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PRINCIPLES OF RAILROAD
TRANSPORTATION

CHAPTERI

INTRODUCTION—DEFINITION AND SCOPE OF TRANS-
PORTATION

Transportation defined, 2. The technics of transportation, 2. The
service, 2. The economics of transportation, 3. Transporta-
tion economics and the science of political economy, 3. Trans-
portation and the production of wealth, 4 Transportation and
the use or consumption of wealth, 4. Relation of transportation
to the exchange of wealth or commerce, 4. Relation of trans-
portation to the distribution of wealth, 5. Transportation and
political science, 7. The scope of this volume, 9.

“TRANSPORTATION has to do with travel, traffic, and com-
fnunication; it is concerned with the movement of persons
and things, and with the transmission of ideas. The term
is applied both to the instruments by which movement is
accomplished and to the service performed by those agen-
cies. The several instrumentalities—waterways, highways,
railroads and the vehicles used upon them, the telegraph
and telephone—are spoken of collectively as the transpor-
tation system. In the study of transportation attention may
be directed either to the system or to the service.

The system is the machine that performs the service, and
a study of it is a technical one, covering the engineering

1



2 RAILROAD TRANSPORTATION

problem connected with the construction, maintenance, and
operation of the means or mechanism of transportation, and
also including the business principles and methods prevail-
ing in the management of the several parts of the various
organizations engaged in performing the transportation serv-
ice. The engineering side of the technics of transportation
is studied in the civil and mechanical engineering schools,
which give instruction in the principles and methods of
building the structures and machinery pertaining to each of
the several transportation agencies—instruction in improv-
ing rivers, building canals, highways, and railroads; in de-
signing and constructing ships, engines, locomotives, and
cars; and in the several branches of electrical engineering.
The principles and methods of administration, or the busi-
ness technics, with the exception of such as may be included
in the study of accounting and telegraphy, are as yet but
little taught in American schools. They must be mastered
in the school of experience. In this regard the educational
facilities in the United States are somewhat inferior to
those in some European countries.

In studying the transportation service, only incidental
regard need be given either to the agencies which perform
the service or to the technics of the administration of those
agencies. The purposes of the study are threefold: (1) To
understand the nature and scope of the transportation serv-
ice both as a whole and with such detail as may be necessary
to an intelligent consideration of each of the several branches
of the service; (2) to analyze the relations of the com-
panies and individuals who perform the services to the
users of the service—the relations, actual and desirable, of
the carriers and the public; (3) to ascertain the degree
and form of supervision or control that the Government
should exercise over the relations of the carriers and the
public.

In contrast with the technics of transportation, the study
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of the service may be called the ecomomics of transporta-
tion—the study which treats of the characteristics of the
transportation service, the business relations of the carriers
and the public, and the governmental supervision or con-
trol of transportation. This study comprises a part of each
of two social sciences: economics or political economy and
civics or political science.

Political economy, or economics, is the science of busi-
ness affairs, or, as it is sometimes defined, the science which
treats of the efforts of men to satisfy their wants. Among
the manifold instrumentalities men have devised to assist
them in the business activities which they carry on to create
the wealth whereby their wants are satisfied, transportation
agencies have come to be indispensable, and a study of the
services performed by those agencies constitutes an impor-
tant part of the science of business affairs. The position
of transportation economics in political economy can be
specifically stated by explaining briefly the relation of the
transportation service to the production, consumption, ex-
change, and distribution of wealth.

Production consists in making matter more useful for
purposes of consumption. It is the creation of utilities. To
give matter the ability to satisfy wants, two things must be
done: The commodities must be given the form or the
qualities which the user desires them to possess, and the ar-
ticles must be taken to the user. The form and intrinsic
qualities that make matter useful result from agriculture,
manufacture, and the various industries by which things
are grown and shaped. The transportation service puts
commodities in the place where they can be used. An article
that has been grown, mined, or manufactured has received
only a part of the services by which it becomes useful. Only
the intrinsic utilities of form or quality have been created;
the usefulness which depends upon the location of the ar-
ticle—its place utilities—has yet to be given it. Place
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utilities are created by the transportation services, which
are thus a part of the general process of production.

The relation of transportation to production may also be
shown by considering the general effect which improvements
in transportation services have had on the use or consump-
tion of wealth. Men produce commodities, because they
want, the commodities, because they wish to hoard up, or
use—that is, “consume”—them ; accordingly, what men pro-
duce depends upon the kinds, number, and intensity of their
wants. From this it follows that any force or influence
that changes men’s wants will also affect their productive
activities. This truth is illustrated by the fact that the un-
civilized man will do but little work, because he wants
but a few things. The only way to make him work is to
create wants in him.

The causes which modify the wants of men, and thus
change what they produce and consume, are many, but
nothing will do more to create new wants or more intense
ones than a decrease in the cost and an increase in the
quantity and variety of consumable commodities. The
availability of commodities has been multiplied many times
by improvements in transportation, and the effect of this
upon human wants has unquestionably been great. Indeed,
with our present facilities of transportation, there is prac-
tically no limit to the number of wants we can satisfy, and
our rapidly increasing demands have spurred us on to an
ever-widening range of production.

Commerce consists in exchange of commodities between
separated localities—it is the agency by means of which the
consumer and producer are brought together. The process
involves a sale and purchase of goods, their transmission
from the seller to the buyer, and the settlement of business
accounts. Transportation is one of the mechanisms through
which this is accomplished. Among the other agencies of
commerce are the stock exchanges, the bourses, the markets,
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the banks, the trust companies, and insurance companies;
but of these several auxiliaries the transportation service
is the least dispensable. With the growing subdivision and
specialization in productive effort, with the continually in-
creasing tendency to locate industries where they can be
carried on most economically, with the constant extension
of the areas from which the materials of industry are drawn
and over which the products are marketed, commerce, and
particularly that part of commerce which is concerned
with the movement of persons and things, becomes of ever
greater consequence in all productive enterprises. The
production of wealth has been greatly enhanced by the en-
largement of commerce, and the extension of commerce
has been possible mainly because of the improvements that
have been made in the agencies by which the various trans-
portation services are performed.

The relation of transportation to the distribution of
wealth is somewhat complex. Wealth is the creation or
product of three factors: land or the resources of nature,
capital, and human effort, physical and mental. Nature is
the source of wealth, capital is the tool, and man is the
agent by which the source is drawn upon. The income
which men derive from the possession of natural agencies
and resources is called rent, that secured from the owner-
ship of capital is termed interest, that obtained from effort
is named wages. The income or rent received by the owner
of “land” depends upon two things: the productivity or
intrinsic characteristics of the land or natural resource, and
its location. The rent which owners of agricultural land can
command depends upon its fertility and its location with
reference to markets; rents from mines and forests are de-
termined by productivity and location; rents on building
sites result mainly from location. As far as rent depends
upon location, the determining factor is transportation,
and every improvement or change in the facilities or costs of
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transportation services must have an influence upon the total
amount of “rent” received by the owners of natural agents
and must readjust the distribution of that form of income
among its recipients.

The relation of the transportation service to the income
from capital is twofold; the total income from capital has
been greatly increased by the modern transportation facili-
ties, but the rate of return has been lowered. Capital is so
generally and extensively employed in production today, as
the result of improved transportation, the use of machinery,
and other well-known causes, that we have come to speak
of modern productive processes as capitalistic in contrast
with those of a hundred years ago, when most things were
done by manual labor and when land and labor received
nearly all of the income from production. But the accumu-
lation of wealth has been so rapid as to make capital abun-
dant and to cause the rate of interest to decline rather than
rise. This fall in the rate of interest, however, has been
slower than it would have been had not the opportunities
for investment been greatly multiplied by the extension and
improvement of the means of transportation.

By wages, the income resulting from human effort, is
popularly meant the money payment received by those who
toil with hand or brain; but in scientific discussion the word
more frequently means the amount of useful commodities
received by the workers. The “real” wages of a day’s
labor are the commodities which a day’s labor will secure.
Possibly transportation has had no more marked effect than
that of increasing the quantity and variety of useful things
which come within the range of the toiler’s income. The
luxuries of past generations have now become necessities,
because of the reductions in the costs of production effected
by improved transportation and other forces. Furthermore,
as the laborer’s real wages have increased, his efficiency has
become greater and his impulses to effort have been strength-
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ened. To have is to want more, to strive harder. We
call this raising the standard of living, the progress of
civilization.

As the result of cheap transportation, those who pro-
duce have multiplied their wants and their efforts; and
with the present highly developed transportation service
to aid them, their efforts are far more productive than
they would otherwise be. Human effort creates enor-
mously more wealth than was formerly possible. Whether,
in the distribution of wealth among the classes who control
or contribute to the forces of production, labor or human
effort receives an adequate share of the total, is a question
concerning which there are differences of opinion. The
absolute income of labor is greater than it was when cruder
processes of production prevailed, and that income con-
tinues to increase; but it is by no means certain that the
forces controlling the distribution give labor an equitable
share.

The relation of the government, local, State, and Federal,
to transportation is such an intimate one that a study of
the transportation service necessarily involves a considera-
tion of some duties and activities of the State, subjects
covered by the study of government or political science.
Indeed, some branches of transportation, as the mail service,
are everywhere carried on by the government. The city
streets and most country roads are highways maintained at’
public expense; and the commercially important lakes,
streams, and harbors are usually improved and maintained
wholly or partially by the use of public funds. Canals are
sometimes private enterprises, but more often are state
works. Street railways, especially in Europe, are frequently
owned by the cities, and sometimes are operated by them. In
many countries the steam railroads are owned and managed
by the government, and in all countries where private
ownership prevails the railroad service is subject to govern-
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ment regulation. The telephone service has thus far usually
been conducted by private companies.

