by a 
range of hills perhaps 800 feet high, forming the side of a high 
plateau upon which the Qauley River ran, and it became necessary 
to abandon the original scheme. At the time, the company was 
building a narrow gauge line with 2 per 100 grades and 18° curves 
nearly parallel to the main line, and this had to be reconstructed 
and extended up a favourable valley to the Oauley plateau; tjie 
length of line reconstructed being 38 miles.

The growth of the great railroad systems will, In part, save the 
line* of the future from those curious deviations, due to the In
fluence of local subsidies or to the personal feelings of promoters, 
that are a feature of many of the older locations.. The fact that 
a railroad line that has been located and built can never be rebuilt 
on a better line without serious difficulty and expense, and In many 
cases cannot be rebuilt at all, is not always realized. There are 
many places In Canada where the forgotten quarrels or friendships 
of long years ago have left a permanent record of their occurrence 
in the shape of an Inferior line. Such a place will be found 
on the old Midland Railway In the township of Mara, where the 
Railroad Company, decided, as the result of a subsidy quarrel, to 
avoid every village in the township and to open no stations within 
it The policy was carried out, but in time an agreement as
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to subsidies and stations was reached, and the quarrel forgotten. 
Its record remains In lonely stations and a ruined grade line.

Making an exception of those numerous lines which have been 
built In Canada for the set purpose, of opening up new regions for 
settlement, and whose very existence Is due to public liberality, It 
may be said that all railroads are built as business concerns to 
transport passengers and freight, and that the share of the busi
ness offering that they secure Is a fair measure of their success. It 
has been pointed out In the most recent economic discussion, that 
the possibility of any producing district shipping into a given mar
ket Is largely controlled by Its transportation facilities, and that 
therefore every Improvement made by the railroad will Increase the 
business opportunities In the district, and consequently the traffic of 
the line. There have been many bankrupt lines In Canada on 
account of lack of traffic; there can be none that will succeed with
out It, and every effort should be made to secure It where It exists 
and to create It where it is lacking.
/ The control of through traffic is hardly affected by the details 
of location. It is a question of terminals and alliances, and lies 
within the special province of the general manager or president. 
It may be advisable to modify the general route to secure such 
traffic, it certainly will be worth while.to reduce the grade line In 
order to handle it, but It Is wise to recognize that It may be 
entirely cut off from even* a powerful system.* For example, 
the extension of the Intercolonial Railway to St. Hyacinthe trans
ferred all Its traffic from the Quebec branch of the Grand Trunk to 
Its own new lines.

A notable example of a series of lines that have failed to secure 
the through traffic which they were planned to handle is found In 
the Wellington, the Buffalo and Goderich, the Toronto Grey and 
Bruce, the Northern and the Midland, and other of the “ Portage 
Roads ’’ between Lake Huron and Lake Ontario (see Figure 3). 
They all hoped to carry a heavy share of the east-bound grain busi
ness, and no skill of the locating engineer could have affected the 
final result. Their failure is to be ascribed to their own financial 
weakness and consequent Inefficiency, and to their Inability to recog
nize the control that established interests have over any trade. They 
might have had some success had they been a part of a thoroughly 
organized through system and backed by powerful grain shipping 
interests; being but one link in an unorganized system they failed. 
The desirability of adding yet another to their number by building
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the “ National Transportation Route " between Colllngwood and 
. Toronto Is often urged at the present time. It seems to the writer 

that this line, no matter how skilfully built, will prove an utter 
failure unless It Is but part of a vast lake, rail and river transporta
tion system under one management, and In any case he Is frankly 
doubtful of the ability of the present St. Lawrence Canal system 
to hold Its own against railroad competition.

Through traffic may therefore be considered as a very Important 
factor In the future of a railroad, but one to which It Is not wise to 
give great weight, except under Instructions from the general offi
cials. It Is far otherwise with local traffic, the development of 
which depends upon the facilities provided by the railroad company 
for handling It, and which, being largely a monopoly, should be 
most carefully fostered.

Much of the railroad line now projected will run through prac
tically unsettled districts, and it may be safely predicted that the 
situation of the future centres of population that will control local 
trade will be determined by the presence of natural resources, and 
by the location of the railroad. It follows that the more nearly 
t£esd two causes can be brought together the better It will be for 
the future of both country and railroad. It Is not easy In prelimin
ary survey to recognize the existence of the natural resources, nor 
to realize how great their future development may be. The loca
tion engineer, Indeed, gets but few opportunities to observe the 
growth of traffic on the lines that he has planned; but he should 
certainly know what staples constitute the bulk of the traffic In 
adjoining districts, and why they are produced there. Statistics 
are published annually by the Department of Railways and Canals 
giving the tonnages of different articles of freight handled upon 
various railroad lines. The location of the Great Northern Rail
way (see Plate XX.) Is a recent example of a line avowedly laid out 
to approach as nearly as possible to the great Laurentian water 
powers, which were considered to have the greatest traffic producing 
possibilities of all the resources In the district.

In Eastern Canada the commercial centres are well established 
and practically all traffic originates near them. Any effort to 
Ignore these existing centres will result In the material disadvant
age of both town and railroad; the town will be handicapped In Its 
commercial growth and the railroad will lose the business that 
would have been created. The locations of fifty years ago are full 
of efforts of this kind, made. It is said, largely In the hope of 
Inducing the town to move on to land in the Immediate vicinity
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of the railroad station, and owned by the railroad promoters. The 
series of towns along the north shore of Lake Ontario, between 
Toronto and Kingston, are proof of the inability of a railroad com
pany to compel an eastern town to move; tb,ey still stand where 
they stood 56 years ago when the railroad was built past them.

