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PREFACE.

THE following pages are prepared both for the use of railway

engineers and engineering students. For the first class, the aim

has been to give reliable information upon the various matters

relating to the location, construction, and equipment of railroads,

in such a manner that the actual numerical results required in

every-day work may be at once obtained. Scientific discussions

of engineering problems have purposely been avoided, as such are

given at length in the works of Rankine and others. Very little

of mathematics has been introduced, as many members of the

profession will at once close a book which requires the study

of complex formulae. Even accomplished mathematicians have

little time to stop in the midst of engineering practice to deduce

a required rule from first principles. It is believed that there is

nothing in this work that may not be easily comprehended by any

intelligent roadmaster. Frequent references are made to the

standard works upon engineering, in order that those who wish

to follow the rules back to their source may do so. The greater

part of the matter has been drawn from the actual practice of

American engineers, and the numerous illustrations have been

selected from works of tried and approved merit. Quite a

large part of the work is devoted to those technical details, upon

the correct execution of which so much of the success of engi-
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VI PREFACE.

neering practice depends. The actual dimensions figured upon

the large plates, being the result of the experience of our best

engineers, will be readily appreciated.

For the engineering student, the aim has been to present, in a

connected manner, the various operations that go to make up the

laying out and building of a railway, and at the same time to give

him an idea of those modifications which his abstract science

must receive before it is fit to be applied to practice. There are

many problems in practical engineering embracing so large a

number of variable elements that it is simply impossible for

science to solve them in a satisfactory manner. In such cases

we may often, by accumulating a large amount of experience,

deduce an empirical rule, which will answer every requirement;

and it is important that the student should be able both to accu-

mulate and arrange the results of practice, and to draw therefrom

rules for his own guidance.

Some points in Railway Engineering are but lightly touched

upon in the following pages. The methods of laying out railway

curves, the numerous problems in track laying, and the important

matter of computing the quantities of excavation and embank-

ment, have been so fully and so well treated by Henck, Trautwine,

and Morris, that there is no reason for doing the same work

over again. At the risk of appearing merely to return a compli-

ment, the author would take this opportunity of referring to the

later work of Mr. Trautwine, viz., The Civil Engineer's Pocket

Book, as being beyond all question the best practical manual for

the engineer that has ever appeared.

For the benefit of students, the following list of works bearing

upon the subject of Railway Engineering is given. It contains

only works easily procured, not very expensive, and of real value,
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which may be profitably used by those possessing but a limite<

imount of mathematical knowledge.

1. Field Book for Railroad Engineers. By John B. Henck.
2. The Plane Table, and its Use in Topographical Surveying. From th

papers of the United States Coast Survey.
3. The Principles and Practice of Levelling, applied to Railway Engineei

ing, and to the Construction of Roads, By F. W. Simms.
4. A New Method of Calculating the Cubic Contents of Excavation and Em

bankment, by the Aid of Diagrams. By John C. Trautwine.
5. A Manual of the Principles and Practice of Roadmaking. By Williac

M. Gillespie.
6. An Elementary Course of Civil Engineering. By D. H. Mahan.
7. The Mode of Estimating the Stresses in Bridges and Roofs, by Mean

of Diagrams. By Robert H. Bow.
18. The Strains on Structures of Iron-work. By F. W. Shields.

9. An Elementary and Practical Treatise on Bridge-building. By S
Whipple.

10. The Theory of Strains in Girders and Similar Structures ; with Observa
tions on the Application of Theory to Practice, and Tables of th<
Strength and other Properties of Materials. By Bindon B. Stone}

11. Graphical Method for the Analysis of Bridge Trusses, extended to Con
tinuous Girders and Draw Spans. By Chas. E. Greene.

12. Elementary Principles of Carpentry, By Thomas Tredgold. A nei
edition, edited by John Thomas Hurst

13. A Practical Treatise on Limes, Hydraulic Cements, and Mortars. B;
Q. A. Gillmore.

14. The Kansas City Bridge. By O. Chanute and George Morrison,
15. An Account of the Iron Railway Bridge across the Mississippi River, a

Quincy, Illinois. By Thomas Curtis Clarke.
16. Locomotive Engineering and the Mechanism of Railways. By Zerai

ColburiL

For periodical literature, the reader is referred to the two Eng

lish publications, " The Engineer/' and " Engineering;" and t
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viii PREFACE.