Whether performed by the government, or by companies,
or by individuals, the transportation service is of a public
nature. This is a well-established principle of law, the
Supreme Court of the United States having held that
“the business of a public carrier is of a public nature, and in
performing it the carrier is also performing to a certain ex-
tent a function of government which requires him to per-
form the service upon equal terms to all.” The principle
applies as much to railroads built and operated by corpora-
tions as to other transportation agencies.

Whether the use of a railroad is a private one depends in
no measure upon the question who constructed it or who owns
it. It has never been considered a matter of any importance
that the road was built by the agency of a private corporation.
No matter who is the agent, the function performed is that of
the state. Though the ownership is private, the use is public.?

The general basis of this principle is the vital dependence
of the social organization upon transportation. A service
must be of a public nature that is essential to orderly human
relations, to all industrial activities, and the progress and
welfare of society. The public nature of the transportation
services of railroads and some other carriers is recognized
by the state in the granting of franchises giving to such
carriers the power to take possession of the private property
they may need. To quote the language of the United States
Supreme Court,

The State would have no power to grant the right of appro-
priation unless the use to which the land was to be put was a
public one. Taking land for railroad purposes is a taking for

' Olcott v. The Supervisors, 16 Wallare 63
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a public purpose, and the fact that it is taken for a public
purpose is the sole justification for taking it at all.?

In studying the transportation service, then, we are
dealing with one of the functions of government, and one
of the important branches of political science. In consider-
ing this service the student is concerned with the government
at work either performing the service directly or insuring its
proper performance by persons and corporations receiving
from the state their authority to act, and subject in their
actions to the regulative control of the government. The
problems of the government ownership, operation, and
regulation of the agencies of transportation require the
investigator to inquire into some most interesting questions
regarding the functions of government and the proper scope
of its activities. ,

This volume is concerned with the transportation serv-
ice performed by steam railroads. It does not discuss the
engineering and other technical questions of railroad con-
struction and operation, but describes the American railroad
system, gives an account of the service performed by the
different branches of the railroad organization, considers the
business relations of the railroads and the public, and dis-
cusses the problems of government regulation. The book
is a study in railway economics, and is intended to be an

introduction to the general subject of railroad transporta- -

tion, a volume that may profitably precede or accompany
a more special study of a particular branch of the rail-
way service.

3 United States v. Joint Traffic Association et al., 171 U. S., 505.






PART I

THE. AMERICAN RAILROAD SYSTEM
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CHAPTER II

ORIGIN OF THE AMERICAN RAILROAD

Antecedents of the railroad, 14. Country roads and turnpikes, 14.
Canals and improved rivers, 16. Early history of the railroad
in America, 20. References, 23.

UNTIL the fourth decade of the nineteenth century the in-
land highways of travel and trade were wagon roads, rivers
and canals. As compared with Europe the United States
was poorly equipped with these means of transportation,
because the newness of the country, the sparseness of popu-
lation and the undeveloped state of industry had kept both
the government and individuals from devoting to the build-
ing of roads and waterways the meager volume of capital
available for investment. Most of the countries of western
Europe still lead the United States in the building of roads
and waterways, though the railway mileage in this country
now surpasses that of all Europe. In recent years, however,
there has been a widespread movement in the United States
toward the betterment of roads and the construction of an
adequate system of inland waterways, and a vast amount
of work has been accomplished, in which Federal, State
and local governments as well as private individuals and cor-
porations have shared.

Until near the end of the eighteenth century the country
roads constructed in America were built and maintained by
the local governments—that is, by the towns in New Eng-
land, the townships in the middle Atlantic section, and the
counties in the South. With the growth of population

13
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and business these highways became so inadequate that
corporations of individuals began the construction of roads
and charged tolls for their use. These roads were called
turnpikes, because-at the places where tolls were collected
there was placed across the road a gate consisting of a pole
armed with pikes and so hung as to turn upon a post.

The construction of toll roads began soon after 1790, and
numerous turnpike companies were chartered by each State,

THE STAGECOACH,- GENERALLY USED FOR PASSENGER TRAVEL BEFORE
THE INTRODUCTION OF THE RAILROAD

particularly by the Middle and New England States. The
greatest mileage was built in Pennsylvania, and what was
done in that State is typical of what occurred in many other
parts of the country. In 1790 a company was chartered
to build a turnpike from Philadelphia to Lancaster, and this
road, begun in 1792, was completed in 1794. Later this
road became a part of a continuous line of turnpikes extend-
ing from Trenton, N. J., to Steubenville, on the Ohio River,
a distance of 343 miles. Before the construction of railroads
began in this country, 102 Pennsylvania companies had built
2,380 miles of roads in that State at a cost of nearly
$8,500,000. Although these toll roads did not, as a rule,
prove to be very profitable to the companies which built
them, they were of great benefit to the people of the State.
Some of these turnpikes are still operated as toll roads, al-
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though most of them have very properly become free public
highways.

Some turnpike roads were built with funds donated by
the State and by the Federal Government at the time when
public aid was being given freely to works of “internal im-
provement.” The most celebrated of these turnpikes was
the Cumberland Road, or the “National Pike,” constructed
by the United States. The first appropriation for the build-
ing of this highway was made in 1806, and the first con-

Tue CONESTOGA WAGON, THE PREDECESSOR OF THE FREIGHT CAR IN
THE MIDDLE ATLANTIC STATES

struction contract was let in 1811. The road was built
westward from Cumberland, Md., and by 1818 it reached
Wheeling on the Ohio River. Subsequently it was ex-
tended across Ohio and Indiana, and by 1838 it reached
Vandalia in central Illinois. It was to have gone to Jeffer-
son City, Mo., but before Illinois had been crossed the
superiority of the railroad for the carriage of long-distance
traffic had been fully demonstrated, and further extension
of the National Pike was discontinued.

Even before the period of turnpike construction began
attempts were made to establish artificial waterways in
America. Surveys of canal routes were made in Pennsyl- .
vania as early as 1762. In 1774, Washington, who years
before had been deeply impressed by the need for a through
transportation route between the Atlantic seaboard and the
region west of the Allegheny Mountains, laid before the



16 RAILROAD TRANSPORTATION

Virginia House of Burgesses a plan for establishing a great
highway between the East and the West by the improvement
of the navigation of the Potomac River from tidewater to
Fort Cumberland, and the construction of a road across
the mountains to the nearest navigable tributary of the
Ohio River. A bill was introduced by the terms of which
individuals were permitted and authorized to subscribe the
funds necessary to carry out such a scheme, but before
an agreement could be reached between Virginia and Mary-
land concerning the improvement of the Potomac River, the
Revolutionary War broke out and temporarily put a stop to
all plans for the undertaking.

With the return of peace the agitation for the establish-
ment of waterways was renewed, and a large number of
notable improvements were planned. Washington displayed
a deep interest in the entire movement and especially in his
favorite project of constructing a through route between
the Ohio Valley and the Atlantic coast region, and for a
few years he was president of the Potomac Company, a
corporation chartered by Virginia and Maryland for the
improvement of the Potomac River. While he was in charge,
the enterprise was vigorously prosecuted and a considerable
portion of the work of building a canal around some of the
falls in the river was completed, but when he resigned to
become President of the United States in 1789, the project
was allowed to languish and work was practically aban-
doned. Because of a lack of capital only a few of the many
other waterways planned at the time were completed, the
most important being the Dismal Swamp Canal, which was
built between 1787 and 1794, and the Middlesex Canal,
which was finished in 1804. However, with the spread of
population westward from the ocean, the need for better
transportation facilities became more and more pressing,
and it was strongly urged that the Federal Government
undertake the work of supplying them.
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In 1808 Albert Gallatin, the Secretary of Treasury, made
an elaborate report to Congress, outlining in detail a plan for
the construction by the United States of a comprehensive
system of waterways and roads to extend throughout the
entire country. Before any action could be taken on Galla-
tin’s scheme the government became involved in the com-
plications which led finally to the second war with England.
By temporarily cutting off all intercourse with Europe and
by confining domestic trade almost entirely to inland routes
the war strongly emphasized the need of the people of the
United States for a more adequate transportation system;
and, when peace was again restored, determined efforts
were put forth to secure a number of important artificial
waterways by the construction of canals and by the canal-
ization of rivers. The National Government, under the
control of the strict constructionist party, did not for a time
assist in the work of supplying “internal improvements,” but
State governments and private corporations, aided by the
States, undertook the work, and later the Federal Govern-
ment gave extensive aid, directly and indirectly, to the proj-
ects both of States and of private corporations.

Of the many schemes for waterway improvements planned
and undertaken soon after the close of the War of 1812
there were two of especial prominence, one for the purpose
of connecting the anthracite coal fields in eastern Pennsyl-
vania with tidewater, and the other for the purpose of
establishing through transportation routes between the East
and the West. One of the first of the anthracite tidewater
canals was the Schuylkill Navigation, which was built along
the Schuylkill River from Mount Carbon to Philadelphia,
and opened for traffic early in 1826. Shortly afterward
canals were built along the Lackawaxen, Lehigh and Sus-
quehanna Rivers. From the Delaware River, opposite the
point of entrance of the Lackawaxen Canal, the Delaware
and Hudson Canal was built to Rondout, N. Y. on the
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Hudson River, and two other lines of communication be-
tween the Delaware River and New York harbor were es-
tablished by way of the Morris Canal extending from a point
opposite Easton, Pa., to Newark and Jersey City, and by
way of the Delaware and Raritan Canal from Bordentown
to New DBrunswick, N. J. All of these canals, with the
exception of part of the one along the Susquehanna River,
were built by private corporations, which in most cases,
however, were subsidized by the State governments. The
State of Pennsylvania also constructed, as a part of the an-
thracite tidewater system, a canal along the Delaware River
from Easton to Bristol.

