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PREFACE 

      

      

   

A RAILROAD with its rolling stock and buildings constitutes 
a manufacturing plant which its owners operate in the manu-
facture and sale of transportation. The " layout or arrange-
ment of a modern manufacturing plant is as much an item of 
design as is each individual machine or process. This book 
attempts to describe the fixed portion of a railroad plant and 
to give the underlying principles of the design of its layout. 

A policy adopted in the preparation of the book has been to 
treat briefly and generally those subjects which are fully and 
well covered in special volumes, to which the student is referred, 
and to go into detail in those subjects treated only in books of 
the same class as this one. 

An effort has been made to indicate at least indirectly that 
there are other methods of doing things than those presented, 
and to lead the student or reader to think of other possible 
ways than those described in the book. 

The plan of first describing the thing and then discussing its 
design, has been followed. Part I describes the permanent 
way in as much detail as has been thought wise ; Part II dis-
cusses the fundamental principles governing the design of the 
grade line, while Part III describes the methods of applying 
these principles to secure the most economical location and 
construction. Part III also contains many suggestions which 
would have been most welcome to the author when he was 
placed in charge of his first residency. 

Not much space has been given to diagrams for the discus-
sion of locomotive and grade problems, but the author uses 
diagrams and believes in diagramming almost all formulas for a 
thorough study of the effect of variations in the variables, and 
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iv 	 PREFACE 

he suggests to instructors using this book for class work that 
they give not a little time to graphical representation of the 
principles of Part II. Additional examples for the application 
of these principles may be formulated from the data appearing 
on Plates I to XI inclusive. 

The author has tried to use few words, and to have all of 
them mean something, in the desire to condense into proper 
proportion for a broad civil engineering course almost all of the 
fundamental principles of a great subject, which may be ampli-

fied as much as desired by those using the book. 
The wisdom of including so long an appendix as appears may 

be questioned. The author has felt that the value to the young 
engineer of Professor Taylor's paper and the discussion on it, 
even though some of the principles discussed in the text are 
repeated, is great enough to warrant the appearance of almost 
the whole matter. Nothing is more effective in fixing prin-
ciples than a well-discussed example from practice, and the 
variety of viewpoints and suggestions in this discussion will 
furnish many ideas to the student reader. 

In addition to what has been said of the scheme of the book 
as a whole, it may be proper to call attention to some particular 

features or portions. 
It is hoped that the sequence of arrangement and the method 

of treatment may commend themselves to the student and 
teacher. In the introduction there are presented briefly, and 
far from completely, what are thought to be rational ideas of 
railroad political economy. The paragraph on the comparative 
worth of cross-ties is thought to be sound and to furnish correct 
principles for economic investigations in other directions. It is 
hoped that the brief discussion of the locomotive as a traction 
engine will be found valuable, and that the articles on curve 
resistance and the cost of the worst class of rise and fall, which 
are original, will be found correct. The article on reconnais-
sance estimates, and that on the work of the residency, will per-
haps be of service to young engineers on their first work. 

The author is indebted to Mr. Ray Morris for criticism of 
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portions of the introduction and to the following for permission 
to use cuts or matter : To the Railroad Gazette and Mr. B. B. 
Adams for cuts from the Railroad Gazette and from The Block 
System; to the Ramapo Iron Works for cuts of frogs and 
switches; to Engineering News for cuts from that journal and 
from Tratman's Track ; to Mr. G. W. Kittredge, Chief Engi-
neer of the New York Central and Hudson River Railroad, for 
numerous standard plans ; to the Hall Signal Company for the 
electrotype for Plate (p. rr4); to the American Locomotive Com-
pany and the Baldwin Locomotive Works for electrotypes of 
locomotives for Plates I to XII. Other indebtednesses are 
noted in the text. 

Every author of a text-book treating of the economics of rail-
road location must of necessity be indebted in great measure to 
the late A. M. Wellington, and the author of this book wishes 
to acknowledge this indebtedness and to express his admiration 

for the man who has done more than any American, if not 
more than any man, to raise railroad location from a trade to a 
profession. 