Van Nostrand's Eclectic Engineering Magazine, and The Journal

of The Franklin Institute, in this country. Works like Brees1

Railway Practice ($7$ .00), H umber's Treatise on Cast and Wrought

Iron Bridge Construction (£60.00), and Perdonnet et Polonceau,

Noveau Porte-Feuille de l'lngenieur des Chemins de Fer (£90.00),

both on account of their cost and their size, are more suitable for

the libraries of public institutions than for those of students.

The author is especially indebted to the following gentlemen

for materials employed in the preparation of this work: Samuel

S. Montague, Chief Engineer of the Central Pacific Railroad,

T. E. Sickles, General Superintendent of the Union Pacific Rail-

road, Messrs. Chanute and Morrison, of the Kansas City Bridge,

Messrs. Fink and Vaughan, of the Louisville Bridge, Willard

Pope, of the Detroit Bridge and Iron Works, B. H. Latrobe, Esq.,

Messrs. Smith and Latrobe, and Wendel Bollman, of Baltimore,

Edward H. Williams, formerly General Superintendent of the

Pennsylvania Railroad, at present of the Baldwin Locomotive

Works, T. C. Clarke, of the Phoenixville Bridge Works, J. H. Lin-

ville, of the Keystone Bridge Works, Messrs. J. M. Wilson and

H. Pettit, of the Engineer Department of the Pennsylvania Rail-

road, Charles Hilton, Engineer of the Hudson River Bridge Com-

pany, Benjamin D. Frost, State Engineer at the Hoosac Tunnel,

George A. Parker, Esq., formerly Chief Engineer of the Philadel-

phia, Wilmington and Baltimore Railroad, Edward S. Philbrick,

formerly Chief Engineer of the Boston and Worcester Railroad,

John F. Anderson, Chief Engineer of the Portland and Ogdens-

burg Railroad, George F. Morse, Superintendent of the Portland

Locomotive Works, and to John A. Haven, Publisher of the

American Railway Times.

The plates accompanying this work have been engraved upon
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PREFACE. ix

wood, by John Andrew and Son, of Boston, and very much of

their value depends upon the faithful manner in which they have

been executed. The engraver's task has been by no means an

easy one, as many of the plates have been reduced by photog-

raphy from large working drawings, and from tracings contain-

ing a very considerable amount of detail.

GEORGE L. VOSE.

BRUNSWICK, ME., August, 1872.
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MANUAL

FOR

RAILROAD ENGINEERS.

I N T R O D U C T I O N .

RISE AND PROGRESS OF THE RAILWAY SYSTEM.

No precise time can be assigned for the birth of the railroad
system. From the year 1630, when the first rude tramways were .
made, to the memorable competition at Rainhill, in 1829, when
the success of the " Rocket" proclaimed to the world the advent
of a new and mighty agent of civilization, many minds were
actively engaged upon the solution of the great problem of rapid
and cheap transport for the continually increasing quantities of
material used in the various arts and manufactures. The most
marked advance, however, was made between 1820 and 1830 — a
period that witnessed the building of the roads from Stockton to
Darlington, and from Liverpool to Manchester ; that beheld
the commencement of our own vast network of railways; that
saw the system inaugurated which at this day is represented
by an amount of road sufficient to reach six times around the
world, and which has cost not less than fourteen thousand mil-
lions of dollars.

Passing over the early days of tramways, the railroad system
may be said to have been fairly before the public in the fall of