The project of establishing a through route to the West
was attempted by each of three States, New York, Pennsyl-
vania and Maryland, but only the effort of New York re-
sulted in complete success. This State built the Erie Canal,
which was begun in 1817 and opened in 1825. For nearly a
half century after its completion this waterway and its
connections constituted the most important single route of
trade between the Central States and the Atlantic sea-
board.

The immediate success of the Erie Canal roused Pennsyl-
vania to action, and in 1826 she began her system of “public
works,” the main feature of which was a composite rail and
water route, completed in 1834, connecting Philadelphia with
Pittsburgh. A railroad ran from Philadelphia to the Sus-
quehanna River at Columbia, thence a canal extended up the
Susquehanna and Juniata Rivers to Hollidaysburg. Be-
tween Hollidaysburg and Johnstown the canal barges were
carried over the mountains by a portage railroad; a canal
connected Johnstown and Pittsburgh, at which point junc-
tion was made with the Ohio River steamboats. Though
affording a through route between Philadelphia and Pitts-
burgh this line proved to be both inconvenient to operate
and expensive to maintain: it was never able to compete
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successfully with the Erie Canal for through traffic, and
soon after the completion of the Pennsylvania Railroad
most of it was abandoned. ’

Two years after Pennsylvania started the construction
of her public works, a corporation chartered by Virginia
and Maryland as a successor of the old Potomac Company
of which Washington had for a time been president, began
to build the Chesapeake and Ohio Canal in the valley of the
Potomac. This canal was never built farther than Cumber-
land and it did not reach there until 1850.

In addition to the waterways already described a large
number of others were constructed. By 1840 New York
and Pennsylvania each had nearly 1,000 miles of artificial
waterway. The transportation systems of canals and rail-
roads in those two States in 1840 is shown by the accom-
panying charts giving data taken from Tanner’s maps of
that date. Several short canals were built along the Atlantic
coast to connect some of the larger indentations of the sea.
The most important of these waterways was the Chesa-
peake and Delaware Canal which was completed in 1829.
In the Western States also, where the people were anxious
to take advantage of the new route to the East afforded
by the Erie Canal, great interest was taken in the con-
struction of waterways. Between 1830 and 1850, Ohio and
Indiana, aided by large grants of land from the Federal
Government, built three canals joining the Ohio River to
Lake Erie; and Illinois built a canal from Chicago on Lake
Michigan to La Salle on the Illinois River.

After 1840 canal building fell off rapidly. The panic of
1837 so crippled the financial resources of the States that
they were temporarily left without surplus funds to invest
in internal improvements: at the same time the railroads
were being extended rapidly and were taking the traffic
that had previously moved by water. The use of rivers
and canals did not stop with the spread of the railway
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system, nor have the inland waterways yet ceased to be
serviceable; but at the present time only the large lakes and
rivers and the most important canals are able to hold their
traffic in competition with the railroads.

The railroad at the beginning was an improved tram-
way equipped with a track upon which locomotives could
be run. The distinctive feature of the railroad was the
substitution of mechanical for animal traction (the use
of steam instead of muscle as the power by which vehicles
were moved), and, although the first locomotives were
small and crude, their use as an agent of transportation
marks one of the greatest advances the world has ever
made. Mechanical traction freed society from the narrow
limitations which muscular force placed upon human de-
velopment, and gave man possession of an agency capable
of indefinite improvement. v

The construction of tramways for cars drawn by horses
was a comparatively simple task, and, from 1801 on, tram-
way companies were frequently chartered in England. The
tracks were used mainly for hauling minerals. The Quincy
tramway, the first road of its kind in America—built in
Massachusetts in 1826 and sometimes wrongly called the
first railroad in America—was used to transport the build-
ing-stone of which Bunker Hill monument was erected. It
was only three miles in length, and extended from the
Quincy quarries to a wharf on the Neponset River. Near
the quarry there was a steep incline, up and down which
the cars were handled by a stationary engine; for the re-
mainder of the distance horses were used.

The rails used on the tramways and on most of the
early railroads of America consisted of wooden beams
with a strap of iron nailed to the upper surface, the rails
being very similar to those most frequently used for
street railways until horse cars were displaced by the heavier
electric cars run at a higher rate of speed.
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The successful locomotive dates from 1829, at which
time the celebrated English engineer Stephenson brought
out the Rocket. The stationary engine had been introduced
by Watt 50 years before that time, but it was Stephenson
who first incorporated in the engine the two features essen-
tial to a workable locomotive. One of these two features
was the multitubular boiler, by which the heating surface

THE RockEer, 1829

was greatly increased. Stephenson was not the inventor of
this, but was the first to make practical use of the inven-
tion. The other feature was the exhaust draft, the device
whereby the exhaust steam from the cylinder created a
stronger draft through the firebox and the tubes of the
boiler. By combining these two principles in the Rocket,
Stephenson became the “father of the locomotive.” At
the trial test, in October, 1829, on the Liverpool and Man-
chester Railroad, the Rocket attained a speed of 29 miles
an hour and the practicability of mechanical traction
became a demonstrated fact. The day of doubtful ex-
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periment was past, the tramway became the railroad.

The first railroad in England, the line between Liver-
pool and Manchester, was begun in 1826—three years
before the success of the locomotive was assured. At Mauch
Chunk, Pa., in 1827, and between Carbondale and Hones-
dale, in the same State, in 1826, two coal companies had
opened roads for the transportation of their coal from the
mines to their canals. These mountain roads were built
for private use, and the cars were operated by the force

of gravity and by means of stationary engines. They were

not railroads in the present meaning of the term. The
pioneer American railroad built for general public use was
the Baltimore and Ohio. The company was chartered in
1827 and construction was begun in 1828, but not on a
large scale, there being only 13 miles open for traffic in 1830.
Five years later the length of the road was 135 miles. The
first rail of this historic road was laid on July 4, 1828, by
Charles Carroll, the only living signer of the Declaration of
Independence. As Professor Hadley, writing in 1885, stated :
“One man'’s life formed the connecting link between the
political revolution of the last century and the industrial
revolution of the present.”

The construction of numerous other roads was begun
shortly after work commenced on the Baltimore and Ohio.
A South Carolina road, the Charleston and Hamburg, was
chartered in 1829, and in 1834 it had 137 miles in operation.
For a short time it was the longest line in the world under
one management. The parent company of the New York
Central system, the Mohawk and Hudson, was chartered as
early as 1826, and began construction in 1830. The line
from Albany to Schenectady, 17 miles, was opened in
1831. Five years later Albany and Utica had been con-
nected by rail. In 1842 Buffalo was reached, and by that
time lines had been built from New York and Boston to
Albany, so that the East and the West of that period had
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been joined by easy communication by way of the railroads
and the Great Lakes. .

Between 1830 and 1835 railroad building -was pushed
more rapidly in Pennsylvania than in any other State, 200
miles being opened. The first division of the present Penn-
sylvania Railroad system was the Columbia Railroad, by
which Philadelphia was connected with Columbia, on the
Susquehanna River, in 1834. The road was built by the
State, its construction having been authorized in 1828.
This railroad was a link in the through route above referred
to, consisting of canals and railroads, by which the State
connected Philadelphia with the Ohic River at Pittsburgh
in 1834. The line to connect Philadelphia with New York,
the Camden and Amboy, was chartered in 1830 and com-
pleted in 1837. The road from Philadelphia to Baltimore, the
Philadelphia, Wilmington and Baltimore, was chartered in
1831 and finished in 1837. The Reading Railroad, built
mainly for the transportation of coal, was chartered in 1833
and opened for traffic five years later.

In Massachusetts the chartering of railroad companies
began in 1830, and in 1835 three lines radiated from Boston.
One ran south to Providence, another north to Lowell, and
a third west to Worcester. This third line reached Albany
and western connections just at the close of 1841.

Americans began to build locomotives in 1830, or about
as soon as they engaged in railroad building. The Eng-
lish locomotives were expensive, they could not be secured
promptly, and when obtained they were not well adapted
to the light rails, steep grades, and sharp curves of the
American tracks. The traffic conditions caused the engines
and cars to be built according to designs different from
those followed in Great Britain, and the differences in
equipment are quite as pronounced today as they were at
the beginning.
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THE accompanying chart shows what the railway mile-
age of this country has been at the beginning of each
decade since the introduction of the new means of trans-
portation. In 1830 there were but 23 miles in use. During
the succeeding ten years the total mileage reached 2,818.
The account just given of the early history of American
railroads shows that the roads constructed during the first
ten years radiated from several Atlantic seaports, Phila-
delphia being the most important center in 1840.* New York
was a larger city, but having especially favorable facilities
for water transportation, its railway connections were de-
veloped somewhat more slowly than were those of Philadel-
phia.

