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INTRODUCTION.

Many books have been written on the subject
of Railway Construction by different men; many
more will be written hereafter, and this without
exhausting the subject. It is too great and the
problems too multiplex to be exhausted. Each
writer, however, will throw new and needed light
on the subject and what each says will therefore
be useful to owner and operator alike.

For the Construction and Maintenance of rail-
ways will never cease to interest or excite con-
troversy. The subject is one of the greatest
connected with the operation of railroads and is
rendered more complex because of the dissimil-
arity of conditions under which they are built
and worked. The more light, therefore, that can
be thrown on the subject the more advantageous
to those interested.

Because of this I do not feel that excuse is
necessary for offering this book, apart from what
I have written on the subject in other volumes
of “TaE SciENcE oF RaiLways.” This added mat-
ter will be of interest to all who seek increased
knowledge and usefulness from the observation
and experience of others. What is written here
does not represent my particular experience, but
the experience and wisdom of others as well, who
have studied the subject.

a9
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‘This volume, like others that I have written,
it is unnecessary to say, is intended for the use
of students and practical men, such as builders,
roadmasters, section foremen and others who have
to deal at first hand with the material things that
2o to make up a railroad and its accessories.

M. M. KirRkMAN.



CHAPTER L

RAILWAY EVOLUTION. THE DEVELOFMENT OF THE
RAILWAY ILLUSTRATED.

In depicting railways, an account of the con-
ditions which lead up to them is interesting, not
only in itself, but as affording a better under-
standing of the subject. The origin and growth
of property go hand in hand with the birth and
development of man. When we describe the
condition of one we describe the condition of the
other. The two are coexistent. Thus the busi-
ness principles which we observe to-day were in
the main established by the ancients, who were
commercially inclined as we are, many hundreds
of years ago. In the same way they originated
in the main our utensils and methods. We_have
simply developed their primary thoughts.

In legal phraseology there are three kinds of
property—real, personal and mixed. Railway
property partakes of all these characteristics.
The privileges it enjoys are such as are accorded
it under the limited knowledge we have of its
uses and needs. Itsrights are exceptional because
of its special duties and responsibilities. Its
limitations are such as attach to common car-
riers. It represents a new departure in industrial
effort; a progressive step greatly stimulative of

(1)
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man’s efforts. In other respects it presents no
distinguishing features. It furnishes, however,
another instance, if one were wanting, of the
. sympathetic tie that connects man’s intellectual
growth with that which he so greatly prizes,
namely, material wealth.

The primary purpcse of the permanent way
of a railroad was to furnich a surface that should
be at once hard, smooth and unchanging for
wheels to run upon.

Railways had their origin in Great Britain in
the tramways laid in the mining districts for con-
veying coal to the sea from the mines near New-
castle-on-Tyne during the seventeenth century.
The rails were formed of scantlings of oak,
straight and parallel to each other, connected by
cross timbers alsc of oak and pinned together
with oak treenails; on these, carts made with
four rollers fitting the rails traveled, the carriage
being so easy that one horse is said to have been
able to draw four or five chaldrons of coal. The
benefits derived from this manner of transport-
ing coal suggested to the thinking man the em-
ployment of similar means for facilitating the
conveyance of passengers and general merchan-
dise.

A road graveled between the rails was at first
provided as a foothold for the horses which drew
the cars. The wheels were kept on the rails by
guides, attached either to the wheels or to the
rails. As stated, the earliest railroads were con-
structed wholly of wood.

In comparing the first railroads with the com-
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mon turnpike road, an early writer says: “A
saving is made of seven-eighths of the power,
one horse on a railroad producing as much effect
as eight horses on a turnpike road. In the effect
produced by a given power the railroad is about
a mean between the turnpike road and a canal,
when the rate is about three miles an hour; but
when greater speed is desirable the railroad may
equal the canal in effect and even surpass it.”

Rails were first cast; afterward, early in the
~ nineteenth century, they were rolled. In 1767
the first iron rail was cast at Colebrookdale, Eng-
land. This was a great stride forward. It was
three feet long, four inches wide at the top, and
three inches high. This progressive step pre-
pared the way for the locomotive when it should
be evolved. However, the rail thus cast proved
to be too light, but the difficulty was overcome
by making the carts or wagons smaller and coup-
ling a number of them together instead of having
one big vehicle. Thus the train came into being.
Shortly afterward it was found possible to cast
a rail six feet long; in 1815 it had grown to fif-
teen feet; still later to thirty feet.

In 1789 William Jessop first introduced a rail
with a smooth, level top, substituting a wheel
with a flange for the old-fashioned form. This
simple, yet ingenious, device at once revolution-
ized previous practices. Before, a flange or
something of the kind had formed a part of the
rail in order to keep the wheel on the track.
~ This not only added to the cost of the rail, but
rendered it less strong and more easily worn out.
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The flanged wheel cleared the sky. In 1797 Jes-
sop also contributed to the development of rail-
roads by inventing the iron chair, which he in-
serted between the rail and the tie. Rails at
this time were very light, and the load and speed
were made to correspond.

o sec SECATAR

Jessop’s Cast Iron Fish-bellied Rail, A. D. 1780.—[NOTE: The attention of
the reader is particularly called to the fact that in the accompanying iliustra-
tions not only the form of the rail is shown, but also the fastenings, splice
bars, chairs, ties and other detalls of interest connected with the track.]

Fia. A.

sec.

The First Rail Chair. Newcastle-on-Tyne, A. D. 1797,
F1e. B.

Figures A and B illustrate the Jessop rail and
iron chair. Some of the various styles of rails
used for tram roads are illustrated by Fig. C.

With the introduction of the locomotive to
take the place of the horse commenced the de-
velopment of the present railroad. This was
about the year 1830.

(George Stephenson, while he did not invent
the first successful locomotive, is, nevertheless,
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o viem Secriom

LeCaan's Tram Rail, requiring neither bolts nor spikes. Wales, A. D. 1801.

oo sec

Wyatt’s Hexagonal Rail, North Wales, A. D. 1802,

o —

ol
‘ a
SEC ATAA

Tram Rall, Surrey Railway, A. D. 1803,

Lcah & Stephenson's Edge Ralil, Stockton & Darlington Railroad, A. D. 1816.
Fia. C.

quite generally accredited with being the father
of this machine and, therefore, of the railway
system. He did much to perfect the locomotive.
As I have had occasion to remark elsewhere, his
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prominence in connection with the opening of
the Liverpool & Manchester railway, where for
the first time the attention of the world was
generally drawn to the railroad question, concen-
trated attention upon him, so that it was believed,
though erroneously, that he invented the loco-
motive and operated the first successful one. The
idea of the locomotive originated with Trevithick,
in 1808, but it was not a financial success. Af-
terward, John Blenkinsop accomplished what
Trevithick had been unable to do. Blenkinsop
had constructed two locomotives which answered
every requirement, so far as the action of steam
and economy of operation were concerned, before
Stephenson manufactured his first machine.

The locomotive followed naturally the inven-
tion of a suitable roadbed, as the wagon and car-
riage followed a suitable highway. The railway
track, as referred to elsewhere, was first-utilized
in connection with the handling of coal. The
bulk of the latter, and the necessity for cheapen-
ing its price, made some simple appliance for
transporting it a matter of the greatest possible
importance to the people of Great Britain. Horses
were at first used, then steam. The cost of
transportation over these tramways, or primitive
railroads, is said to have been about ten per cent.
of that over the common turnpike.

The character of the track on which Trevith-
ick’s first locomotive ran is illustrated by Fig. D.
The character of the rails used for the first track
on which locomotives were operated is shown by
Fig. E. These rails were of light weight; in 1825
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Tram Rail with stone supports, upon which Trevithick’s first locomotive ran,

Fie. D.

the average weight of rails per yard was about
28 pounds; in 1830 (about the time the locomo- .
tive was introduced ) the weight was increased to
85 pounds per yard. As the weight of locomo-



28 BUILDING AND REPAIRING RAILWAYS

Birkenshaw's Wrought-Iron Rail, A. D. 1820

SEC R0 OINR.
George Stepnenson's l“lxsh-BellyA Rix)ill. B;I’ancbesler & Liverpool Railway,

Fra. E
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tives and speed of trains have increased, the
weight of the rail has grown heavier. Ninety
and even 100 pounds per yard is not uncommon
in use now.

The method of supporting the rails on the
tram road and the first railroad was generally
stone blocks placed at their ends, as illustrated
by Figs. A, B, C, D and E.

With the introduction of rolled wrought iron
rails, in 1805, their length began to increase, and
this led to the introduction of intermediate sup-
ports between the joints. The T rail, Fig. E, led
to the use of cross ties, the early method of use
is illustrated by Fig. F.
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o

~ oz »
Standard Track of Camden & Amboy Railroad, A. D. 1837,

Xy

bermimim 2 e e e 2 i e e i 2 e c—e -
Stevens’ Rail, Vicksburg & Jackson Railroad, A. D. 1841

Fie. F.
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To cheapen construction, the strap rail was
largely used on the early American railroads; it
is illustrated by Fig. G.

Stone Stringer and Strap Rail, Baltimore & Ohio Rallroad, A. D. 1833. This
was & tavorite American dévice.

‘Wooden Stringer and Strap Rail, Albany & Schenectady Railroad, A. D.
1837, A strap rail was used on many ‘of the first railroads in Amerioa, par-
ticularly in the Central and Western States.

Fie. G.
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The method of constructing track with stone
blocks and stone stringers gave a rigid road bed
and rough riding track which were very destruc-
tive to locomotives and cars. This led to the
intrc;duction of the T rail and the use of cross
ties.

Fie. H.

STREET RAILWAY CONSTRUCTION.

The rails are laid on continuous beams of concrete made of cement, sand
and broken stone. The track is held to gauge by steel ties spaced ten feet
centers. The space between the rail and beam is solidly filled by ramming
in a mixture of cement and sand. The space under the ties is filled with
liquid grout.

This construction is somewhat of a departure from the usual practice in
this country. and is found to be more durable and no more expensive than
the usual wood tie construction.

The above used at Buffalo, N. Y., St. Paul. Minn., and Kansas City, Mo.

During the winter months the track of *he steam railways is practically

such as the above.
The failure of the early methods was duv to poor track and poor rolling

stock.

In connection with the construction of railway
track, it is interesting to notice the methods

*While the cross tie is generally used by railroads throughout
the world, the Great Western Railway of England uses a longi-
tudinal support for its rails. Such support was quite common
in the early days of railroading, but has, as a rule, been
abandoned.
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adopted by street railways to secure a permanent
way where expensive pavements are laid, as illus-
trated by Fig. H. The weight of the first loco-
motive on the London and Manchester R. R. was
7% tons including the tender; in 1831 the weight
of a goods train with engine was about 50 tons.
The weight of a modern electric car and motor
is from 33 to 58 tons; the additional weight of
passgngers when fully loaded is from 4 to 5 tons,
making a total of 87 to 63 tons. We find that this
rigid street car track with modern rails and roll-
ing stock is giving a smooth riding track without
injuring the rolling stock.

No rigid connection between the ends of the
rails laid in a track was made until 1847. Prior
to that time they were placed one against the
other in a chair, especially designed for the pur-
pose, called a joint chair. The ends of the rails
were not held securely in this chair, but could
slide past each other and were quickly ruined by
the wheels jolting over the uneven surface. In
1847 fish plates for uniting the ends of the rails
were introduced, and the device has since been
generally adopted. By this means the rails are
firmly held together, affording an even surface
at the top. The fish plate, a strip of iron about
an inch thick, was placed on either side of, but
not touching, the web of the rail, the edges of
the plate being made to perfectly fit the sloping
sides of the head and foot of the rail. The fish
plate is held in place by bolts, called fish bolts,
which pass through the rail and the two fish

3 Vol. 13

i
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plates (one on either side of the rails), drawing
the plates together and tightening their edges
against the rail. The rail was further strength-
ened at the fish joint by the cross ties being laid
nearer each other there than in other portions of
the track. The efficiency of the fish joint de-
pends upon the plates being kept securely in
their place. They require to be frequently
looked after and the bolts screwed up, asdthey
are liable to work loose with the jar of the trains
passing over them. Various styles of fish plates

.4(/

English Fish-belly Rail, New Jersey Railroad, A. D. 1832.

Fia. L

and fastenings have been introduced, the object
being to find some way for holding the bolt and
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Joint Chairand Wedge, Old Portage Railroad, A. D. 1832,

Stone Block, Rail and Joint TORSI})G llat\gi:;dl on Camden & Amboy Railroad,

Fia. L.

nut firm after being screwed into place, so they
cannot work loose.

The early method of fastening rail joints is
shown by Fig. I. The development of the rail
joint fastening up to 1860 is illustrated by
Fig. J.
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Stevens' Rail Supported by Cast-Iron Chair, A. D. 1837,

Wooden Joint Block, New Jersey Railroad, A. D. 1860.

Fia. J.
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Double Splice Bar. Erie Rail with ends stamped for Adams’
Cast-Iron Bracket Splice, A. D. 1857.

Single Splice Bar, . Double Splice Bar.
Fie. J.

The fish plate or splice bar, and the angle plate
or angle splice bar, had come into general use by
1870. Fig. K. illustrates its development from
1860 to 1880.*

*In another chapter the reader will find illustrations of the

rail joints now in use. The best method of fastening the ends
of rails is still much discussed.
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Angle Splice Bar.

Fie. K.
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Early frogs and switches are illustrated by
Figs. L and M.

An early Frog Pattern.

Frogs, Colliery Railroads of England, A. D. 1825,

Staple Iron need aé a makeshift loDr al 8F‘:«’}'og. Camden & Amboy Railroad,
A.D. .

Fia. L.
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Frog, Old Portage Railroad, A. D. 1835,

‘Wood's Rall Frog, New Jersey, A. D. 1859,

Fie. L.
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“Switches in Colliery Railroads, England, A. D. 1825,

Fie. M,

The Method of using bull head rails is shown
by Fig. N.

Section of English Permanent Way

Fi1s. N.

As timber became scarce in Europe and other
countries, metal ties were adopted. Fig. O illus-
trates some of the styles used and the methods
adopted for fastening the rails.
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Steel Tie, London & Northwestern Railway, A. D. 1885.

Metal ** Pot "’ '.l‘ieA. ngd}%&g Railway of India. Metal Track, Queensland, A. D. 1889,

Metal track, Midland Railwa; Metal track, London & Northwestern,
A. D 1889, v ""TA.D. 1880,

Fic. O.
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Metal track, Elferfeld Railway, Germany, Metal track, Great Central Railwayof Belgium,
A.D. 1889, A. D, 1889.
F1a. O.

During the development of the T rail, from
1830 to 1860, there were a number of devices
and patterns proposed, some of which are illus-

trated by Fig. P. 1
Thick Rec ar Rail, A. D. 1838. Latrobe’s Compound Rail, wood and iron Baltimore
c tangul , po d R 1, d an

Fia. P.
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Compound Rail Compound Rail
Compound Rail. Compound Rail.

Fie. P.
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Box Rail Barlow's ddle Back ,

i
|\




CHAPTER II.

THE RECONNOISSANOCE.—THE FIRST STEP IN RAILWAY
CONSTRUCTION.

In locating a new railway line or extending
an existing one, many factors must be taken ac-
count of, such as the cost of the proposed line
considered in relation to its probable revenue;
the cost of operation and maintenance; and the
financial resources of the owners. From an
operating point of view it is desirable that the
route shall be as direct as possible,a straight line
drawn between the termini would be the ideal,
but other considerations intervene, such as the
most effective and profitable service that can be
rendered the population within the territory, the
cost of construction first and the expense of
maintenance and operation afterward, the effect
of the competition of existing or possible lines or
other forms of transportation, ete.*

When it is desired to construct a new line be-
tween given points or extend an old one to a cer-
tain point, the first things to know before it can

*[t is recorded that when a great railway line-was projected
_in the Russian Empire, the route was a matter of much contro-
versy. The emperor, however, solved the problem by taking a
ruler and ruling a straight line between the termini. In coun-
tries like ours, however, commercial considerations are para-
mount, and no such heroic disposition of the matter is possible.

“n
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be determined upon are, what will be the best
route to take, and the probable cost and charac-
ter of the road required. To ascertain- these it
is necessary that the country to be traversed
should be examined by engineers. This examin-
ation is called a reconnoissance, and is made un-
der the direction of a civil engineer. * It is of
a preliminary character only and is not intended
to give an accurate survey of the country. It is
made to determine: (a) an approximate location
for the proposed line; (b) that it is possible to
ascend from a valley on a given grade, and get
over the summit of the divide; (¢) that it is pos-
sible to descend from this divide and cross the
summit of the next on a given grade; (d) the
elevation of the passes of the divides to the right
and left, and (¢) that the road can be built with-
in certain limits of expenditure.

The method of making the reconnoissance dif-
fers, of course, according to conditions.

If the country proposed to be traversed is well
known and has been settled, accurate maps and
surveys of it can be readily obtained. Accord-
ingly, the engineer provides himself with a map
made preferably on the scale of one inch to a
mile. Such a map, where a government survey
has been made, will give the township and sec-
tion lines; generally the sub-division of each sec-
tion by farm fences enables any desired point to
be accurately located. In cases where the coun-

*The dutics and peculiarities of a railway civil engineer are
referred to more fully in the book “Railway Organization.”
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try has not been surveyed by the government, a
map or plat will have to be made on a larger
scale than that indicated—say two inches to a
mile, so that the boundaries of farms and other
properties can be clearly shown.

The engineer who makes the reconnoissance
will require the following: an aneroid barome-
ter (Figs. 1, 2 and 8), engineer’s field books and

Fie. 1. Fia. 2. F1a. 8.

ANEROID BAROMETER FOR MEASURING ALTITUDES.

They indicate the weight or pressure of the atmosphere, from which the
altitude above sea level is determined.

note books, drawing paper, a set of pocket in-
struments, (Fig. 4);a tin map case or two, a 100
ft. steel tape, a prismatic compass (Figs. 5 and
6);a hand level (Figs. 7and 8); a field glass
(Fig. 9). Provided with these instruments, the
engineer travels the country mostly on foot, lo-
cating the controlling points. Upon his map he

will depict not only the location of section lines
4 Vol. 13
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Fie. 4.

ENGINEER'S POCKET INSTRUMENTS.
These generally embrace drawing pens and large and small compasses.

Fia. b.

PRISMATIC COMPASS WITH CLYNOMETER ATTACHMENT
Used to take bearings.
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Fie. 6.

PRISMATIC COMPASS WITH CLYNOMETER ATTACHMENT.
Used to take angles of slopes.
The Prismatic Compass is used for taking the magnetic bearing of a

line. The Clynometer attachment is used to take the slope of the surface
of the ground with a horizontal plane.

Fie. 7.

LOCK'S HAND LEVEL.



52 BUILDING AND REPAIRING RAILWAYS.

Fi6. 8.

ABNEY'S HAND LEVEL AND CLYNOMETER.

Hand Levels are used for the purpose of ascertaining points on the same
level as the eye of the observer. The Clynometer attachment is used to take
the slope of the surface of the ground with a horizontal plane.

Fi1a. 9.

FIELD GLASSES.

The Field Glass brings distant objects within view of the engineer.
and boundaries of farms and properties, but all
water courses, ravines, hills, highways, towns,
villages, etc. In his survey the engineer will
ascertain by the use of his aneroid barometer
along the summits of divides * the low points or

*In engineering parlance a ‘‘divide” is the line separating
the water-sheds of two adjacent systems of drainage or rivers.
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passes. He will ascertain the elevation of the
valleys, and will take the elevation of spurs *
from the divides, also plat the contours t of

Fie. 10.

PEDOMETER.

Is a pocket instrument which records
the distance the person carrying ithas
walked. Inreality it records the num-
ber of steps taken, but by proper ad-

%anme%nt. the distance traveled is in-
cated.

+-~ country at difficult

nts when necessary.
Mhere the country is
settled and no gov-
iment survey has
yn made, the method
1 differ somewhat
m the foregoing. In
th case the engineer
1st secure the eleva-
nand distance of the
atrolling points,while
the former case the
its supplied him with
o distances. In addi-
m to the instruments

specified he will need a
pedometer (Fig. 10);
and an odometer (Figs.
11A, 11B, 11C), and a
good watch. He will
not need to be provided

with instruments for determining latitude and
longitude, for the problem has already been re-
duced to sections. For example, after making
the summit of one divide, his problem is to cross

*A “spur” is a ridge extending from a divide and separates
the water-sheds of two branches of the same river.

{The contour of a country is indicated by lines laid down on
a map showing the location of points of the same elevation.
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the next valley and reach the summit of the

next divide, using the desired grade and curva-

ture. Any errors of dis-

;ance made from one di-

ride to another will not

vffect those beyond. In

naking such surveys

samp outfits are neces-

sary. These should be as

ight and simple as pos-

sible. "If the country is

even and sparsely set-

Fie. 11A. tled, the engineer will

Records t?lg?lin:i’:cEeR.traveled by probably take tVV.OpOD.iG§,

et arieel, Tl g one fo carry his appil

by proper ad; us‘t‘merﬁvghe distance ances, and the Other tO
traveled is indicated. ride. When possible he -

Fie. 11B.

ODOMETER.
Inside dial with leather case and straps.

secures a guide having local knowledge of the
country.
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In making a reconnoissance the most direct
line should always be examined first, unless there
is positive knowledge of some insurmountable
difficulty. Should this be the case, of course the
territory to the right or left will be examined.
The short route, other things being equal, should

not, however, be
too quickly aban-
doned. Rocky val-
leys, giving the im-
pression of difficult
and expensive con-
struction, have of-
ten been summari-
lyavoided,when af-
terward they have
proved to be the

_ cheapest location.
When the gen-
eral direction of a
proposed line cros-
ses ravines or pas-
Fie. 11C. ses from a sumI;nit

ODOMETER. into a valley, fol-

Inside dial with leather case and straps. lOWS a stream fOI'
some distance and

then ascends another stream to a divide, it will
be found advisable to look for a high line and
keep on the summit, following a spur out to the
stream, cross the stream by a viaduct to a spur
on the opposite side and again take the summit.
Such locations need careful comparison as to first
cost and cost of operating and maintenance, and
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in making a reconnoissance the engineer will give
them most careful consideration.®

Mountain and valley lines are not the most
difficult to construct as is generally supposed.
The greatest errors of location have been made
on open prairies and foot hills of mountains on
account of stopping exploration when a location
giving the desired grades curvature and cost was
found without endeavoring to find a better.

In making a reconnoissance the engineer will,
as he proceeds, make calculations and notes
showing the probable nature of the material to be
handled <. e., whether earth, loose rock, hard pan
or solid rock, and the percentages of each at dif-
ferent cuts. This will be approximate only, but
his observation will afford a basis upon which to
estimate cost. He will note also the probable
quantities of excavation, embankments and bridg-
ing per mile; the fuel supply; possibilities of bus-
iness; the geological formation, the water supply;
the timber available for ties, piling and bridging;
the character of the rainfall, and the effect it
may have on operation.

It is an axiom that nature always works along
the line of least resistance. The engineer fol-
lows the same rule and makes use of the forces
of nature to overcome difficulties. The highest
compliment that can be paid a railroad civil en-
gineer is for passengers going over a completed

*On a railroad in north America a valley line as described
above was built and afterward abandoned for a high line which
" 12 miles of track, and cost nearly a million dollars less

he valley line.
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road to remark that the location and construc-
tion were easy, and required no great knowledge
or skill, because the passenger is ignorant of the
expensive bridging avoided and the deep rock
cuts, the long tunnels and heavy fills, which were
unnecessary on account of the skill displayed by
the engineer who made the reconnoissance.
(NoTE:—The student requiring detailed information in regard
to the methods of making a reconnoissance, and the use of the

barometer, stadia, and gradienter to measure distance, will find
a list of standard books on the subjects in Appendix E).



CHAPTER III.

THE PRELIMINARY SURVEY.—THE SECOND STEP IN
RAILWAY CONSTRUCTION.