1 1
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1825. At that time a locomotive steam engine upon the Stock-
ton and Darlington road, built and run by George Stephenson,
drew a train of wagons conveying four hundred and fifty passen-
gers, besides freight, a distance of eight arid three quarters miles
in sixty-five minutes. The engine used upon this occasion was,
however, an exceedingly imperfect machine. It was not until
four years later, in October, 1829, that the " Rocket" gained the
prize offered by the Directors of the Liverpool and Manchester
Railway, and forever settled the question as to the superiority of
the locomotive steam engine as the motive power. In America,
the period from 1825 to 1832 saw the construction of the Quincy
Granite Railway in Massachusetts, the Mauch Chunk coal road
in Pennsylvania, and the Mohawk and Hudson Railway in New
York. The same period beheld the commencement of the Balti-
more and Ohio Railroad, of the line from Charleston, in South
Carolina, to Augusta, in Georgia, and of the several roads from
Boston to Lowell, Providence, and Worcester. The early days
of the new mode of transport in this country were not marked
by the severe struggle which preceded its birth in England.
The grave discussions, however, as to the employment of horses
upon railways, the doubts as to the possibility of being able to
surmount a grade of thirty feet in a mile, and of running trains
in bad weather, and, finally, the estimates of the amount of traffic
which might be expected, all serve to show how little the project-
ors of our iron roads comprehended the capacity and power of
the system which in less than fifty years should connect the At-
lantic with the Pacific; which should open the granaries of the
West to the crowded cities of the Old World ; which should
almost entirely supersede, both for passengers and freight, every
Other mode of inland transportation.

The rate of progress in railroad construction, in the United
States, from 1830 to 1874, has been as follows : —
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Yen.

I83O .

1835 •
I84O .
I845 .
I85O .

INTRODUCTION.

Mik«Op«.

• • 23
. . 1,098
. . 2,8l8
• .4.633
. . 9.O2I

Year.

1855 •
i860 .
I865 .
I87O .
I874 .

Miles open.

• 18,375
• 3O.635
• 35.185
. 53.OOO
. 70,000

The table below gives the rate of progress, in the different
sections of the country, from 1840 to 1870.

Year. New England State*, Middle State* Western States. Southern State*.

1840 .
1845 .
1850 .
1855 .
i860 .
1865 .

527
973

. 2,508

• 3469
. 3,660

• 3.834

1,566
2,100
3,202

5473
6,706
8,539

89
374

1,276
4,567

11,064
12,847

636
1,186
2.035
4.857
9,182
9,632

1870 . • 4494 10,991 23,769 12,468

COST OP RAILWAYS.

The roads of New England have cost, upon an average, £50,000
per mile; those of the Middle States, £75,000; of the Western,
£50,000; and of the Southern, £35,000. The general average
for the whole country is about £50,000 per mile ; making a total,
in round numbers, of £3,500,000,000 for the whole 70,000 miles
of railway. These figures, however, are to be regarded as only
approximate; being based upon the capital accounts, and not
upon the amounts actually expended. The stocks and bonds of
the several companies have seldom realized their nominal value.
Thus the cost per mile, as returned, does not show the actual
relative expense of construction in different sections of the coun-
try, on account of the wide difference in the percentages realized
from the sale of the securities of the various companies in differ-
ent localities. The New England roads appear, from the above
figures, to have cost no more per mile than the roads of the
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Western States ; while, regarding the amount actually expended
for construction, the Western roads are much cheaper than those
of New England.

T H E SERVICE PERFORMED BY RAILWAYS.

The amount of work performed in a year by the whole railway
system of this country can be estimated only roughly, since but
few states make annual returns of the operations of their roads.
If our whole 70,000 miles averaged only half as much traffic,
and earned only half as much per mile, as the roads of New
York State did in 1868, the whole number of passengers car-
ried in a year would be 160,000,000; the number of tons of
freight 108,000,000; the total miles run by trains 225,000,000;
and the revenue £450,000,000. The passenger mileage* would
have been 6,000,000,000; and the freight mileage 12,000,000,000.
To put these last figures into more popular language, if all of the
railway travelling done in the United States in a year were
done by one person, the actual distance accomplished would
carry that person from the earth to the sun and back again
thirty-two times ; or it would carry him 240,000 times around
the world, and he would travel at the rate of 12,000 miles
a minute night and day. The total freight mileage performed
in the United States for a single year, as above given, would
be equivalent to transporting the great pyramid of Egypt
from New York to St. Louis and back again. If the locomo-
tives and cars employed in doing all of this work were made up
into a single train, it would reach not less than two thousand miles.
The actual value of the freight transported in a single year in the
United States has been reckoned at upwards of £10,500,000,000;
or about three times the cost of all the roads in the country.