In the year 1850 the length of the railways in the United
States reached 9,021 miles. The growth during the preced-
ing ten years had not been especially rapid outside of the
New England States. The decade 1840 to 1850 was not a
period of rapid industrial development. The progress of the
country was steady, but comparatively slow. Railroad

? Consult map of Pennsylvania’s railroad net in 1840,
25
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Chart showing by decades the mileage of railway lines in the Uniled States

1830 23
1840 2,818

1850 9,021
1860 30,626

1870 52,922
1880 93,267
1890 163,597

1900 193,346
1910 240,293
1914 252,231

building in the Southern States made little headway, and in
the central West only three important lines were begun. In
New England, where the country was most thickly popu-
lated, the progress was greater, so that by 1850 nearly all the
present important trunk lines in that section had been
completed.

The ten years following 1850 were far more important in
railroad history than were the ten years previous. The in-
crease between 1850 and 1860 was from 9,021 to 30,626
miles. Several causes combined to bring about this rapid
expansion. Fully recovered from the financial and industrial
depression occasioned by the disastrous panic of 1837, the
United States was enjoying a period of great business
prosperity. In the central West the steady inflow of settlers
had brought about the addition of thousands of acres to
the farm land of the nation, and with the great increase
in acreage and the constantly growing use of farm ma-
chinery, the annual product of agriculture in this section,
composed chiefly of cereals, was enormously augmented;
in the South cotton cultivation had become the one dominat-
ing industry and with the multiplication of spindles and
looms in New England and abroad the cotton plantations
grew in number and extent and the crop of cotton became
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larger each year; in New England and the middle Atlantic
States manufactures and commerce were assuming the posi-
tion of leading importance. To care for the expanding
volume of traffic entering into domestic trade and to insure
the permanent prosperity of the three economic sections
of the country an adequate transportation system was
vitally necessary. The railroad had fully demonstrated its
superiority over the canal for the speedy carriage of all
kinds of traffic; moreover, railroads could be constructed
more cheaply than canals and could also overcome the
difficulties imposed by climate and elevation. Consequently
canal building was practically discontinued after 1850 and
every energy was bent toward establishing rail connections
throughout all parts of the country.

Conditions were extremely favorable for the success of
railroad enterprises from 1850 to 1860. Encouraged by the
increase in the volume of money resulting from the dis-
covery of gold in California, business activity in all lines
was unusually keen and railroad builders were sure of a
large volume of traffic. On account of an eagerness for
speculation existing throughout the country it was no diffi-
cult matter to secure private capital for the prosecution of
transportation enterprises. Then, too, construction of rail-
roads in the central West was greatly stimulated by grants
of land from the public domain. In 1850 the first large
grant was made, the Illinois Central Railroad being the
recipient, and many other gifts of land were made during
the next few years. The policy of giving lands to aid in
railroad construction was followed by the United States
for nearly thirty years, and it caused some of the lines
in the Central and far Western States to be built earlier
and more rapidly than they otherwise would have been.
The individual States and many local governments also
made large contributions of public funds to induce corpora-
tions to construct railways. The history and results of
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government aid to railroads are given in Chapter XXVII.

During the decade following 1850 many of the trunk lines
of the large railway systems were completed. The Erie
Railroad joined New York to Dunkirk on Lake Erie in
1851, and the same year connection between New York
and Buffalo by way of Albany was established by the com-
pletion of the last of the chain of roads which were sub-
sequently consolidated into the New York Central and
Hudson River Railroad. The Baltimore and Ohio, the first
railroad of the United States, reached the Ohio River, also,
in 1851, and the following year a through rail route was
completed between Philadelphia and. Pittsburgh. In the
South, also, trunk lines from the ports of Charleston and
Savannah were extended as far west as Tennessee. All of
these lines, and especially those in the North, made connec-
tions with new railway systems spreading through the Cen-
- tral States. By 1853 it was possible to travel from the At-
lantic seaboard to Chicago by rail. In the following year the
Chicago and Rock Island Railroad connected Chicago with
the Mississippi River. Land grants, State subsidies and
prosperous times combined to foster the rapid spread of the
railway net in the middle West, and it was in that region
that the greatest part of the construction of this decade
took place, though both in the South and in the Atlantic
coast section south of New England a large amount of new
track was laid down. The period of expansion lasted until
1857, when the good times were interrupted by a sharp finan-
cial panic, which so seriously interrupted railroad building
that it had not regained its previous activity when the
great Civil War broke out and put another check upon in-
dustrial progress for half a decade.

One of the most notable features of railway progress
during the decade from 1850 to 1860 was the beginning of
the process of welding together numbers of short connecting
railroads into long lines under a single ownership. The
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early roads were short, largely because the corporations of
the fourth and fifth decades of the last century could not
command the capital needed to build long roads or large
systems. No enterprise now seems too great for a private
corporation, but previous to 1850 that was not so. Some of
the short roads were built with reference to their being a
part of a through or general system, but many were con-
structed rather to connect local points. The necessity for
providing facilities for uninterrupted travel and shipment
became so imperative that railway consolidations were found
to be necessary.

The New York Central Railroad and the Pennsylvania
Railroad are good examples of these consolidations. In
1850 there were no less than ten distinct companies owning
and operating the railroads composing the line connecting
Albany and Buffalo, but by 1853 these roads were united
under one management. In 1867 Commodore Vanderbilt
secured a controlling interest in this line and in 1869 he
brought about its consolidation with the Hudson River Rail-
road which he had acquired a few years previously. Mean-
while, several important branch lines had been added to the
property, connecting lines west of Buffalo were soon leased,
and thus the powerful New York Central system was built
up.

The Pennsylvania Railroad Company was chartered in
1846 to construct a line from Harrisburg to Pittsburgh. The
company secured control of the road between Harrisburg
and Lancaster in 1849, and when in 1857 it bought up the
main line of the public works of Pennsylvania, including
the railroad extending from Philadelphia to Columbia by
way of Lancaster, it came into possession of a continuous
line of railway from Philadelphia to Pittsburgh. By build-
ing new lines and absorbing other companies the system was
gradually extended through all parts of the rich territory
lying between New York, Philadelphia and Washington on
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one side and Chicago and St. Louis on the other. At the
present time this great system comprises properties for-
merly owned by more than 200 companies, in addition to the
extensive mileage constructed by the original corporation.

During the decade 1860-1870 the mileage of railways in
the United States increased from 30,626 to 52,922. While
the Civil War was in progress the amount of construction
was necessarily small, but as soon as peace was restored,
railroad building, in common with nearly all other lines
of business, became unusually active. After 1866 construc-
tion proceeded at an unprecedented rate. The increase in
1869, amounting to 4,615 miles, was greater than the in-
crease of any single previous year; and in 1870 the new
track laid down amounted to 6,078 miles.

The most important single feature of the railroad history
of the period was the completion in 1869 of the first trans-
continental line. From Omaha to Ogden this line was built
by the Union Pacific Railroad Company, which was char-
tered by Congress in 1862 and rechartered in 1864, while
the Central Pacific Railroad Company, a California corpora-
tion, constructed that part of the road lying between Ogden
and Sacramento. The route of this line is shown in the map
of the railroads for 1870. The United States Government,
desirous of having railroad connection established between
California and the northern States of the East, gave great
quantities of land and loaned large sums of money to the
corporations undertakmg this enterprise.

To other companies also, which engaged in the work of
building railways across the dry plains and high mountains
toward the Pacific coast, the Federal Government made
liberal gifts of land; and those companies which did not
receive Federal aid were freely subsidized by the States.
Within a short time a number of transcontinental lines
were under way, and though construction work was checked
by the panic of 1873, the roads were ultimately pushed
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through to the ocean. The Atchison, Topeka and Sante Fe
reached Deming, N. M., in 1881, there connecting with
the Southern Pacific line to San Francisco. In 1883 the
Northern Pacific was completed and the same year the
Southern Pacific opened a line from New Orleans to the
western coast. Since then additional lines have been added,
until there are now within the United States no less than
seven distinct transcontinental railway systems. Three great
lines stretch from ocean to ocean in Canada and another
transcontinental route is being established by the construc-
tion of a road between the Missouri River and the Mexican
coast. N

The period of rapid railroad building which began in
1867 lasted until 1873, the railway net of the United States
being increased by 33,000 miles during the seven years.
‘nfortunately, however, many of the new railways antic-
ipated the needs of their time. Unable to secure traffic
these roads afforded no return on the large investments
which they represented, and their securities became almost
worthless. The financial and industrial crisis of 1873 was
largely due to the too rapid building of railways and to the
overcapitalization of most of the new lines. Indeed the
panic was precipitated by the failure of the Jay Cooke
banking house of Philadelphia, which had underwritten a
large issue of Northern Pacific bonds. The depression
which ensued was severe and protracted, and during the
five years following 1873 less than 10,000 miles of railway
were constructed. By 1880, however, the country had re-
covered from the results of the panic, and the growth
of the railway net again began to proceed at a rapid rate.

In 1880 there were 93,267 miles of railroad in the United
States. In 1890 there were 163,597 ; 70,000 miles of railroad
were built in this country in a single decade. This marvel-
ous achievement is unparalleled in the economic history of
any other country of the world. Within ten years the people
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of the United States built as many miles of railroad as the
people of the three leading countries of Europe had con-
structed in 50 years. The building operations were carried
on in all sections of the country, but the largest increases
were made in the States of the central and western por-
tions of the country, where settlers were rapidly taking
possession of the unoccupied agricultural and grazing sec-
tions of the vast public domain, and where the mineral
wealth of the Cordilleras was causing cities and States to
be established on the great Rocky Mountain plateau. Capi-
talists, confident of the growth of the country, and assisted
by generous aid from the United States and from the local
governments and individuals of the sections to be served,
constructed railroads for the purpose of creating the traffic
upon which the earnings of the roads must depend. In many
cases the railroads built during the 20 years following the
Civil War were pioneers entering unsettled regions beyond
the Mississippi and Missouri Rivers and opening the high-
ways by which immigration was able rapidly to occupy the
prairies and mountain valleys of the great West.