Brantford (see Figure 3) has furnished the most remarkable 
example of the power of an established town to hold Its own 
against a railway company. The Great Western passed it by 
about 1850, when it had a population of 3,877, and located through 
Its rival, Paris, which had a population of 1,890, the final choice 
having been influenced, it is said, by a subsidy. To-day, after over 
fifty years of struggle, Brantford has at last succeeded in getting the 
main line traffic of the bid Great Western diverted into it, and in 
spite of transportation difficulties, has grown into a city of over 
16,000 inhabitants, one of the most active manufacturing centres in 
Canada.

It may therefore be taken as good practice in Eastern Canada 
to carry the location directly into the existing towns, no matter how 
great may be the cost of right of way or the sacrifice of engineering 
niceties, for the return will in nearly every case give ample profit 
on the expenditure. In exceptional cases it may be necessary 
to construct a freight loop around the town if too serious a 
sacrifice of grade would otherwise be required, but by the use of 
momentum freight can be carried directly through a town situated 
in a hollow. The C.P.R. line into the town of Lachute has 1.00 
per 100 falling grades on each side of the town, and runs its traffic 
straight through without stopping, unless there is local business to 
be attended to.

The preponderating share that the C.P.R. secures of Montreal- 
Quebec traffic, although Its line is nine miles longer than the I.C.R. 
and about equal to the G.T.R. (see Figure 4), is an extreme 
example of the value of a properly located station site.

That any man who can handle surveying instruments is popu
larly regarded as entirely competent to make a railroad location is 
but a most general proof of the important influence exercised upon 
the details of location by topography. The engineer must know 
his country thoroughly, and it may be said that any man who is 
sent out on location without having opportunity to study all 
the information that has been accumulated in the past about his 
district is improperly equipped. The various Canadian govern
ments have for years been sending out exploring and surveying
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parties to gather information about unsettled areas, and when it is 
remembered that these parties are generally in charge of 
trained observers and surveyors, the value of their reports and of 
their maps cannot be overestimated. The very fact that these re
ports are not made by railroad engineers Increases their value, for 
the observations deal largely with the general and mineral resources 
of the country, which should be controlling factors in the location, 
but which are often not noted by an engineer absorbed in the study 
of those details which appear on plan and profile.

Maps and local knowledge are the two first things to be secured 
in the equipment of a survey party. Where accurate maps cannot 
be obtained, there is no source of Information of more general value 
than the men who have worked for long periods in the district, and 
have had years in which to learn what the engineer is usually ex
pected to acquire in a few weeks. The knowledge that they possess 
may not be such as to be immediately applicable to the problem of 
selecting a line; but the first duty of an engineer is to get thoroughly 
acquainted with the general topography of the district, and by avail
ing himself of the services of the local men and by exploring with 
the assistance of such minor instruments as the hand level, the 
aneroid barometer, and the pocket compass he can accomplish this 
speedily.

It iato be remembered that the great engineering errors in railroad 
location are made in most cases before the instrumental surveys 
are even started, and that the more widely the preliminary ex
plorations are extended, and the more completely all local sources 
of information are utilized, the better will the engineer be fitted 
to deal with the problem that he has been given to solve. The 
policy now adopted by some Canadian lines of keeping small re- 
connaisance parties in the field to work up information requisite 
for future locations is admirable practice, the value of the result 
being, however, in direct proportion to the character of the men 
employed, for there is no task that calls for more steady, thorough
going, conscientious hard work than the complete exploration of 
any piece of country. Exploration should never be regarded as 
complete until the engineer is able to select the route along which 
"his detail surveys will be made.

The work of exploration is almost unnecessary in districts of 
which complete topographical maps have been published. A sheet 
showing all roads, towns, rivers, streams and contour lines with 
20 feet intervals, leaves little for the engineer to desire for his pre-
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llminary studies, and such sheets are obtainable for parts of the 
Eastern states. The writer has noted, however, that many published 
topographical maps are Inaccurate in detail, and would always 
go over a paper route before commencing to make a survey of it. 
It is a consequence of the large area and sparse population of 
Canada that no such maps are as yet published here, but their value 
to the public at large and to the engineers in particular cannot be 
doubted. It seems therefore full time for a body such as the Can. 
Soc. C.E., the majority of whose members have need of satisfac
tory local maps, to commence to agitate for the establishment of a 
topographical survey. Much valuable work has already been done 
by the Geological Survey and by the Crown Lands Departments; 
but these are bureaus organized for special purposes, to the work of 
which accurate maps are merely an essential detail, and the task 
of making a general survey of the whole of Canada is one of such 
vast dimensions that it can appropriately be entrusted to an in
dependent office only. The American policy of co-operation between 
the central government surveys and the several states might ad
vantageously be copied.

When the exploration has been completed, railroad location be
comes a problem of detail surveying, in which the necessity of 
reducing first cost to a minimum has to be constantly balanced 
against the demands of the operating departments for a straight and 
level track. Surveys with instruments of precision are necessary to 
adjust the alignment so nicely to the local contour that no stretches 
of track will be built over which rolling stock cannot be advan
tageously operated; and the area that can be covered by a precision 
survey is so limited that nothing but this local adjustment should 
be expected from it.

In making such an adjustment the fact that a railroad is simply a 
great machine for moving traffic must always be kept in mind. It 
is a machine which has the unique distinction of having two great 
and often apparently independent parts, the track and the rolling 
stock; and these are designed by two distinct bodies of men, who 
have been trained along entirely different lines, and whose views 
as to the best schemes for future improvement are often antagon
istic. The work of the locating engineer will, in most cases, re
main unaltered in service for a much longer time than that of his 
mechanical confrere, and should therefore be designed so that the 
operating department will always be able to take full advantage of 
the improvements in rolling stock that are constantly being made.

V
i'



Diagram showing Operating Results 
Grand Trunk Railway.