* By mileage is meant the product of milea run by passengers, or by tons
carried. Thus, 500 persons carried 100 miles, and 750 persons carried 75
miles gives a total passenger mileage of—

500 X 100 + 750 X 75 = 106,25a
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The following table shows the extent and the approximate cost
of the railways of different countries at the close of 1873 : —

Cost per Mile Total Cost

Length in Miles. in Dollars. in Dollars.

United States, . . 70,000 50,000 3,500,000,000
Great Britain, . . . 16,000 180,000 2,880,000,000
France, 11,000 160,000 1,760,000,000
Germany, . . . . 13,000 125,000 1,625,000,000
Austria, 7,500 80,000 600,000,000
Russia, 8,500 160,000 1,360,000,000
Italy, 4,000 100,000 400,000,000
Spain and Portugal, . 4,000 100,000 400,000,000
The rest of Europe, . 4,000 90,000 360,000,000
India, 5,000 95,000 475,000,000
Africa, 1,000 125,000 125,000,000
Australia, . . . . 1,000 105,000 105,000,000
South America, . . 2,000 100,000 200,000,000
Canada, 3,000 70,000 210,000,000

The whole length of the railways of the world was thus
150,000 miles ; and the total cost, in round numbers, #14,-
000,000,000. This vast system of conveyance is reckoned to
transport annually 1,000,000,000 passengers, and 500,000,000
tons of freight, and to give regular employment to over a mil-
lion persons.

T H E EFFECT OF RAILWAYS.

The effect of a judicious system of railways is to increase the
consumption and to stimulate the production of agricultural
products, to distribute more generally the population, to cause
a more even balance between supply and demand, and to in-
crease largely both the amount and safety of travelling. By rail-
roads, large cities are supplied with fresh produce from the coun-
try, and persons are enabled to live at a distance from the great
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centres, and yet do business therein. The amount of this diffu-
sion of the population is as the square of the speed of transport.
If a person walks three miles an hour, and has an hour for pass-
ing from his residence to his place of business, he cannot reside
at a greater distance than three miles from his work. The area,
therefore, in which such persons may live, is the circle of which
the radius is 3 miles, the diameter 6 miles, and the area 28
square miles, very nearly. If, by the use of a horse, the speed is
increased to 8 miles an hour, the diameter of the circle becomes
16 miles, and the area 201 square miles. Finally, if by railway
the speed is 25 miles an hour, the diameter becomes 50 miles,
and the area 1,963 square miles.

The most marked benefit derived from an improved mode of
transport is seen in the increased value which is at once put
upon the products raised at a distance from the great markets.
Suppose a ton of wheat to be worth $$0, and a ton of corn $25,
at market. Suppose also that it costs 20 cents per ton per mile
for transport over a common road, and 2 cents per ton per
mile for transport upon a railway ; then the values of wheat and
corn, raised at different distances from market, will be as shown
below.

WHEAT. CORN.

At market,
50 miles, .

100 miles, .
150 miles, .
200 miles, .
250 miles, .
300 miles, .

Transported
by Railway.

• • 49
. . 48
. . 47
. . 46
. . 45
• • 44

Transported
by Wagon.

*5o
40
3O
2 0

10

0

0

Tramnorted
by Railway.

$2$

24
21
2 2

21

2O

19

Transported
by Wagon.

$2$

is
5
0

0

0

0

Thus the transport of a ton of wheat, carried 250 miles upon
a common road, would just equal its value; or, in other words, at
250 miles from market wheat would have no value for export;
while carried the same distance by railroad, the transport con-
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sumes only $$ per ton, thus giving it a value of $4$ at a dis-
tance of 250 miles from market. So too with regard to corn :
if it has a value of $2$ per ton at market, at 125 miles distant
upon a common road it is worth nothing at all, as the cost of
taking it to market just consumes its value.

The radius of the circle in which corn may be raisecj with
profit, if it is obliged to rely upon wagon transport, is then 125
miles, and the area is 49,087 square miles; while the radius of
the circle which may be profitably cultivated for railroad trans-
port is 1,250 miles, and the area 4,908,750 square miles. In the
same way the area for wheat, by wagon transport, is 196,35a
square miles, and the area by railway transport, 19,635,00a
square miles.

THE SAFETY OF RAILWAY TRAVELLING.