After 1890 there were no spectacular increases in the
railway mileage of the United States comparable to the
increase occurring during the preceding 10 years. It seems
that by 1890 the most urgent needs for railways had been
met, that the country had been so well covered by the
railroad net that only minor extensions were necessary.
Moreover, the financial depression which began in 1893 and
lasted for nearly five years compelled the railway com-
panies to practice rigid economies and caused them to extend
their systems slowly. During the five years from 1894 to
1898 inclusive the annual construction averaged less than
2,000 miles, the yearly increase being only a little more
than 1 per cent, and the entire construction between 1890
and 1900 amounted to less than 30,000 miles. With the
return of prosperous times in 1898 the rate of increase rose
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again and for the next 12 years about 5,000 miles, or more
than 2 per cent, were added each year to the railroad net of
the United States. Since 1912 the average annual con-
struction has been less than 2,500 miles; in the calendar
year of 1915 only 933 miles of new line were added to the
railway net, the smallest amount constructed in a single
year since 1864. *

The railway system of the United States now comprises
over 254,000 miles of line. In 1914, when there were 252,000
miles in the United States, the railway lines of the entire
world were 691,000 miles long. More than one-third of
the railway mileage of the world was in the United States.
The mileage in the United States exceeded that in all Europe
by more than 15 per cent.

The railway mileage of Europe, the United States, and the world in 1914

Europe....... 218,000
United States..| 252,000
The World....| 691,000

The magnitude of the railway system of the United States
is only partially indicated by the figures as to mileage. The
par value of the capital stock and the bonds comprising the
capitalization of the railroads in this country having annual
operating revenues in excess of $100,000 amounted in 1914
to $20,247,301,257.1 Not all of these securities possessed a
selling value; and it is not possible to say just how much
capital was invested in the railroads of the country at that
time. The payments of interest and dividends by the rail-
roads during the year amounted to $891,000,000, which, capi-
talized at § per cent, would give the railway securities an in-

*The capitalization of railroads with annual operating revenues
less than $100,000 probably amounted to about $300,000,00q
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vestment value of $17,820,000,000, which is considérably
less than their par value. The condensed balance sheet of
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227,403 miles of road showed a reported investment in road
and equipment of $16,872,000,000, together with construction
advances and net working assets amounting to $1,500,-
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000,000. It is probable that the railroads of the United
States represent today an actual investment of at least
$19,000,000,000, and that the cost of reproducing them would
be even more than that sum. In 1913 Congress enacted a law
directing the Interstate Commerce Commission to undertake
the valuation of the railroads of the country, and at the
present time this work is in progress. When this appraisal
is completed a large fund of definite information as to the
value of the enormous railway property of the country will
be available.

Using the estimate of $19,000,000,000 as the amount of
capital invested in railways of the country, it is interesting
to make comparisons with other industries. The capital
stock and surplus of the 7,453 national banks of the United
States in 1914 amounted to $1,778,000,000—less than one-
tenth the probable value of the American railroads. The
total capital and surplus funds of all banks, national, State
and private, and of the loan and trust companies in the
United States in 1914 amounted to $4,500,000,000—less than
one-fourth the value of the railroads. The amount of
capital invested in railroads is but little if any less than
that invested in all the manufacturing industries of the
country. The census of manufactures in 1909 showed a
reported capital investment of $18,428,000,000; while the
value of farms and farm property in the United States on
April 15, 1910, was placed at $40,991,000,000. The total
wealth of the United States in 1912 was estimated to be
$187,739,000,000, to which railways and their equipment
contributed $16,149,000,000. Although it now costs but a
small fraction of what it once did to transport persons and
commodities a given distance, the amount of travel and
traffic has so enormously increased, the demand for the
service is now so many times what it was before the days of
railroad and other economical agencies for transportation,
that the capital employed in transportation is far greater
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than in the days of the stagecoach and the towboat. The
cheaper the service, the greater its magnitude and the larger
the amount of capital devoted to the performance of the
service.
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CHAPTER IV -

- THE MECHANISM OF THE RAILROAD-—-DEVELOP-
MENT OF TRACK AND LOCOMOTIVE

Early track construction, 39. Development of the railroad rail, 39.

Ties and ballast, 44. Early locomotives, 45. Later types of

- Locomotives, 51. Classification of locomotives, 57. Recent im-
provements in locomotives, 58.

ALTHOUGH this book is concerned with the transportation
service, with transportation economics, rather than with
the technical or engineering phases of the subject, a brief

TRACK WITH WOODEN STRINGERS, SURFACED WITH STRAPS OF IRON

account of the growth and present efficiency of the mechan-

ism by which the service is now performed will aid in the

presentation of the subjects considered in this volume. The

essential parts of the railway machine are three in number:

the track, the locomotive, and the car. Each had crude be-
38
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cinnings and each has reached its present condition of ex-
cellence by a long series of improvements. A few only of
the most important of these improvements need be con-
sidered.

At the beginning of railroad construction, tracks of vari-
ous designs were built, the chief thought of the builders be-
ing to secure a solid structure that would not permit the rails

a

TRACK OF GRANITE SILLS PLATED wWiITH STRAPS OF IRON

to spread. In relation to the weight of the rolling stock
and volume of traffic the track was comparatively heavy
and expensive. This was particularly true in England and
on some American railroads begun before 1835, up to which
time American practice was more influenced by British
methods than it was during subsequent years.

Three kinds of rails were used, the one most employed
consisting of strong wooden beams, surfaced with strap
iron. On the South Carolina Railroad the timber rails
had a cross section measuring 6 by 12 inches, and the
strap iron was 2% inches wide and J: inch thick. It was no
uncommon thing for the iron straps on this type of rail to
work loose, and curving upward under the weight of moving
trains, form “snakeheads,” which, when the wheels passed



40 RAILROAD TRANSPORTATION

under them, would penetrate the floors of cars, occasionally
causing severe injuries to passengers. The danger involved
in the use of such rails as well as their lightness caused the
gradual substitution of rails made entirely of iron, all the
early forms of which, to distinguish them from the “plate
rails” were known as “edge rails.” The most common
form of the early edge rails used in this country was that
known as the “parallel” rail, consisting of a heavy bar of
iron having the same form of cross section throughout its
length, with the top and base of about the same width and

TRACK OF CasT IRON RAILS RESTING ON GRANITE BLOCKS

the sides slightly concave. Another form, shown in the
illustration on this page, had no base and was deeper in the
center than at the ends. All such rails were supported in
iron pedestals or chairs placed upon blocks of stone or wood,
and the track gauge was maintained by the use of crossties
placed at intervals of 6 to 15 feet. The first edge rails were
made of cast iron and for this reason their length seldom
exceeded 315 feet. Rolled-iron rails came into use in the
United States about 1832, the first ones being about 15 feet
long and weighing 40 pounds to the yard. Until 1844 all
the rolled-iron rails used in the United States were im-
ported from Great DBritain, but in that year a rail mill was
established in Allegany County, Md., and in the following
year, another at Danville, Pa. From that time the number
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of factories producing rolled-iron rails grew very rapidly
and an increasing proportion of the rails used came from
domestic mills.

The roadbed of the Columbia Railroad from Philadelphia
to the Susquehanna River, constructed by the State of Penn-
sylvania between 1828 and 1834, illustrates in an excellent
way the various types of construction followed in the
early days of railroad building. This was a double track
road 81.6 miles in length, the entire length of single track

\“‘/’ Ve

Rorrep-IroN U-Rair, 1844

being 163.2 miles, exclusive of sidings. For six miles
of this distance the rails consisted of granite sills plated
with flat iron bars. Eighteen miles of track had rails con-
sisting of wooden string-pieces plated with thin bars of
iron. These wooden string-pieces were laid upon wooden
crossties placed four feet apart upon a secure foundation
of broken stone. On two miles of the track rails made
of iron were supported upon stone blocks, precaution
being taken against spreading of the rails by placing stone
sills across the track at intervals of 15 feet. The remainder
of the track was constructed with edge rails supported in
cast iron chairs of 15 pounds weight, which in turn rested
upon stone blocks and wooden cross-sills placed alternately

at distances of three feet. Throughout the entire length
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the space between the rails was filled in with gravel or broken
stone to form a horse path.

The roads constructed in this manner were needlessly
expensive, and because of their rigidity were more destruc-
tive to rolling-stock than the railroad tracks are at the
present time. American builders soon adopted the kind of
track with which we are now familiar, the rails being
placed upon wooden crossties resting either directly upon an
earth foundation or upon a thin ballast of gravel or broken
rock. . .

Builders tended early to substitute iron for wooden
rails, but as late as 1860 there were several railroads in the
United States, particularly in the Southern States, still hav-
ing wooden rails surfaced with thin plates of iron. One of
the early improvements of the edge rail was a rail rolled in
the shape of an inverted U. This type of rail was never
used extensively, however. The T-rail now universally em-
ployed was first designed about 1830, and by 1840 it was
in use on several American railways. The first rails of
this type were about 16 feet long and weighed 36 pounds
to the yard. Both the U-rail and the T-rail could be spiked
directly to wooden crossties and the use of the cast-iron
pedestals or chairs was dispensed with.