The reconnoissance having been completed
and a report thereof made to the projectors, they
will have the information needed to enable them
to decide whether or not they will proceed with
their venture. If their decision is in the affirm-
ative and the outlook is favorable, the second
step is now taken which is to make a Prelimin-
ary Survey; this duty falls to the lot of a civil
engineer, generally called a locating engineer,
who takes the field with his corps of assistants.
The instruments the locating engineer will re- -
quire in this work will be (¢) a hand level, (5)
an aneroid barometer, (¢) a field glass, (d) a
prismatic compass, (¢) a pedometer and (f) a 50
ft. steel tape. The party will, of course, be fur-
nished with the necessary stationery and kindred
supplies.

The organization of the force making the pre-
liminary survey will vary according to the char-
acter of the country and other considerations,
such as the resources of the projectors and the
degree of haste required, the latter factor being
often controlled by financial considerations, or
the probabilily of an invasion of the field by

rivals..
®8)

B e o g
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If the proposed line is a new one, the chief en-
gineer will probably take direct charge of the

Fia. 12.

ENGINEER'S TRANSIT WITH LEVEL AND VERTICAL ARC.

Used to take vertical and horizontal angles; also to extend straight lines.
The level enables ai)proximate elevations to be taken within limited dis-
tances. The vertical arc is used for taking vertical angles.

work; if on the other hand it is an extension of
an existing system, a locating engineer will have
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charge, acting in subordination to the chief en-
gineer of the system.

ENGINEER'S TRANSIT WITH LEVEL AND GRADIENTER
ATTACHMENT.
The gradienter attachment is for the purpose of locating the axis of the

telescope on a grade line parallel with the grade of the proposed road; in con-
nection with a level rod it is also used to measure distances.

The organization of the force making a pre-
liminary survey generally consists of (a) a tran-
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sit party, (b) a level party, (¢) topographers, (d)
draughtsmen, (¢) commissary and camp.

Thetransit par-
ty is generally
made up of a
transit man who,
in the absence
of the locating
engineer, is in
charge; the tran-
sitmanis respon-
sible for the ac-
curacy of all
angles, bearings
and measure-

Fie. 15.

ENGINEER'S IMPROVED TAPE
CHAIN.

Fie. 14.

ENGINEER'S CHAIN.

100 feet long, having 100 links.
ments taken; his assist-
antsare a head flagman
or chainman, a rear
chainman, an axeman
or stakedriver, and a
rear flagman. The num-
ber of assistants will
vary according to cir-
cumstances; thus, the
number of axemen will
depend on whether
there is much or little
timber or brush to be
removed, etc. The in-

struments and supplies the transit party need are
(a) a transit (Figs. 12 and 13), (b) an engineer’s
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chain (Figs. 14 and 15), (¢) a 100 ft. steel tape,
(Fig. 16), (d) two ranging poles or rods (Fig. 17),

" Fie. 186.

STEEL TAPE.

(¢) brush hooks, (f) axes, (g) transit books, (%)
lead pencils, hard and medium, (¢) kiel pencils,

Fie. 17.

RANGING RODS OR POLES.
Used in placing hubs.

() tacks for centers on hubs, (k) two 50 ft. Ches-
terman’s metallic tapes (Fig. 18), () engineer’s
field book, (m) seratch blocks, (#) one sounding
rod, 8 joints 8 feet each, (o) red and white flan-
nel for signals, (p) drawing paper, (¢) tin map
cases, () scales (Fig. 19), (s) protractor (Figs. 20
and 21), (¢) steel straight edge, () triangles, (v)
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India ink and ink slab and carmine blue and
neutral tint water colors, (w) set of, drawing in-
struments and drawing board.
The leveling party is
generally made up of a
leveler and a rodman,
butif rapid work isto be
done, the force can be
increased to meet re-
quirements. The level- Fie. 18
ing party is responsible CHESTERMAN'S METALLIC TAPE.
for the correct elevation of the ground at all sta-

A TRERTT T T T T I R ey

LT IPETR FERTRR W\ \.\\\\\'\\
Fia. 19.

ENGINEER'S SCALE,
Divided into 10, 20, 30, 40, 50 and 60 parts to the inch.

Fia. 20.

PROTRACTOR.
tions where stakes are driven, the elevation be-
tween the stakes where the slope of the grouna
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changes and the correct location of this point; the
elevation of the water in streams; the elevation of

Fia. 21,
TRANSPARENT PROTRACTOR WITH RAILROAD CURVES.

Fie. 22,

ENGINEER'S Y LEVEL.
For taking elevations and establishing benches.

high water during freshets; and the elevation of
the beds of the streams which will enable cross
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sections of the stream to be platted; the placing
of benches at proper intervals and the correct
elevation of them.

The leveling party will require the following:
(a) a level (Fig. 22§, (b) two Philadelphia
leveling rods (Fig. 23), (c) one Chester- f
man’s fifty-foot metallic tape, (d) nails to @&
use in benches, (¢) a hand axe with leather Y
case and belt, () level books, (g) lead pen-
cils, hard and medium, (%) profile paper
(7) kiel pencils, (j) India ink and ink slab
and carmine blue and neutral tint water
colors, (k) seratch blocks.

The topographical party is most variable
in its composition. Sometimes it is repre-
sented by the notes taken by the locating -
engineer and transitman, and at other
times it may consist of a level man, rodman,
chainman, and axeman. The topographical
party is responsible for the data used in
determining the rise or fall of the ground
to the right and left of the line; the loca-
tion of roads, buildings, streams, ete., lay-
ing to the right and left of the line, prop-
erty lines and names of the owners of the
property, also the section lines where a
government survey has been made;  Fig. 23.
the character of the material to be priLADELPHIA
met with in the excavations, etc. LEVELING ROD.
. The instruments and supplies required by the
party will vary greatly according to the require-
‘ments of the case, but a complete equipment for
the party would be as follows: (a) one leve!

85 Vol. 13
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(Figs. 22 and 24), (b) one Philadelphia level
rod, (¢) one self-reading level rod, (d) one 100

Fia. 24.

LEVELING INSTRUMENT AND GRADIENTER.
For topographical work. With t.hiskboth elevations and distances can be
taken.

Fia. 25.

CLYNOMETER, OR SLOPE INSTRUMENT.

ft. steel tape, (¢) one hand level, (f) one pris-
matic compass with clynometer attachment, (g)
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one clynometer (Fig. 25), (k) topographical
books, cross section books and cross section paper
(10ths).

The draughtsman (or draughtsmen) accom-
panies the party to record the result of its oper-
ations by making the necessary drawings and
maps. His accessories are (a) a set of drawing
instruments, (b) protractor, (¢) straight edge,
(d) scale, (e) triangles, (f) lead pencils, hard
and medium, (g) drawing paper, cross section
paper and profile paper, (%) cross section books,
(%) India ink, ink slab, carmine blue and neutral
tint water colors, (j) camel’s hair brushes, (k)
drawing board and trestles, (/) thumb tacks.

The commissary and camp party is, of course,
unnecessary in a well settled country, but is a
most important adjunct in other cases; when it
is necessary to make provision for feeding and
housing the force it is of the greatest importance
that intelligent provision be made for its health
and comfort, as serious results may ensue if the
survey be delayed through sickness or lack of
subsistence.

The result of the reconnoissance will have
enabled the projectors to decide the maximum
grades and degrees of curvatures that will be ac-
ceptable; the average cost of the bridges proposed
to be used; the cost per yard for earth, loose rock,
solid rock and hard pan; the cost per mile of
track; the cost of depots, water stations, coal
sheds, etc., and the locating engineer will have
been furnished with this data.

The detailed methods adopted 'in making a
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preliminary survey will probably never be alike
in any two instances; they will depend upon the
genius and capacity of the engineer in charge,
but there are several well defined plans or
methods of operation, which may be described
in general terms, as follows:

First Method: The engineer tries to get the
preliminary line as close as possible to the ground
to be occupied by the location. He has what is
termed *‘ an eye for country” and keeps the level
party close up to the transit party, having the
profile of the ground platted in the field; on this
profile he lays down trial grade lines; side notes
of the rise or fall of the ground are noted by
him on the plat when he thinks they will assist
him. A trial line is made from the point of
commencement of the survey to the summit of
the first divide; if it does not prove satisfactory,
an examination of the map and profile is made,
and with the side notes and knowledge of the lay
of the country, such changes are made as the
engineer thinks proper. The map of such a pre-
liminary survey gives the alignment, streams,
highways, buildings, and section lines bounding
the property belonging to different owners,
together with the names of the latter; ridges
and bluffs are often indicated by hatched
lines. This method is pursued from one con-
trolling point to another. No attempt is
made to show on the map any examinations
that may have been made to ascertain whether a
better line could have been secured to the right
or left. In thiscase the management accepts the



THE PRELIMINARY SURVETY. ' 69

line, if it fulfills the required conditions, depend-
ing upon the opinion of the engineer as to whether
it is the best that can be secured. ‘

Second Method: Under this method a step
towards greater accuracy is secured by having a
topographer and assistant added to the party
who take side notes with hand level and tape
line, locating the streams, highways, buildings,
etc. The contours are also laid down on the
map, and the line is revised as in the first method,
but with the advantage of having more data re-
garding the lay of the ground.

Third Method: Under this method greater
accuracy is secured. The topographer with a
level, a rodman and a chainman proceeds to
make cross sections of the country at right
angles to the line at all points where the slope
of the ground changes, carrying the cross sections
out such distance as the engineer directs. 'This
gives more accurate data from which to locate
the contours, and gives the engineer fuller data
from which to decide on the location of the line.
This method also gives the engineer the means
of furnishing the management with a map con-
taining data which will enable it to call in a con-
sulting engineer to criticise the line selected.

Fourth Method: This method is the one used by
a largerailway system in North America,and aims
at greater accuracy than the preceding ones; it
also tends to eliminate errors of judgment of the
engineer in charge of the survey. The engineer
proceeds with the survey as in the first method,
and is furnished a topographer and assistants as
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provided in the third method. The topographer
is required to cross section the country at right
angles to the line every three hundred feet, and
carry the cross sections out at least 700 feet each
side of the line. On each line on which cross
sections are made, side elevations are taken every
three hundred feet at a distance of one hundred
feet right and left. By this method the eleva-
tion of the ground is secured on both sides of
the line run at each one hundred foot station;
and accurate data is secured to make a reliable
contour map covering a stretch of country four-
teen hundred feet wide or about one-quarter of
amile. This enables an expert to locate the
best line from the map, and eliminate the errors
of judgment of the one in charge of the survey.

Fifth Method: This method is used by one of
the leading railroads of the world, and is radi-
cally different from any of the preceding ones.
The engineer aims more to lay his line so that
he can secure, at least expense, data to make a
~ topographical map of an extended area of
country. The preliminary survey is made quickly,
and the method of taking the topography is
rapid, and with a good topographer accuracy is
secured. The maps and profiles are made as
the survey proceeds, but generally the contours
are not worked out in the field, although if neces-
sary this can be done. When this method is
observed it is usual to follow the preliminary
survey with a location running out the tangents
only, as shown by a location from the topo-
graphical map of the preliminary survey. On
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this first location topographical notes are taken
as on the preliminary. From the notes made
from this location, a second topographical map
is made, and from this second map the final loca-
tion is made. Topographical notes are again
taken on the second location and another map
made, from which a study of the possibilities of
improving and cheapening the line is made
before construction commences. The method of
taking the topography is to ascertain the angle
which the surface of the ground slopes with a
horizontal line and measuring the length of the
slope to where the ground assumes another
slope, take the angle of this slope and measure
the length of it, etc.

The following is an outline in general terms
of the details of a preliminary survey:

In starting the survey the first hub* should be
driven in the center line of the railroad which
the new line is to connect with, and the angle
taken with the center line of the existing rail-
road and the first tangent of the proposed road.
This hub should be carefully referenced to some
permanent objects so that it can be replaced if
destroyed. Stakes should be set securely in the
ground, the blazed side facing the first hub; the
first stake should be set 100 feet from the hub
and marked number one, the second stake should
be set 100 feet from the first and marked num-

*The term ‘‘hub’’ is used by engineers to distinguish the points
over which the transit is placed—it is usually a large size stake
driven flush with the ground; in a rocky bluff it may be a small

hole in the rock or a plug driven in a crevice of the rock ora
hole drilled in the rock.
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ber two. In this way the transit party proceeds
to set stakes every 100 feet, and puts the num-
bers on the blazed side faclng the first hub. The
numbers on the stakes thus show the number of
one hundred feet from the point of commence-
ment of the survey. Wherever the transit is set
up a large stake or hub isdriven, and a large tack
or small nail driven in the point set by the tran-
sit man. At a distance of about eighteen inches
from the hub a reference stake is driven giving
the station of the hub, thus if the second hub on
the survey is driven at a distance of 1006.3 feet
from the first the reference stake would be
marked 10+06.3, which would mean ten stations
and six and three-tenths feet; the numbers on the
reference stake should face the hub; all stakes
should be set by the transit man.
When the survey has progressed to a point
where the locating engineer wishes to change the
“direction, a hub is driven, and the back flag man
holds his ranging pole on the tack of the hub
next to the end of the line; the transit is set up
on the last hub, the vernier of the transit set at
zero, and a sight taken on the ranging rod held
by the back flag man, the upper plate unclamped,
and the telescope sighted toa hubon the new line
ahead, and the angle read from the vernier; the
magnetic bearing of both the first and second
lines should be taken at thistime. The transit
man records the stations of all hubs where the
transit is set up; also the angles of one line with
another and whether turned to the right or left;
also the magnetic bearings of both lines at hubs
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where angles are taken or the direction of the
survey changes. If there is no topographer,
the transit man also takes the topographical
notes, the transit book is ruled on the left-hand
page for the notes of the line, and on the right-
hand page for the notes of the topography.

The head chainman, who generally acts as
head flagman, carries the head end of the chain
and a ranging rod; after he has been given the line
for a stake it is his duty to see that the axeman
marks it correctly, and places it in the ground
with the figures facing the right direction; while
the axeman is driving the stake, the chainmen
proceed. Itis the duty of the hind chainman to
note the numbers on each stake as he proceeds,
and at once have the axeman correct any errors
in numbering or direction of facing the stake.
The leveling party also checks the numbers on
the stakes; this is very important as the numbers
on the stakes are the only means of determining
the lengths of the lines composing the survey.

In commencing the levels a bench* is estab-
lished on some permanent object, and if the survey
of a new line is being made, the height of the
bench is assumed at an elevation above a datum
plane, which the locating engineer is sure is lower
than any part of the country heis going to make
the survey in, to avoid the confusion of minus
quantities. Where the elevation above sea level
can be secured by the barometer or otherwise, it
is better to make sea level the datum plane.

*A “bench’ is any permaneht object on which an elevation is
taken; the elevation of the first bench used in a survey is gener- .
ally given an assumed elevation.
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When the new line is an extension of an older
system, the same datum plane should be used, as
was adopted on the old one.

As the levels proceed, benches should be es-
tablished at least once each mile; they should
be on permanent objects, wherever such are
possible to be secured. The projecting root
of a tree when cut in the shape of a cone, with a
nail driven init, makes a good bench; the tree
in this case should be blazed, and the letters
B. M.* with the elevation of the bench marked
under them; stone sills of doors, water tables of
buildings, etc., make good benches, though often-
times nothing better than a hub can be secured.
All benches should be marked plainly. with the
letters B.M. and the elevation. When a hub is
used a reference stake should be driven as for a
transit hub, and it should always be placed some
distance to the right or left of the line, so as not
to be mistaken for a transit hub.

The leveler should record all benches, giving
their location and elevation: for example, station
52+26.56 B.M. 50 feet R. elev. 482.645 means
that at a point 50 feet on the right side of the
surveyed line, opposite station 52+26.5, there is
a bench having an elevation of 482.645 feet above
the assumed datum plane. The reference stake
should have the figures facing the bench and the
line.

The leveler should record all readings of the
rod for back and foresight on benches and turn-
ing points (or temporary benches) and these

*The letters ** B.M.” stand for Bench Mark.
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readings should be taken to not less than two
decimal points of a foot, but it would be better
to read the rod to three decimal points. This
can be readily done with a Philadelphia rod,
after a little practice. The elevations of the
ground should be taken at each one hundred foot
station where stakes are driven, and at such
intermediate points where the ground changes,
as will enable a correct profile to be platted. In
taking the elevations of the ground, the Phil-
adelphia rod can be used as a self-reading rod,
and the readings taken to the nearest tenth.

The rodman should have a level book in which
to record all back and foresights on benches and
turning points, and to record the location of
benches. It is the duty of the rodman to see
that the stakes are all correctly numbered con-
secutively; the leveler can assist in seeing that
this is properly done.

As far as possible all back and foresights should
be of an equal distance so that errors in setting
the target will balance each other. Sights should
not usually exceed +five hundred feet in length,
and in windy weather a less distance is prefer-
able.

To insure accuracy it is necessary to have
check levels run to detect errors in taking the
elevation of benches; if the errors remain undis-
covered it might not be possible, when the loca-
tion came to be made, to reach a summit on the
grade proposed, or the cost of the work might be
greatly increased by heavier cuts and fills than
the profile indicated. ,
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Level books are ruled with six columns to a
page, and the safest way to keep the notes is as
follows: on the left-hand page use the first col-
umn for the station, second column for the back
sight, third column for the height of instrument,
fourth for the foresight, fifth for the reading of
the rod on all points except benches and turning
points, sixth for the elevation of all points on
which the rod is held except benches and turn-
ing points. The right hand page should be used
to give the elevation of benches, turning points
and their description and location, and other
miscellaneous notes as for example:

Elevation 482.645 50 ft. Right of 52+26.5 B. M.
on Chestnut Tree.

Elevation of surface of water in “Cobb’s Creek.”

Elevation of high water “Cobb’s Creek” June 16,
1895.

Elevation of center of highway station 55+20.
and any other notes of elevations of objects
which may affect the location or construction of
the road or be of use in future claims for dam-
ages. .

By this method of keeping the notes, back and
foresights can be added up on the first page, and
the footings carried to the top of the second, and
the footings of the second being the total of the
first and second pages carried to the top of the
third, the same as the footings of a cash book.
The advantage is that thelevelman at noon can
in five minutes have his back and foresights
footed up for the morning’s work, and if the dif-
ference between them gives the elevation of his
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1ast bench or turning point, he knows there has
been no clerical error in his morning’s work. If
he now turns to his rodman and does the same
thing with his notes and secures the same result,
he knows he has been using the correct readings
of the target, and has not misunderstood the rod-
man—a thing which can be easily done in windy
weather. A check can be secured on the rod-
man’s reading the target by using the Philadel-
phia rod; and when taking both back and fore-
sights on benches or turning points, using the rod
first as a self-reading rod the leveler can then tell
whether the rodman gives the feet and tenths
correctly. Where this method of taking levels
is pursued, there should not be any mistake of
importance made.

The leveler will often be required to plat his
profile in the field, so that the locating engineer
can determine whether the ground is rising too
fast for the length of the line, or whether his
line is too low in the valley; to do this the level-
er must make use of the time the rodman is
walking between stations to work out the eleva-
tion of the ground. This will enable him to act
promptly when called upon for profile.

The person in charge of topography should be
a man of judgment with a good eye for country,
and for the salient points to take data which will
enable the contours to be platted with the least
difficulty and labor on the part of the draughts-
man. He should keep his work up close to the
level party, and have his 'notes clear and exact;
in addition to securing data for the contours, he
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should sketch the streams, highways, buildings,
section lines, division fences of farms, and, if
possible, secure and record the names of the own-
ers of land. He should note the character of the
soil, whether earth, loose rock, solid rock, ete., -
and note the outcroppings of bluffs.

The note books used in the field on one day
should be left with the draughtsman to plat the
notes on the following day, and the field force
should use another set of note books for the fol-
lowing day, the two sets thus alternating between
the field force and the draughtsman. To avoid
confusion each man using a field book of any
kind whatever should commence the day’s work
by recording the date and time of the day, also
noting the day of the week and month, and the
same thing must be done on closing at night, or
when finishing one book and commencing an-
other. The books should be lettered and num-
bered, and the commencing and closing station
noted on the cover; also the letter or number of
the line. Much confusion is sometimes caused
by not observing these details, where the survey
is in difficult country, and a number of trial lines
have to be run.

Another point to be observed is never to erase
any notes taken in the field; if any changes are
to be made, the changes should be noted with a
different colored pencil than is used in the field
or with ink; further information may demonstrate
the original notes to have been correct or, at
least, that the alterations were incorrect. If field
notes are copied into another book, the original
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should 'be preserved, so that clerical errors in
copying can be corrected.

The draughtsman being provided with the
notes as outlined can keep the work up close, so
that the locating engineer can know definitely
what he is doing. After extending the survey
for some distance, and reaching a controlling
point where he feels satisfied the country on
either the right or left does not present a more
favorable point, he can make a careful examina-
tion of the maps, profiles, etc., and also of the
country traversed with a view to making such
changes as the data secured suggests. At this
point in the survey, the location very often com-
mences, and is made from the junction of the ex-
isting road to the controlling point mentioned.
The peculiarities of location will be treated later.

If the survey is being conducted in a settled
country, the party at this point in the prelimin-
ary survey moves on to a town or village near
the next section of the survey, or if in a thinly
settled section, camp is moved to a convenient
location. The frequency of these changes de-
pends on the character of the country. In an
easy country they are often made daily, while in
difficult country the party may have headquarters
at a given point for many days. In addition to
the work outlined above, the locating engineer
has other duties to perform. Thus, the extreme
high and low water levels must be noted of all
streams crossed, and also cross sections of the
streams must be secured; careful notes must be
taken of the probable classification of the mate-
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rial composing the cuts, as the question of water
supply for locomotives may decide the choice of
location; especially in arid countries must this
be noted; the fuel supply must be considered, and
in connection with this the geological formation
must be noted not only for coal but minerals
which may yield profitable business; the commer-
cial possibilities of the country must be set forth
and the localities suited for towns, yards and divi-
sion points suggested. The locating engineer
must be a man of resources, and ready to adapt
old methods to new conditions, and he must also
be able to devise new methods to meet condi-
tions which are new to him if not to other en-
gineers. Thus a rocky canyon where the instru-
ment men can not get on the line of the proposed
road even with the use of assistants and ropes,
requires the surface of the cliff to be located
both for line and levels by triangulating from
the valley below the opposite side of the canyon,
or from the top of the opposite bluff. The ob-
stacle offered by a marshy plain too soft for men
to walk over, and over which there is not enough
water to float a boat, will sometimes tax the re-
sources of the engineer, but it must be overcome.
A heavily timbered country with a thick under-
growth of brush and vines, such as is the rule in
tropical and semi-tropical countries, especially
near streams, will call for a display of skill and
resources. _

Two maps of the preliminary survey should be
made, one on a scale of one mile to an inch.
This should be platted from co-ordinates, calcu-
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lated in the same way as the latitudes and de-
partures of a farm survey; such a map gives a
comprehensive view of the entire route; the cal-
culations for co-ordinates give a ready means to
ascertain the distance across country between
any two points of the survey and the direction to
lay a line to make a survey of the cross cut. The
usual maps on the scale of two hundred or four
hundred feet to an inch can only cover sections
of the survey, and do not give an opportunity to
study the line as a whole.

It is always well to make examinations of the
country from each terminus, as it frequently
happens that another route and a better one is
discovered by the locating engineer going back
over the line from the end of the survey to the
point of commencement.

The preliminary survey should be thorough,
and all possible improvements in the line and
grades tried, so that the work of location may be
rapid and require but few changes.

Finally, the locating engineer must understand
handling his men, and be able to get the maxi-
mum amount of work done with the minimum
amount of friction among the members of the
party; he must use tact with the people in the
district through which the survey is being made;
their Jocal history and prejudices should be taken
note of, and he should ascertain who are their
leaders in forming public opinion.

Another point to be touched upon before pro-
ceeding to discuss the location is the methods
adopted to determine which of two or more

6 Vol. I3
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routes will be the cheapest to operate, taking into
consideration the first cost, the cost of operation
and the cost of maintenance. The determina-
tion of this question is of the greatest import-
ance, and is the one surrounded with the great-
est difficulties; only those actually in the active
management, of railroads and those who have at-
tempted to furnish a reliable means of reaching
~a decision realize the difficulties, The locating
engineer on a preliminary survey must always
keep this subject in his mind.