Notwithstanding the occasional disasters upon railways, there
is no other mode by which travellers can be carried so safely.
To be convinced of this we have only to consider the number
of lives lost as compared with the whole number of passengers
carried. Carefully collected returns show that the number of
persons killed and injured, from causes beyond their own control,
has been, in France, one in every 4,000,000 carried ; in Prussia*
one in 3,000,000; in Belgium, one in 1,600,000; and in Massa*-
chusetts one in 1,475,000. In 1866, the whole number of persons
carried on the railways of Great Britain was; over 300*000,000;
while only fifteen were killed, or one in every 205000,000. The
Massachusetts returns show one passenger killed for each 25,-
.000,000 carried, and one person injured for each 1,500,000 carried;
while one and a half million persons have been transported for
every one killed or injured from causes beyond the passenger's
control. The government returns in France show the number of
persons killed and injured while travelling by stage-coaches to be
one in 28,000—making it thus about one hundred times safer to
travel by railway than by stage-coach. The danger of travelling
by steamboat, as far as we can judge by the very incomplete re-
turns, is far greater even than by stage.
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DETERMINATION OF THE CHARACTER OF THE R O A D .

In commencing a railway enterprise, we should ascertain, in the
first place, all that can be known of the amount and kind of traffic
that is to be expected: whether passenger, freight, or mixed ;
whether the road is to depend principally upon a local business,
or is to form a portion of a great trunk line ; whether the traffic
is to pass mostly in one direction, leaving the empty cars to be
hauled back, or whether an equal amount of work may be expect-
ed in both directions ; for upon the nature and extent of the traffic
must depend the character of the road to be built Upon a cor-
rect idea of what the road ought to be, depends in a great degree
its success. The greater the amount expended in reducing the
natural surface, to obtain low grades and easy curves, the less
will be the cost of operating the road, but the greater the interest
to be paid upon the first outlay. The limit of expenditure must
be such as to render the sum of the construction and of the main-
taining capitals a minimum, eventually ; though it may not be
expedient to produce this result at the outset. A road may be
made for #50,000 a mile, and cost #9,000 per mile per annum for
working and keeping in repair ; or it may be made for #100,000
a mile, and cost only #6,000 per mile per annum for maintenance
and operation. The interest on the cost of building added to the
annual expense for operation will in each case be the same ; and
yet it may be preferable to adopt the first, for various reasons.
It is easy, if the amount of traffic warrants it, to improve a cheap-
ly made road to any desirable extent after it is opened ; but if the
traffic should turn out small, it would not be easy to pay the in-
terest upon the cost of an expensive railway. Nothing would
have been more absurd than for American engineers to have
copied the enormously extravagant method of railway building
adopted in England. Had it been done, we never should have
had the immense system that has so developed the vast resources
of our interior. Yet nothing could be wiser than for the mana-
gers of American roads to bring their lines gradually into that
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admirable condition of efficiency which enables the European rail-
ways to be maintained for less than half the expense of ours. A
cheaply built road may often be made into a first-class railway
by a judicious expenditure of its'earnings, at much less expense
than would be incurred by a large outlay at first, when, as is
generally the case, money is raised at a large sacrifice of the
company's securities.

The determination of the increase of traffic which may be ex-
pected in any district from the building of a railway is a difficult
matter. There can be few rules given for proceeding in such an
inquiry. Experience is the only guide ; and even the experience
in one district must be cautiously used in judging of another.
There are many roads in this country which have been of incal-
culable benefit to the sections through which they pass, while the
original stock is worth nothing, and never will be. Probably
there is not a state in the Union that could not better afford to
assume the cost of its railways than to be without them.