The greatest improvement in rails camne with the substitu-
tion of steel for iron in their construction. The first steel
rails used in this country were imported from England by
the Pennsylvania Railroad Company in 1863. Though the
steel rails possessed a vastly greater durability than the iron
rails, their excessive cost for a time prevented their general
adoption. By 1870, however, the cost of rolled steel had be-
come much lower and after that year the quantity of steel
rails used multiplied with great rapidity. Not only were the
new railroads equipped with steel rails, but on most of the
older roads iron rails were replaced with steel. One-fourth
of the mileage of railway track in the United States in 1880
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was laid with steel rails, and by 1910 the proportion had
increased to more than 98 per cent. Iron rails are now no
longer made in this country. The manufacture of steel rails
in the United States began in 1865, and since then the
industry has expanded until it now occupies a position of
high rank among the manufacturing industries of the nation,
the output increasing from 2,277 tons in 1867 to a maximum
of 3,977,887 tons in 1906. In 1913 the production amounted
to 3,502,780 tons, but it fell in 1914 to 1,945,095 tons. Until
1897 the steel employed in the manufacture of rails was
made almost universally by the Bessemer process, but at
the present time nearly three-fourths of the rails annually
manufactured are rolled from open-hearth steel, and a small
but growing number are rolled from steel made in electric
furnaces. Attempts have been made in recent years to im-
prove the texture of the steel used in rail manufacture
by the addition of certain alloys, notably titanium, manga-
nese, copper and nickel, but the alloy treated rails have not
proved to be popular, and their production is now declining,
the output in 1913 being less than one-fourth that of 1910,
and in 1914 less than one-half as great as in 1913.

With the improvement of the design of the rail and of
the material employed in its manufacture the weight of
the rail has been steadily increased until at the present time
the new rails being laid weigh from 85 to 125 pounds to
the yard. One hundred pounds to the yard has become the
standard upon most tracks where traffic is heaviest. For
some time past the standard length of rail has been 33 feet,
but at the present time some track is being laid with rails
60 feet in length. A rail 6o feet in length weighing 100
pounds to the yard weighs exactly one ton. The use of
these heavy rails has been made necessary by the increased
weight of engines and cars and by the increase in speed
of passenger trains and freight traffic. Along with the
improvements in the track, the bridges and other structures
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have been strengthened to meet the necessities of modern
transportation methods, so that in spite of the greater
cheapness of material as compared with the ear‘y days
of raxlway building, the roadbed of today is mucn more
expensive than was that of 50 years ago. With few excep-
. tions, the early roads had but a single track, and, indeed,
today those having a relatively small volume of traffic have
only one track. As the business over a line increases a
second track usually becomes necessary, and some roads
find difficulty in handling their business even with four-
track lines.

With the adoption of the T-rail the use of granite blocks
and wooden sills to support the rails was discontinued, and
in their place the wooden sleeper or crosstie was employed.
On account of its great durability and because it holds
spikes more firmly than other kinds of wood, oak, and par-
ticularly white oak, has been used most extensively as
timber for crossties, though pine, fir, cedar, chestnut, cy-
press, tamarack, hemlock and other woods are also em-
ployed. The steady and rapid depletion of the hardwood
forests of the United States has caused a great advance
in the price of crossties in recent years, and railroads have
~ attempted to meet the problem of increased maintenance
costs by using other material than wood for crossties and
by treating the cheaper soft-wood ties with some preserva-
tive st hstance which will give them a greater degree of
durability. Attempts to introduce steel ties have as yet
met with no marked success. The first cost is compara-
tively high, and it has been found that the side thrust of
the heavy rolling stock on the rails has a tendency to shear
off the bolts with which the tie and rail are fastened to-
gether. Ties of concrete have also been made, but their
high cost and extreme rigidity seem likely to prevent their
general use.

To retard decay wooden ties are treated and such good
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results have been obtained, that most of the large rail-
roads of the United States now use wooden ties only after
they have been subjected to some preserving process. Many
roads possess treating plants of their own, where not only
ties but other timbers employed for ordinary construction
purposes are treated. The two most common methods of
preserving wooden ties are by treating them with creosote
oil or with a solution of zinc chloride. These liquids pro-
tect the vegetable fibers of the wood from the action of
water and air, and consequently the life of a tie treated by
either process is greatly prolonged. Notwithstanding the
success of tie preservation, however, the growing scarcity
of timber is causing a steady advance in the cost of wooden
ties, and it is likely that in the future the use of some form
of steel tie will become general.

To make it possible to maintain a level track and to dis-
tribute evenly the load of moving trains the railway track
is usually laid upon a layer of ballast from 9 to 18 inches
in thickness, consisting of some free-draining, easily worked
material. Crushed rock, the pieces varying from 11 inches
to 3 inches in thickness, makes the best ballast, though its
first cost is greater than that of other materials employed.
Gravel is widely used, but it is dustier and less firm than
crushed rock, and it affords poorer drainage. Some of
the other materials utilized for ballast are slag from iron
furnaces, cinders and burnt clay.

The development of the locomotive in the United States
has had an interesting history. It must be remembered that
when the first railroads were constructed it was not yet
certain that the use of stcam traction would be possible,
and on several roads, notably the Baltimore and Ohio, the
Mohawk and Hudson, and the Philadelphia and Columbia,
locomotives were preceded by horses. The Charleston and
Hamburg Railroad in South Carolina was the first road
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built solely with reference to the immediate use of steam
for motive power, though the first locomotive actually run
upon an American road was used on a short portion of a
line between Carbondale and Honesdale, Pa. This loco-
motive, the Stourbridge Lion, was imported from England
in 1829. It proved too heavy for the trestles of the road,
however, and it was never put into regular service.

PETER CoOPER’S LOCOMOTIVE, 1830

Locomotive building in the United States began in 1830.
Indeed, experiments were begun the previous year by Peter
Cooper and others. Peter Cooper expected financial gains
from the successful completion of the Baltimore and Ohio,
and when it seemed uncertain whether locomotives could be
run on a road having grades and sharp curves, Cooper
designed a little engine called the Tom Thumb, which
weighed barely a ton, but which succceded, in August 1830,
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in hauling 4)4 tons around curves and up grades at a
speed of 12 to 15 miles an hour, and did much toward
demonstrating the possibility of using steam locomotives on
American railroads.

The first locomotives constructed in the United States
for actual service on a railroad were built in New York
City at the West Point Foundry Works. Locomotive No. 1
was the Best Friend, erected in 1830, and put into service
that year on the Charleston and Hamburg Railroad. The
following year the West Point was delivered to the same
company. The third locomotive to come from the West
Point Foundry Works was the De Witt Clinton, also built
in 1831, and put into use on the Mohawk and Hudson
Railroad between Albany and Schenectady. Machinists in
New York, Baltimore, York, Pa., and elsewhere were study-
ing and experimenting, so that within two years from the
time when the first tracks were laid American builders had
demonstrated their ability to construct locomotives adapted
to the requirements imposed by American conditions.
Among the firms which early undertook locomotive con-
struction was the one founded in Philadelphia by Matthias
Baldwin, whose first engine, the Old Ironsides, appeared in
1832. Up to June 1, 1915, the Baldwin Locomotive -Works
constructed more than 42,000 locomotives, and in prosperous
times it builds more than 2,000 each year.

The influence of George Stephenson, of England, and
of his celebrated locomotive, the Rocket, was felt in the
United States, but, considering the undeveloped condition
of American industries in 1830, a surprisingly small num-
ber of English engines were imported. The needs of our
railroads were mainly supplied by our own foundries and
shops. Nor were British models followed to much extent.
American designers followed new lines in order to meet
novel conditions. They were so successful in making en-
gines that would work on curves and climb grades
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that American locomotives soon began to be sold in
England.
As compared with the locomotives with which we are

Tue Oup IrRoNsIDES, 1832

now familiar, those built in 1830 seem tiny and curiously
designed. The first locomotives constructed for actual serv-
ice weighed from 3 to 5 tons; the weight of the De Witt'
Clinton was 3% tons. The English engines imported were

DE Witt CLINTON ENGINE AND TrAIN, 1831

double that weight and proved too heavy for the tracks
with rails of wood surfaced with strap iron. The John
Bull engine, shown in the illustration, was imported in 1831
for use on the Camden and Amboy line, the line connecting
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New York and Philadelphia. It weighed 10 tons, and was
the heaviest engine run up to that time. Indeed, its great
size was a positive disadvantage to the company for some
time. ’

The American locomotives and cars, unlike the English
and those on the Continent, where English models were

JouN BuLL ENGINE AND TRAIN, 1831

generally followed, early adopted a swivel truck. After
the first few years practically all American locomotives
had eight wheels, four driving wheels under the rear part
of the engine and a four-wheeled truck carrying the fore
part of the boiler, the truck being fastened to the engine
by means of a bolt which permitted the truck to swing or

LANCASTER ENGINE AND TRAIN, RUN ON PENNSYLVANIA STATE
RAILROAD, 1834

swivel through several degrees and enabled the engine to
round sharp curves. The swiveling truck seems to have
been thought of by several people about the same time.
Ross Winans, of Baltimore, used it under a passenger
coach in 1831. The same year he placed a truck under
the forward part of a locomotive. In 1831, moreover,
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the truck principle was applied to two locomotives built
in New York. One was designed by Horatio Allen, while
chief engineer of the Charleston and Hamburg Railroad,
and the other by John B. Jervis, chief engineer for the
Mohawk and Hudson Railroad. The engine planned by
Jervis was more in accordance with subsequent designs,
and to him the greater credit is due.