Figube 6.
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The engineer certainly cannot make this provision without some 
knowledge of the mechanical principles which control locomotive 
design and of the developments that may be expected in the imme
diate future. These developments are usually foreshadowed by the 
practice of the lines carrying the heaviest traffic, and are thoroughly 
discussed in the current technical press.

Engineers generally do not recognize how available the publica
tions of that press are when systematically bound and arranged In 
libraries, such as that of the Can. Soc. C.E., nor how quickly any 
important article can be found In It with the aid of the engineering 
indexes now regularly Issued.

In the “ Economic Theory of Railroad Location,” the variation 
of operating costs with train mileage was made the base of all cal
culations; and although the systematic studies now made by the 
audit and statical departments show that train mile cost Is not 
the same for trains in dissimilar service, the heavy freight traffic is 
of such preponderating importance to Canadian railroads that in
crease of train-load can be accepted as proof of improvement in 
operating. The following table, compiled from the statistics pub
lished by the Department of Railways and Canals, shows the results 
attained in the operation of the Grand Trunk Railway during the 
past fourteen years. The facts most worthy of note that it brings 
out are the recent rapid increase of tonnage handled, the decreas
ing freight train mileage, the unvarying number of locomotives in 
service, and the relative importance of the freight business; and 
these are shown graphically in the accompanying cut (Figure 5). 
Were the figures for the present year as yet compiled, they would 
show with much greater distinctness the features referred to, for the 
traffic of this spring is beyond all precedent in its magnitude.

i
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In considering these figures, It is fair to take the freight and 
mixed'train mileage together. The railroad man will see in the 
results evidence of increased efficiency in operating, but to the 
engineer they are particularly interesting, as showing, by the de
creased train mileage, that the freight tonnage is being moved with 
a decreasing cost and mechanical effort per ton.

A regret may here be expressed that the Canadian Government 
does not see fit to call for ton and passenger mileage in its 
statistical requirements, and that it does not furnish such statistics 
in connection with the operation of the Intercolonial Railway. In 
tiie mechanical act of transportation the work done is but half 
measured when quantities only are recorded.

That the most efficient "railroad is the one whose track and 
motive power are best adjusted to each other is the lesson of 
modern operating, but before considering how this adjustment 
should be made, it will be well to notice the great development in 
rolling stock that has taken place since the days of the C.P.R. sur
veys. The specifications of about 188.5 called for the use of rolling 
loads, consisting of engines weighing 1)10,000 lbs., followed by 3,000 
lbs. per lineal foot; those of to-day require engines of 225,000 lbs. 
followed by 5,000 lbs. per lineal foot

The modern car for heavy ore and coal traffic has a nominal 
capacity of 100,000 lbs. and a weight of about 36,000 lbs. Remem
bering that it is not unusual to overload these cars, and that some 
of them are not above 30 feet in length, it will be seen that the extra 
heavy specification of to-day is not in advance of the extremes of 
present practice, and that weights as high as 40,000 lbs. are some
times concentrated on a single car axle. These ore cars are, how
ever, somewhat exceptional, and for regular freight traffic cars of 

JB0,000 lbs. capacity, with weights slightly over 30,000 lbs., are most 
^common.

During an extensive discussion before the New York Railroad 
Clubs in November, 1901, Mr. Vauclain stated that a load of 45,000 

* lbs. per axle might be considered the limit of good locomotive 
practice at that date, and although in special cases it has been ex
ceeded, there are but few engines in service on the continent to-day 
with axle loads exceeding 60,000 lbs. In Canadian practice the 
maximum axle loads vary from 45,000 to 50,000 lbs. on the 
various roads, the heaviest loadings being found on engines of the 
10-wheel and mogul types. In the discussion referred to, the

f
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increase of grate area and boiler heating surface were pointed out 
as being’the latest achievements of locomotive engineering.

The following table gives a few details of some recent heavy 
engines: —

TABLE OF LOCOMOTIVE DETAILS.

Type. Driving 
wheel base

Atehiaon, Topeka &
Ft. In.

Santa Fe.................. 2100 20 0
St. Paul, Minneapolis

andSault Ste. Marie.2100 19 4
Pittsburgh, Bessemer &

Lake Erie................ 280 16 7
Union .......................... 280 15 7
Chicago, Burlington &

Quincy ................... 262 12 i
Southern Pacific........ 460 13 8
Cleveland, Cincinnati,

Chicago & St. Louis. 442 7 6
Canada Atlantic........ 442 7 6
Canadian Pacific........ 460 14 6
Grand Trunk.............. 460 26 8
Grand Trunk.............. 260 15 8
Intercolonial.............. 280 15 11
Canada Atlantic........ 280 15 0

Note.—The weight on a single axle Is 
by the use of traction lncreasers.

Total
wheel base, 

engine 
and tender.

Weight

driving

Maximum

one driving Heating 
axle. surface.

Ft. In. Lbs. Lbi. Sq. Fl

62 0 232,000 4682

57 4 184 360 3015

58 0 225,200 59,400 3805
54 8 i 208,000 45,600 3322

54 5* 130,000 3343
52 2 130,000 2222

55 4 100,000 3340
86,030 2290

52 5* 126,750 45,750 2421
53 9 132,610 42,260 2460
50 11 140,740 49,530 1991
50 11 154,750

156,000
45,100

Increased beyond the figures given above

It has often been stated that the increase of rolling stock 
weights must very soon cease, and as often the prediction has 
proved to be entirely wrong. There are some facts that to-day 
point to at least a temporary suspension in this increase. These 
are the establishment of a standard box-car, the proven difficulty 
in economically handling trains more than 70 cars In length, and 
the difficulty of obtaining satisfactory rail to use under existing 

, rolling stock.
Almost any piece of Canadian track is likely, owing to the free 

movement of cars, to be subjected at any time to the maximum 
carloads mentioned, unless special action is taken by the operating 
department to protect lines that are unsafe under such loadings. 
The heavy grade lines to the east of Montreal will cause the very 
heaviest classes of locomotives to be introduced on our roads as 
the traffic increases, and the location engineer must therefore
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recognize that his line may be subjected to the heaviest loadings 
that the practice of the future will sanction.