In fixing the general character of the road, as to gauge, grades,
and curves, many points will have to be considered. The superi-
ority which the modern railroad possesses over the common road,
consists, first, in the reduction of the resistance to motion, and,
second, in the application of the locomotive steam engine. The
effect of a grade of a given inclination is relatively more upon a
railroad than upon a common road, for as the absolute resistance
upon a level decreases, the relative resistance of a given grade
increases ; whence to obtain the full benefit of the railroad system,
we must reduce the grades much more than upon a common road.
For example, if the resistance to moving one ton upon a level on
a railway is 10 pounds, and upon a common road 60 pounds,
where a 24 feet grade, or an incline rising 24 feet in a mile, would
double the resistance upon the railway, a grade of 141 feet per
mile would be required to do the same upon the common road.
The bad effect of grades, however, is by no means so great as at
one time supposed, as only a part of th§ working expense is af-
fected thereby. With regard again to curves, the amount and
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sharpness of curvature will depend much upon the character of
the trains which are to be drawn over the road. Long freight
trains or fast passenger trains demand a large radius of curva-
ture ; while light traffic and moderate speeds are but little affected
by curves of 2000 feet radius, and upwards. The various im-
provements introduced into the construction of locomotives and
of cars during the past twelve years have very much reduced the
cost of working both grades and curves. This matter will, how-
ever, be discussed in advance.

THE GAUGE OF RAILWAYS.

The question as to the proper gauge * or width of track,
which was formerly a favorite subject for dispute among engi-
neers, has finally settled itself in favor of the narrow system, i e.,
4 feet 8£ inches : not that this particular width is absolutely the
best, but that it is the one most commonly adopted, and that the
advantages of uniformity so far outbalance all other considera-
tions. Probably a gauge of 5 feet would have been found as
nearly perfect for the railway system, as a whole, in a mechanical
point of view, as any other ; and it is much to be regretted that it
was not fixed as a national standard in the commencement. The
7 feet gauge of the Great Western Railway of England has proved
itself a failure, and is being rapidly reduced to 4 feet 8 | inches.
So, too, in America, the 6 feet of the Erie and of the Ohio and
Mississippi has shown the fallacy of the reasoning which led to its
adoption, and these roads will eventually, without doubt, be re-
duced to the narrow gauge.t With regard to the gauges of 5 J
feet, 5 feet, and 4 feet 10 inches, in the United States, every year
is showing in the plainest manner the results, to one of which the
railroads thus built must come ; either a reduction to the 4 feet 8£
inches, or else complete isolation from the general system. The

• The gauge is the width between the insides of the heads of the rails.
t Since writing the above, the gauge of the last named road has been re-

duced to the ordinary width of 4 feet 84 inches.
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heaviest traffic in the world, and the most powerful engines, are
to be found upon the narrow gauge. A commission of the best
engineers of England have stated that engines can be run with
perfect safety at any speed from 30 to 60 miles an hour on a
gauge of 4 feet 8 | inches. Whether the total resistance to trac-
tion is any lees upon the broad than upon the narrow track is yet
to be determined Even if it is slightly less, the widening of the
road and all its equipment is rather an expensive mode of obtain-
ing such an advantage. One of our prominent railroad managers,
having operated both the 6 feet and the narrow gauge, concludes
that in the cost and efficiency of the equipment there is a difference
of 20 per cent in favor of the latter.* Indeed, at the present time
many engineers favor a gauge of only three feet for certain roads ;
and even a less width than this has been adopted in some parts
of Europe, with a good degree of economy in operation.!

GENERAL ESTABLISHMENT OF THE RAILWAY ROUTE.

The straight line connecting any two places would of course be
the best for the completed road. But this is seldom practicable.
Way towns must be accommodated to a certain extent. It should
be borne in mind, however, that in adding to the length of a road
we not only increase the cost of construction and of maintenance,

• " The advocates of the broad-gauge theory of late years have been pretty
much confined to its unfortunate victims. The extra weight of its rolling
stock, in proportion to the load carried, raises the proportion of non-paying
tonnage; and the friction due to the curves is largely in excess of that upon
the narrow gauge. In some foreign countries, where such property is pro-
tected from competition, the broad gauge roads are prosperous; but where
they come in open competition with the narrow gauge, bankruptcy is the rule,
to which there is hardly an exception. Of the four thousand miles of broad
gauge roads in this country, I know of but one line that is not hopelessly
bankrupt, and that makes two or three percent, by carrying its through freight
on a narrow gauge, for which it has laid down a third rail. Without the third
rail, it would be as bankrupt as the rest of them." — J. W. BROOKS : Testimony
before Committees on Railroads of Mass. Legislature^ 1870.

f See Appendix. " Narrow Gauge Railways,"
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