The American or Campbell type is the name applied

First CaMPBELL LocoMorivE, 1836

to the locomotive having four connected driving wheels and
a four-wheeled truck. The first engine. of this design was
built in 1836 by James Brooks for Henry R. Campbell, both
of Philadelphia. This speedily became the prevailing de-
sign for the passenger service, and has remained until the
present day the approved form of passenger locomotive,
except when special conditions require the use of a loco-
motive of a different type.

One essential feature of the locomotive awaited intro-
duction until 1837, and that was the use of equalizing
beams by means of which the weight on the driving wheels
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ceases to be affected by the inequalities of the elevation
in the track. Since 1837 locomotives have been so con-
structed that each driving wheel can have a vertical motion
independent of the other wheels, and can so move without
changing very greatly the pressure imposed by the wheel
on the track.. Equalizing beams were first used in the
Hercules, designed by Joseph Harrison, Jr., and constructed
by the Baldwin Locomotive Works. Another notable im-
provement was accomplished in 1842 when Matthias Bald-

AMERICAN (4-4-0) TYPE oF LOCOMOTIVE

Built by the Baldwin I.ocomotive Works for the Ligonier Valley Rail-
road in 1914. Weight, engine and tender, 200,000 pounds; weight
on driving wheels, 81,400 pounds.

win invented the flexible beam truck by the use. of which
the different pairs of locomotive drivers in passing a curve
could move laterally in opposite directions, the axles yet
remaining parallel to each other.

With the steady and rapid increase of the railway busi-
ness there came a need for locomotives of greater power.
Since the tractive force exerted could be augmented by
increasing the weight resting on the driving wheels, addi-
tional power was secured by the construction of heéavier
locomotives. To enable the track to sustain the ‘heavier
equipment the weight was distributed by adding to the
number of drivers and thus extending the area of the base
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upon which the weight rested, the difficulty of rounding
curves with locomotives having long wheel bases being

TEN-wHEEL (4-6-0) TYPE oF L.OCOMOTIVE .
Built by the Baldwin Locomotive Works for the Southern Railway
in 1914. Woeight, engine and tender, 240,000 pounds; weight on
driving wheels, 109,200 pounds.

solved by using flexible beam trucks and journal boxes with
considerable lateral play, by making part of the drivers

MogrL (2-6-0) TYPE OF LOCOMOTIVE

Built by the Baldwin Locomotive Works in 1915. Weight, engine
and tender, 205,000 pounds; weight on driving wheels, 104,650
pounds.

without flanges, and by increasing slightly the gauge of the
curved portions of the track.

Ten-wheeled locomotives, having a four-wheeled leading
truck and three pairs of connected drivers came into use
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about 1850, and they have ever since been popular in both
freight and passenger service. About 1865 the Mogul loco-

}
|
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CoNSOLIDATION (2-8-0) TypE OF LOCOMOTIVE

Built by the Baldwin Locomotive Works for the PPennsylvania Rail-
road in 1915. Weight, engine and tender, 431,000 pounds ; weight
on driving wheels, 226,900 pounds.

motive was developed from the ten-wheeled type by decreas-
ing the number of truck wheels from four to two. This

MigaApo (2-8-2) TyYPE oF LoCOMOTIVE
Built by the Baldwin Locomotive Works for the Chicago, Burlington
and Quincy Railroad in 1915. Weight, engine and tender, 497,500
pounds ; weight on driving wheels, 239,900 pounds.

change increased the proportion of weight resting on the
drivers from 70 per cent to 85 per cent and consequently
gave a much greater tractive force. For many years the
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Mogul was the leading type of locomotive for heavy freight
service, and it is still used extensively. The Consolidation
type, with four pairs of connected drivers and one pair of
truck wheels, introduced about the same time the Mogul
was first used, is now employed in freight service more
extensively than any other single type of locomotive. The
Decapod, with a two-wheeled truck and 10 connected driv-
ers, and the Centipede, with a similar truck and 12 drivers,
have also been used to some extent. The difficulty of back-
ing a locomotive with such a long wheel base around curves

ATLANTIC (4-4-2) TYPE OF LOCOMOTIVE

Built by the Baldwin Locomotive Works for the Baltimore and Ohio
Railroad in 1910. Weight, engine and tender, 344,000 pounds;
weight on driving wheels, 116,000 pounds.

led to the adoption of a two-wheeled trailing truck, giving
rise to new types, the Santa Fe, the Prairie and the Mikado.
The additional truck not only facilitated the backward mo-
tion of the locomotives but it also made possible the con-
struction of deeper and wider fire boxes, thereby permit-
ting the development of greater power. The Mikado, with
a leading and trailing truck, each two-wheeled, and four
pairs of connected drivers, is now becoming very popular
for heavy freight service.

Additional types of locomotives having the four-wheeled
leading truck have also been developed, the two most
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notable ones being the Pacific and the Atlantic. The former
has three pairs of connected drivers and a two-wheeled
trailing truck, and is used extensively in heavy passenger
and fast freight service. The Atlantic type, first con-
structed in 1895 by the Baldwin Locomotive Works for
the Atlantic Coast Line Railroad, has two pairs of con-
nected drivers and a two-wheeled trailing truck. Like the
American, which it most closely resembles, it is used chiefly
for fast passenger service.

The latest step in the development of steam locomotives

PacrFic (4-6-2) TyYPE oF LOoCOMOTIVE

Built by the Baldwin Locomotive Works for the Atchison, Topeka
and Santa Fe Railway in 1915. Weight, engine and tender,
!’306.000 pounds; weight on driving wheels, 172,550 pounds.

for heavy freight service has been the construction of the
articulated locomotive. The difficulty of rounding curves
with locomotives having more than five pairs of drivers
attached to a rigid frame led to the introduction of this
type, designed, in 1888, by a Frenchman, Anatole Mallet,
after whom it is named. It has one fire box and one boiler,
but has two sets of drivers and cylinders attached to
separate frames which are connected by a movable joint.
This arrangement divides the wheel base into two inde-
pendent units, and the jointed frame affords the flexibilitv
necessary to enable the locomotive to pass around sharp
curves. The first Mallet locomotive constructed in the
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United States was built in 1904 by the American Loco-
motive Company at Schenectady, N. Y., for the use of
the Baltimore and Ohio Railroad. The use of this type
has increased greatly in recent years, especially on those
roads having a heavy traffic crossing mountain grades,
where it is employed for pusher service. Some.Mallet loco-
motives have been built with articulated boilers, but in
most of them the boilers are of rigid construction and only
the frames jointed. At the Baldwin Locomotive Works
several Mallet locomotives have been built by combining
and rebuilding two locomotives of ordinary type. In 1913
this firm constructed for the Erie Railroad a triplex articu-
lated locomotive having three sets of drivers and cylin-
ders, two sets under the boiler and one set under the tender.
Each set of drivers contains four coupled pairs, the total
length of the driving wheel base being 715 feet.

The simplest system of classifying locomotives is that
known as Whyte's classification, in which each type, except
the Mallet, is described by a series of three figures, the
first figure indicating the number of leading truck wheels,
the second the number of drivers and the third the number
of trailing wheels. Thus the American type is the 4-4-0,
the Atlantic the 4-4-2, the Ten-whéel the 4-6-0, the Pacific
the 4-6-2, the Mogul the 2-6-0, the Consolidated the 2-8-o,
the Prairie the 2-6-2, the Mikado the 2-8-2, the Santa Fe
the 2-10-2, etc. Switching locomotives as a rule have their
entire weight on the drivers and are built without truck
wheels, the most common type being the 0-6-0. In desig-
nating the Mallet locomotives four figures are used instead
of three, the second indicating the number of drivers under
the forward portion of the boiler and the third the num-
ber under the rear portion. Thus a locomotive of the
2-6-6-2 class would have a leading and a trailing truck of
two wheels each and two sets of drivers, three pairs in
each set. The triplex articulated locomotive is a 2-8-8-8-2
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type. This system of classifying of course gives little in-
formation about the engine other than the number and kind
of wheels. The motive power department of a railroad has
a much more complex system of classification, in which, by
using a combination of figures and letters, locomotives are
classified according to other important structural features.
The Pennsylvania Railroad Company issues a classification
list covering more than 150 different kinds of steam'loco-
motives.

During the past sixty years a great many important im-
provements have been made in locomotive construction.
" Among the most valuable innovations has been the intro-
duction of a compound locomotive, in which the st@am, in
passing from the boiler to the exhaust, is used in two cylin-
- ders in succession. By this means a greater amount of
power, is derived from a given quantity of fuel. Some
compound locomotives are equipped with two cylinders, the
high pressure cylinder being on one side and the low pres-
sure cylinder on the other; some possess four cylinders, a
high and a low pressure cylinder on each side, placed either
tandem or one above the other; while still another kind,
the balanced type, has the axes of the four cylinders in the
same horizontal plane, the high pressure cylinders being
situated between the locomotive frames and their piston
rods connected to cranks attached to the axle of a pair of
the driving wheels. On the railroads of the United States
compound engines are on the whole but little used, it being
the consensus of opinion among motive power officials that
the saving made in fuel by their use is more than offset
by the high cost of maintenance of the somewhat com-
plicated machinery necessarily employed in their construc-
tion. Mallet locomotives, however, are all compound.