For further details and methods in relation to
preliminary surveys as given by different engi-
neers the reader is referred to Appendix K.



CHAPTER 1V.

Pd

THE LOCATION.—THE THIRD STEP IN kAILWAY CON-
STRUCTION.

The reconnoissance and preliminary survey
having been made and the results reported to the
projectors of the new line, they have definite
data upon which to proceed. They now know
enough to be in a position to estimate the cost of
the proposed line; the grades and curves that are
possible and the engineering obstacles that have
to be overcome; they are also in a position to
estimate the probable cost of operation.

The question that now has to be decided, the
reconnoissance and preliminary survey having
given them information as to all the available
routes where the line can be most advantage-
ously located, is, which will be the cheapest
route, having regard to cost of construction first
and cost of operation and maintenance after-
ward. When these questions have been decided,
a party is put into the field to make the final
location. ,

The organization of the locating party, the
duties of the various members, and the instru-
ments and supplies required will be practically
the same as in the case of the preliminary sur-
vey, except that the transit party will lay out

9
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spirals,® curves, etc., in detail,} and will place
stakes at each one hundred feet on curves the
same as on the straight lines in the preliminary
survey, and will carry the numbering along the
measured distances on the tangents, spirals and
curves. The duties of the leveling party will
be the same as in the case of the preliminary
survey. The services of the topographer will be
needed now as then, indeed his notes will be
more full and exact though they will not extend
so far to the right and left as in the former case.
The draughtsman will accompany the party as
before, but his work will be done with more at-
tention to detail, and his maps and profiles
finished with greater care and exactness.

The locating party will make soundings at all
watercourses to ascertain the depth of the rock
or hard strata necessary for bridge foundations,
and will lay the grade lines.} In conducting the

*A ‘‘spiral’’ is a parabolic or elliptical curve placed between a
tangent and a curve to secure the gradual change in tl.e move-
ment of a train from a tangent to a curve. :

tThe work of locating is often carried on at the same time as
the preliminary survey. For detailed methods of laying spirals,
the following authors may be consulted; J. C. Nagle, W. H
Searles, Van Nostrand’s Science Series No. 110, C. R. Howard
and C. L. Crandall. The calculations for laying out curves,
changing the direction of tangents, locating compound and re-
verse curves, and similar problems, are given in a number of
“Engineers’ Field Books,”” among which may be mentioned
those of W. H. Searles, J. C. Nagle, W. F. Shunk, C. S. Cross,
J. C. Trautwine, and J. 3. Houck.

tAppendix H gives rules and values to enable a comparison
to be made between two or more proposed routes. The amount
of the reduction of grades on curves to make the resistence to
the train correspond with that on the tangents has not yet been
settled; opinions vary from 0.025 ft. per degree of curvature to
0.05 ft. 'T'he latter is, perhaps, the safer to use. The practice is

generally to eﬁuate the grades on curves to the extent that they
will not exceed the ma¥imum grade.
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work of locating, there are a number of methods
which can be adopted on the trial lines, some of
which may be mentioned, viz:

First: Running the tangents to an intersec-
tion and putting stakes in only on the tangents
to the points where the curves commence and
end, carrying the numbers on the stakes the
same as if the curves were run. The level read-
ings can be taken at the center and quarter
points of the curve.

Second: Running the curves of the paper lo-
cation without running the tangents to an inter-
section and going ahead or backing upon the
curve to make the tangent fit the ground.

Third: Locating points on a curve by a long
chord and backing the curve in.*

The survey of inaccessible bluffs is referred
to under the head of the preliminary survey, and
the same remarks apply to the locating party.
In such localities the constructing forces make a
roadbed along the face of the bluff on the estab-
lished grade, and the alignment is worked out to
fit the roadbed.

As long tangents as possible should always be
secured; a persistent examination of the coun-
try and study of the map and profile will often
result in a much larger percentage of long tan-
gents than is at first thought possible.

Absolute reverse curves should never be used,
unless in very heavy rock work where the plac-

*This is a convenient method in rocky country on the sides
of bluffs where the transit man, his instrument and assistants
have to be supported by ropes let down from the top of a bluff.

b
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ing of a tangent between curves would entail
heavy expense. Such cases will, however, be
rare if proper care in selecting the location is
taken.

Reverse curves should always have a tangent
between them of sufficient length to enable the
cars to gain their equilibrium after leaving one
curve and before entering on another (see Appen-
dix H).

The intersection of all grades should be con-
nected by a vertical curve; there should never be
a level grade laid through a cut, as in such case
it is difficult to drain the water away from the
cut.

All bridging that can possibly be dispensed
with without unduly increasing the cost of grad-
ing should be avoided, especially where draw
bridges are required over navigable streams; a
considerable increase in the cost of grading can
be allowed if it will enable the engineer to avoid
a drawbridge.

Sharp curvature, like a succession of short tan-
gents and curves, should, when possible, be
avoided. Heavy cuts should be avoided if possi-
ble, as they cause trouble during snow storms.

The locating engineer, transit man and leveler
must all take fuller information than on the pre-
liminary survey regarding the following matters,
viz:

Heights of high water and low water at streams,
making careful cross sections of the larger ones;
soundings must be made to determine the depth
to hard pan or rock; inquiries must be made ro-
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garding the rainfall and such information as may
throw light on the proper size to adopt for bridge
openings. Section and property lines must be
located both by the station at which they cross
the survey and the angle with the line.* The
locating engineer must give his personal atten-
tion to noting the classification of the material
in the cuts and possible borrowpits, the geolog-
ical formation, the water and fuel supply, the
rainfall, the commercial prospects, the possible
town sites, yards and division points.}

The surveyed line should be divided into sec-
tions of about one mile each, and the amount of
all excavation and embankment work calculated
with its probable classification. Calculations
must also be made of the amount of piling, square
timber and wrought and cast iron required for
the bridging for each opening.}

Calculations must also be made for masonry of
all kinds, such as that required for bridge abut-
ments and piers, retaining walls, arch and open
culverts, truss bridges of wood or iron and steel
or plate girder bridges, depots, track and yards,
round houses and shops. In fact, everything re-
quired to be done or constructed to complete the
road for the running of trains must be carefully

*This should be done with a transit and the distance measured
from located line to the section corners, highways, buildings,
streams, etc.

1The hubs can be referenced in by the locating party; hut it
is well to let the engineer on construction do this.

tThe number of openings may, however, be reduced after-
wards, possibly, by changing the courses of streams and drains
or ravines after the location has been decided on.
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calculated, so that the estimated cost may be
ascertained beforeactual construction commences.

The map of the completed location will show
the alignment giving the point of curvature, the
radius of the curve and total angle formed by the
intersection of the tangents, the point where the
curve ends and tangent commences, the centered
hubs on the curves and tangents, the right of way
required for the road, depot grounds, yards and
borrowpits, the names of the property owners;
also the plats of towns and villages, hxghways
section linesand location of section corners where
a U. 8. government survey has been made; also
buildings and streams. In addition this map
should give the contour lines, so that possible
improvements can be studied in the office of the
chief engineer. The profile should have the
ground line drawn with India ink, and tinted on
the ground or lower side with neutral tint; the
grade line should be shown with carmine; the
elevation at each change of grade and the rate
of grade between each change should be given;
the bridging and various openings should be
marked and the character of the bridge or open-
ing stated; high and low water should be shown
with blue; the names of the streams given and
the division points between sections shown. At
the bottom of the profile the alignment should be
given showing the width of the right of way, names
of owners of the property, the roads, streams and
towns and villages; the estimated quantities
should be shown on each section with the classi-
fication, and the amount of excavation and em-
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bankment in each cut and fill should be given.*

For further details and methods in relation to
location as given by different engineers the reader
is referred to Appendix K.

#In connection with this chapter the reader is referred to
Appendix I, which treats on location, for more detailed informa-

tion.




CHAPTER V.

CONSTRUCTION.

The route having been definitely located, pro-
posals are invited from contractors to construct
the road; agents are sent out to secure the right
of way, and the engineering force, under the
direction of the chief engineer, is placed in the
field to plan and supervise the work of building.
The official in immediate charge of the work is
generally known by the title of Division En-
gineer.*

The-division engineer should be one experienced
in methods of railway construction and of execu-
tive ability; he should have knowiedge of the
methods contractors adopt to do the work, and
also of those which are sometimes resorted to to
avoid doing it.

The headquarters of the division engineer
should be located at such a point on his division
that he can readily reach any point on it, and yet
be convenient to the telegraph and postoffice; he
is generally given a clerk and draughtsman.

*It is well to state here that the titles given subordinate en-
gineers vary so on different systems that itis difficult to tell from
his title what are his duties. In this book whenever the title
“Division Engineer” is used, it will indicate the engineer who
reports directly to and receives orders from, the chief engineer;
also the engineer having charge of constructing the road through
one or more counties, or some forty or more miles of road. The
title ‘‘Assistant Engineer’’ will indicate the engineer who re-
ceives orders from and reports to the ‘‘Division Engineer'’; also

the engineer who has direct charge of the construction of four to
six miles of road, depending on the nature of the work.

(%0)
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The assistant engineer should be a man who
has had some practical experience in railroad
building; he should be gifted with a disposition
that will enable him to secure obedience with-
out contention with his assistants or the contrac-
tors or their employes; he should be competent,
energetic, sober and reliable. He is generally
given a rodman and chainman as assistants, both
of whom must possess a fair education and be
able to assist in making the calculations both on
the line and in the office.

The division engineer is furnished by the chief
engineer with a complete profile, map and record
book of his division, and he in turn furnishes this
data for the section under their jurisdiction to
each of his assistant engineers. In the record
books they will find notes of the alignment and
levels giving all hubs, benches and turning points
used by the party in the final location.

The first work of the assistant engineer is to
check the alignment and see that all hubs and
stakes are correctly located; also to put in such
additional hubs as may facilitate work during

construction.
~ The next step is to thoroughly reference all the
hubs, placing the reference hubs at such points
as appear least likely to be occupied by the con-
struftion forces for roads, borrowpits, runways,
ete.

*Reference hubs should be placed at equal distances on each
side of center line, usually at right angles, from 50 to 75 feet out.
1t is also a good plan to place hubs about a foot back of cross-
section stakes and points at the mouth of cuts about a foot below
grade, at points on low fills, etc.
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The levels must now be re-run, checking both
the benches and elevation of the ground; new
and additional benches must be established look-
ing to security of location as in the case of refer-
ence hubs, especially will they be needed at
grades of heavy cuts where they will be used
often, at streams where bridge piers are to be
built, ete.

The width of cuts and fills having been decided
upon, the work of staking out for excavation and
embankments will be proceeded with.*.

From the profile of the location the division
engineer decides where the work shall be com-
menced, which is often at a point where heavy
work is required; or, perhaps, if the season is dry,
a marsh or swamp; or a rocky and difficult place
which must be graded in order to enable the
forces to get at work laying beyond it, etc. The
assistant engineers commence cross-sectioning
these points, and then extend their work to the
points next to be occupied by the contractors
until the entire work is cross-sectioned or staked
out. The notes of cross-sectioning made in the
field may be kept in the form, Fig 26.

In calculating quantities of excavation and
embankment several methods are in vogue, some
aiming to approximate the prismoidal formula
and to compensate for curvature; the general
practice, is, however, that known as averaging

*The various standards for roadbed, track bridges, etc., are
discussed in another chapter, only the actual work of construc-
tion being considered here.
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While the assistant engineers are testing and
revising the alignment and levels and starting
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the cross-sectioning, the division engineer will be
examining the country to the right and left of
the line to ascertain the area and nature of the
territory to be drained, and thus be enabled to
decide on the size of openings for bridges, cul-
verts, ete. At this time he will also decide on
the changes, if any, to be made in water courses,
ravines, etc., to reduce the number and size of
openings, if pos31ble

In deciding upon the size of openings ‘the en-
gineer must rely on his local knowledge; he must
take into account the height of freshets, the
cross-sections of streams at high water and the
rate of fall of streams or valleys. This is one of
the engineers perplexing problems; he does not
want to have embankments washed out after the
road is opened for business; neither does he
want to build unnecessary bridges. The best he
can do in a new country is to compare his opin-
ion with the data given and size recommended
by the engineer on location and preliminary sur-
vey, and act upon his best judgment.

The division engineer prepares a bill of ma-
terial for all bridges and openings on his division
and gives the location of each; these he sends to
the chief engineer so that the material can be
forwarded without delay.

*There are engineers who use a formula to determine the size
of openings for culverts and bridges, based on the area drained;
as, however, the slope of the area drained, the porosity of the
soil and other variable or unknown quantities cannot be taken
into account in any formula, it is of doubtful value. The subject
is one about which little is known even for cities where the size

of sewers depends on it, and a formula good for one locality is
worthless for another.
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The first work of the contractor is to clear and
grub the right of way; stumps and logs are re-
moved from under embankments, but where the
embankment is to be more than three feet in
height, no grubbing will be required, cutting the
stump off close to the ground will suffice.

The estimates for material for track, bridges
required to be erected by false work, buildings,
shops, ete., are made in the chief engineer’s office,
and thr division engineer often hasnothing to do
with such work except to give track centers over
his division.

At the point or points where the new line con-
nects with a railroad, material yards are estab-
lished, and in these the material for track, build-
ings and bridges, etc., is assembled, each kind of
material being piled separately.*

The methods adopted by contractors to do the
grading depend, of course, on the nature of the
material and the size of the cuts and fills.

Where embankments are ‘light, i. e., fills not
over ten feet, the material is generally taken
from borrowpits on each side of the embankment
leaving a bermet of not less than five feet be-
tween the bottom of the slope and the borrowpit.
In this class of work the earth in the borrowpits

*It sometimes occurs that material for large trestles or false
works, or for use in cases where a number of streams cross the
line close together, is hauled across the country from some other
railroad to the place where it is to be used thus enabling the
work to be done ahead of the tracklayers and so preventing
delay.

1The ‘‘berma’ is the space between the base of an embank-
ment and the inside edge of the side ditch.
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is loosened with a plow, and drag or wheel
scrapers are used to haul it to place. (See Figs.
27, 28, 29, 30, 31, 32, 33, 84.)*

Fia. 27.

GRADERS’ PLOW,

Fia. 28.

DRAG SCRAPER.

*There is being introduced for this class of work machines
known as ‘“‘elevator graders and ditchers.” Thése machines are
drawn by six or more horses, and in suitable earth excavate the
material in the borrowpit, elevate it and dump it in the embank-
ment or into wagons (see Figs. 86 and 87.) The objection to mak-
ing embankments direct from borrowpits with this machine is
that the earth is loose in the embankment, and, consequently,
great shrinkage ensues. Where, however, the machine loads
wagons and they haul the dirt to the embankments this objec-
tion is removed. Embankments four to six fcet high have been
successfully made with this machine by having teams pulling
harrows and rollers on the embankment to pulverize and com-
press the earth delivered on the embankment by the machine.
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F1a. 29.

DRAG SCRAPER WITH RUNNERS

Fie. 30.

DRAG SCRAPER WITH BOTTOM PLATE.

Fie. 31.

BACK SCRAPER.
7 Vol. I3
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F1a. 82.

" TWO-WHEELED SCRAPER.

ZND GATE CLOSED.

F1e. 338.

TWO-WHEELED SCRAPER.
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End gate open.

Fiae. 34.

TWO-WHEELED SCRAPER.

Fie. 36.

SIDE VIEW OF GRADER DITCHER AND WAGON LOADER.
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Fie. 387.

REAR VIEW OF GRADER DITCHER AND WAGON LOADER.

Heavy fills are generally made wholly from
material excavated close by, but where the loca-
tion has been made with the view of avoiding cuts
as much as possible, the heavy fills will have to
be made with material from borrowpits. In this
case the bottom is putin with material borrowed
on each side of the road and at the point of
heavy fill; the top is made with material bor-
rowed atthe end near grade and hauled out on the
top of the embankment and is built up in lifts of
two or three feet at a time; the top material
for the embankment is taken from the cut at the
end, which is widened or used as a borrowpit on
the side from which snow will come. Where the
length of haul is considerable, four-wheeled
scrapers, wagons and carts are used (see Figs. 89
to 44.)
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Fia. 89.

101

FOUR-WHEELED SCRAPER IN POSITION FOR LOADING

FRONT PAN.

Fia. 40.

FOUR-WHEELED SCRAPER. REAR PAN DUMPED.
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Fie. 41.

TWO-WHEELED DUMP CART.

Fia. 42.

END DUMP WAGON.
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Fia. 43.

BOTTOM DUMP WAGON.

Fie. 44.

IRON END DUMP CART.

Embankments must be built up regularly, and
carried up their full width as they progress, to
ensure uniform settlement. The degree of settle-
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ment of an embankment is an uncertain quantity,
depending on the kind of material and the state
of the weather when the work was done; if wet,
the embankment will be more compact than if
the weather was dry. The manner of doing the
work also affects sottlement, thus, if embank-
ments are put up wholly with drag scrapers from
the sides they will be the most compact; if put
up by wheel scrapers from the side theéy will be
less compact, while the poorest embankment is
made by wagons and carts hauling from a cut or
borrowpit at one end and building the bank in
lifts of two or three feet at a time, the empty
wagons returning on the top of the embankment.
Wagon and cart embankments settle the most.
Frosted or frozen material, especially clay,
should never be put in an embankment, unless
provision is made to meet excessive and uneven
settlement under the tracks afterwards. In case
frozen clay is used, the embankment is liable to
slide out laterally when thawing takes place.
Stumps, logs and brush should never be allowed
in an embankment.
~ The matter of providing for shrinkage on a
new bank is largely one of individual opinion,
based on experience. A good practice is to build
the embankment so as to allow a shrinkage of
one-tenth, 1. e., an embankment in a ten-foot fill
should be built eleven feet high. The bank
should be the full width at the top and carried
out full to the slope stakes at the base, and no
sags should appear in the slope between the top
or grade and foot of slope. In Fig. 45 the dotted
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lines show how contractors will skimp an em-
bankment where material is scarce, the haul

Fic. 45.

Embankment; built full width at grade and out to the slope stakes.

long, or the embankment high. Particular care
must be taken at the bridges to have the ends of
embankment, and also the slopes full. A good
practice is to get more earth into an embank-
ment than the section requires, especially at
bridges, thus allowing for shrinkage and washing
down of material. It must always be borne in
mind that the cheapest material put in an em-
bankment is that put in by the contractor before
the track is laid, though this can be carried to
extremes and be made to unduly increase the
cost.

The material should be paid for as measured
in excavation, and this is not only fairer, but
makes the contractors’ interests correspond large-
ly with those of the owners.

In cases where an embankment has no open-
ings through it except arched culverts and cast
iron pipe drains, the addition of one-tenth per
foot for shrinkage, as indicated, will increase the
grade gradually at one end of the cut and de-
crease it gradually at the other, but this will cause



106 BUILDING AND REPAIRING RAILWAYS.

no inconvenience in operating trains. Where,
however, there is an opening for a bridge, trestle
or open culvert, the structure must be put at the
established grade, and the embankment sloped
off gently at each approach, so that trains will
not drop suddenly from the embankment on to
the bridge. The practice of building an embank-
ment with shrinkage added and then putting the
bridge to a grade to correspond with the top ot
the embankment as built, is faulty; the effect is
to change the grade permanently and lose the
object sought in giving shrinkage to the embank-
ment.

Cuts are not handled by contractors in the
same way as embankments; their methods vary
according to the kind of material to be handled;
whether the material must be placed in embank-
ment or wasted; and the ingenuity of the con-
tractor.

Contractors prefer, as a rule, to waste the ma-
terial near the center of cuts, where the cuts are
light and the material from borrowpits is conveni-
ent to the embankment. Engineers on the other
hand may wish the excavated material all placed
in the embankment rather than unnecessarily
disfigure the landscape in a thickly settled coun-
try; they may decide it is cheaper to pay over-
haul * when necessary, than purchase extra right
of way for borrowpits; or they may not wish
the material wasted on the sides of cuts where
the soil is liable to slide back into the cut or in-

*The term ‘‘overhaul” is used to designate the length of hanl
in excess of the agreed length of free haul.
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terfere with surface drainage. The length he
has to haul material is a vital point with the con-
tractor. The length of free haul that the con-

Fi1a. 46.

RIGHT AND LEFT HAND DUMP CARS.

Fie. 48.

ROTARY DUMP CAR.

tractor must perform is decided upon in advance,
and is known at the time the work is bid upon;
a price is also agreed upon for each 100 feet that
material is hauled in excess of the free haul.*

*The length of free haul is different with different roads, but
one thousand feet is often adopted.
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Earth cuts are handled in much the same man-
ner as described for excavations for borrowpits.
For large earth cuts the contractor often lays a
narrow gauge track, and conveys the material in
dump carts hauled by horses or a steam engine,
as shown in Figs. 46, 48 and 49. The earth is

Fia. 49.

VIEW SHOWING THE METHOD OF DUMPING A
ROTARY DUMP CAR.

excavated and loaded into the cars by picks and
shovels or steam shovels, according to the extent
of the cut (see Figs. 51 and 54). Where loose
rock is encountered the work is conducted in
much the same manner as earth. Hard pan is a
cemented gravel, and is found in all stages of
hardness from earth to solid rock; however, the
latter occurs but seldom. It occurs sometimes
in mass and again in veins from a few inches to
several feet thick; as generally found it can be
broken up with a specially designed plow (see
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Fig. 55). If it is extremely hard, it is often
blasted by explosives, but it does not break up

Fia. 54.

STEAM SHOVEL CAR.

Fi1a. 55.

HARD PAN PLOW.

well; it “blows out,” to use a grader’s expression,
in “hatfulls.” It is sometimes removed by steam
shovels where the deposit is large enough to war-
rant one being installed. Solid rock excavation
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affords the contractor opportunity to exhibit his
skill; a cut which has been cross-sectioned for
earth when solid rock is encountered, must be
re-cross-sectioned for rock. (See Fig. 56.)

ORIGINAL SYREFACE o THE GROUN O.

EheAvarso Maremsn.

SHOWING THE SLOPES FOR AN EARTH CUT.

The dotted lines show the slo) for an earth cut. The full lines show the
slopes for a rock and earth cut.

The methods adopted for removing rock from
excavation -may be stated in a general way as
follows: Blasting with powder or any other con-
venient explosive, and reducing large pieces by
block holes and small charges.*

It is often found cheaper to use explosives
plentifully and blow the upper part of the cut
out beyond the slopes, so it does not have to be
handled.t

*The better way and cheaper is to arrange a ginpole or cheap
derrick in the cut, and hoist the large pieces on to a dump cart
frame, of which the sides are removed, and only break up the
extremely large pieces by block holes and blasting.

tAn extreme case of handling rock in this way occurred some
years ago. Galleries were blasted out in the cut as in a mine,
and a carload of powder used at one charge, blowing practically
all the rock to be excavated beyond the slopes.
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Where explosives have been used freely to
break the mass of rock, steam shovels are some-
times used to load the broken mass on cars. The
cars, carts, and wagons mentioned and illustrated
are used in handling rock.

When building an embankment with rock, it
is generally safe to calculate that the material in
the embankment will occupy twenty-five per
cent. more space than it did in the cut; it is also
safe to use slopes of one and one-quarter horizon-
tal to onevertical. But great care must be taken
in building the embankment to keep the slopes
at both the end and on the sides of the dump as
even as practicable, so that the stones when
dumped do not catch on each other and form
holes thus honeycombing the bank. Should this
take place it is liable to cause settlement of the
bank under the track; if it is on the slope the
stones will in time slip and take their natural
position causing the side of the bank to.slide from
under the track. To prevent this long poles
must be kept at a convenient place on the dump
to be used by men standing to one side of the
rocks lodged on the slope and bear them down
without being themselves in the line of the slid-
ing rock. This provision must be made when
large masses are put in the dump, but it is not so
necessary when stone is loaded in carts and cars
by band.

Rock dumps should not be brought to grade,
but should be built to within three feet of grade
and stone placed by hand to fill the openings;
this should be followed by a course of smaller
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stone, and on this should be placed spauls* to
bring the embankment to grade.