In order to adjust his line so as to permit the easiest train 
movement, the engineer must thoroughly understand the action of 
the forces that affect that movement. These forces are locomotive 
power, momentum, gravity, curve friction and that miscellaneous 
group known as running resistance, and all of them are variable in 
amount according to circumstances.

Locomotive power Is produced In the boiler and firebox, and Is 
determined at any speed by the amount of steam that can be ob
tained. The maximum tractive force Is rarely made more than 
one-fourth of the weight on the drivera In order to avoid slipping, 
and the minimum can be calculated" when the size of cylinders, 
length of stroke, diameter of drivers and mean effective steam pres
sure are known. Formulae for such calculations will be found in 
modern pocket books, and are contained in a paper on the 
" Economics of Railway Improvements," read before the Can. Soc. 
C.E. In 1901 by W. W. Colpitts.

The kinetic energy or “ momentum *’ of a moving train Is mea
sured by the height to which the train would be lifted by It 
against the action of gravity alone. The formula for this 
height Is given by Wellington as

H = 00355 V» (1)

where H Is in feet and V In miles per hour. The expression In
cludes a term which varies with the design and loading of the cars, 
and should be slightly greater for empties.

The resistance of gravity in lbs. per ton is given by the well- 
known formula—

Rg. = 2000 x F (2)
100

where F is the rise of the grade In feet per 100. It is the one 
absolutely determinable train resistance, and varies only with the 
grade.

Curve friction is given in lbs. per ton by the formula—

Rc = 1 + 1) (3)
2

where D is the degree of curve. This resistance is known to be 
a variable quantity, depending upon the condition of wheel
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and rail, #md upon the design and loading of the rolling 
stock. It can be greatly increased by loading to such 
an extent that side bearings come into play. In an
instance mentioned in the Proceedings of the Western Rail
way Club (May, 1901), an engine which pulled 405 tons of empties 
through sharp curvature and up a 1.00 per 100 grade could not 
handle more than 365 tons of overloaded cars up the same track; 
empties are ordinarily assumed to pull 30 per cent more heavily 
than loads. Extra resistance due to overloading will be felt mainly 
on entering and on leaving curves.

Running resistance varies with temperature, wind, snow, lubri
cation, speed, condition of track, strength of track and condition of 
rolling stock, and may briefly be said to be so variable that only 
a fair average value can be ascertained. Many formulae have 
been proposed for it, but are not generally accepted. The Baldwin 
Locomotive Works have proposed the formula—

Rt = 3 + V (4)
6

where R is in lbs. per ton and V. in miles per hour. This may for 
the present be accepted for speeds exceeding 12 miles per hour, 
nearly all experimenters agreeing that the resistance increases with 
the speed. No equation has yet been suggested for the resistance at 
low speeds, values at 20 at starting, 10 when V=2, and about 5 
when V=5 having been suggested. An average value of 6 to 7 lbs. 
may be taken up to speeds of 5 miles per hour.

It is noteworthy that the M.C.B. Committee, in their celebrated 
brake report in 1887, state that this resistance may be taken as con
stant between speeds of 12 and 25 miles per hour, and may be given 
a value of 6 lbs. for cars in service and 8 lbs. for new cars. The 
resistance was increased by about 21 lbs. by a 3° curve; the 
figures were obtained from trains with locomotives attached.

In a paper recently read before the Am. Soc. C.E. (Dec., 1902), 
Mr. J. S. Dennis states that, as the result of 3,000 miles of dyna
mometer car observations, he concludes that the resistance practic
ally does not vary between speeds of 7 and 36 miles per hour, and 
may be taken at 9 lbs. for the locomotive and for empty cars, and 
at 2.6 lbs. for the load, giving an average of 4.7 lbs. The tests 
show an increase of from 5 to 6 lbs. at starting speeds, and 
include only the car resistances, the locomotive value being 
obtained by a separate test. Owing to the unexpected con-
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, elusions, and the lack of detail description as to the methods fol
lowed In making the deductions from the observations, these re
sults wil^ be accepted with some hesitation. Taken in conjunction 
with the M.C.B. tests, they may, however, be accepted as proof that 
the assumption of an average resistance of 6 lbs. would never be 
seriously In error for freight cars in good condition, and working at 
ordinary speeds in good weather, but the writer would prefer to 
use the Baldwin formula until further evidence is forthcoming. It 
is at least on the safe side.

It is probable that improvements in car design will further re
duce running resistance, and It Is therefore Justifiable to use 
a low value for It The effect of so doing would be to magnify the 
importance of grade reduction. The great Increase of running 
resistance due to climate and weather must be left to the operat
ing department to provide for.

The movement of a train subjected to these varying forces and 
resistances can best be shown by acceleration and re
tardation curves similar to those published by Mr. Dennis and by 
Mr. Colpitts. In preparing such diagrams for use in location and 
grade reduction studies, it appears to be customary to assume the 
use of some standard engine and standard train weight The 
writer would express the opinion that the use of the details of any 
particular class of locomotive is not justifiable in such calculations. 
The purpose of the engineer is to adjust his track to the perform
ances of all classes of freight locomotives, and accordingly only 
those details which are true for all classes ought to be taken into 
account.

The use that is to be made of the facts concerning locomotive 
performance in location and grade reduction is entirely different 
to the application of the same facts to daily operation. Train 
loading is now so closely watched and so systematically recorded 
that the operating officials know that they must get the utmost ser
vice out of every machine under their orders; and in this they can 
be greatly assisted by rating tables, based either on the theoretical 
calculations of the performance of each separate class of locomotive 
in service, or upon the results of actual service tests made with or 
without the assistance of a dynamometer car. No matter how 
minutely such tables have been prepared, weather conditions require 
a large margin to be left for the exercise of judgment by the re
sponsible officials.