WILLIAM G. RAYMOND. 
Lows Cm, IOWA, January, 3908. 
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ELEMENTS OF RAILROAD 

ENGINEERING 

INTRODUCTION 

Inception of a Railroad Enterprise. — Railroads in America are 
built for a single avowed purpose; namely, to make money for the 
projectors. 

These projectors have various ideas as to how the money is to 
be made. In one case — perhaps the majority of cases — they 
expect to make a sufficient profit on the business of general trans-
portation to pay a fair return on the money invested in the road. 
In another case they expect to make money by the sale of lands 
owned by them. The road. is built to or through these lands from 
some important commercial center, in order to make the lands 
accessible and hence to bring them into market at a price sufficient 
to yield a profit on the cost of the lands and the cost of the road. 
In another case the road may be projected by a company of men 
owning coal, iron, or other mines, for the purpose of getting the 
output of the mines to the nearest or best market at a minimum 
cost. In this case the road may be built if the estimated differ-
ence between the cost of transportation by rail and the cost by 
wagon or other available method is sufficient to pay interest on 
the cost of the road and equipment. In another case a company 
of men owning and operating a railroad conceive that an extension 
of the line into new territory, or the building of a lateral branch 
to some commercial or agricultural district, will, whether it will 
be remunerative in itself or not, bring such an added volume to 
the business of the existing road, which additional volume of 
business can be conducted without much additional expense, that 
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the net result of the loss, if any, from the branch itself and the 
gain to the main line will be sufficient to yield a fair return on the 
cost of the new line. 

In other cases — fortunately comparatively few a road is 
projected and, sometimes, when the funds can be secured, actually 
built, for the purpose of blackmail. That is, some vicious-minded 
person, noting that an existing road is doing a handsome business 
and making a simil./ profit, conceives the idea that its owners 
will be so anxious that heir business shall not be interfered with, 
that they will be glad to offer to any other company proposing to 
build a parallel line a substantial bonus to keep off; and that if 
these owners do not make such an offer, the parallel line may be 
built and rates reduced so as to damage the existing company to 
an extent that will bring it to terms and compel it to buy the new 
road in self-defense. Such projects have not usually been successful. 

Formation of Company. — In any case, if the road is to be a 
new one, independent of any existing organization, the order of 
procedure may be somewhat as follows: — 

The person who conceives the idea of the road associates with 
himself other persons whom he may be able to impress with the 
feasibility of his scheme, and they organize themselves into a 
company or corporation by filing with the State authorities articles 
of incorporation which set forth the purpose of the corporation, 
the amount of capital stock that it is proposed to issue, the 
names of the first board of directors, the extent and location of 
the proposed line, and some other items, varying according to the 
requirements of the State in which the company is organized 

It is not unusual for a company to be organized under the laws 
of a State in which no one of the individuals forming the company 
lives -and within which no part of the proposed line lies. This 
is done because of some provision of the laws of that State that 
the organizers think particularly favorable to them. 

Formerly a special enactment of the legislature was necessary 
to give a company power to condemn land for its purposes. Now 
in most States. if not in all, this power is conferred by general 
laws to companies organized under those laws. 

The right to build and operate a road is known as a franchise 
or charter, and that is what the company secures from the State. 
It carries with it the right to take such lands as may be needed 
for the purposes of the road, the company to pay for such lands 
a fair value. This value may be arranged by agreement between 
the company and the owners of the land taken, or, in case they 
are unable to agree, the value of the land is settled by a court, 
through a commission. If condemned by a commission, the 
company is estopped from ever using the property for any 
other than the avowed purpose for which it was acquired, 
while if the fee is obtained by deed, the company is not so 
limited. 

Stock. — A certificate of stock is a paper certifying that the 
person in whose name it is made out owns a stated interest in the 
capital stock of the company issuing the certificate, and such a cer-
tificate constitutes evidence of membership in "the company." 
From the bookkeeper's standpoint the company is indebted to 
the holders of stock in the amount of their holdings, and to this 
extent stock and bonds are of the same nature; but bonds bear 
a definite rate of interest, while stock takes what it can get in 
dividends. 