Tunnels should be avoided wherever possible;
they are expensive to construct and maintain.
The alignment requires great care in the instru-
ment work, and a high grade transit must be
used. While it is not always possible to lay a
tangent through a tunnel, yet curves should not
be used until it has been thoroughly demon-
strated that a tangent is not possible without
greatly increased cost; there should never be a
level grade through a tunnel. In the construc-
tion of a short tunnel, the drilling can be done
by hand at less expense than by compressed air
drills. The conditions met with are so various
and call for so many different methods to over-
come the difficulties that no attempt is made
here to go into detail.t

In a general way, however, it may be stated
that the methods of excavating are as follows:

a. Ezxcavation may begin at the bottom and
proceed upward, or,

b. Excavation may begin at the top and pro-
ceed downward.

c¢. The entire area of the tunnel may be ex-
cavated.

d. A heart, kernel or core may be left stand-
ing. The methods of timbering may differ, as
for instance:

*4“Spauls’ are the small stones produced by blasting or the
larger stones broken by s.edges.

tFor more exhaustive information the reader is referred to
the work on tunneling by Henry S. Drinker, E. M.

8 Vol. 13
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e. The tunnel may be supported by rafter tim-
bering, or,
/. Longitudinal bar timbering may be used

Fie. 61.

EXAMPLE OF CRISTINA METHOD OF TUNNELING.

The manner- of building the masonry may differ,
thus:

g. The masonry may be begun at the founda-
tions and the abutments erected before the arch,
or,
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k. The arch may be turned first and the abut-
ments built last.

The engineer in charge of a tunnel must keep
constantly in mind that there is always a pres-
- sure, more or less great, on the false work ex-
erted by the material composing the hill or
mountain in all directions—bottom, top and
sides. In Europe there are five general methods
used to support the roof of the tunnel during
construction; they are known as the English,
Belgian, German, Austrian and Cristina. The
last has been used by Italian engineers in the
Alps, and is fairly illustrated by Fig. 61. The
other European methods have as many timber
braces, etc., but the arrangement is different; the
reader is referred to the work mentioned previ-
ously for the details of them.

One of the methods adopted in America is il-
lustrated in Fig. 62. It was used on the Cincin-
nati Southern Railway. Air compressors and
drills are illustrated by Figs. 63 and 65.

To hasten the construction of tunnels, shafts
are often sunk and the work carried on from both
sides of the shaft. Where shafts are used or at
the end of a tunnel where the grade descends
into the tunnel, pumping plants of liberal capac-
ity must be installed to enable the working head
to be relieved promptly of water, should a large
quantity be encountered. -The masonry will con-
sist of the foundation, invert, abutments and
arch; they must be of the best material and work-
manship, laid with thin joints and paralleled
beds or courses. The backing must be thorough-
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EXAMPLE OF AMERICAN SYSTEM OF TUNNELING.
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ly rammed between the rock or soil and the ma-
sonry, so that the pressure will be uniformly

Fic. 63.

AIR COMPRESSOR.

Fia. 65.

ROCK DRILLS FOR TUNNEL WORK.

distributed over the masonry. Openings must be
left in the masonry for drainage, and recesses
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must be made at intervals for workmen to use
when trains are passing through the tunnel. If
the tunnel is long, provision must be made for
ventilation; this is a difficult problem, and the
methods tried have been numerous, such as shafts,
a division of a double track tunnel by a parti-
tion, stacks with a fire at the base, blowers op-
erated by steam, compressed air or water power.
Fig. 68 illustrates the method of ventilating the
Mont Cenis Tunnel.

Attempts have been made in Europe to use
iron framing to support the roofs of tunnels, also
for centers for the masonry; the methods are
known as the Menne and RZiha Systems. The
inventors claim they are successful, but while
timber is plentiful in America, these systems are
not likely to be extensively used.

The Detroit River Tunnel for the Michigan
Central Railroad is a case in which the tunnel
was excavated by the use of a shield and com-
pressed air, and the tunnel lined with cast iron
made in segments of a circle and bolted together
as put in position.

Earth banks, at all openings, bridges, cross-
ings of streams and places where the water at
any stage of a stream or river reaches the em-
bankment should be protected by rip rap;*
the amount of rip rap used need not be alike in
all cases, but a good failing and one not often
made is to have too much. This rip rap should
be a good hard stone of the largest size that can

* “Rip rap” consists of broken stone placed on an earth bank
to protect it from the wash of a stream or the action of waves.
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be handled, and should at no place be less than
two feet thick measured at right angles to the
slope.

Where a railroad parallels a river which is sub-
ject to ice gorges and the ice floes are large,
the rip rap should not be less than three feet
thick, measured at right angles to the slope; in
such cases, however, the opinions of experienced
men differ regarding the size of rock to use.*

Retaining walls should never be built too light.
A safe practice is to make a retaining wall three
feet thick at the top and hatter the face three
inches to the foot, or offset the back one foot to
each four feet of height. Thus, a retaining wall
fifteen and one-half feet high would be six feet
ten and one-half inches thick at the base where
the batter is made on the face, and where it is
built by offsets on the back it would be six
feet thick at the base and three feet thick at the
top under the coping (see Figures 69 and 70).

*A case in point was where a large river in the Atlantic Coas;
States of North America was paralleled on one side by a canal,
and on the other side by a railroad. The railroad company used
large stone hoisted on to dump carts by a derrick for the rip rap
with the interstices filled with smaller stone. The canal com-
pany used for rip rap what is known by quarrymen as ‘‘one and
two men stone’’ dumped without placing by hand. During an
ice jam in the river, the railroad embankments at numerous
points were carried away by the ice floes catching on the large
rock and carrying the rock out of position. The action of the
ice on the canal embankments was to displace the small stone
where the large floes struck it, and the stone above at once slid
down and replaced those carried away; the canal embankments
were not damaged to nearly as great an extent as those of the
railroad. The theory of the Superintendent of the canal was

‘‘small stone make the best rip rap to stand an ice jam if you have
enough of them.”
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Openings should be made in the wall to allow
water to escape, if there is any indication of its
being likely to collect behind the retaining wall.
Figure 71 shows how contractors will take out a
cut if not looked after.

Drainage is one of the main features the engi-

D
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T UNVNEL

Fie. 68.

VENTILATION OF MT. CENIS TUNNEL.

neer must keep in mind; he must never lose an
opportunity to get a dry road bed; all cuts should,
therefore, be made with a grade through them;
the character of the material through which a cut
is made must carefully be examined, for if a water
bearing strata of clay or gravel exists, prompt meas-
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ures must be taken to prevent slides. This is done
sometimes by making trenches up the slope at
intervals through the cut and filling these trenches
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RETAINING WALLS.
with small stone leading to the side ditches, or,

better still, by putting in an under drain. Ditches
well back from the slope must be made to carry
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off the surface water to the end of the cut, and
not allow it to pass down the slope into the cut.
Borrowpits must be connected by ditches to give
drainage to openings, and, where there are no bor-
rowpits, ditches must be made to protect embank-
ments from being washed by water coming down
slopes. Where ditching is resorted to, to reduce

Swore SToine

SzorPLE ‘S‘Tﬁkl

ExeAvATrion

G.R'HDE'
Fi1a. 71.

Showing how a cut can be full width at grade and the material taken out at
slope stakes and yet all the material will not be excavated.

openings in embankments, ample bermes must be
left and the changes in direction made by easy
curves. Where water is allowed to come down
slopes against an embankment and flow off by a
ditch through a knoll, the embankment must be
reinforced by earth and, if possible, stone in suffi-
cient quantity to keep the embankment from
being softened by the water standing against, it.
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It must never be forgotten that a well drained
roadbed is affected less by frost in winter, dam-
aged less in rainy seasons and costs less to keep
in good order.

The practice is to use cast iron pipe of the style
used for water mains in cities, for culverts and
small pile bent bridges; some roads, however, use
wrought iron pipe for this purpose. Cast iron is
admitted to stand corrosion better than iron or
steel, and in time will probably be used to the
exclusion of iron or steel riveted pipe.

Streams of considerable size can be carried
under or through embankments by using several
lines of large sized cast iron pipe, and building
retaining walls of masonry or concrete at each
end of the culvert. Care must be taken to have
the earth packed firmly around the pipe and
against the retaining walls, so that the water will
be forced to pass through the pipe, and not be per-
mitted to wash away the embankment. This ap-
plies with equal force to stone arched and open
culverts. o

Where stone cannot be secured to pave the
spillway* at the discharge end of cast iron pipe
culverts, the original sod must not be disturbed
for a distance of at least twenty feet on each side
extending across the entire right of way. This is
a choice point for the contractor to use for a bor-
rowpit, and must be looked after closely.

Spillways and spaces between the walls of stone
arched culverts and open culverts must be care-
fully paved with stone not less than eighteen

*A “spillway’’ is the outlet of a culvert or drain,
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inches long, set on end and close together, the in-
terstices being filled with spauls.

All open culverts, bents of pile and trestle
bridges and abutments of bridges should be at
right angles to the track. If for any reason this
cannot be done, the bridge seat must be so arranged
that the end of the bridge will be at right angles
to the track.

The location of the bents for pile and trestle
bridges must be carefully made; this requires
the center line of the railroad to be given for each
bent, the axis of the bent transversely to the line
of the railroad; and these points must be carefully
referenced by hubs which will not be destroyed
by contractors, workmen or timber haulers. In
giving the location for driving -the piling and the
cut off for the piling, the work must be done de-
liberately and carefully, and all work of line and
elevation re-run and checked.

Bridge abutments and piers require the greatest
care in location; steel tapes only should be used,
and they should be used with a spring balance.
The tape should be stretched on a level piece of
ground to the same tension and two hubs driven
at the distance measured on the sight of the bridge
and the distance measured between the hubs.
Generally the length of spans is decided upon first.
In such case the length of the spans should be
carefully measured on level ground and hubs
driven at the proper distances, and the measure-
ment with a long steel tape and bhalance taken in
the reverse order mentioned. Where the streams
are of considerable width, the piers will have to
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be located by triangulation, using a high grade
transit for the purpose.

The foundations for pile and trestle bridges are
secured by driving piles in the ground and sawing

Fie. 72.

STEAM PILE DRIVER.

them off at the proper elevations for the caps of
pile bridges and sills of trestle bridges; figure
72 gives a view of a pile-driver. The experience
of the engineer is called into play to decide when
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a pile has been driven sufficiently; the timber
in a pile can be shattered by over-driving
30 it will possess very little strength to
support a load; neither will it support the
load if not driven sufficiently. Rules are
given by Trautwine, Wellington and others re-
garding this subject; a rule much in use is to stop
driving when six blows with a two-thousand
~ pound hammer falling a distance of twenty feet

fail to drive the pile over one inch. This rule,
however, must be used with judgment. There
have been cases where piles would settle a foot
at each drop of the hammer, and, if left over
night, they could not be started by the hammer,
and yet these piles are today successfully support-
ing heavy trains on a trunk line.* Again there
are frequent cases where 'piling could not be
secured of sufficient length to reach the bottom
of the soft strata of cedar and tamarack swamps
where the material did not possess the property
of closing around a pile and supporting it as in
the preceding case. In such cases the support for
the roadbed has been secured by laying long logs
transversely to the line of the road close to-
gether, and building an emhankment on them.t
There are yet other cases where the soil is of a
nature that during a prolonged season of dry, hot,
weather the soil becomes so hard that a pile is
with difficulty driven into it, yet during the rainy
season this soil becomes soft and spongy. Great

*This case was in marshy ground where quick sand settling
around the pile gave it the necessary support,
1This is known as corduroying a swamp.
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difficulty is encountered in such soils to get the
piling down a sufficient depth during dry weather
to support the load during wet seasons and not
shatter the pile by overdriving.

The foundations for abutments and piers are
secured in a number of ways; in a general way
they can be given as follows:

(2¢) Where a pier is built outside of a stream
during low water the earth is excavated below the
water line, or to the rock; the water is kept out
by pumps; where rock is not reached or a firm
soil capable of bearing a weight of four to five
tons per square foot, piling is driven, the tops
sawed off and a timber grillage* built on top to
carry the masonry. Recently a mass of concrete
about six feet thick, in which the tops of the pil-
ing project three feet, has been used instead of
timber grillage.
~ (b) Where a pier is located in a stream of mod-
erate depth of water, sheet piling is driven in two
rows around the foundation, and the space tilled
with clay and rammed tight and the foundation
secured as described above. In greater depth of
water, piling is driven and the tops sawed off level
at or near the bed of the stream, and a caisson
sunk on to the piling and the masonry built in the
caisson. Where the bed of the stream is rock,
the foundation has been secured by making the
bottom of the caisson to correspond with the ir-
regularities of the rock and sinking the caisson

*<Grillage’’ consists of square timbers placed on top of the
piling to distribute the weight of the masonry evenly on each
pile.
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directly on to the rocky bed of the stream.
‘Where there is great depth of water or an allu-
vial formation subject to changes of channel by
floods, the pneumatic caisson is resorted to.*

All piers and abutments require rip rapping and
other necessary measures taken to protect them
from damage by ice where the stream is subject
to ice jams.

The masonry for piers, abutments and culverts,
need not be of a quality known as first-class; but
it must be well bedded and bonded and built
solid, no voids being allowed. The bonding must
apply to the backing as well as the face stone, so
" as to approach as near as possible to a monolith.
The stone used should be large and the coping
thick, and of a quality which will not deteriorate
on exposure to the weather, or crush under the
weight which it will have to support.

Where a stream is shallow, and subject to sud-
den overflow and drift, which would carry away
false work, low water tracks are used to extend the
road. These low water tracks leave the located
line at each side of the valley and when possible are
laid parallel to and a sufficient distance from the
located line, so that they can beused to deliver ma-
terial required for constructing the bridge. The low
water track is carried across the steam on a low
trestle securely anchored to the bed of the stream
so that when a rise in the river takes place it will
not be washed away. This low water track per-
mits the rapid extension of the line and gives

*This is a large subject and the reader is referred to the liter-
ature treating of it mentioned hereafter.
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facilities to forward track and construction ma-
terial, and it has even been used in operating the
road for some months before the bridging was
completed. High water in streams of this nature
seldom interferes with the operating of trains for
more than a few hours at a time, and the drift
would carry away any trestle bridge or false work
which obstructs the stream.

The approach to a bridge from a new bank
should be supported on a mud sill; after the em-
bankment has fully settled, piling or masonry
can be used to replace'the mud sill as desired.
Masonry can be saved by omitting an abutment
and making the approach to the first pier on a
trestle, or better still, a plate girder.

. The grade must be surfaced true before ballast

is put om; or for track, if the ballasting is to be
done after track laying. For this purpose the
engineers give center and grade stakes, the grade
stakes being placed every one hundred feet on
tangents, and every fifty feet on curves. Two
grade stakes are required for each center stake;
one five feet each side of the center; on curves
the grading should be made to conform to the
elevation to be given the outer rail. The inside
grade stake to be depressed as much below the
grade line as the elevation to be given the outer
rail, and the outside grade stake to be raised the
same amount.* .

Monthly estimates are made as the work prog-

*This is the method adopted by one of the Eastern Trunk
Lines of North America and is believed by some to cause a train
to ride more evenly when entering and leaving a curve.

9 Vol. I3
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resses and progress profiles made, showing the
work done both in excavation and embankment.
The resident engineer takes account of the num-
ber of men, teams, etc., in each gang as he passes
over the work daily and makes a monthly report,
as per accompanying form (72A), to the division

Corumsian Rr Co STockoALE BRANCH

FORCE REPORT FOR THE MONTH OF 190

THE FOLLOWWG NUMBERS OF MEN,TEAMS ETC REFRESENT THE ANOUNT WORKING ONE DAY.
v [3 ¥ %) P3 Fe]
S |38|98|SyeeEl 8§

K |[Sc|{Z<|Ix3|ZTo] W S REMARKS
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I

Fia. 72A.

FORM OF FORCE REPORT.

engineer.* At the end of each month the resident
engineer gives line and grade over all work done
during the current month, and the division en-
gineer goes over the work and takes notes of the
stations between which work has been done dur-
ing the current month. The record he keeps is
in the following form (72B).

The resident engineer furnishes the quantities

*This report is generally called a ‘‘force report.”
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in a report to the division engineer, and he com-
pares their quantities with those calculated in his
office from the center heights and slope of the
ground and with the force account.

The division engineer forwards the estimates
for sections and also the force account for sec-
tions to the chief engineer, who compares them
with the data secured from the preliminary survey
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(71064 - 120 L4
LEFT HAND PAGE RIGHT HAND PAGE

Fie. 72B.

FORM OF ESTIMATE BOOK.

and location and what is being accomplished by
similar gangs of men on other divisions. By this
method all parties are protected from charges of
favoritism, and anyone returning the wrong quan-
tities will be discovered; where the surveys have
been made as outlined previously, the chief en-
gineer has the means of determining the approx-
imate quantities and classification.

The subject of classification of material is one
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about which no two engineers will give the same
decision, though they may not materially differ.
There is no clearly marked line between earth and
loose rock, or earth and hard pan, and there are
cases where it is a question whether it is loose
rock or solid rock. The method of estimating
given here enables a second engineer to examine
the work and intelligently criticise the opinion of
the one making the estimate. The manner of
estimating and calculating quantities varies with
different roads. There have been cases where
the resident engineer cross-sectioned the work,
and each month made areport that the work was
completed between given stations. The quanti-
ties were calculated at the office of a division
engineer, and also the estimates made at the
same office from the notes of the resident en-
gineer. Under this method the resident engineer
can look after a longer residency; but the force
in the division engineer’s office is increased and
the advantage of a check on estimates between
the two offices is lost.

Borrowpits should be cross-sectioned both be:
fore work is commenced and after its comple-
tion.

The amount to be paid for overhaul is calculated
differently on different systems. The method
generally adopted is to ascertain the free haul
first, and then ascertain the center of mass in the
cut beyond the free haul, and the center of mass
in the fill beyond the free haul. The distance A.
B. (see Fig. 73) less the free haul is the length of
the overhaul, and the cubic yards of the mass C.
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D. E. and F. in the excavation is the amount
hanled. Another method is to find the center of
mass of the entire amount in the excavation

Fie. 78.

VIEW OVERHAUL.

bauled into the embankment, and the center of
mass in the embankment (see Fig. 74). From
this distance A. B. deduct the length of free haul
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Fia. 74.

VIEW OVERHAUL

and use for the amount overhauled the entire
amount taken out of the excavation.

Pipe culverts are paid for by a price per ton
miles hauled and a price per ton for placing, and
the excavation for bedding them.
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Stone arched and open culverts are paid for at
a price per cubic yard for the excavation for
foundation, and the masonry; the paving is paid
for by the square yard of surface paved.

Bridging with timber is estimated as follows:

Piling is estimated at the length swung into the
leads where the railroad company furnishes the
bill of material and specifies the length of- piling;
otherwise the contractor is paid for the length of
piling from the point to cutoff. Square timber is es-
timated by the number of feet, board measure, in
the completed structure; a different price is paid
for pine and oak, the quantities of each being
kept separate. Iron such as bolts, spikes and
other wrought iron is estimated by the pound,
and cast iron washers and spreaders the same
way. False work is sometimes included in the
price for an iron or steel bridge; in cases where
the railroad company puts it up to get construc-
tion material to the front, it is estimated the
same as for wooden bridging but the price may
be different. Retaining walls are estimated for
by the cubic yard. Rip rap is estimated for by
the cubic yard.

After the completion of the sections, a careful
final estimate is made, but final payment is gen-
erally withheld until track is laid over the work.

Cuts and fills having been made, culverts,
trestle bridges and false work erected and depot
grounds graded a sufficient distance from the
junction with the present railroad, the track lay-
ing force is in a position to commence work. The
division engineers at the front estimate the date
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the track layers will reach their respective divis-
ions, and look over their divisions carefully with
regard to the amount of material to move, and
the forces employed in grading and bridging.
Tardy contractors are urged to greater activity
and every effort made to secure the completion
of the grading and bridging before the track lay-
ing forcesarrive. The chief engineer comes out
over the line to give a personal inspection and
hurry forward the work on heavy sections.

The manner in which the track is laid depends

Fie. 75.

TRACK LAYING OR IRON CAR.

on the length of the new road and the character
of the country. One method is as follows: A
construction train brings the material to the front,
and the ties are unloaded and hauled forward
with teams, and placed on the grade; the rails
are brought to the front on the cars which were
used to bring them from the material yard. The
necessary quantities of fishplates, bolts and spikes
are placed on each car to lay the rails contained
on the car. The rails are drawn over the end of
the car and placed on a track-laying or iron car
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(see Fig. 75). This car is pushed forward as fast
as the rails are laid, the joints are half bolted and
the rails quarter spiked; when the last pair of
rails is drawn off the iron car, the engine pushes
forward the train of construction material, and the
iron car is reloaded. This operation is repeated
until the head car of the construction train has
been unloaded of rails, when the entire train is
taken back to its siding and the empty car left
there, and the next car loaded with rails becomes
the first or head car next to the iron car.* While
the above is being done a gang of men is placing
the splices or fishplates, bolts, nuts, nutlocks, and
spikes. Another gang is throwing off the ties as
fast as the teams can haul them ahead, and wher-
ever the grade will permit, the ties are loaded
direct from the cars to the wagons. By this
method the ties are not hauled over five hundred
feet. Behind the construction train is a gang of
men completing the spiking. An average of one
mile per day has been made in a good country by
this method. The construction train at the front
is made up as follows: The front cars are loaded
with rails, splices, bolts and spikes, there being a
sufficient number of cars to contain the necessary
material for one day’s work. Behind the iron

*Where the run to a side track is too long and will cause de-
lay in delivering track material to the track layers, twoiron cars
are used and the rails thrown from the cars to the ground along
side of the construction train; the train pulls back and the rails
are loaded on the iron car, the loaded iron car is taken to the
front, the empty one having been taken off the track by being
turned over and left standing on its side; the construction train

is then brought forward and another lot of rails thrown off to
load the second iron car.
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cars come the cars loaded with ties; there being
enough of these also for one day’s work; these
are followed by the boarding cars. By this
method the only switching required is to set the
head iron cars as unloaded on the side track. When
the day’s work is completed, the train is hauled
back to the first siding, and the boarding cars left
there while the engine takes the empties to the
material yard and returns with another train load
for the next day’s work. Where the route of the
new road is in a rough country which will not
permit the ties to be hauled ahead by teams the
manner of handling the ties is as follows: Two
iron cars are used, the first one is loaded with six
to eight rails and the necessary fastenings, and
on top of braces placed above the rails are placed
the necessary ties to support the rails without
bending them while the construction train passes
over. This car is pushed to the front by men or
hauled by horses. While the track material on
the first car is being laid, the second car is being
loaded. The empty car is thrown off the track
and stood on its side to permit the loaded one to
pass. The ties for the iron car are loaded on the
car containing the rails in such a manner that the
rails can be pulled from under them; the ties to
be placed under the rails after the construction
train passes over are unloaded as the train pro-
ceeds. Behind the construction train there is a
gang placing the ties omitted at the front. This
gang also finishes the spiking.

In the construction of track, machines for the
purpose are used called “Track Laying Ma-
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chines.” The Holman and the Harris machines
are the principal ones. The Holman machine
(see Fig. 76) is composed of a series of tramways -
80 feet long and about 20 inches wide, fitted with
heavy iron rollers. These tramways are attached
to the sides of ordinary flat cars, without any
changes, and are supported by adjustable iron
stakes that fit into the pockets on the sides of the

Fie. 76.