Briefly, it is the practice of the day to load every locomotive
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fully up to Its capacity, and the engineer may therefore safely as
sume that the tractive power of every locomotive per unit of train 
weight will b# equal, provided that the locomotives are being 
operated in the same service.

As all locomotive power comes from the combustion in the fire
box, and as it is known that this is most satisfactory when taking 
place at a uniform rate, it seems safe to assume that the horse
power a locomotive can produce is a constant at ordinary operat
ing speeds of from 10 to 35 miles an hour, and does not vary 
with the speed. An inspection of a set of horse-power curves will 
show that this is approximately true, some classes increasing their 
horse-power with speed and others decreasing it In view of the 
present demands for increasing speed in freight service, the latter 
classes will probably disappear in due time.

The tractive power of any locomotive may therefore be given in 
lbs. per ton of train weight, as

T« = 2000 x Fs + R (5)
100

where Fs is the rise of the ruling grade in feet per 100 and R is the 
running resistance at the proposed standard speed, Vs.

The horse-power being assumed to be constant, the tractive 
power at any speed is given by

T = Ts x Vg (6)
V

and the average tractive power between any two speeds, V, and V 
by

T> = TaxVs+{WM-.V.>} (7)
—l V, - V, 1

this formula being obtained by integration from the relation—

T X V = Ts x Vs = lIorsepower = Constant.

In any run of length d feet, the surplus or deficiency of tractive 
power exerted will be'measured by the gain or loss of train velocity, 
the extra work being absorbed in changing the kinetic energy 
of the train. Therefore the formula

(Ta - R)d = 2000 x .0365 (V,’- V,’)=71 (V,»-V,«) (8)
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will give the distance to be run to acquire an Increase of speed 
from V, to V, Ta being the average tractive force exerted between 
the given velocities, and R the average resistance from all causes.

It the ruling grade be chosen, it is easy to calculate by the above 
formulae the relation between distance and velocity, when the train 
Is moving on any given grade, and to represent this relation by a 
diagram similar to those previously mentioned. It would differ 
from them, indeed, only in not being dependent upon the perform
ance of any particular locomotive.

Such diagrams are used in practice to obtain the speed that the 
train will have at any point on the line, and are essential on roads 
In which the use of “ momentum grades " in location is permitted. 
It should be noted that in the discussion the train is considered 
as a single body, all parts of which are subject to the same forces, 
an assumptionwhich is frequently far from true A new diagram 
will be required if the ruling grade be altered, and in use the 
profile grades must be increased by the equivalent of the curve 
resistance. The curves, as plotted, show clearly that the effect 
of momentum is a temporary one, and that the train will gradually 
slow down to that speed at which the tractive power alone is able 
to keep it moving up the grade.

The safety of using 11 momentum grades ” In location Is one of 
the disputed points of present practice. Comparing “ momentum ” 
with locomotive tractive power, it may be said that tractive power 
is directly dependent upon the condition of the engine and the skill 
of its crew, and will often be much below its calculated value, and 
that momentum is equally uncertain if the velocity which is essen
tial to its existence is obtained from surplus engine power. 
Momentum which is obtained by the action of gravity is the most 
dependable of mechanical forces. The use of momentum grades is 
universal in operating practice. As a Case in point, the Lachute 
example, already referred to, may be quoted, or the action of the 
Grand Trunk Railway in moving Gananoque Junction about là 
miles eastward in order to place It at the top of a long up-grade, 
which included a stretch of 50 feet to the mile gradient.

The possibilities of using momentum to advantage are'greatly 
limited by topographical conditions. As already remarked, it gives 
no assistance at the upper end of long grades, and the use of short, 
sharp grades Is limited by the necessity of changing the rate of 
grade slowly at summit and hollow, which will sometimes alto
gether prevent their introduction. Its assistance can be gained only
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at the price of reduced speed, which may be undesirable where fast 
service is hecessary, and there is always an uncertainty as to the 
continued existence of the conditions which make the required veloc
ity of approach a possibility. The necessary control of speed due to 
features of the existing track, the demands for new stations and 
sidings by future industrial development, and the establishment of 
level road on railroad crossings may at any time render momentum 
operation impossible. During the past year the Railway Com
mittee, in one instance, sanctioned the putting in of a level rail
road crossing across a line carrying one of the fastest and most im
portant passenger traffics in Canada, and In the very centre of a 
long grade averaging 35 feet to the mile. This example—the 
crossing of the Grand Trunk line by the Aurora and Schomberg 
Railway—indicates very clearly the caution that should be observed 
in planning momentum grades.

When used, they should be introduced as close as possible to the 
foot of the hill, and there seems no strong objection to rates of 
grade as steep as the pusher equivalent of the ruling grade. A 
stalled train cannot.be divided into fewer than two parts, and for 
certainty of operation a doubling siding should be placed at the 
head of every serious momentum grade.

The writer is of opinion that railroad practice sanctions the use 
of momentum wherever thorough surveys have demonstrated the 
impossibility of securing a direct line without it He knows no 
district naturally more adapted for its use than the country lying 
to the north of Lake Ontario and to the east of Toronto, and there 
Its free application would probably result In shorter and more direct 
lines. In practice, many cases occur where the raising of a grade 
line by but a few feet would result in great economy, and in such 
instances It would seem folly to refuse to make use of momentum 
to gain those feet.