The persons forming the company agree to take each a certain 
amount of the capital stock of the company. Persons whose 
subscriptions for stock are accepted, thereby become stock-
holders in the company. The company is a legal entity that 
does business just as an individual, except that it does it through 
others, who are known as its officers. It is usual for each stock-
holder to have one vote in the affairs of the company for each 
share of stock owned or held by him. 

The stockholders usually elect a board of managers, known as 
the directors, and this board of directors elects the general officers 
of the company, sometimes partly from its own membership. 
The board of directors determines all matters of general policy, 
not requiring action by the stockholders, and the officers exe-
cute its orders, being responsible for the detail of the operations 
undertaken. This is the theory. In practice the board of 
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directors often becomes simply the endorser of the acts of its 
executive committee or the president of the company. 

In many, but not all States, the company does not exist in law, 
even though its articles have been filed, until a specified portion 
of the capital stock has been subscribed and paid for in cash. 
The portion not subscribed by the originators of the scheme 
may go into the treasury of the company to be sold for funds 
with which to build. While held by the company it is known 
as treasury stock. 

It is not necessary, nor usual, when a new company is being, 
organized, for the subscribers to the capital stock to pay in full 
the par value of the stock subscribed for; indeed, it is more usual 
for these first subscribers to pay very little for their stock. The 
company hopes to borrow enough money to build and equip the 
road, and the amount paid by the subscribers to the stock will 
usually be the difference between the cost of the road and equip-
ment and the sum the company is able to borrow. It will fre-
quently be not more than enough to pay the cost of the prelimi-
nary surveys necessary to furnish information as to the probable 
approximate cost of the road. It is sometimes not so much 
as this, and sometimes nothing at all beyond the legal require-
ment, and often ways are found of evading even this. When the 
money for construction is borrowed, the company executes a 
mortgage covering usually the franchise and entire property. 

Bonds. — Bonds, which, like notes, are promises to pay, and 
which refer to the mortgage as security, are issued, usually in 
$roco units, in the amount of the mortgage, and the lenders 
of money receiving these bonds are said to be purchasers of 
bonds. 

These bonds are of two general classes, — registered bonds and 
coupon bonds. The ownership of the former is kept track of by 
the trustee or company; and when a bond is sold by one person 
to another, the change of ownership is registered, so that the 
interest, when it falls due, may be sent to the right owner. It is 
usually sent by check. The coupon bonds have coupons attached 
to them, each coupon being a draft on the company for a stated  

portion of interest falling due at a stated time. Whoever owns 
such a bond simply clips off each coupon as it falls due and de-
posits it in his bank for collection. The principal of a coupon 
bond may be registered, but not the coupons, which are payable 
to bearer. 

If the projectors of the line have faith that it will be able to earn 
at least the interest on its first cost, and if they be men of means, 
they may supply the whole of the money necessary to build and 
equip the line. In this case they do not buy the capital stock of 
the company, paying into the treasury therefor its par value, but 

'they lend the necessary money to the company; that is, they buy 
its bonds, receiving as a bonus a certain portion of stock, — usu-
ally an amount equaling at its par value the par value of the 
bonds taken. If the projectors are not men of means, they en-
deavor to persuade capitalists to lend the necessary money, and 
to do this for the bonds (usually sold for somewhat less than par 
value) and so small a stock bonus as can be arranged. The com-
pany must be able to convince the capitalists that the business 
the road will be able to do will, under fair management, which 
must be supposed, at least pay all operating expenses, including 
repairs and renewals, and the proposed interest on the bonds to 
be issued. To this end an estimate of the cost of constructing 
and equipping the road, and an estimate of the probable cost of 
operation and revenue, must be made. 