HOLMAN'S TRACK LAYING MACHINE.

cars, and, being connected, operate the full length
of the train, the same as one continuous tram-
way. The ties and rails are thrown upon these
tramways and rolled down to the front, where
men receive and place them in position on the
roadbed. The ties come down on the right hand
side of the train and the rails on the opposite
side. On the tie side, a chute, supported by a
wire cable, runs out thirty-five feet in front of
the train, which allows the men handling ties
to be one panel ahead of the men handling rails
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and consequently out of each other’'s way. A
train of ten cars, viz: six of ties, three of rails
and the tool car will carry all material required
for a half-day’s work, and from one-half to three-
fourths of a mile of track. One and one-half miles
of track perday can be laid with this machine,with
from forty to fifty men and a capable foreman,
provided the Railroad Company can deliver the
material at the front fast enough and in proper
shape. (Some expert foremen have laid two
miles of track per day.) This includes full tieing,
laying the rails in position, joint, quarter and
center spiking, putting on the fishplates or angle-
bars and two bolts through thesame. Thisleaves
the track in safe condition for the comstruction
train, and the balance of the work is finished be-
hind the train without reference to or use of the
machine. As fast as the panels are laid the train
moves forward, 30 feet at a time, carrying all
material with it, leaving nothing scattered along
the line. The main object of the machine is to
dispense with the use of teamsin the distribution
of material and also to reduce the cost of rail-
way building. On the Northern Pacific Railroad
8,400 feet of track was laid in eight hours actual
working time with one foreman and sixty-six men
as follows: In front of machine 1 tie man, 8
tie carriers, 2 bolters, 4 spikers, 1 chute man, 6
rail carriers and 2 nippers. On train, 2 men
unloading rails, 2 men pushing rails, 16 men
handling ties. Behind train, 2 spacers, 8 spikers,
8 bolters, 4 nippers, 4 liners and 1 peddler. On
this day the boarding train was about five miles
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in the rear; two hours were consumed in going
to and from work and making up train, leaving
eight hours actual working time.

The Harris machine (see Fig. 77) consists of a

Fig. 77.

HARRIS' TRACK LAYING MACHINE.

continuous tramway or track (about eight feet six
inch gauge) laid and spiked firmly upon the top
of a construction train of platform cars. Upon
this tram track runs a small automatic car, de-
signed for carrying ties. Cast-iron rollers are
placed in the center of all cars that are used for
carrying rails. In fitting up cars for the machine
five ties (ten and one-half feet long) are fastened
firmly across each car. Rails are then selected
from those to be laid in the permanent track, and
spiked to the ties, thus muking a track (eight
feet six inch gauge) thirty feet long on each car
of the train; short adjustable pieces of rails are
placed between each pair of cars to connect the
permanent rails, and which permit of their easy
removal after the train has been unloaded, and
their ready replacement again when the next
‘rain comes to the front. The front or pioneer
car has a frame work or extension permanently
_\ fastened to it, which extends the tram track about
, .
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twenty feet ahead of the train. Across the front
end of these extension timbers is fastened a double
roller, about one foot lower than the cast-iron
rollers on the pioneer and construction cars, for
receiving and carrying the rails after leaving the
train. The small automatic tie car has a mova-
ble top which unloads the ties automatically cross-
ways the roadbed, enough at a time for sixty feet
of track. Rails are loaded on the forward cars of
the train, being piled between the cast-iron rollers
and the tram track, half on each side of the car.
On each car used for carrying rails sufficient joint
fastenings, spikes, bolts, etc., are loaded for use
of the track laying force in front of the train.
The balance of the materials required to finish
the track are carried on the tool and supply car
next to the locomotive, and are distributed from
this car as required. Ties are loaded crossways
the rear cars of the train or those nearest the lo-
comotive. Sufficient “short rails” for keeping
joints even on curves are carried on the pioneer
car, and are always convenient when required.
When the train arrives at the “front” it is
coupled to the pioneer car (which always remains
at the end of the track). The men, in going for-
ward from the tool car (where they generally
ride) drop the short connecting rails into place,
to make the tram track continuous and the ma-
chine is ready for work. There is absolutely no
time lost during the day in getting the machine
ready for work, or in removing any apparatus
when the cars are unloaded. Ties enough for

two lengths of rails, or sixty feet of track, are
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loaded upon the automatic tie car and run on the
continuous track over all the cars of rails to the
front end of the extension timbers, when the
front wheels of the car come suddenly in contact
with the stop block. The top frame of the car
(which moves on rollers) suddenly darts forward
and dumps the ties instantly crossways the road-
bed, and scatters them a distance of from twenty
to forty-five feet ahead of the last track laid. The
tie caris immediately run back and reloaded with
ties, and returns in time for the next sixty feet
Jayout. The ties are immediately put in their
right places on the roadbed. Four rails, two for
each side of the track are bolted together on the
top of the train, and are run from the rollers of
the construction cars to the double roller which
carries them on a down grade until they are re-
ceived on the roller of a low trestle or *“dolly,”
which assists in carrying them on the same de-
clining grade to the point opposite where they
are to be laid into the track. The men on the
ground immediately drop them on the ties and
heel them into the angle plates (which have been
fastened loosely to the last rails laid). Three
ties on tangents and four on curves are quickly
spiked, and the train moves forward over the
sixty feet of track just laid. The process is re-
peated until the work is finished. The balance
of the spiking, bolting and lining the track is
performed after the train passes over it. When
it is desired to lay a track at a speed of two and
one-fourth or two and one-half miles per day, or
at a speed of only one or one and one-fourth miles
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per day, the above method of working the ma-
chine is varied somewhat to suit the circum-
stances. On the Chicago, Kansas & Nebraska
Railway an average of 2.16 miles of track per day
was made in laying 288 miles of track. The
maximum grade was 52 feet per mile. The train
was made up as follows for one-half day’s work
Harris Track Laying Machine:

5 cars of steel—76 rails per car.

5 cars of ties—270 ties per car.

10 cars of ties—for back filling two engines,
one tool car, one caboose, one car of crossing
plank, one car of telegraph material.

The force employed consisted of one foreman
and 139 men as follows:

10 men on the cars delivering the ties over the
front of the machine.

10 men on the car delivering the steel over the
front of the machine.

. 85 men in front of the machine placing ties,
handling steel, putting on fishplates (4 bolted)
and spiking two ties to a rail.

14 men handling ties out of the cars, and on
the grade, placing them under the steel behind
the train.

60 men back spiking and bolting.

5 men lining track.
5 men surfacing track.

The telegraph line was kept up with the track
layers, poles were placed thirty to a mile; there
were two wires put up. The force consisted of:

8 men digging holes.

8 men setting poles.
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1 man putting on cross-arms.

1 man on the train distributing material.

2 men stringing wires.

The methods above described are varied
according to the opinions of track laying fore-
men; the ties can be hauled by teams if desired
where either machine is used. The track may be
only half tied ahead of the construction train
and other ties put in behind the train; these ties
can be brought to the front by another train,
thus lightening the load on a heavy ascending
grade. The skill of the track laying foreman is
shown in adapting his appliances to the chang-
ing physical conditions of the line.*

A gang surfacing with earth or gravel as cir-
cumstances permit or ballasting and surfacing
follows the track layers. The details of ballast-
ing and surfacing and track work in general are
taken up in another chapter.

Side tracks for depots should be graded by the
contractor when grading the main line, and the
track laying force should lay the sidings which
they will require in handling their construction
material and boarding cars. Track layers will
often have to lay temporary sidings where depots .
are not located close together to avoid delays in
coming back to switch the empty cars out and
put loaded cars in the construction train.

The water supply having been decided upon, a
force of men is at once put to work behind the

*Appendix J gives details of the late practice in laying tracks,
curving rails, ete.
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track layers.* The means of securing a water
supply call forth the same skill as is displayed
in obtaining that for a city, only of course, not
on so extensive a scale. Springs, streams, im-
pounding reservoirs, open wells both shallow and
deep, artesian wells, siphons, are called into use
as conditions suggest. The methods adopted to
elevate the water are as various as the source of
supply; windmills, steam pumps, pumps operated
by gas, and hot air engines, hydraulic rams, or
gravity from a supply in the hills or mountains
adjoining may be adopted. The plant has to be
built so that the supply will not be cut short dur-
ing a severe winter, and must be cheap to operate.

The fuel supply has to be attended to at the
same time as the water supply is being looked
after. Coal sheds and chutes are usually located
near & water station; this enables the train to
take coal and water with the minimum amount
of delay. Delays to trains can be reduced to a
minimum by having the water tank or crane and
coal sheds so located that west or north bound
trains can take on their supply when stopping at
stations, east or south bound trains doing the
same at another set of stations.

While the water and coal supply is being pro-
vided for, the turntables must be placed in posi-
tion as quickly as possible.

Nuxt comes the erection of depots, warehouses
and platforms, and these are followed by the

*It is sometimes necessary to put them to work ahead of
track to secure a supply of water for the construction train crew
and engine.

10 Vol. 13
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roundhouses, shops and section houses. The
hotels and eating houses, when erected by the
railway company, are among the last to be put
up. The offices for the division superintendents
and their forces often form part of a depot or
hotel, seldom a separate building.

The telegraph line is always kept to the front,
and an instrument and operator located at the
last siding at end of track, where the boarding-
cars of the track-laying force are left at night,
so that the foreman of the track-layers and the
surfacing gang can be kept in communication
with the superintendent of construction or chief
engineer.

Fencing the right of way, depot grounds and
yards is generally the last thing done.

ADJUSTING AN OLD LINE TO MEET NEW CONDITIONS.

While no railroad can ever be said to be
complete as the work of construction and recon-
struction goes on all the time in order that devel-
opments and new conditions of traffic may be
met, as they arise, there are instances where it
becomes necessary for the owners of an estab-
lished road to consider the desirability of making
at once such extensive alterations and additions
to their property that they amount to a practical
relocation and. rebuilding of the line. Such a
state of affairs may be precipitated by the rapid
growth of traffic rendering present facilities
inadequate and the cost of operation unduly

(NoTE: A list of authors on Construction is given in Ap-
pendix K.)
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expensive, or it may be caused by the springing
up of a competitor possessing a line of modern
construction and fully equipped with the latest
economic appliances.

Under such circumstances the problem pre-
sented to the engineer is a difficult one as he is
expected to forecast the methods that shall be
adopted and to state their value.

It has been a perplexing question to engineers
to give the value per foot of shortening an exist-
ing line, or of reducing the degree or length of
curvature, and to state the value of the reduc-
tion of the rise and fall per foot of height. If
the engineer turns to reports furnished by differ-
" ent roads or different divisions of the same road,
for light, he finds himself beset with difficulties
because the conditions of traffic, roadbed, rolling
stock, ete. are dissimilar in every instance and
are such as to make a comparison of little value
for the purpose of determining the advisability of
relocating an old road.

This has led engineers to fall back on theo-
retical calculations or a combination of theo-
retical and practical deductions. The late A. M.
Wellington in his book ‘“Economic Theory of
Railway Location” deduced the theoretical values
and applied them to the reports of various rail-
way companies for the values of distance, curv-
ature, rise and fall and gradients. Later Professor
W. L. Webb took the data furnished by the
governmental returns of railways and by gener-
ally following the lines laid down by Mr, Welling-
ton has given values for them.
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Railway engineers have taken the data of their
own companies and applied Mr. Wellington’s
method to the peculiar conditions existing on
their lines.*

The first step is to prepare a table covering a
period of years showing the operating expenses
- in detail and. the percentage which each item
was of the entire sum. The second step is to
take this data and study the cost of maintenance
of way, maintenance of equipment and cost of
conducting transportation.

Thus the operating expense table for a period
of years might show:

Maintenance of Way and Structures. ....... .. .. 20.07¢
Maintenance of Equipment......... cccveeevnn.. 20.55¢
Conducting Transportation...... Cerecieteteaans 49.36%
Taxes.......oovvieriiinniiinennenns cevasecseans 5.64%
General Expenses..... cesetarenanans teveeveianne 4.38%
Total Operating Expenses............covevenenn, 100.00

Average cost per train mile for four years........ $1.17

In a study of the items of ‘‘Maintenance of
Way,” “Maintenance of Equipment” and *“Con-
ducting Transportation” the following points
would have to be observed:

Maintenance of Way.—Here it becomes neces-
sary to eliminate the mileage of tracks in yards
at terminals and division points, also sidings at
stations, from the total mileage and to use only
mileage of track in the main line.

On account of the operating expenses being

* A detailed description of the method adopted in Mr. Welling-
ton's theory to the reconstruction of the Union Pacific Railway
is given in a paper presented by Mr. J. B. Berry at the annual
meeting of the American Railway Engineering and Maintenance
of Way Association in 1904.
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given for the entire mileage of track, including
main line, yards and switches, it becomes at once
a difficult question to determine the exact cost of
the maintenance of the main line. However a
fair value can be arrived at by estimating the
percentage of cost of the maintenance of the
yards and switches as compared with the main
line, and deducting this cost from the total cost
of maintenance, thus securing as correct data as
at present is possible for the cost of maintain-
ing the mileage of the main line track.*

Maintenance of Equipment.—In the case of the
railroad mentioned the annual locomotive perfor-
mance sheets and statistics of train service showed
that the total train mileage was but 75% of the
total locomotive mileage.

The following tables were prepared :

Statement showing cost of Locomotive Repairs.

Distribution of contributing causes in Per cent

-
o g =
Ol Co ] Qg o
guogl B8 | a¥ [5a9 | 85 | 24 8
Classof service |8F&| 53 ¥5 g;{i‘g 42 | 38 g
Q ] = Fe o> [ 1
BRE°| B3 | B3 |3aR| EE | B | 2
g 8 | FR | 22 |ouF 5]
Passenger........... 31.50 2.20 4.73 5.35 0.95 441 13.86
Freight and Work..| 43.25 3.03 6.49 7.35 1.30 -6.06 19.03
BHelpers..............| 546 0.38 0.82 0.82 0.16 2.18 110
Light Engine; 6.38 0.45 0.64 1.08 0.19 0.32 3.70
Switching. 13.41 0.94 12.47
Totals............... 100.00 7.00 12.68 27.07 2.60 12.96 37.69

#For the Union Pacific Railroad Mr. J. B. Berry’s conclu-
sions were as follows :

Total side track mileage 34 per cent cf the main line.
Main line cost...90 percent of the Maintenance of Way and Structures.
Large Yardsand

Temina]s 008‘ 5 .« “ .“" " . “" " “
Small Station

cost. oo 5 “ "ow “ [T TR “

Entire Mileage
of Track..... 100

4 Light engine mileage includes return of helper engine; only
the first two classes enter into train mileage.
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Statement showing Cost of Car Repairs.

Distribution of contributinng causes in Percent
-
@ e <
348 o e Sy |5T2 o ° o
Class of Service 2§ ag E%- g‘_g.{ g2 | #3 2
[~
25| 83| 55 |358s| 52 | s8 | 2
& Bl | da [32&€7| <3 | < A
7]
Passenger...... ....| 100 11 20 11 2 20 36
Freight and Work..{ 100 20 16 20 36

. Conducting Transportation.—As only 75% of the

total engine mileage enters into the total train
mileage, the wages of engine and round house men
due directly to hauling trains with single engines
were assumed as 75% of the whole.

In train service only 75% of the crews are paid
on a mileage basis, the balance being on monthly
wages, and any increase of distance, unless it is
large, would only affect 75% of this item.

General Ezxplanation.—It must be thoroughly
understood that the total train mileage includes
the mileage of all passenger, freight, work and
special trains, whether producing revenue or not.
In the calculations as to the effect of the various
details’ of location on operating expense a single
train is considered with a single locomotive,
therefore none of the expenses connected with
helper, switch or light engines enters into the
calculations, and only that proportion of the
remainder of each item of operating expenses
which is affected by gradient, distance, curvature,
etc. is considered.

Any increase in repairs and renewals of shop
machinery and tools caused by increase in grad-
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ients, distance or curvature is considered as pro-
portional to the increase in repairs and renewals
of locomotives and cars.

Space cannot be given here to go into all the
details of the theoretical method of using the
data above outlined in determining economical
grades, distances, curvatures, etc. and the reader
is referred to the late A. M. Wellington’s work
on the Economical Theory of Railway Location
and Mr. J. B. Berry’s paper on applying it to the
Union Pacific Ry. already mentioned. The fol-
lowing general conclusions, however, are given:

Summary: Before beginning work on a new
location the chief engineer will indicate the
character of the proposed line, probable volume
of traffic expressed in tons and trains per day,
and the size and tractive power of the locomo-
tives to be used. For the field engineer the
following approximate formulas are introduced
and the values given for reduction in gradients,
distance, curvature and rise and fall.

For general purposes the tractive power of a
locomotive can be considered at 20% of the weight,
on the drivers at a velocity of 10 or 12 miles per
hour, although with fair weather conditions a
well-designed locomotive should develop a trac-
tive power of 224% of the weight on drivers at
10 miles per hour.

Assuming 6 1bs. per ton for velocity and friction-
al resistance, as a fair average, for slow and fast
freights, with grade resistance, 20 times the rate
per cent of grade, gives the following formula:
Tons weight of train, including engine and
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tender — sy mierase:  In using this formula for
estimating the number of trains necessary to
handle the tonage, the weight of freight, or
paying load, may be considered as 50% of the
weight of train exclusive of the locomotive.

Gradients: A reduction of gradient on an
engine district 100 miles long, so as to require
one less daily train in each direction will result
in a saving of $37,230.00 per annum. For other
lengths of district, or a greater reduction in the
required number of trains, the saving in operating
expenses per annum will be in direct proportion
to this. Any reduction in length of helper grades,
or other change that will eliminate one helper
engine of the same size as the standard road
engine, will result in a saving of $14,673 per
annum, providing the helper engine averages 100
miles per day. For other average daily mileage
of helper the saving can be estimated as directly
proportional to this.

Distance: A saving in distance will result in
the following savings per annum per daily train
one way:

Class “A”—Distances so short as not to affect
wages of engine or train men, 2.6 cents per foot,
or $137.00 per mile.

Class*‘B”—Distances affecting train wages, but
not affecting the number of side tracks required,
8.7 cents per foot, or $196.00 per mile.

Class “C”’—Distances so great as to affect the
number of side tracks required, 4.8 cents per foot,
or $252.00 per mile.

Curvature: The elimination of one degree of
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curvature will result in a saving per annum per
daily train one way. Uncompensated curvature,
28 cents per degree: Compensated curvature, 19%
cents per degree.

Rise and Fall: The elimination of one foot
rise and fall will result in a saving per annum
. per daily train one way as follows:

Class “B”—Where grades are such as to require -
shutting off steam in descending but not to require
the application of brakes: on minor grades, 55
cents per foot: on ruling grades, 96 cents per foot.

Class “C” —Where grades are so heavy as to
require the application of brakes: on minor grades,
$1.15 per foot; on ruling grades $1.57 per foot.

The above values are sufficiently close for the
locating engineer to use in comparing the various
lines, a final and more careful comparison to be
made in the office of the chief engineer.

The revised alignment and grades of the pro-
posed improvement of a railway having been

-decided upon, the work of construction is next in
order.

This is carried on in much the same manner
as for a new railway, except that machinery is
used to a greater extent; this is caused by the
fact that transportation facilities are afforded,
which do not exist on a new line, and also the
work as a rule is heavy. The machinery used
will consist of air compressors, rock drills, steam
shovels, large locomotives and the larger size
dump cars; also standard railroad flat cars, rapid
car unloaders, and for bridge and retaining wall
work, large derricks operated by steam hoisting
engines and concrete mixers.
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For the prompt and economical handling of
the freight and passenger business, it is necessary
that the largest possible number of trains should
pass over the line in a given time. Experience
has demonstrated that yard and terminal facili-
ties are factors which enter largely in determin-
ing the number of trains which can be handled.

A railroad having yard and terminal facilities
which enable a train crew to leave the main line
track immediately on their arrival at a yard or
terminal, and which possesses proper facilities
for cars to be sorted and made up into trains, so
that all trains leave on schedule time, will have
a larger earning capacity than another rail road
where the arriving trains are held out on the
main line awaiting the yard master to make room -
in the yard for them and where the yards and
terminals do not permit the economical and rapid
sorting and handling of cars. _

The question of arranging tracks for yards and
terminals is a large one, and one that cannot be
determined by a set of general rules, it is affected
by the character of the traffic to be handled, the
tapography of the country, the cost of land and
the location of industries.

The reconstruction of an old line of railway
does not end with the work done on the main
line and yards and terminals; everything which
will aid in securing faster time for both freight
and passenger trains and at the same time reduce
the cost of operation must be taken into consid-
eration. ‘

In this connection rapid strides have been
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made in coaling engines, handling cinders and
sand and the water supply.

Figure 78 illustrates a large terminal coaling
station for handling coal, cinders and sand. -

The present tendency is to elevate the water
tank well above the track, so that with the
greater head the water will flow faster into the
locomotive tender and thus reduce the time of
trains stopping at stations. Fig. 79 represents
such a tank.
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TERMINAL COALING STATION.
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F1g. 78a.

ELEVATION OF COMBINED COAL, ASH AND SAND BINS.
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Fic. 78b.

TRANSVERSE SECTION COALING STATION.

Showing arrangement of conveyors for coal, ashes and sand and the
bins for storing the same,
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WATER TANK.

Set on iron frame work, water supply pipe to tank protected from
frost by a wooden box. This tank is placed 20 feet above the track to
gx‘xaalble the tender to be quickly fllled with water, and avoid delaying

ns.

(159)



Set on iron columns, with concrete steel wall under the tank, and
having a conical steel bottom which allows the mud to be drawn off.

1s frost-proof.
(160)
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Fic. 80a.

GASOLINE WATER PUMP.

‘This view shows a method of installing a gasoline engine for pump-
ing water for a railroad water station.
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IRON SIGNS.

Supported by channel or tee iron posts embedded in a concrete barse.
'orming a permanent sign which only requires occasionally to be

repainted.
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SHEFFIELD SECTION GASOLINE MOTOR CAR.

Showing a complete oulfit of tools on the car for the day’s work.
This car will, on level track and in ordinary weather, make five miles
in twenty minutes. By its use no time is lost going to or from work
and the men are ready to put all their energy into the day’s work.
Should additional tools be required during the day one man can take
the car to the toolhouse or nearest station and thus quickly obtain
the necessary supplies. In the event men are required at another
point this motor car affords the means of transporting them promptly
and quickly. An inspection car similar generally to an automobile of
this type is also in use. It will seat nine persons and can be operated
at any speed up to thirty-five miles an hour.
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Fie. 80g.

BONZANO RAIL JOINT. SIDE VIEW.

That part of the splice-plate which fits between the under side of
the head of the rail and the top of the base of the rail is made in the
usual manner. The lower part of the splice-plate projects outwardly
beyond the edge of the rail and is on a level with the base of the rail,
giving additional bearing on the ties and lateral stiffness to the rail.
The middle part of the projecting flange is turned down to an angle
of about ninety degrees without a cutting. The horizontal flanges
forming the end bearings of the top member of the splice and also the
bearing for the gusset shaped tie bars which connect the depending
flange or lower member with the horizontal flanges, form an economi-
cal, strong and rigid truss, as shown in plate.

Fic. 80h.

ONE HUNDRED PER CENT SPLICE BAR.

This is a modified form of the fish plate, having greater depth of
metal at the rail joint than the ordinary fish plate, and can only be
used where the rail joint comes between the ties.
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Fic. 80i.

SEMAPHORE STAND.

This Semaphore Switch Stand is designed to provide an effective
and satisfactory signal for switches thrown by hand. The ordinary
color and shape target is replaced by a position signal in the form of
a semaphore blade. It is equipped with revolving lamp or spectacles
as r:qulred. It can be adapted to any form of stand having a revolving
mas
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Fra. 80j.
THE BUDA OSCILLATING SURFACE CATTLE GUARD.

This cattle guard is designed on an entirely new principle. It is
well known that all animals are afraid of an insecure footing.

This cattle guard swings free of the ties, and when an animal
places its foot on the guard it oscillates, thus deterring the animal
from passing over it.
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Fia. &0k.

AMERICAN GUARD RAIL FASTENER.

Under the present conditions of heavy trafic, a reliable guard rall
fastener is one of the essential requirements of a good track.

The guard rail brace, and base plate extending under both the guard
rail and the rail of the main track, are thoroughly fastened together
by rivets, and to further secure the brace three track spikes pass
through both the brace and the base plate,
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Fic. 801.

THE GRAHAM COMBINED GUARD RAIL AND FROG BRACE.

This brace is a stationary gauge and is placed between the guard
rail and frog, and cannot be applied unless the frog is in perfect gauge.
It always maintains the correct gauge. This guard rail brace never
requires re-spiking and no other braces are needed at these points.

The use of this brace effects a considerable saving in material used
at each frog, and also a saving of labor in re-spiking the guard-rail.
The dangerous point of the switch is made as safe as any part of the

track. It should be placed two to four inches ahead of point of frog
and firmly spiked to the ties.

Fre. 80m.