The value to an engineer of a study of rolling stock development 
lies in its enabling him to modify his ideas as to a satisfactory road 
for operation, in accordance with the progress that is made by the 
mechanical departments. Railroad location is in detail so abso
lutely a matter of topography that the operating requirements 
sufficiently important to affect it are usually expressed In a few 
general rules as to grade and curvature, and these rules are 
sometimes accepted In practice without full understanding of the 
reasons for adopting the limits prescribed.
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The theory that minimum train mileage will result in maximum 

economy of operation is, as has been said, generally accepted as the 
working maxim of present day operating, The importance of the 
rate of the ruling grade is easily understood when it is realized that 
grade resistance is about two-thirds of the total train resistance on 
many Canadian lines, and as the locomotive cannot exert more 
than a certain maximum pull, the train mileage necessary to move 
a given tonnage is proportionately increased. Train movement is 
most economically effected on lines of long uniform grades, with 
the lowest possible rate of rise, simply because power is produced 
by a locomotiv e most economically at a uniform rate; and 
if in the future some power, such as electricity, the effort 
of which can be immediately increased to meet any increase of re
sistance, be successfully adapted to freight train movement, the 
importance of low ruling grade will be greatly reduced. There is 
no tendency towards the adoption of electric power for heavy 
freight service at present discernable in practice, the employment 
of that power being restricted to street car and underground lines.

The selection of the ruling grade to be used is the most import
ant technical problem to be settled by the surveys. It is exceed
ingly difficult to reduce it below the rate of the general rise of the 
country except by developments, the economy of w'hich 1n many 
cases may be questioned, and the practice of laying down the ruling 
grade before the topography of the line has been studied is capable 
of little defence; in the past it has resulted in far too free use of 
the maximum. Wellington's claim that the ruling grades of many 
lines could have been reduced by one half without material increase 
of cost is perfectly correct as regards some of the older Canadian 
lines. It must be recognized that the economic effect of 
grade reduction can, and daily is being secured by in
crease of motive power, and that in general it will be 
cheaper to attain that effect by the latter method than by attempt
ing to reduce the grade beyond the limit that the ground sets. 
Abrupt rises, such as the Niagara escarpment, which occur perhaps 
but once in the length of a line, must be overcome either by de
velopments or by pusher grades. For heavy traffic, where the 
pusher engines can be kept fully occupied, the latter is preferable, 
and on light traffic lines its equivalent can be secured by the use 
of doubling tracks. The writer knows one instance where a ruling 
grade of 30 feet to the mite was secured by a development involving 
an increase of 9-10 of a mile in a distance of 2j miles, as well as
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an increase of about 140° curvature and two railway grade cross
ings. Tills line was intended to be as perfect as engineering skill 
could make it, and yet all the above difficulties could have been 
avoided by the use of a grade of 53 feet to the mile, at a point 
where abundance of motive power was always available. It is not 
to be concluded that pusher grades are always better than develop
ments, but only that both methods, and the advances they have in 
connection with the local topography, should be studied. The use 
of the rolling grade should always be avoided when possible.

In railway economics but little advantage is shown to result 
from reduction of curvature. There is, however, no doubt, that it 
is received with general approval by all employees connected with 
the operating department, and that it will become even more 
popular as train speeds and weights of rolling stock increase. As 
already noted, train resistance is materially increased by curvature, 
and compensation by grade reduction must therefore be made on 
all ruling grades, and preferably on all heavy grades. On account 
of the known increase of this resistance with bad condition of track 
and rolling stock, the compensation should be liberal, and should 
be carried out to the ends of the transition curves. The effect of 
curvature in increasing starting resistances is not known, but very 
strong objection to stalling on a curve exists among train hands. 
The maximum degree of curve to be used should, like the ruling 
grade, be determined by the local topography, the demand for easy 
curvature being mainly from high speed traffic, a variety which 
occupies far more space in the public and the railroad mind than its 
financial importance seems to warrant. In Eastern Canada there 
seems but little need of curvature sharper than 4°.

The increase of running resistance at starting also must be com
pensated for. Important yards really form a special location 
study in themselves, but minor yards are much alike in design, and 
can be treated in a general way. The running resistance is in
creased by about 2 lbs. by temporary stops, and by from 6 to 10 lbs. 
by prolonged ones. Assuming the upper limit as the safer in 
practice, and making an allowance for the extra power a locomo
tive can exert at low speeds, the formula for yard grade would be

15 x 2000(9) 
100i (5 x 2000 Fr. \ = 

100-'

Fr and Fy being the rise of ruling and yard grades respectively in 
feet per 100, and 5 and 15 the track and yard running resistances in
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lbs. per ton. Where sand is used, and with compound engines 
working simple, less compensation will be required. The equation 
given is unsatisfactory, in that it makes no allowance for the 
powerful assistance that may be obtained from the springs in the 
draft gear, and it is noteworthy that in the Burlington tests in 
1887 the trains always started with this assistance, and stalled after 
moving a short distance. Practically a level yard is the most 
desirable, and when it cannot be obtained, a grade reduc
tion of at least 0.50 per 100 should be tried for. The flattened 
grade should be continued for such a distance that the train can 
acquire a speed of 5 miles per hour, this being the speed at which 
most of extra running resistance will be found to have disappeared. 
The running resistance averages about 7 lbs. up to this speed, and 
the distance is given by the formula

z5 X 2000 x_Fs \d = z7 + 2000 Ky.X il + 0.0355 x 2000 x 5’ (10)
' ioy ' W

It is desirable that the train should acquire speed rapidly, and 
therefore the grade leaving the yard should be as low as possible, 
and at least such that it will be about 3 feet below a ruling grade, 
drawn from a point half a train length back of the point last 
determined.

At the lower end of the yard It may be desirable to use a short 
length of sharpened grade, in order that the main yard can more 
easily be made level. Such a grade will act simply as a per
manent brake, and its length and rise should be adjusted to the 
assured velocity of approach. There are comparatively few stop
ping points to be provided for on any line, and the adjustment of 
the grades to and from them to suit theoretical considerations 
should not prove excessively costly.