Another important fuel-saving device recently introduced
is the steam superheater. After passing from the boiler,
the steam, before entering the cylinders, passes through
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a system. of tubes, either contained in the smoke box or ex-
tending from a drum in the smoke box back into the boiler
flues, where its temperature is greatly increased over the
point reached in the boiler. The superheated steam has
no greater pressure than non-superheated steam but it has a
gréater duration of maximum expansive power, inasmuch
as it must be cooled more before it reaches the point of
condensation. Superheating affords more units of power
per unit of fuel consumed, and since the maintenance costs
of various types of superheaters are small compared to the
saying of fuel which their use permits, they are installed
in many locomotives. Heavy locomotives now built are
also equipped with automatic mechanical stokers, which con-
vey the coal from the tender to the fire box. In the far
West, where coal is scarce and oil plentiful, most of the
locomotives use crude petroleum for fuel.

The ordinary locomotive in use today weighs as much as
twenty-five of the engines used at the beginning of rail-
roading. In 1850 a locomotive weighing more than 50,000
pounds was considered very large. A locomotive weigh-
ing 200,000 pounds is now not considered notably heavy,
and many reach a weight of 500,000 pounds. The giant
triplex Mallet locomotive, referred to above, which is the
largest and most powerful locomotive ever built, has a total
weight, when in working condition, of 853,050 pounds, of
which 761,600 pounds rests on the drivers. With the in-
crease in the size of locomotives the tractive power has
been enormously increased. Half a century 'ago a train
load of 200 tons would have been a heavy one to handle,
but now 2,500 to 4,000 tons are hauled over long distances
by the largest types of freight engines, and loads of more
than 6,000 tons are not uncommon. The achievements in
the increase of speed of locomotives have been less wonder-
ful, but the schedule speed of 60 to 65 miles an hour for
passenger trains, now regularly maintained on many Ameri
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can and European roads, is double the maximum rate pos-
sible a half century ago, and the discomforts and risks of
the present are incomparably less than those formerly in-

cident to travel.
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THE improvements in travel and traffic have resulted
quite as much from the progressive adaptation of the
vehicle to the service to be performed as from betterments
in the roadbed and the locomotive. The passenger coaches

a,s_. ETe——— =

PasseNaEr Coac, 1835. USED ON THE PORTAGE RAILROAD OVER THE
ALLEGIIANY MOUNTAINS, PENNSYLVANIA
first used were similar to the stagecoaches, and this was
so because carriage builders in making vehicles for the
railroad followed the designs with which they were fa-
miliar. Indeed, in Europe the passenger coaches in use
today, with their small compartments entered from the side,
indicate that the stagecoach influenced the style of con-
struction. Coaches of the European type were used on
a few of the early American roads.
61
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The construction of coaches for American railroads, dif-
fering totally in design from those used on highways, began
with the opening of the first lines. The first railroad
coaches were not unlike the four-wheeled caboose of today
in appearance, but after 1830 longer vehicles mounted on
two four-wheeled trucks began to be used, and the typical
American coach soon came to differ from the European in
being longer, in having the doors at the ends, and in having
a central aisle. This form of coach was probably adopted
because the curves in our tracks required the use of trucks
under the cars as well as under the engines.

Plasi L L <L ¥
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AN EARrLY PASSENGER CoAcH

Many improvements in design were necessary to produce
the comfortable coaches of today. Better ventilation was
secured by raising the central half of the roof and insert-
ing “deck-lights.” This was first done in 1836, but it was
several years before the raised roof became a feature of
all passenger cars. The roofs of the best railway coaches
now have special appliances for admitting fresh air and
are equipped with ventilators, so constructed that when the
train is in motion the rush of the atmosphere creates a
suction which draws the impure air from the interior. Even
with these improvements, however, the problem of main-
taining pure air in crowded cars has not yet been fully
solved.

For 30 years the jolting caused by the loose coupling of
cars was a great discomfort to travelers, but patent auto-
matic couplers and spring and friction draft gears, of which
there are many kinds in use, have now obviated that trouble.
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At first cars were heated with rude wood- or coal-burning
stoves. Not only would such stoves fail to heat the coaches
properly, but in case of a wreck they would set fire to the
train, adding greatly to the loss of life and property. Pas-
senger trains are now heated throughout with steam from
the locomotive. The old oil and gas lights are fast being
replaced by electric lights, the current for which is sup-
plied by a small dynamo supported on the truck and run by
a belt encircling the car axle.

The sleeping car, as we know it today, originated with
George M. Pullman, who built the Pioneer A in 1864.
Cars had been fitted up with tiers of bunks on each side
as early as 1837, but the discomforts of such accommoda-
tions were so great that sleeping cars did not become popu-
lar until the Pullman and Wagner services became available.
The sleeping car was soon followed by the buffet or hotel
car, and that by drawing room and dining cars. The neces-
sity for passing from one car to another suggested the
vestibuling of trains. The idea originated in 1852, when
a man by the name of Waterbury designed a vestibuled car.
Some cars were fitted up with vestibules that year, but the
first vestibuled train like those with which we are familiar
was designed and built by Pullman and was run on the
Pennsylvania Railroad in 1886.

Within the last decade a noteworthy improvement has
been made in passenger cars’ by the substitution of steel
for wood in their construction. The greatest advantage
of the steel car comes from the security it affords the
traveler in case of accidents. It is seldom telescoped, and
cannot be splintered, in collisions or when overturned, and
it is, of course, non-inflammable. The superior safety of
steel cars has led not infrequently to agitation for a law
compelling their universal use. No such law has been
passed, however, and it is not probable that any will be
necessary. Railroad companies find it more economical in
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every way to use steel cars; they last longer, are less ex-
pensive to maintain, and their use brings about a great de-
crease of claims for damages. The building of wooden cars
has already been virtually discontinued, and on all the rail-
roads of the country wooden coachcs are constantly being
replaced by coaches of steel. Out of 54,000 cars in use for
passenger service in 1914, nearly 13,000 were of steel con-
struction throughout, and 6,000 possessed steel underframes.
’n January 1, 1916, the Pennsylvania Railroad system had
in service 2,100 steel passenger cars and 1,994 wooden pas-

ALL STeEL PAsseNcer CoAcn
Pennsylvania Railroad Company

{
senger cars, all of the steel cars having been acquired
since 1907.

The air brake, invented by George Westinghouse and
first successfully applied to passenger trains in 18068, was
one of the most valuable of all the inventions by which
the improvement of the transportation service has been
brought about. In 1887 the air brake had been developed
so that it was practicable to use it on freight trains, and
at the present time the law requires all trains in the United
States to be equipped with air brakes by which the train
can be controlled by the engineer. The first air brake was
known as the straight-air brake. Compressed air stored in
a tank under the locomotive was admitted through the train
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pipe to cylinders under the coaches, the pressure on the
pistons in the cylinders being transmitted to the brake
shoes by a series of connected levers. The defect in this
type of brake was that it was not automatic, and if the
train broke in two, severing the train-pipe connection, the
brake system on the entire train became useless.

In 1872-73 Westinghouse perfected his first automatic
brake, the essential features of which are still retained in
air-brake construction. Under each car is placed an auxili-
ary reservoir, containing a supply of compressed air, which,
by the action of an ingeniously devised valve is admitted
to the brake cylinder upon the decrcase of the air pressure
in the train pipe. When a train is accidentally uncoupled
the escape of air from the train pipc automatically causes
all brakes on the train to be set. Recfinements of this
mechanism have consisted mainly of devices by which the
engineer can bring about more speedily the action of the
brakes throughout the entire train. In the original form
the application of the brakes was made by releasing the air
only through a valve in the cabin of the engineer. The
result was that in a long train the brakes ncarest the
locomotive were set several seconds in advance of the brakes
near the rear of the train, and cars were subjected to a
series of damaging shocks. Often, too, the train when start-
ing, would break in two, because of the tardy release of
the brakes on the rear cars. The “quick-action” brake and
its modifications overcame these difficulties and made it
possible to use the air brake on the longest trains. Recently
the Westinghouse Company perfected a pneumatic brake for
passenger trains, in which the admission of air to all the
brake cylinders is accomplished simultaneously by the ac-
tion of electricity.

The air brake reduced by about go per cent the time and
the distance required to stop trains with the old hand-brake
system. It has greatly lessened the risks to which employees
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are exposed, has decreased the danger of travel and has
made possible much greater speed for freight as well as
for passenger trains.

The freight car is built today in many designs for the
better accommodation of the numerous kinds of traffic to be
handled. Starting with only open and box cars, crudely
constructed, mounted on four wheels and having a load-
ing capacity of three to five tons, the freight equipment
of railroads has come to include the large variety of cars

ALL STEEL Box CaAr
Pennsylvania Railroad Company

with which we are now familiar, provided with many
mechanical appliances for saving labor costs and minimizing
damages to property in transit, and capable of carrying loads
of over 50 tons. Many of the improvements in car con-
struction, as, for instance, the swiveling truck having four
or more wheels, improved couplings, and air brakes, were
as applicable to the freight car as to the passenger
coach.

Specialization in freight cars continues with the growing
volume of traffic. There are special cars for carrying
cattle, dressed meats, oil, coal, coke, iron ore, fruit, milk,
and many other commodities, a special car being brought
into use whenever there develops a new kind of traffic
running regularly and in large volume and not capable of
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being handled advantageously in the ordinary box or flat
cars. The invention of the refrigerator and heater cars
was incidental to this specialization, and has been of great
value to producer and consumer. The distribution of perish-
able commodities throughout the entire country can be
carried on during all seasons of the year, to the great ad-
vantage of both producer and consumer. "The products
of the tropical and the cold sections of the world are now
available for the people of both regions at all times, and
the volume and value of freight transported are greater
than they could be when the movement of many kinds of
goods was dependent upon the weather.

The increase in the capacity of 