GUARD RAIL CLAMP.

Made of malleable iron or steel,
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Fia. 80n.

TIE PLUG.

A shows the hole in a tie after a spike is withdrawn.

B is a wooden plug, slightly larger than a track spike.

C shows this wooden plug driven in the hole in the tie after the
removal of the spike.

Note—After removing the spikes from a tie, all holes should be
filled with plugs before the tie is used again.



CHAPTER VI
STANDARDS OF CONSTRUCTION AND MATERIAL,

The standard sizes and quality of the various
materials and devices which are used on a new
line of railroad are largely determined before the
reconnoissance is made, and are in every case
definitely decided upon hefore the located line is
finally adopted.

STRUCTURES.

The financial success of the enterprise will
largely depend on the selection of the proper
standards for the different structures along the
line. Thus if it is decided to erect substantial
structures for stations, shops, storehouses, etc.,
on a new line, the greatest care must be exer-
cised, or it may be found that a substantial and
costly structure has been placed at a point where
very little business is being done.

Inasmuch as trading and manufacturing cen-
ters spring into existence at unexpected points,
it is advisable to keep the first cost of the road
down to the minimum, consistent with economy
of operating. After the country has been devel-
oped and the character of the business deter-
mined, then more substantial and permanent
structures can with advantage be adopted.

am)
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GAUGE.

The gauge or distance between the rails, is the
first point to be decided; a large majority of the
mileage in America is four feet eight and one-
half inch gauge, and it is pérhaps safe to state
that this is the gauge of the majority of the rail-
way mileage of the world. Discussion as to the
best gauge has been carried on ever since rail-
way building commenced, and was quite spirited
from 1870 to 1883, when there was a strong sen-
timent in favor of a narrower gauge than four
feet eight and one-half inches, which was then
and is now called the Standard Gauge. In 1880
there were 4,000 miles of railway having a gauge
of three feet, and such lines were then and are
now called narrow gauge.* -

The advocates of the narrow gauge claimed for
it the following advantages;

First—Ability to haul heavier loads.

Second—Ability to passaround sharper curves.

Third—That the road could be constructed for
less money, and

Fourth—That the paying load bauled was a
larger percentage of the dead load hauled than
on roads having standard gauge.

As the standard and narrow gauge roads ex-
isted and were operated in 1880, these claims
were correct, but only the second and third are
due to the gauge.

The load hauled by a locomotive depends on
the relation existing between the horse-power

*Appendlx E glves alist of the gauges of railroads that are or
have been in use in different countries.



STANDARDS OF CONSTRUCTION. 175

and the weight on the drivers, as the load to be
hauled increases, the weight on the drivers and
the horse-power of the locomotive must be cor-
respondingly increased; it is not economy to
have the weight of the drivers designed for a
greater load than the horse-power of the engine
will pull; this would be a case of a dead load
having no earning capacity. On the other hand,
if the horse-power is greatly in excess of the
weight on the drivers, the result is that the driv-
ers spin round on the track (slip) when a load
suitable to the horse-power is attached to the lo-
comotive. The discussion of the gauges referred
to taught the managers of the broad gauge roads
that their locomotives could be designed to se-
cure greater efficiency or economy. The second
claim of the narrow gauge advocates possessed
but small value, except in extremely rough and
difficult country, and then only at exceptional
points. The third claim, which they considered
one of their strong points, is not so strong as it
appears; where a new line is to be built to de-
velop a country, and the business will be light
for some years, the bridging, rails, locomotives
and cars can be built of a light, cheap standard
and the rolling stock kept on the line; bulk ma-
terial, such as live stock, grain, wool, etc., can
be handled in foreign cars of connecting lines,
where the shipment is to a point off the line;
this method saves the expense of transferring
bulk shipments at terminals, and the bridging,
track and rolling stock would cost about the
same as for a narrow gauge. The saving in the
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grading for a surface road averaging six feet cut
and fill, placing fifty cents per yard for the av-
erage price paid per cubic yard of material
moved, would be $1,200.00 per mile. A light
broad gauged road equipped as above described
has, in addition to the advantage of handling
bulk freight, the further advantage that the
earnings can be used to equip it for heavy traffic
as the business of the country is developed, and
all improvements can be made to conform to
the equipment used on the older roads.

At the time of the discussion in favor of the
narrow gauge the capacity of the narrow gauge
freight cars was a much higher percentage of the
dead load than that of the broad gauge freight
cars. This educated the managers of the broad
gauge roads, and to-day there are freight cars of
80,000 pounds capacity and 36,000 pounds weight
or dead load, while in 1880 the capacity was
about the same as the dead load.

As a rule, all' new lines built in a country
where railroads already exist should be of the
same gauge as existing ones. This will enable
freight to be handled more cheaply than where
there has to be a transfer from one car to an-
other at terminals. The fact that there was a
narrow gauge mileage of 4,000 miles in 1880
and a mileage of 8,000 miles in 1899 points con-
clusively to the fact that the standard gauge is
more economical to operate.

CUTS AND FILLS.
The next point to be decided is the width at
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grade of the cuts and fills. On a standard gaugev
road, the following table gives the widths used
on some of the lines in North America:

SINGLE TRACK.
Earth Rock

Name of Road. Embankment. Excavation. Excavation.

New York Cent. & Hudson

River ......covveiiiia.... 16 ft. 19 ft. 17 ft.
New York, New Haven &

Hartford. .................. 18 ft. 18 ft. 18 ft.
Lake Shore & Michigan

Southern................... 16 ft. 23% ft.
Baltimore & Ohio .............. 17 ft. 19 ft. 18 ft.
Southern Pacific................ 16 ft. 19 ft.
Northern Pacific. .............. 14 ft. 20 ft. 16 ft.
Chicago & Nor.-West........... 20 ft. 24 ft. 22 ft.
Tratman recommends ......... 16 ft. 20 ft. 18 ft.
Often used on new lines

with earth ballast.......... 14 ft. 18 ft. 16 ft.

The slopes adopted are generally as follows:

Foreartheuts.................... 1 horizontal to 1 vertical.
Forrock cuts.................... S to1 “
For rock cuts over 30 feet cutting.} “ to1l ¢
Earth embankments ............. 1} ¢ tol ¢
Rock embankments.............. 1} . tol «

The slopes of earth cuts near depots in towns and
suburban districts of large cities are often flat-
tened to 13 to1 and 2 to 1 and rounded off at
the top and sodded.

Narrow Gauge Sections. The widths of cuts
and fills for narrow gauge railroads can be made
less than for a Standard gauge. A deduction of
two feet can be made where the gauge is three
feet. .

Controlling Points. The points which control
the width of rock cuts are the room required to
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clear the lower steps on the platforms of passenger

cars. The long cars and their truss rods are also

a factor which has to be taken into account as
- clearance must be provided for them.

The character of the material through which
an earth cut is made, and the amount of surface
drainage into the cut, are the factors in deter-
mining the slope of an excavation and the width
at grade. There are often cases where the sur-
face drainago is diverted by ditches sometimes
called berme ditches ten or fifteen feet back from
the edge of the slope to the end of the cut to
prevent the water running down the face of the-
excavation, and where the character of the
material will stand a slope of 4 or$tol. In
such a case a largc saving is made, but the en-
gineer who attempts this must have had experi-
ence in handling material. There are some
gravels and clays which will stand at a steeper
slope than 1 to 1. However, with the clays,
their lines of cleavage or seams may cause fail-
ures under the most promising circumstances.

Mr. Tratman in “Railway Track and Track
Work ” in treating on the widths at grade of
cuts and fills says:

“The surface at subgrade is almost invariably
crowned at the middle to drain off water to the
sides, the only exception of which the writer is
aware being on the Eastern Railway of France,
where the surface is made slightly concave, and
tile drains are led from the bottom of the hollow
to the face of the bank. The roadbed may be
formed in different ways to throw off the water
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reaching it through the ballast: (1), it may have
one or more planes from each side to the center;
(2), it may have a curved surface with a rise of 8
to 6 inches for single track and 6 to 8 inches for
double track; or (8) it may have a flat center por-
tion with planes each side of the ditch. In
regions of ordinary rainfall the best plan is to
give a slope, as it will throw off water better
than a flat curve. The more solid and compact
the surface of the roadbed is made betore the bal-
last is applied, the better will be the drainage,
and the latest specifications prepared by Mr.
Katte, Chief Engineer of the New York Central
Railway require the subgrade to be as nearly
homogeneous in composition and consistency as
practicable for a depth of 18 to 24 inches, solidi-
fied to uniform resistance by thorough ramming
or rolling, and truly graded in regular drainage
planes, having a rise of 6 inches for a double
track roadbed 27 feet wide on a bank. In some
cases the roadbed is inclined on curves to give
the proper superelevation to the track, but this
practice is not general.

“In some cases the slope of the roadbed is con-
tinued to meet the toe of the slope in cuts, but
with earth or other poor ballast and in country
with ordinary rainfall, it is better to have a ditch .
reaching well below subgrade, so as to effectually
drain the roadbed. The drainage of the track is
effected by the ballast, the crowning of the sub-
grade and by side ditches in cuts, which latter
carry away the water from the ballast and road-
bed, and this drainage is one of the most import-
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ant items in maintaining a good track, its im-
portance increasing as the quality or quantity of
the ballast decreases, and increasing also in rela-
tion to the extent of rainfall. Climatic condi-
tions are, of course, to be considered in designing
the form of cross-section of roadbed, heavy ditch-
ing not being required in dry regions with light
soil. On roads through country with a moder-
ate rainfall, the ditches should, nevertheless, be of
ample capacity to carry off the storm water in
occasional heavy rains. The ditches should be
parallel with the track, not made to wind around
stumps or bolders, and must be graded so as to
pass all water freely and to thoroughly drain the
roadbed and keep both ballast and roadbed firm
and dry. The width should increase towards the
ends, and if the standard width does not give
sufficient capacity, the ditch should be widened
on the outer side.

“The distance from the rail to the ditch varies
according to the nature of the soil, and the bot-
tom should be about 16 to 24 inches below the
crown of sub-grade. An average arrangement
in ordinary material is a distance of 7 feet from
the rail to the edge of a ditch 24 inches wide on
top, 18 inches wide on the bottom, with the
bottom 8 inches below center of roadbed on
single track, or 12 inches on double track. In
wet cuts the ditches may be lined with cement,
or in narrow cuts (especially where the earth
slides or bulges) they may be lined with plank
or old ties with struts across the top. Sub-drains
of tile, brush, or wooden boxes may be laid as
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required. Where it is necessary to carry water
from the ditch on one side to the ditch on the
other side of the track, or from a center ditch to
the side ditches (as on double track) box drains
of wood are laid in the ballast. These box
drains are usually 12x12 inches 1nside, 12 to 16
feet long, made of 2-inch plank with the ends
sloped to conform to the slope of the ballast, and
baving four or six flat strips 2x6x16 inches across
the top. The ditches may be carried under road
crossings by cast-iron pipe, clay, sewer or culvert
pipe, or wooden box drains. The first is prefer-
able, as wood soon rots and lets dirt fall in to
clog the drain, and clay pipe is liable to be
broken, as there is generally very little cover
over it. The size of the pipe varies according to
the amount of water to be carried, but is gener-
ally 6 to 10 inches, while the box drain is usually
about 8x10 inches, having plank sides and bottom
and a top of cross strips nailed close together.”
Sections of the roadbed and ballast used on
some railroads are shown in Figs. 81 to 89.

Fie. 81.

EARTH BALLAST.—GALVESTON, HOUSTON & HENDERSON RAILWAY.
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GRAVEL BALLAST.—GALVESTON, HOUSTON & HENDERSON RAILWAY.
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BALLAST, CRUSHED STONE 2/44 INCHES DIAMETER.—PENNA. R. R.
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Fia. 86.
ROCK CUT STONE BALLAST, 24 INCHES DIAMETER.—C. & P. D BRANCH,

PENNA. R. R.
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Fie. 89.

BURNT CLAY BALLAST.—C. B. & Q. R. R.

The sections used in some of the American and
foreign tunnels are shown in Figs. 90 to 94.

Fie. 90.

HOOSAC TUNNEL. FINISHED MASONRY IN SOFT GROUND.
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Fia. 91.

SECTION OF TUNNEL AT PORT PERRY.—P. V. &. C. RY.

ol
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)
.

Fia. 92.

SECTION OF TUNNEL ON THE INSBRUCK-BOZEN LINE OF AUSTRIAN
SOUTHERN RY CO.

II/ Voi. 18



188 BUILDING AND REPAIRING RAILWAYS.

Fie. 98.

SECTION OF TUNNEL USED BY GOVERNMENT RAILWAY OPF
EAST INDIA.
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Fia. 94.

SECTION OF IRON TUNNEL UNDER ST. CLAIR RIVER USED BY
GRAND TRUNK RY.

BALLAST.

Newly constructed roads and the branches of
some of the larger systems are largely ballasted
with earth, or rather, are not ballasted at all,
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either for the reason that financial conditions
prevent or the traffic is so light as not to require
it. In this case the methods adopted to support
the track are fairly illustrated by the sections of
the roadbed of the Galveston, Houston & Hen-
derson Railway and the Illinois Central Railway
where the earth is filled over the center of the
tie level with the top of the rail, sloping out to
the bottom of the tie at its end; this gives drain-
age by couveying the water off the bank rapidly,
and permits the moisture under the tie to drain
out at the end. The objections to this plan are
that the earth over the center of the tie tends to
rot it and the lack of support at the end makes
it difficult to hold the track to line. However,
in the country where these sectiouns are used, the
rainfall at some seasons of the year is heavy and
continuous and the sections adopted are the best
for such climatic conditions. Where the rainfall
is not so great and where the ground is more or
less frozen during the winter, the earth (and
ballast also when used) is not placed on top of
the tie.

The various kinds of ballast used can be classed
as follows: Stone, slag, gravel, sand, cinders and
burnt clay. The requirements of a good ballast
are that it shall be durable; of a character that
will allow water to drain off freely; that it will
be free from dust and of such a quality and form
that it will remain in position and hold the tie.

.The material which most nearly fills all the
above requirements is trap rock and the harder
granites. However, circumstances compel the
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adoption of the best means at hand, and any hard
stone which will break into cubical form is used.
Shales which break into flat sheets crush into
powder, and do not give good drainage, they
should, therefore, not be used. The practice of
some roads is to lay a bed of large stone 6 to 9
inches thick on the subgrade, and on this place a
layer of 6 to 10 inches of stone broken to a
uniform size of 14 to 2 inches; however, care
must be taken to first fill the openings in the top
of the large stone with spauls before placing the
broken stone ballast. The ties are placed on top of
the broken stone and broken stone filledin around
them up to and level with the tops of the ties.
Another method is to place the crushed stone di-
rectly on the subgrade; the Pennsylvania Rail-
way do this, using 10 inches of stone under the
tie. Some roads require the ballast to be broken
to such a size that the largest stone will pass
through a 23-inch ring and others through a 8-
inch ring. The smallest size used must not be
less than one inch cube. In these cases the stone
is broken by a crusher and run through a screen
which separates the different sizes. The larger
size should be laid on the subgrade and the
smaller size form the top of the ballast. On this
subject Mr. Tratman states:

“In some cases a layer of gravel is laid upon a
bottom layer of broken stone, but this is not gen-
eral, and it is not to be recommended though
ciaimed to combine the good drainage of stone
with economy in material, as gravel isin general
cheaper and more easily procured. The 2§-inch
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stone is sometimes covered with a top dressing
of 1-inch stone, and the Pennsylvania Railway in
some places lays small broken stone over the reg-
ular ballast and covering the ties, the purpose be-
ing to deaden the sound in the cars. The new
steel ties for the New York Central Railway will
be entirely covered with ballast except over the
rail fastenings. This practice is not good with
wooden ties as a rule, as it leads to rotting by
keeping the ties damp, and prevents inspection,
but in very hot, dry regions, it may be permissible
in order to protect the ties from the sun. Stone
ballast should be handled with forks and not
with shovels so as to avoid putting dirt into the
track, as the dirt hinders the drainage and affords
a chance for weeds to grow. From a main-
tenance point of view it may be noted that
stone ballast on a poor road involves greater ex-
pense for renewal and maintenance (perhaps at
a time when little money is available) than when
gravel is used.

“Slag.—Furnace slag or cinder is extensively
used on roads in the vicinity of blast furnaces
and iron works. It is about as durable as broken
stone and in other ways almost as good, though
it is sometimes said that ties decay in it more
rapidly than in stone ballast. If properly drained,
however, the difference is but small. It is con-
sidered that it should be as free from.lime as
possible, but a reported corrosion of rails on slag
ballast does not seem to be substantiated. Mr.
Mordecai, Assistant Chief Engineer of the Erie
Railway, states that furnace companies are gen-
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erally glad to supply the material free on cars at
the furnaces, in order to get rid of it. It does
not require a great deal of labor to break it up
and costs about as much to put under the track
as stone, possibly a little less. It should be broken
to a 2-inch or 23-inch ring, and like stone, it
should be handled by forks, so as to be free from
dust and dirt. There should be at least 10 inches
of slag under the ties. The tamping is done in
the same way as with stone, though Mr. Morde-
cai thinks that slag requires a little more tamp-
ing in the middle of the Itie, so as to keep the
track in good condition for easy riding. It gives
excellent results, keeps the track in good line and
surface, and does not heave as much as gravel.
On the Chesapeake & Ohio Railway it has been
used for some years, the average depth under the
ties being 12 inches, and Mr. Frazier, Chief En-
gineer, states that it is very satisfactory and
economical. The bulk of this slag is as small as
ordinary gravel, and is loaded with a steam
shovel. The engineer has been able to get it in
this condition by arranging with the furnaces to
pour the hot slag from the pots down an incline
30 to 40 feet, when the slag spreads out and cools
very rapidly. This gives it the appearance of
broken china, instead of the porous sponge-like
appearance of the large lumps of slag handled in
the ordinary way. On the Lehigh Valley Rail-
way a 12-inch bed of slag is sometimes put under
the ties, and then covered with anthracite ashes
filled in between the ties. The cross-section is
usually formed similar to that for broken stone,
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and an important feature of slag ballast is that
owing to the sharpness of its edges it checks
people from walking on the track. It is exten-
sively used in England, where .it is run from a
furnace onto a traveling belt and suddenly cooled
by water, which hardens it and breaks it up at
the same time. In view of its low cost and its
excellence as ballast, it might well be adopted
by many roads which now use an inferior gravel
on their main tracks. If the traffic is heavy, the
improved condition of track and the reduced cost
of maintenance would probably warrant the ex-
pense for transportation of slag ballast from the
furnaces.

“Burnt Clay—This has been used in England
and other foreign countries for over twenty
years, and its use is extending in this country—
mainly in the West. The most suitable material
is brick clay (or almost any clay that has not
too much sand) and gumbo, or clayey earth, and
experiments have been made with the °‘black
wax’ earth of Texas. The site for burning is
cleared of top soil, and a row of old ties, cord-
wood, etc., about three feet high, is laid the
length of the kiln 500 tc 4,000 feet. This is
covered with a few inches of slack coal, or slack
and lump mixed, upon which is thrown a layer
of clay 9 to 12 inches thick. The wood is then
lighted at intervals, the openings being closed
when the fire is started. As the burning pro-
ceeds, another layer of coal is placed, and an-
other layer of 6 to 9 inches of clay, and these
layers are repeated from time to time until the
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finished heap is about 20 feet wide and 10 feet
high. One ton of slack coal will burn 4 to 5
cubic yards of clay, and the cost varies from 35
- to 85 cents per cubic yard loaded on the cars.
About 1,000 cubic yards per day can be burned
in a kiln 4,000 feet long, about 50 men being
employed. The work is usually done by con-
tract, the company furnishing the land, side-
track and coal. Partial estimates are given on
kiln measurements, and the final estimate is
made from car measurements when loaded out,
so that worthless material is not paid for. The
ballast is light (40 to 50 pounds per cubie foot),
easily handled, gives good drainage, 1s free from
weeds, is not dusty, and is in general satisfactory,
requiring renewal in six to eight years. It is
said to crush rather easily under the ties and to
necessitate shovel tamping, but the writer does
not consider that shovel tamping is necessary
with any ballast under ordinary conditions. The
cross-section is formed similar to that for stone
ballast, and there should be at least 12 inches
under the ties, as this ballast must be used liber-
ally to give good results. Further particulars of
the manufacture and use of this material are
given in the writer’s paper on ‘Improvements in
Railway Track’ (Transactions, American Society
of Civil Engineers, March, 1890), and in ‘Engi-
neering News,” New York, November 16, 1893.
The cost per cubic yard of ballast in the track is
about $1.05, distributed as follows, the price for
the first item being variable:
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Contract price for burning....... Ceeeeeees 38 cents.
Average costofcoal.............oevieininn. 21«
Loading on €ars.. ....cevvneveninennrnennes 8 «
Distributing...........oovees viiiiiiiie 9 «
Putting under track.............oooiieal, 22 o«
Interest and depreciation.............oouee. 4 ¢
Land .......o oo 1
Miscellaneous eXpenses. ..oveeeeeereaceeonns 2 ¢
Total cost per cubic yard.......... 81.05

“The burnt clay ballast used on the St. Louis,
Keokuk & Northwestern Railway is a black,
clayey soil or gumbo, and the railway company
contracted for it burned in the pit, the company
laying the necessary tracks, furnishing the old
ties and slack coal for burning, and loading and
hauling the burned ballast. The cost on cars at
the pit was estimated at 65 to 70 cents per cubic
yard, which is higher than usually estimated, but
a number of small items were included which are
sometimes overlooked. The burnt ‘black wax’
soil ballast on the Texas Midland Railway is said
to cost $1.00 per cubic yard in the track,
and to have the advantage of being absorbent,
so that in ordinary rainfalls most of the water is
taken up by the ballast (which does not soften)
and does not go through to the roadbed.

“Gravel.—This material is more used than any
otherin this countryand is of very varying quality.
It may be sandy and dusty or loamy (when weeds
will grow, drainage will be affected and the track
will heave) or else full of large stones, which
make an irregular and rough riding track. The
best gravel should be clean and coarse, and as far
as possible of uniform size and quality. It does
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not give as good drainage as stone, but a fairly
coarse and clean gravel will be generally satis-
factory. It is good economy to use plenty of
gravel, giving at least 8 inches (or better 10 in-
ches) under the ties, as it will enable a fairly
good track to be maintained nearly all the year
through without excessive work. It can be
tamped by picks or bars, the latter being gener-
ally preferred, and is easily taken care of. In
Europe the gravel is sometimes thoroughly
washed by machinery to free it .entirely from
earth and sand.

“There are varying opinions as to the cross-
section depending upon the quality of the mate-
rial and the climatic conditions. Thus with
good, clean, coarse gravel, or in warm, dry re-
gions, it is better to make the section as with
broken stone, bringing the ballast level with the
tops of the ties and shouldering it out 6 to 12
inches from their ends. With inferior fine or
loamy gravel (and thisisthe quality mostgener-
ally met with) or where water and frost have to
be considered, it is better to slope the ballast
from the middle of the tie to the ends, to allow
the water to drain off and not be held back by
the rails, the ballast being one inch clear below
the rail base. The slope may be made continuous
with that of the roadbed to the ditch, and may
be to the bottom of the end of the tie or a little
higher, so as to leave part of the end embedded,
out this latter arrangement is likely to retain
water along the ends of the ties. In some cases
the ballast is flat on top for about 3 feet, and then
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slopes down under the rails to the bottom of the
ties. Fine gravel is sometimes filled in 2 or 3
inches above the ties at the middle, but in wet
country this keeps the ties damp and leads to
rotting, though in dry country it may protect
them from the sun and from hot engine cinders.
The Houston & Texas Central Railway fills in the
gravel between the rails to the level of the under
side of the rail heads. On double track the bal-
last is usually sloped towards the middle of the
roadbed to form a central drain which should be
at least 6 inches below the ties,and is sometimes
carried down to the surface of the roadbed. Cross
box drains in the ballast carry the water to the
side ditches. At stations on the Southern Pacific
Railway the ties rest on 8 inches of ballast, and
cinders are filled in nearly to the underside of
the rail heads between the rails and between the
main and side tracks.