With the recent increase of rolling stock weights has come 
an enormous increase in the proportion of “ cripple ” cars having 
defective draft gear. The design of couplings and drawbars is 
being very carefully studied by the Master Car Builders’ Associa
tion, but it is also necessary that the possibility of subjecting these 
connections to sudden shock should be avoided as far as possible. 
Any condition which permit? or compels the cars to crowd together, 
particularly when the engine is braked or running without steam, 
makes it certain that the connecting gear will be subject to some 
shock when the engine fs subsequently given steam. By acting 
with judgment, the driver can make the shock very light, and a
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break in twq can be considered as more directly due to his handling 
than to afiy arrangement of the grade line. The possibility of the 
cars crowding together should, however, be prevented when this 
can be done, and the grade line must be arranged so that the forces 
acting on the several cars in the train are nearly equal. Vertical 
curves are introduced for this purpose, and should be made with as 
small a rate of change of grade as topography and economy will 
permit. There is no theoretical reasoning from which a proper 
rate of change can be calculated, tod there will always be a tend
ency for the cars to crowd whenever the grade falls more quickly at 
the real1 end of the train than at the head if the engine is not under 
steam.

When the limits of grade and curvature have been fixed, rail
road location becomes little more than the solution by survey of a 
series of problems, In each of which the operating economy of 
lowered summits, reduced curvature, and shortened distance has 
to be balanced against the coet, as shown by the surveys and 
estimates, of making these improvements. The proper figures to use 
in calculating operating economy are very difficult to determine, 
and’ the values given by Wellington are still generally accepted 
in practice in spite of the great advancement that has been made 
in operating methods during the last ten years. The train mileage, 
upon which all economic calculations are based, is itself so uncer
tain a quantity that there is no special advantage in having very 
close values determined by the saving resulting from unit improve
ments in grade and curvature and distance. The statistics published 
annually by the Department of Railways and Canals give details of 
the train movement on the various Canadian roads, and furnish 
valuable figures for the prediction of train mileage on new 
roads. The character, resources and population can be determined 
by inspection and by consulting various ofllcial publications; and 
the history of a road through a similar district is a fair indication 
of the future of the one that is to be built. It is to be regretted 
that the gradual absorption of the minor lines into the great 
systems will prevent the publication of the results of their opera
tion, the earning power and train movement of the main line and 
all its branches being reported as a whole by the great systems. 
The striking feature of the minor Eastern Canadian lines is the 
very slight tendency to increase shown by their traflic returns, a 
feature which calls for decided caution in traffic estimates.
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In the future the skill of the engineer will be less hampered 
by financial necessity than it has been in the past That 
minor lines are in themselves unremunerative is generally 
recognized, and the construction of the class of lines that formerly 
depended upon the future and upon local assistance for financial 
resources has become almost an impossibility. The backing of one 
of the great systems, or very liberal public subsidy is essential to 
the successful carrying out of these minor enterprises, and the cur
rent of public opinion is certainly setting against subsidies, except y 
for the opening up of new districts. In establishing their owtl 
branches, the great systems will feel no imperative necessity for 
an economy that can be measured by units no greater than 
thousands of dollars, and will be willing that the roadbed, in com
mon with the track and the rolling stock, shall become a subject 
of more liberal expenditure. Grading does not to-day constitute 
nearly so large a proportion of railroad codt as it did twenty years —*J 
ago.

As a general principle, the writer would consider it good prac
tice to assume that a proposed line will eventually carry a heavy 
traffic and to make the location accordingly. By the use of cheap 
structures, and by the introduction of temporary grades and curva
ture, the cost of construction can be greatly reduced, and the line 
left in excellent shape for Improvement when the traffic shall have 
developed. The old Great Western branch into Brantford is an 
example of such a location, having an excellent alignment and heavy 
grades, which can be easily reduced to a maximum of 15 feet to the 
mile. There is no evidence that the location was made with a 
view to future improvement, but the profile certainly suggests It.
On the other hand, the Buffalo and Çoderich line, through the same 
city, is an example of long tangent location secured by an 
utter disregard of any grades not exceeding 1.00 per 100, and often 
in situations where their improvement is impracticable. It should 
be generally recognized that the executive department of a rail
road will sanction a scheme for improving an existing line 
in preference to one that involves a new location, the legal 
and ' land difficulties that are involved in the latter case being 
almost entirely avoided in the former. The calculations of the 
economies resulting from detail Improvements cannot be made with 
sufficient accuracy to justify an engineer in accepting their Indica
tions except in the most general way; and where the resulting gain
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shows but a small margin over the cost, the improvement may 
safely be ^eft to the future.

Operating details, whose importance has not yet been measured 
by the science of economics, should also be considered during loca
tion. Of these the need of ample yard room is the most important. 
In the present great rush of traffic, it has proved much more diffi
cult to keep the yards clear than to keep the lines open, and there 
is probably no railroad to-day that is not carrying out great yard 
extensions. It is difficult to foresee during location where the de
mand for yard space will be made, and perhaps the most 
satisfactory provision for the future that the locating engineer can 
make is the selection of ample areas of level ground in the vicinity 
of all important centres, and preferably where a level grade and a 
straight alignment can be obtained. There are few yards to-day 
on the older lines which are not surrounded by settled districts that 
have grown up since the establishment of the yard, and the cost 
of extending these yards is made almost prohibitive by land values. 
The C.P.R. land purchases in the vicinity of the Viger Station in 
Montreal and the G.T.R. purchase of the old Parliament Building 
property in Toronto are good examples of this. The yard 
expropriation limits of 300 feet by 1,950 feet, set by the 
Railway Act, are altogether insufficient for modern traffic, 
and the length should be extended to 4,000 feet, a limit 
which will only have to be exceeded in important divisional 
yards. It may be noted that the number of these latter yards is 
likely to decrease in the future, as there is a decided tendency to 
extend the lengths of the train runs, divisions of 150 to 160 miles 
being operated, where formerly 100 to 120 miles would have been 
considered a maximum length. Mr. Dennis suggests, in the paper 
previously referred to, that it is desirable to reduce the ruling grade 
for a few miles out of divisional yards on account of the increased 
running resistance. The pecessity for this, however, should be 
more than off-set by the better steaming condition of the locomo
tive when starting out. It is to be noted that the provision for 
yard building to be made is for yards where trains can be handled 
by simple direct movements over easy grades and alignment, and 
not for a mere multiplication of tracks.