Railroad loans arc not made on the basis of the actual road-bed 
and rolling stock as security, though of course these items have 
some small inherent value; but the security is the business the 
road may be able to do, or may be made to do, under proper man-
agement. This fact explains why it is often possible to borrow 
the whole actual cost of the road and equipment, rather than 
one half or other small fraction of its estimated value, as would 
be the case with a dwelling or other real estate. 

The stock and bonds together constitute the capitalization of 
the company, the bonds having precedence in the distribution of 
the earnings up to the amount of their interest rate. What is 
called preferred stock is sometimes issued, which, after the bonds, 
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takes precedence of the common stock in the distribution of earn-
ings up to a specified dividend rate. 

Engineer's Estimates — The cost of construction and equip-
ment is usually estimated by an engineer, after a reconnaissance 
survey, or a preliminary survey, of the proposed route. The esti-
mate of probable cost of operation and revenue may also be made 
by him, but is more usually made by some of the promoters of 
the plan. A competent engineer should be able to make all the 
estimates. If the promoters endeavor to borrow money, that is, 
float their bonds, through some well-known trust company or 
banking house, such company or house may have its consulting 
engineer go over the estimates submitted, in order to satisfy itself 
that they are reasonably correct. 

If the engineer who is employed to make a preliminary estimate 
makes it from a reconnaissance only, his work consists in going 
over the territory between the selected termini or principal points, 
on foot or horseback, and estimating, from his knowledge of 
what other lines more or less similarly located have cost, what 
this line, along a route that he selects, will probably cost. The 
estimate should include the road-bed, track, bridges, side tracks, 
water stations, buildings of all kinds, and rolling stock. In order 
to estimate the necessary rolling stock, he must have some rough 
idea of the business to be done, which he gets from observing the 
character of the country, the population and nature of industries, 
with possibilities for development, and comparing these features 
with those of some existing line or lines having as nearly as may 
be similar tributary territory. He finds the business done by the 
existing line or lines, and the rolling stock required, from the 
annual reports of these lines, a synopsis of which, often enough 
for his purpose, is furnished in Poor's "Manual of Railroads," 
or in the reports of the State Railroad Commissioners, or the 
statistical reports of the Interstate Commerce Commission. His 
estimate is, of course, only roughly approximate. 

If he makes a preliminary survey, he actually lays out a line, 
after having determined by a reconnaissance which of several 
possible routes is the best, takes levels along the line and con- 

structs a profile. On this he draws a grade line, from which 
he computes the probable quantities of excavation and embank-
ment, the lengths and weights of iron bridges, the amount of 
timber for timber bridges, the masonry, etc., and hence is able to 
make a much closer estimate of the probable cost of the road-bed 
to sub-grade — that is, under the ties or sleepers — than he is 
able to make by reconnaissance only. He also gains a more exact 
knowledge of the rate of grade that must be used, and hence is 
better able to estimate the operating expense, since this is much 
affected by the rate of grade. 

Construction- — If the estimates prove satisfactory, there will 
probably be little difficulty in floating the bonds; and when 
these have been subscribed for, the work of final location and 
construction may begin. 

The bonds bear interest from the date of issue and delivery, 
and it is sometimes provided that the money will be advanced 
to the company only so fast as the engineer and president shall 
certify to the completion of work. 

Whether or not the whole issue is drawing interest, it is inva-
iably wise to build as rapidly as possible, that the interest on 
'Ion-productive capital shall be as small as possible, and that as 
soon as may be the road shall begin to earn something- If it 
can be so arranged, it is usually best to open any completed por-
tion of the road, provided the business of the completed portion 
will warrant the running of trains, without waiting for the corn-
pinion of the whole line. 

The road may be built by contract, or by day labor under 
charge of the engineer or a superintendent. The contract method 
is usually the better. The chief engineer will have entire charge 
of the work of construction, and will, with the assistance of the 
attorney for the company, and after consultation with the presi-
dent, draw all specifications and contracts for the work. 

Operation. — On the completion of the road the chief engineer is 
usually  assigned the control of road-bed, track, bridges, and 
buildings, while a chief of motive power, or master mechanic, is 
assigned control of the construction, or purchase, and mainte- 