“Cinders.—Engine cinders make a cheap and
serviceable ballast which will last for some time
under light traffic. Being porous it drains well
and does not hold moisture. Itiseasily handled by
the shovel, does not heave much with the action
of the frost, and prevents weeds from growing.
The principal objection is that it makes a very
dusty track until after some length of service,
when the rain and traffic compact the material
very thoroughly. It is very generally used for
sidetracks and yards. With a wet roadbed, and
with earth or mud ballast in the spring, or in wet,
weather when the earth is too soft to fulfill its
purpose, a good layer of cinders will much facil-
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itate maintenance, and in very bad cases the mud
holes or wet spots may be dug out and filled with
cinders. The cinders should not be laid on earth
ballast, however, when the frost is coming out of
the ground or this action will be checked, and it
will be late in the season before it is thoroughly
out. In cross-section the ballast is sometimes
formed the same as for broken stone, and on side
tracks it may either be sloped down to form a
drain between that and the main track as on the
Baltimore & Ohio Railway, or be filled in level,
as on the Erie Railway. The cinders are some-
times applied upon a bed of stone or slag ballast
upon which the ties rest.

“Sand.—This makes a fairly good ballast under
light traffic, but unlessitisvery coarse it requires
constant attention and renewal, involving con-
siderable maintenance work as it flows from
under the ties with the pumping motion of the
ties, and is gradually drifted away by the wind
and washed away by the rain. It is generally
shaped the same as gravel, but if well shouldered
out from the ends of the ties and level with them
as on the Minneapolis, St. Paul & Sault Ste Marie
Railway (shaped the same as broken stone bal-
last) it will hold the track better, and there will
be much less flowing from the ties. Owing to its
instability it does not keep track well in align-
ment. It is convenient to handle and drains
fairly well, but it heaves in winter, makes a dusty
track, and is very hard on the journals and ma-
chinery. In India sand ballast is often covered
with a layer of broken stone or broken brick to
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prevent strong winds from blowing it away.
Special grasses or bushes may also be used as
wind breaks in sandy districts.”

TIES.

The quality of the cross-tie has an important
bearing on the stability and permanence of the
roadbed and the cost of maintenance. Ties can
be divided into three general classes: (a) wood
untreated; (b) wood treated with a preservative
process, and (¢) metal.

The kinds of wood used for ties vary, of course,
with every country. The different woods used
in the United States for ties approximate the fol-
lowing proportions: oak, sixty-two per cent.;
chestnut, five per cent.; pine, seventeen per
cent.; cedar (red, white and California), seven
per cent.; hemlock and tamarack, three per
cent.; cypress, two per cent.; redwood, three per
cent.; other kinds, one per cent.

The requirements of a good tie are: (a) abil-
ity to hold a spike against the strain exerted on
the spike by the rail; () it must not be brittle
and split when the spike is driven; (¢) the wood
should not yield or be compressed by the rail;
(d) it should withstand the pressure of the bal-
last (when stone) without being crushed; (e) its
size should give sufficient bearing surface to sup-
port the load imposed without the rail sinking
into the tie, or the tie being pressed into the bal-
last, or become broken; (f) finally, it should be
durable.
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White oak makes the best tie, both for wear
and durability; it generally fails from decay
rather than wear; the life of a white oak tie is
about eight years under heavy traffic, and some-
times twelve years under light traffic. Chestnut
oak is the second best variety of oak, and lasts
about seven years. The other varieties of oak
are not of sufficient durability to be used much.
Chestnut is equal in durability to white oak, but
being a softer wood the rail cuts into it more,
and it is not suitable for use on curves. Several
varieties of pine are used, yellow and Louisiana
and Texas long leaf pine being among the best;
while they are not hard woods they do not de-
cay rapidly, and their life on tangents is about
seven years, where the traffic is heavy; under
light traffic they have lasted ten years. Cedar
ties give satisfaction with a light traffic when
used on tangents, but the rail cuts into them
and they do not hold the spikes well, especially
on curves; their life can be placed at about eight
years. Hemlock and tamarack are used in sec-
tions where they grow, on account of their
cheapness; they are soft timber and do not hold
the spikes well; the rail cuts into them, and
they rot quickly; their life is probably from
. four to six years. Cypress may be classed
with the long leaf pine as to wear and durability;
it will average about eight years service. Red-
wood is very durable, but, being soft, its length
of service is determined by the time the rail
will cut into it and destroy it from wear; its or-
dinary life on the Southern Pacific Railway is
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given from five years up, depending on the
amount of traffic.

The cause of decay in timber is given clearly
in the report of a committee on Preservation of
Timber to the American Society of Civil En-
gineers on June 25th, 1885, which is as follows:

* Pure woody fiber is said by chemists to be
composed of 52.4 parts of carbon, 41.9 parts of
oxygen and 5.7 parts of hydrogen, and to be the
same in all the different varieties. If it can be
entirely deprived of the sap and of moisture, it
undergoes change very slowly, if at all.

“ Decay originates with the sap. This varies
from 35 to 55 per cent. of the whole when the
tree is filled, and contains a great many sub-
stances, such as albuminous matter, sugar, starch,
resin, etc., with a large portion of water.

“Woody fiber alone will not decay, but when
associated with the sap fermentation takes place
in the latter (with such energy as may depend
upon its constituent elements), which act upon
the woody fiber and produce decay. In order
that this may take place, it is believed that there
must be a concurrence of four separate condi-
tions:

“First—The wood must contain the elements
or germs of fermentation when exposed to air
and water.

“Second—There must be water or moisture to
promote the fermentation.

“Third—There must be air present to oxidize
the resulting products.
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“Fourth—The temperature must be approxi-
mately between 50° and 100° F. Below 32°F.
and above 150° F. no decay occurs.

“When, therefore, wood is exposed to the
weather (air, moisture and ordinary tempera-
ture) fermentation and decay will take place,
unless the germs can be removed or rendered in-
operative. '

“Experience has proven that the coagulation
of the sap retards, but does not prevent, the de-
cay of wood permanently. It is, therefore,
necessary to poison the germs of decay which
may exist, or may subsequently enter the wood,
or to prevent their intrusion, and this is the of-
fice performed by the various antiseptics.

“We need not here discuss the mooted ques-
tion between chemists whether fermentation and
decay result from slow combustion (Erema causis)
or from the presence of living organisms (Bacte-
ria, ete.).”*

The following table, giving the life of un-
treated wooden railway ties, is taken from Bul-
letin No. 9, Forestry Division, U. S. Department
of agriculture:

LIFE OF WOODEN RAILWAY TIES.

Railways. Ties. Av. life, years.

Delaware & Hudson.......... White oak, Tto12
“o e Chestnut, 5to 10
Lake Shore & Mich. Southern.. White oak, 6
Lehigh Valley................ White and rock oak, 8
S TN Cypress, 8

e iireeeeeenean Chestnut, 8
i eeieas Yellow pine, 1

* Report A. S. C. E., June 25th, 1885, pp. 288 and 289.
12 Vol. 13
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Railways. Ties. Av. life, years.
Pennsylvania.......... eeeee.. White oak, 5to 6
e +....Rock oak, 5to 6
Allegheny Valley............. White oak, 9
Central of N. J. .............. Oak, 8
“ i Yellow pine, 8
‘¢ i «+«...Chestnut, 8
Baltimore & Ohio............. Oak, 8
Boston & Maine ..............Chestnut, cedar and
hemlock, 5to ¢
Michigan Central........ ....Oak, 6to 9
o e, Cedar, 6to 9
Ol e, Tamarack, 4
“ N «....Hemlock, 4
Cleveland, Cincinnati,
Chicago & St. Louis ........White, burr
: and chestnut oak;
wild cherry,boney
locust and black
walnut, ab’t 9
Alabama Midland ........ ...Yellow pine, 5to 6
Nashville, Chattanooga
& St. Louis.............. ... White or post oak, 6
Mo., Kas. & Texas............ White, post and burr
oak, cherry and
sassafras, 6to 8
Burlington, Cedar Rapids ’
& Northern................. Whiteoak and cedar, 8}
Flint & Pere Marquette....... Hemlock, 5
“ “ .. - ..White oak, 8to 9
¢ “ eeeee. Cedar, 8 to 10
Chicago & Alton.............. Oak, 8
e Cedar, . (]
Chicago & Northwestern..... White oak, 6to 8
« s L., Cedar, 10 to 12
“ “o L. Hemlock, 5to 7

Minn., St. Paul & Sault
Ste Marie ............ «ees..Cedar and oak, 8 to 10
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Railways. Ties. Av. life, years.
Minn., St. Paul & Sault
Ste Marie .......ccc0vnenenn Hemlock and tama-

rack, 6to 7

Minn., St. Paul & Sault
Ste Marie .........c.vvennnn Red spruce, 6
Denver & Rio Grande......... Yellow pine, 5
“ G Oak, 6 to 10
Union Pacific. ..........euee Pine, 5to 8§
i eeieeeaeeen Red spruce 8
o iieeeiiiieenee White cedar, 8to 9
e e iieiersenaes Pine (burnettized), 7to 9
e eiiiiieeseaeas Oregon fir and pine, 4to 7
e e Tamarack, 5
Louisville & Nashville........ White and post oak, 7to 8
Chlcago, Burl’gton& Qumcy .0Oak, cedar, 8
.. Yellow pine, 5to 7

TREATED woop TiEs. In taking up the subject
of ties and other timber treated with wood pre-
servatives the investigator is confronted with a
lack of reliable data. This lack of knowledge on
the subject has retarded the adoption of preserva-
tive methods to a great extent.

Advances in the price of ties have brought out
the fact that availablesupplies of the more dura-
ble hardwoods have been so far exhausted as
greatly to diminish the possible supply. Timber
owners have naturally not been slow to avail
themselves of this fact and the railroads in many
sections of the country are casting about for a
remedy. An obvious solution is to follow Euro-
pean practice, and to resort to the chemical
treatment of the more perishable woods, which
are still abundant and comparatively cheap.

From a paper by W. W. Curtis, read before the
American Society of Civil Engineers, May 17th,
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1899, the inference may be drawn that the prob-
lem of treating the softer and cheaper woods, so
as to secure a cross tie that will last sufficiently
long to make the investment a financial success,
has been solved for the United States. He says
that “during the last twelve years something like
- 10,000,000 cross ties have been treated, and dur-
ing the present year there will probably be 1,-
500,000 ties treated.”

Poor’s Manual give the mileage of railways in
the United States on December, 31st, 1898, as
follows:

Mileage........ccoviivniiiiininnn, 184,894.33 miles.
Second track, sidings, etc........ 60,344.54¢ «
Total track..............couenn.. 245,238.87 ¢

Taking 2,700 ties per mile and the average life
of a tie as eight years, this would require nearly
83,000,000 ties yearly for renewals; besides which
perhaps 17,000,000 more are required for new
constructions; taking the average price of hard
and soft wood ties at 40cents each, and the average
cost of labor in tak.ag an old tie out and putting
a new tie in the track at 15 cents, the cost of re-
newals alone to the railroads of the United
States would be nearly $45,650,000 per year. The
only prospect of securing a reduction of this
yearly expense appears to be in the adoption of
ties treated by some preservative process, and
the use of tie plates on ties made from the dura-
ble soft woods. It must not be forgotten, how-
ever, that cheapness of process is not the only
consideration to be taken into account. The ob-
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ject sought by treating the ties is to increase
their life in the track, and this can only be se-
cured by adopting some method which has been
thoroughly tried and is honestly carried out.
European experience covers a period of forty to
fifty years, and in the United States it has been
carried on on a considerable scale for over four-
teen years. The results prove that wood can be
effectually protected from decay for a period long
enough to add fifty to one hundred per cent. to
the life of the tie. An important point which
railroads using preservative processes should in-
sist upon being faithfully carried out is the rec-
ord of the life of the tie. This is one of the most
neglected though essential points. To determine
this the tie should be stamped on the end with
the date it was treated. In France and Germany
a galvanized nail, having the date stamped on
the head, is driven in the top of the tie in addi-
tion to stamping it and a similar practice is being
adopted in the United States.

Where the ties are thus marked the only
further requirement is to record where they were
laid and when they are removed, and all that is
ne~essary is a simple blank by which the section
foreman can report the date the tie was stamped,
what portion of the road it was removed from,
and the cause of removal.*

During the last one hundred years scores of
processes have been experimented with, chiefly

*The Southern Pacific Railway Company seems to have kept
the most complete records of treated ties of any road in the
United States.
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in Europe, and hundreds of failures have occurred.
It has been ascertained that the choice of chem-
icals to be employed is limited to a few, and that
not only must the most appropriate process be
selected, in view of the character of the wood to
be operated upon, its cost or value, and its subse-
quent exposure, but also that minute care must
be observed in the various operations incident to
the process. The importance of this is evident
when it is considered that time is the only sure
test, and that ten or fifteen years must elapse be-
fore it is positively known whether a thorough
success has been achieved.

In a general way the approved methods of pre-
serving timber may be classed as follows:

Kyanizing—or use of corrosive sublimate.
Burnettizing—or use of chloride of zinc.
Creosoting—or use of creosote oil.
Boucherie—or use of sulphate of copper.

There are a number of other methods, but at
present burnettizing and creosoting appear to be
the most used in the United States. -

There are a number of conditions which affect
the value of preservative processes, as shown by
the wide variation of the life of treated ties.
Thus the time of the year the timber is cut
and the amount of moisture in the tie at the
time it is treated are among the known factors
bearing on the results obtained by the treat-
ment.

The theory of the process of wood preservation
is to withdraw the moisture or sap and to intro-
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duce into the pores of the wood an antiseptic to
prevent decay. The American literature on the
subject is limited; the report of the committee
to the American Society of Engineers on June
25th, 1885, and the paper read by Mr. Curtis be-
fore the same Society on May 17th, 1899, are
about as full as can at present be procured. On
page 377 of the report above referred to, Mr. C.
Latimer, Chief Engineer of the Atlantic & Great
Western Railroad, stated that his experience
showed ‘‘that white -oak ties last eight years
on the grade and nine years on bridges.”
‘“Eleven years ago the white oak ties cost fifty
cents, to-day (1885) they cost forty-five cents
per tie.”* The same engineer on page 378 states:
“If any process can be obtained which will
double or add fifty per cent. to the life of cedar
or hemlock ties, of course there is an immense
economy in it.”"

In regard to the price of cross ties, it must be
borne in mind that while for a period of several
years there may be no permanent change in the
price, yet the source of supply is constantly
being reduced, and each year a tie of poorer
quality is being accepted; there must, therefore,
come a time when contractors will realize that
the source of supply is being reduced, and a
permanent rise in the price will take place

# A condition that tends to discourage investments in this di-
rection is the uncertainty regarding the price that timber will
command in the future. The cheapening of freight rates some-
times enables the supply of cross ties to be procured from dis-
tricts which a few years before were considered inaccessible.
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which will doubtless be followed by a period of
approximately uniform prices. Thus considered
oak ties may be said to have advanced from 16
to 65 cents per tie in the last forty years.

Preservative processes it must be remembered
will augment the supply of wooden ties, inas-
much as some of the softer woods now rejected
will be available when treated; thus the hem-
lock of the Northern States and the lob lolly and
short leaf pine of the Southern States properly
treated will make excellent ties.

There can be no doubt that wood preserving
processes have been m sasureably successful. In
the paper of Mr. Curtis before referred to he
states: ‘““The experierze of American roads
with treated ties may be concluded to be gener-
ally favorable. The Atchison, Topeka & Santa
Fe Railway officials, after twelve years trial on a
large scale, believe they are getting from eleven
to twelve years service from mountain pine hav-
ing a natural life of about four years, while from
natural (untreated) white oak they get but six
years in heavy main line service, and from cedar
ten years under light service.” Good results
with treated ties are also reported from the fol-
lowing roads: Union Pacific Railway; Chicago,
Rock Island & Pacific Railway; Pittsburg, Ft.
Wayne & Chicago Railway; Duluth & Iron Range
Railway; Southern Pacific Railway. The expe-
rience of the English, French and German rail-
roads is that pine ties are made to last from fif-
teen to thirty years by chemical treatment, the
life depending upon the process adopted.



STANDARDS OF CONSTRUCTION. 211

The cost of treating woods varies greatly in
the different processes and methods; it is also
affected by the price of chemicals used, the vol-
ume of the business done, the skill and efficiency
of the men employed, cost of coal, etc. The rail-
road manager contemplating the adoption of a
preservative process for his road will have to
take into account the conditions on his line, con-
sidering the character of the timber he can pro-
cure, and to adopt the method and processes best
suited for such timber. A German report on
railways*® gives the following information:

TIES TREATED BY CHLORIDE OF ZINC.

Kindof tie ..............c...... Oak Beech Pine
Cost of crude tie................ $1.49 $1.01 $0.84
Absorption, 1bs............. cees 242 34 34
Cost of treatment. ............. $0.13 $0.15 $0.16
Total COSt..vunrrvneennnennennns $1.62 $1.16 21.00
Average life, years............. 15 9 12
CoSt per year........coceeeeeens $0.108 20.13 $0.083
TIES TREATED BY CREOSOTE.
Absorption, lbs. ..... [ 15.4 66 50.6
24.3 79.2 79.2
Cost of treatment............... $0.21 $0.50 $0.43
.29 .59 .57
Total cost........ Ciereneereanas $1.70 $1.51 $1.27
1.78 1.60 1.41
Average life, years............. 24 30 20
28 84 23
Cost per year........ Cereeeaiaes $0.071 $0.05 80.063
.063 047 .061

The life of ties can be prolonged to some ex-
tent by a study of the nature of the various

* Published in the ¢‘Organ of the Progress of Railroads,’’ Se-
ries 1807. Wiesbaden.
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woods used. In this relation Mr. B. E. Fernow,
of the United States Department of Agriculture,
Forestry Division aptly points out that not only
the different species of wood in practical use
show varying durability, that is, resistance to
decay, but the same species exhibits variation
according to the locality where it is grown and
the part of the tree from which the wood is
taken, and even its age seems to influence dura-
bility. Young wood, he observes, is more sus-
ceptible of decay than old wood; sap wood is
less durable than the heart. The idea that
young wood is more durable because it is young,
which seems to prevail among railway managers,
maust, he says, be considered erroneous. On the
contrary, young wood, which contains a large
amount of albuminates, the food of fungi, is
more apt to decay, other things being equal,
than the wood of older timber. Sound, mature,
well grown trees yield more durable timber than
either young or very old trees. Rapid growth
exhibited in broad annual rings and due to
favorable soil and light conditions, yields the
most durable timber in hard woods, and only as
far as the growth in the virgin forest has been
slow, ought there to be a difference in favor of
second growth timber. In conifers, however,
slow growth with narrow rings, which contain
more of the dense summer wood in a given
space, yields the better timber. In piling ties,
he recommends that they should be placed in
squares, with not over fifty ties in a pile, in such
a manner that one tier shall contain six to nine
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ties, separated from each other by a space equal
to about the width of the tie; the next tier to
consist of one tie placed crosswise at each end of
the first tier. The bottom - tie should consist of
two ties, or better, poles, to raise the pile from
the ground. The piles should be five feet apart.
The piling ground should be somewhere in the
woods, or at least away from the sun, wind and
rain, so as to secure a slow and uniform season-
ing. If dried too rapidly, the wood warps and
splits, the cracks collect water, and the timber is
then easily attacked and destroyed by rot. He
points out that the best method of obtaining
proper seasoning, in a shorter time, without
costly apparatus, is to immerse the prepared tim-
ber in water from one to three weeks, in order
to dissulve and leach out the fermentable mat-
ter nearest the surface. This is best done in
running water—if such is not at hand, a tank
may be substituted, the water of which needs,
however, frequent change. Timber so treated,
like raft timber, will season more quickly, and is
known to be more durable. The application of
boiling water or steam is advantageous in leach-
ing out the sap. Referring to the decay of rail-
way ties, he ascribes the lack of durability to two
“causes, viz.: (1) a mechanical one, the breaking
of the wood fiber by the flange of the rail and by
the spikes, and (2) a chemical or physiological
one, the rot or decay which is due to fungus
growth. These causes work either in combina-
tion or, more rarely, independently. The cut-
- ting of the wood may be prevented by the use of
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~ tie plates. The damage caused by the spikes
may be lessened as pointed out elsewhere. In
reference to drainage he suggests that rock bal-
last is best drained, and hence the best record
comes from such roadbeds; gravel is next best,
and clay or loam the worst. On the other hand,
where soft wood ties like chestnut are used, the
hard rock ballast, while unfavorable to decay,
reduces their life by pounding and cutting. Sanc
ballast seems to vary considerably; a sharp,
coarse, silicious (not calcareous) sand with good
underdrainage should be next to gravel, while
some reports give a heavy black soil and loam as
better than sand. The reason why sand, although
offering good drainage, is favorable to decay,
may be sought in its great capacity for heat,
which induces fermentation. Referring to wood
preservatives, Mr. Fernow says in France wooden
ties are universally subjected to preservatives;
that similar practices are quite general in Eng-
land and throughout Europe, caused by the scarc-
ity of wood, and its great cost. He ascribes lack
of interest in the subject in the United States to
ignorance, to unwise economy, to cheapness of
wooden ties, and to the fact that the flange cut-
ting of the rail is even more destructive than de-
cay, He recommends the use of tie plates in
order to prevent this.

The following table gives the size of ties used
by some of the railroads in the United States:

Length. Width. Thickness.
Railway. Feet. Inches. Inches. Inches.
Pennsylvania Railway......... 8 6 7

Southern Pacific Cypress ...... 10 O 10 7
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Length.  Width. Thickness.
Railway. Feet. Inches. Inches. Inches.
Southern Pacific Cypress....... 9 O 10 7
. ¢ Pine.......... 8 0 8 6
Atchison, Topeka & SantaFe.. 8 0 6
Chicago & Northwestern....... 8 0 8 6
New York Central............. 8 0 8 7
Pittsburg & Lake Erie.......... 8 6 9 7

Ties are spaced differently on different roads.
The following table gives the spacing used to a
thirty foot rail by some of the roads in the
United States:

Penusylvania, Main Line....... cesienese.. 14 wide ties,
i Sidings.......ccovveivinnnn. 12 ties.
Northern Pacific...........oovveenina... 16 ¢
Chesapeake & Ohio...... TN .18
Central Ry. of New Jersey........ .... ..o 18 ¢
Southern Pacific, Main Line ............. 17«
t o Branches .............. 15 ¢

The joint ties should be the largest ones and
should be more closely placed than the others to
give a better hearing for the rail ends.

The following table gives the number of ties
per mile of single track:

CROSS TIES PER MILE.

Center to Center. Ties per Mile.

18 inches....... et eteaatcaetetotconnstotetnanenns 8,520
.3 8,017
b Ceneeetenee e 2,640
. (LN e eteterstneasasstteatcaneiannns 2,347
1 T 2,112
No. of ties per 30-ft. rail 12,00, 2,112

o L LT U S 2,464

. s “oou “ 16...... teessesssetsanans 2,816

T T J e e ... 8,108



216 BUILDING AND REPAIRING RAILWAYS.

Metal ties have been used to a large extent in
some countries where timber is scarce or decays
rapidly. There is a great variety of styles and
patents, but in a general way they can be classed
under three heads, viz:
~ Longitudinal Supports. This method is accom-

plished by placing iron plates under each rail,
and holding the two rails together by means of
rods or iron bars. The metal plates are of vari-
ous designs and dimensions. This method has
been used more in Germany and Austria than
anywhere else; the (Germans are not, as a rule,
satisfied with it and it is being abandoned. The
method is still favored by some Austrian roads.

Bowls and Plates. This is a modified form of
longitudinal supports. Cast iron bowl shaped
plates are used in place of wrought iron or steel
plates in the longitudinal method; these are con-
nected by rods or bars of iron to hold the rails to
gauge—they are mostly used in India and South
America.

Metal Ties are the third style and these are
designed after the wooden cross tie, with such
changes as become necessary in a change from
wood to iron or steel. This form of metal tie is
more largely used than any other.