The location of signals, stations, and stopping points can be 
fairly well foreseen, and the line should be arranged to give as 
clear a view of these points from both sides as possible. A little



handcar experience will convince any engineer of the desirability of 
a straight and open track near stations, no matter how good the 
signal arrangements may be.

Snow removal will be a perennial source of expense to Canadian 
roads, and its accumulation should be prevented by location if 
possible. It is customary to elevate the grade two or more feet 
above fields and flats, in order that the rail may be always wind
swept. In cuts ample width should be provided, and the rail raised 
well above the bottom of the cut wherever the wind directions are 
such that serious drifts will be formed. In bush location the change 
of snow movement that will be caused by clearing should not be 
overlooked.

That satisfactory track is largely a question of thorough drain
age has long been acknowledged, but the fact that the necessity for 
drainage is a matter of natural soil has not been as clearly recog
nized by the railroad engineer as by the common road builder. 
Cases occur where an Inexpensive shift of the line would 
throw it upon a dry and open sub-soil, and alter the drainage con
ditions completely.

Every effort should be made to avoid road and railroad cross
ings, swing bridges, and lines along public streets, not only 
because of construction cost, but particularly to secure freedom 
of traffic movement The power to locate such crossings of other 
lines of transportation has to be obtained from the Railway Com
mittee of the Privy Council. This is rather unfortunate, as that 
body has a decidedly political complexion, and a railroad, no matter 
how carefully built, may have its line ruined by a level crossing 
forced upon it by government authority. It is difficult to suggest 
an improvement upon our present method, unless it be by the 
creation of a non-political commission; and for the present it would 
seem that the road which has consistently avoided the building of 
level crossings itself is in the strongest position to fight any 
applications for permission to cross its lines.

The necessity of securing a good foundation for the roadbed is 
a point that should not be overlooked, as that detail affects both 
construction and operation. Every soft spot should be thoroughly 
tested before the location is finally laid down, and if any great 
depth of weak material is discovered, the line should be changed 
so as to avoid it. The writer knows of at least one serious sink
hole over which the original location and construction was carried 
without any investigation. Bad foundation is not only a construe-
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lion danger, but will be found to be the cause of a wave motion, 
when under traffic, that materially Increases the tractive effort re
quired, and renders it extremely difficult to maintain the track in 
good condition.

It would appear superfluous to remark on the necessity of always 
considering construction during location, were it not that many 
locations are made which require material alteration before the 
line can be built. It may be said that no engineer who has not had 
previous experience in location, construction and operation is 
capable of making a first-class location. There is unfortunately 
no line of work in which the best workmanship is more likely to 
escape general observation, an appreciation of which fact Is per
haps the reason that so many capable railroad engineers have taken 
up other branches of their profession.

A most vigorous denunciation of a location, apparently without 
regard to construction difficulties, will be found in “ Eighty Years’ 
Progress in Canada,” a volume published in 1863. It came from 
the pen of Mr. T. C. Keefer, and expressed his opinion of the 
ability displayed in the location of the Great Western Railway be
tween Niagara Falls and the head of the Dundas Valley during the 
early fifties.

A notable case occurred on the extension of the B. 
and O. lines northward down the Mononganela Valley from 
Morgantown, West Va. The river is subject to great 
floods, and it was considered necessary to keep the grade line well 
above flood level, the location being made a short distance up on 
the side hills of the valley. In places the profile showed a succes
sion of short, sharp cuttings through points running out from the 
main hill. The material in these cuttings was in reality nothing 
but the debris of forgotten elides, but this was not noticed either by 
the location or the construction engineers. When the winter came 
every slide started to move again, as its supports had been cut 
through, and a heavy yardage of most difficult material had to be 
removed from the finished roadbed. On another West Virginia 
road it was found necessary to relocate some miles of the line, 
because it was fitted so closely to the contours of the side hill that 
It would have been impracticable to obtain a full width roadbed, 
although the centre line showed an excellent profile. In a minor 
degree, it will be found possible to shift many locations, so as to 
materially reduce the cost of construction, either by obtaining a 
smaller yardage or by locating through material that can be moie

r .



easily handled. Mistakes in not taking advantage of the nature 
of the ground are particularly likely to occur on lines that are 
being located by contour plan.

The fall of the Cornwall Bridge is the most striking example 
that has occurred in Canada, of a failure due to insufficient con
sideration of the necessities of construction. ,

It may be said that every district has its own peculiarities, and 
that if the engineer does not spend some time in studying the 
characteristics of the local material, he is bound to make some 
serious errors in his location, the results of which will be gener
ally set down to unavoidable natural causes, whereas they are really 
due to the failure of the railroad management to recognize the need 
of thoroughly trained men for the carrying out of its work.

Lastly, it is to be remembered that all Canadian railroads must 
be built under the provisions of the Railway Act, and of such Pro
vincial Acts as may be in foyce. The engineer should therefore 
know the requirements of the Act, for although railway manage
ments may take most vigorous action to influence government 
opinion upon great questions, they are perfectly prepared to accept 
all legal requirements as to matters of detail.

In conclusion, the writer may say that he has seen all the 
examples mentioned, and has made surveys and reports in con
nection with many of them.
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