The latest reliable data of the mileage of metal
ties in use in Europe is given in Bulletin No. 9
United States Department of Agriculture, For-
estry Division, and the figures given there are
used in the following tables:
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SUMMARY OF TRACK IN EUROPE LAID WITH

METAL TIES.
Countries. Longitudinal, Cross tie, Total miles, Total miles,
miles. miles. 1804. 1890.
England.... .... .... 73 73 70
France.............. 128 128 52
Holland ...... ...... 322 322 329
Belgium............ 176 176 115
Germany...... ...... 8,580 8,025 11,605 8,787
Austria & Hungary.. 624 154 2163 128
Dosnia.............. 12 12
Switzerland.......... 480 480 397
Spain.......c couvnne 7 7 7
Portugal............ . 1 1 3
Sweden & Norway... 1 3 )
Denmark.... ........ 18 18 18
Russia . . vess ] 7 9
Turkey (Europe) ..... n 7 ih!
“  (Asia)........ 809 809
Greece ............. . 28 28
Totals.......... veee. 8,644% 9,8113 18,456 9,970

SUMMARY OF TRACK LAID WITH METAL TIES BY
GEOGRAPHICAL DIVISIONS.

1894 1890
Miles of | Total miles Miles of [Totalmiles
metal track| of track. |/metal track| of track.
Europe.......c.......| 138,456 137,000 9,970 | 132,071
Africa...... ... Cenes 2,401 5,675 1,290 5,200
Australia............ 234 12,000 186 10,640
Asia............ ee..| 14,586 22,000 9,314 19,106
(b}:uth America
atral
West Indies Ceen 4,416 21,5600 3,764 20,701
Mexico
North America...... 2* [ 190,000 2 | 174,000
Totals. ... ..... . 35095 | 888,175 || 24,526 | 361,718

*Ten miles of track on the New York Central Railway are not
included; the metal tias were purchased but were not yet laid.
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The following countries are the principal users
of metal ties:

Countries. Mileage, 18084,
British India.............. e eeeeiesemsresaees 13,655
Germany..........covvveeenses oas veesercaresass 11,605
Argentine Republic...... .. «.oooiiiiiiiiii 8,638
Cape Colony.... ... veviiiiiiiiieiiiiinniiaennns 906
B a4 ¢ 7 866
All other countries .........ceeuvveeeeesenenniens 4,425

Totals...coviiiniiiiiieineeerioosocanonns 85,095

The report already referred to gave the follow-
ing mileage of metal ties in the United States in
the 1894 Summary of Railways using metal ties
in the United States:

Roads. Length‘é&teet. of track laid wl};&gxeml ties.
Chicago & Western Indiana. ... 1,000 none
Delaware, Lackawanna & West-

[+ e 250
Long Island................... 950
New York Central............. 1,320 Further use disc’t'd.
Philadelphia & Reading........ 5,280 none
Minor experiments (estimated). 500 Use discontinued.
Totals.....co.oevvvunnn.. 9,300

European practice has proven the metal tie to
be economically successful under the conditions
which prevail there.

To prevent the metal tie being lifted by frost

‘or lowered when the ground thaws, the ballast
must allow the water to drain off and through it
readily; the German practice isto drain the water
off down to a point below the frost line. The
ballast should be stone broken to go through a
2-inch ring. The tie should be well bedded in
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the ballast to hold it in line. The experience
abroad with metal ties, is that more labor is re-
quired in tamping them the first year or two
than in the case of wooden ties, but after this
they require much less labor to tamp them
than wooden ties do. There are several causes
which have prevented the introduction of the
metal ties into the United States, the greatly in-
creased first cost over wooden ties being the prin-
cipal one; to assist in overcoming this they have
been made too light to stand the effects of corro-
sion. The cost of metal ties weighing 100 pounds
wasin 1894 from $2.00 to $2.25 per tie, depend-
ing on the method of fasteningthe rail to the tie.
Another reason for their unpopularity in the
United States is that they have been tried on
roadbeds not properly ballasted and drained for
metal ties and bave been looked after by section
men who were not favorably impressed with their
utility. Further it may be stated that in a num-
Yer of cases their trial was on too small a scale.

It is doubtless true that the use of the metal tie
is probably a factor which will not receive prac-
tical consideration from the hands of railroad
managers in the United States for sometime in
the future. The line along which present econom-
ical practice points is the use of tie plates and
rail braces on our untreated ties and this will
probably be followed by a more general use of
preservative processes to lengthen the life of the
wooden tie.

Following are some illustrations of metal ties:

Fig. 95 illustrates the metal tie used by the Dela-
i3 Vol. 13
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ware, Lackawanna & Western Railway. Fig. 96
illustrates the metal tie used by the New York
Central Railroad.

The literature on metal ties is well given by
Bulletins Nos. 4 and 9, United States Department
of Agriculture, Forestry Division Synopses of re-
ports on their use in the Netherlands and Switz-
erland in the Engineering News for 1898.

TIE PLATES.

To prolong the life of the cross-tie by prevent
ing the rail from cutting into the tie, tie plates
have been introduced. There are three generai
styles, based on the following principles: First,
ribs are placed on the under side of the tie plate
running in the direction of the length of the
plate, these are driven into the tie and separate,
but do not break up the fiber of the wood; with
this style of tie plate the greatest resistance to
the movement of the plate is in the direction of
across the tie or in the length of the rail; the
spikes on both sides of the rail being connected
by the tie plate, both resist the lateral move-
ment of the rail and are assisted by the friction
and end resistance of the ribs pressed into the
tie. The spikes used with this tie plate are sub-
jected to the wearing action of the rail, but to a
less extent than without it. Some forms of this
style have a rib which comes in contact with the
outside of the rail base to assist the spikes in re-
sisting the lateral motion of the rail. Fig. 97
illustrates an example of this style. Second,
lugs are placed on the under side in such a posi-
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tion that their largest surface is resisted by the
end wood of the tie when there'is a lateral press-

Fia. 97.

WOLHAUPTER TIE PLATE.
‘With rib to resist the lateral motion of the rafl.

ure produced by a passing train; on the top of
the plate there is placed a lug against which the
outside of the base of the rail is placed. The
lateral movement of the rail is resisted by the
spikes as in the first case, and also the greater
resistance of the lugs against the end wood of
the tie. The base of the rail, during its lateral
movements, is resisted by the lug on top of and
extending across the plate, thus relieving the
spikes of the wearing action of the base of the

Fia. 98.

GOLDIE CLAW TIE PLATE.
‘With lug to prevent the lateral movement of the rail.}
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rail. Fig. 98 illustrates an example of this
style. Third, this method aims to have the

Fie. 99.

THE C. A. C. TIE PLATE.

Fia. 100.

THE “SERVIS" TIE PLATE.

Fie. 101.

WOLHAUPTER ARCH GIRDER TIE PLATE.
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plate bolted or spiked to the tie and the rail fast-
ened rigidly to the tie plate. This is Sandberg’s
type of tie plate. Figs. 99, 100 and 101 illus-
trate other makes of the first two styles. The
same objection applies to the third style of tie
plate, which was found to the use of screws in-
stead of spikes to fasten the rail to the ties; by
the use of screws the rails were held rigidly to
the tie and the wave action produced by the
train on the rail caused the tie to work more (or
pump the ballast) than where spikes were used,
thus increasing the cost of track repairs.

Where tie plates are not used on all the ties
in a track they will be found of special benefit
under the following conditions: On heavy grades
and sharp curves they prevent the cutting of the
tie and canting the rail and preserve the gauge
without the use of rail braces. In tunnels where
the moisture tends to soften the tie, they pre-
vent the rail cutting into it and preserve the
gauge. On swampy ground where the roadbed
yields under the weight of the train, they pre-
vent ties being cut into by the rail, which leads
to excessive creeping of the rails. On long
bridges, elevated roads, in busy freight yards,
where trains are frequent, track deteriorates rap-
idly, and the cost of labor making repairs and
renewals is large. At road and street crossings
where the planking keeps the ties moist they
deteriorate quickly.

Ties which have been cut into by the rail can
be used again by adzing them down, plugging
the spike holes with hard wood and using a tie
plate.
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Of the various styles each has its advantages
and objections. The friends of the first style
claim that the metal is not properly distributed
in the second and they will sometimes buckle
when a heavy transverse strain is produced by a
passing train on a curve; those favorable to the
second style claim that the lack of a shoulder to
support the base of the rail and not having the
resistance of the end wood of the tie to oppose a
movement of the tie plate does not hold the
track to gauge as well as the second style of
plate and permits the spikes to be injured more.
There are, it may be said, conditions where each
claim is well founded, and the selection of style
will depend on the conditions of traffic, grade
and alignment.

RAILS.

The rails now used are manufactured of steel,
iron having gone out of use on account of the
greater length of life of steel and the price being
reduced to a point where there is ro longer a
saving in the use of iron. Formerly each road
had its own standard section for the rails used.
. This resulted in a great variety of forms of sec-
tions, some of which, however, were practically
the same, differing only in minor details.

In 1873 the American Society of Civil Engi-
neers appointed a committee to report upon the
forms, sizes, manufacture, tests, endurance and
breakage of rails and also the comparative econ-
omy of iron and steel. In 1883 the same body
appointed another committee to consider the
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proper relation to each other of railway wheels
and rails. This led to the appointment of a third
committee to prepare designs for standard rail
sections. In Appendix J there is a cut showing
the section adopted and the dimensions for rails
of different weights. Mr. E. E. R. Tratman in his
work on “Track and Track Work”’ speaks of rails
as follows: “Tie plates should be used with heavy
traffic, as the attempt to get a very wide base
support in the rail flange usually results in a
section which is not adapted to good rolling.
Flat-topped rail heads have been advocated, but
the metal in the head does not get so much work
or squeeze from the rolls, and is thus of less
dense texture on top than is desirable. This was
found with rails rolled in England 25 or 30 years
ago for the New Orleans & Chattanooga Railway.
In addition to this, the lateral play of the wheels
would soon wear the top to a curved section.
The usual top radius is 12 or 14 inches, though
the Chicago, Milwaukee & St. Paul Railway makes
it 18 inches, and any radius less than 12 inches
is objectionable. The best distribution of the
metal is probably that of the American Society
of Civil Engineers recommended sections, pro-
vided that the rails are of good material and
thoroughly rolled, the rolling being as slow and
cold as practicable.

“The rapid increase in weight of locomotives
and cars and train loads has led to the use of
heavier and stiffer rails in the sense of girders to
carry the increased loads, but in many cases
without correspondingly wider heads to sustain
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the increased wheel pressure ratios per square
inch of surface contact between rails and wheels.
The result in some such cases has been that the
metal of both tires and rails has been overtaxed,
excessive wear and flow taking place, and neither
wheels nor rails giving as good service as had
been expected. With this in view, Mr. P. H.
Dudley designed a set of rail sections whose type
is shown by the 100-lb. rail of the New York
Central Railway. It will be noticed that the
fillets are of large radius, and that the narrowest
part of the web is above the centre line. This
gives extra resistance to twisting, so that the
head will not bend over the web, nor the web
over the base. The following is from a state-
ment by Mr. Dudley:

“The static pressures under passenger car
wheels on rail heads 2} to 2% inches wide, range
from 30,000 to 100,000 1bs. per square inch, while
those of locomotive driving wheels range from
110,000 to 150,000 lbs. To sustain such wheel
pressures without undue flow and wear, requires
not only broad heads, but a high grade of metal
in the rails. Comparisons of tire records on the
New York Central Railway before and after the
use of the Dudley 80-1b. rail (5% inches high,
5 inches width of base, 2%} inches width of head
and s inch corners of head) show that with an
increase of 40 per cent. in weight per driving
wheel the mileage per ¢ inch of wear per tire is
about the same for the heavier locomotives on
the 80-1b. rails, as formerly for the lighter loco-
motives on the 65-1b. rails. The former carried
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17,600 1bs. per wheel, and averaged 19,300 miles
per % inch wear of tire. The latter carried 13,-
360 1lbs. per wheel, and averaged 19,400 miles
per 1% inch wear. Since the general use of this
80-1b. rail, the locomotives rarely go to the shop
to have the driving wheel tires turned unless
other repairs are needed, the wear of the tires no
longer determining when the engines must go to
the shop, as was the case when running on the
65-1b. rails. The mileage before re-turning the
tires is from 150,000 to 185,000 miles. These
facts show the value of the broad heads in in-
creasing the life of tires as well as of rails. -
“Mr. Sandberg, the European rail expert, favors
wide heads, with large corners, and his type of .
section is represented by the 72-lb. rail of the
Canadian Pacitic Railway. In 1894 he changed
his sections somewhat in detail, his modified
100-1b. rail being 5% inches high, 6} inches wide,
with a head 3 inches wide, having %-inch top
corners. He increased the width of the head, but
retained the round form with large corners and
a top radius of 6 inches. He admits that sharper
corners may be used with the American type of
rolling stock, having the short, rigid wheel base of
the trucks instead of the long, rigid wheel base of
European cars with fixed axles, but it may be
doubted whether this distinction is of much im-
portance. The width of rail base was increased,
so as to avoid the use of tie plates, for while he
advocates their use, he has found it difficult to
get them introduced by European railways. The
rail section has suffered in consequence, and even
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with oak ties (and almost certainly with softer
ties) the rails will still cut under heavy traffic
and wheel loads. One reason for the disfavor
with which tie-plates are regarded in Europe is
probably the size and weight and cost, and the
difficulty of securing flat plates firmly to the tie,
so as not to cause rattling. It may be mentioned
that some of the so-called Sandberg ‘Goliath’
rails are modified from the original to a section
for which Mr. Sandberg disclaims responsibility.
“ Double-Head Rails. In Europe the double-
headed rail, carried in cast-iron chairs, was early
designed, having two symmetrical heads, so that
the rail could be reversed and both ends be util-
ized for wear. Some of the sections were of
hour-glass section, with two pear-shaped heads.
The indentation of the lower head by the chairs,
however, made the turned rails very rough rid-
ing, and the rails were also found liable to break,
go that as early as 1858 the bull-head section
was introduced, having the lower head only large
enough to give a seat in the chair and a hold for
the wooden key or wedge which secures the rail
in the chair. Some years ago about ten miles of
80-1b. iron double-headed rails were laid on the
Boston & Worcester Railway (now part of the
Boston & Albany Railway), but after ten years’
service the track was relaid with T-rails. The
bull-head rail is now the standard in England,
and is also used somewhat extensively in Euro-
pean countries, India, etc. The Pennsylvania
Railway has some of the 90-1b. bull-head rails of
the London & Northwestern Railway, laid for ex-
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perimental purposes, some on steel ties, and
others in cast-iron chairs on wooden ties, but
this track has not been able to stand the heavy
traffic on this road. One of the great objections
to these rails is that they require two heavy cast-
iron chairs (weighing 26 to 56 pounds each) on
every tie, merely to hold the rail up. These
chairs involve much really useless material, and
the wear of the rails in the chairs limits their
life, being even more than the wear at the joints.
Many of these rails have rounded heads, but in
some of the modern heavy sections the head has
vertical sides and sharper top corners.

Many countries now recognize the disadvant-
ages of the bull-head rail, and are adopting a
more economical, but equally efficient track of
T-rails on metal tie plates. In England, how-
ever, the erroneous idea very generally prevails
that a T-rail track is in itself unsafe, and this
has even led to the introduction of double-head
rails for colonial railways, involving much un-
necessary expenditure, which would have been
better applied to the construction of a greater
mileage of a more suitable type of track. The
English track, as built, is very strong and sub-
stantial, but very expensive, and an equally good
track can be made and maintained at less ex-
pense with heavy T-rails. Mr. Freund, of the
Eastern Railway of France, has made investiga-
tions from which he concluded that theory and
experiment show that a T-rail secured to oak
ties by screw spikes is as safe from lateral dis-
placement as a bull-head rail in chairs or a T-
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rail with tie plates on pine ties. He further con-
cluded that the T-rail comes nearer to giving its
proper service than the bull-head rail, because
the life of the latter is limited by the wear of the
surfaces in contact with the chairs, and not by
the wear of the running surface. In most Euro-
pean countries, except England, T-rails are exten-
sively used, but they are very generally of poor
design and very much too light for the traffic,
and the consequent poor results in service are
among the reasons for the disfavor with which
the T-rail section is regarded for main tracks in
Europe. European engineers are not, as a rule,
well informed as to modern American track, or
the successful results of service of good rails
under severe conditions of fast, heavy and con-
tinual traffic. In some cases a narrow-based T-
rail has been adopted, carried in cast-iron chairs,
very similar to those for double-headed rails, and
secured by large wooden keys, which make an
objectionable fastening.”

In Appendix J the sections of rails used by
several American and foreign roads are given;
these sections differ from that adopted by the
American Society of Engineers, some very mate-
rially. Some tifty American roads, most of them
-~ western, have adopted the standard section recom-
mended by the American Society of Engineers.

The tendency is toward heavier rails. In
speaking of this, and the road-bed on which they
are used, Mr. Tratman remarks: ‘‘In regard to
the growing increase in the use of heavy rails, it
may be pointed out that while it is most desira-
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ble to have rails of ample weight for the traffic,
the rail is only one part of the track, and that
improvements in ballast, ties, fastenings, joints,
ete., are of equal importance in the construction
and maintenance of a first-class track. The lay-
ing of rails should also be very carefully and
thoroughly done, though this is a point that is
frequently neglected to a greater or less extent.
For instance, new rails carelessly laid on old ties
may be given a wavy surface, or permanent set,
due to careless handling or to uneven bearing
surfaces, which cannot afterwards be remedied
and will materially reduce the beneficial results
intended to be obtained by the new rails. With
an ordinarily good track, on which light rails are
replaced by heavier rails, the work of mainten-
ance and renewals should be very much reduced,
owing to the increased weight and stiffness of
the rails, which reduces the deflections, so that
the joints can be kept in better condition. The
number of ties should not be reduced for heavier
rails, as the rail should not be independently
considered as a bridge or girder resting upon
piers. A fairly large number of ties and fasten-
ings greatly facilitates the maintenance and ad-
justment of surface, line and gauge to ensure an
easy riding track, more so than when the supports
and fastenings are 33 to 86 inches apart, as with
English track.” .There have been some trials of
rails longer than 30 feet, which is the standard
length. Some roads are experimenting with 60~
foot rails and others with 45-foot rails. At this
date the experience is not considered favorable to
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their adoption, as the expense of handling them
proves to be greater per ton or foot than for the
30 foot lengths, beside which they become bent
more easily.

The street railway companies have made con-
tinuous rails by electric welding, and some ex-
periments in this line have been made by steam
railroads. Mr. Tratman describes one as follows:
“Continuous rails, with the ends welded together
in the track, are being tried on street railways,
and some experiments have been made on steam
railways with rails laid without expansion spacing
and spliced by riveted angle bars. In June,
1889, Mr. T. T. Gleaves laid on the Durham Di-
vision of the Norfolk & Western Railway, three
miles of the continuous °‘self-surfacing’ track
patented in 1886 by Mr. P. Noonan, a section
foreman. The rails were 56-1bs. per yard, laid on
ordinary ties completely buried in the earth, and
the spike heads were left #-inch clear above the
rail base, so that the wave motion or undulation
of the rails wonld not affect the spikes or ties.
As this motion was in advance of the wheels,
there was no battering of the ties, and the mo-
tion of a train was said to have been as smooth
and easy as on heavy rails in stone ballast. The
joints were secured by splice bars with %-inch
rivets, making the rails continuous and without
any allowance for expansion. At each end of
the three-mile section were switch points to
allow for the expansion of long stretches of rail,
and at frogs and switches at stations of course
the rails could move longitudinally. The track
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was turfed over, and three-inch terra cotta drain
tiles were inserted to carry the water out beyond
the track. After being laid, the track was nct
lined or surfaced for eighteen months, the only
maintenance expense being for a watchman, al-
though engines weighing 104,000 lbs. were fre-
quently run over it at a speed of fifty miles per
hour. The ties were found to decay more
quickly by being buried in the earth and becom-
ing water-logged, as might have been expected,
and the track got somewhat out of surface, owing
mainly to the fact that it was not laid on a com-
pact roadbed, but in wet clay cuts and on banks
that settled in sags. During the same period of
eighteen months, there were expended $1,890 in
labor for keeping the adjoining three-mile sec-
tions in fair condition. With such a track on
good ballast some interesting results might be
expected.”

The Illinois Steel Company’s standard specifi-
cations for steel rails adopted January 1st, 1897,
are as follows:

SEcTION 1. The section of the rail throughout its entire length
shall conform to the American Society of Civil Engineers Stand-
ard ( ) pounds per yard.

The fit of the ﬁshinfg or male templet shall be Eerfectly main-
tained. When the rolls are new the sectioun of the rail may be
one sixty-fourth (¢4) of an inch low. As the rolling proceeds, a
variation not exceeding one-thirty-second () of an inch in ex-
cess of height over templet may be permitted in a delivery of
ten thousand (10,000) tons of rails, after which the rolls must be
reduced to standard height of such sections. The standard of

measure to be Brown & Sharp United States Standard Steel
Vernier Caliper Rule.
WEIGHTS

8Ec. 2. The weight of the rail shall be kept as near to( )
pounds per yard as is practical after complying with Section No.
1. The rails shall be accepted and settled for according to actual
weights.

4 Vol. 13
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LENGTHS.

SEC. 8. The standard length of rail shall be thirty (30) feet, at
a temperature of seventy (70) degrees Fahrenheit. Shorter
rails having length of twenty-nine (29) to twenty-two (22) feet,
inclusive, shall be accepted to the extent of ten (10) per cent. of
the entire order.

A varidtion in length of one-fourth () inch over or under the
specified length will be allowed.

CAMBERING AND STRAIGHTENING.

SEC. 4. Care to be taken in cambering the railsso as toreduce
the amount of work in the straightening press to a minimum.
The rails must be straight in all directions as to both surface and
line, without twists or kinks. ’

FINISH.

SEC. 5. The rails must be smooth on the head and base, and
free from all mechanical defects and flaws, and must be sawed
square at the ends; the burrs made by the saws must be carefully
chipped and filed off, particularly under the head and on thetop
of the flange, to insure proper tit of the angle bars.

DRILLING.
SEC. 6. The drilling for the bolts to be in strict conformity
with the blue print attached, or the dimensions given.
Holes imperfectly drilled to be filed to proper dimensions,
All holes must be accurate in every respect.

BRANDING.

SEC. 7. The section number, name of maker, year and month,
to be rolled on the side of the web. The number of the heat to
be stamped in the side of the web. .

CHEMICAL COMPOSITION.

SEC.8. The chemical composition of standard rails under
seventy (70) pounds per yard to be as follows:

Carbon .......cciiiiiiiiiiiiiiiiiiiiena,, B7to .45
Phosphorous not toexceed................... 10
Sulphur not to exceed....................... .05
Silicon...;.o.ooiveen nn Ceeeeeiiir e ee.. 07t0 .15
Manganese.........oeeveenieinn teeivaianaes .70 t0 1.10

The chemical composition of rails seventy (70) pounds and
over per yard to be as follows:

Carbon................ eeees 45 to .65
Phosphorous not to exceed.... .

Sulphur not to exceed.... . .....cccoeininenn. .05
Silicon..........ovene. eeraeens ceneees veee. J10t0 .20

Manganest........ coeerienieitennenniiiens . .80 to 1.00
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TEST INGOTS.

Sec. 9. From each heat one test ingat shall be cast 21x2}x6
inches long. This to be drawn down at one heat by hammer-
ing to a test piece three-eighths () inches square by eighteen (18)
to twenty (20)inches long.  ‘T'he same when cold to be required
to bend to a right angle without breaking. This bar must be
bent by blows from a hammer.

CUTTING TO BLOOMS.

SEcC. 10. After cutting off or allowing for the sand on the top
end of the irgot, at least twelve (12) inches more of seemingly
solid steel shall be cut off that end of the bloom. If after cutting
such length the steel does not look solid, the cutting shall be con-
tinued until it does.

INSPECTION.

Sec. 11. The inspector representing the purchaser shall have
free entry to the works of the manufacturer at all times while
his contract is being filled and shall have all reasonable facilities
afforded tq satisfy him that the rails are being made in accord-
ance with these specifications.

The manufacturer shall furnish daily the carbon determina-
tions of each heat and a complete chemical analysis of at least
one heat of each day and night turn in which each element is to

be determined.
NO. 2 RAILS.

SEc. 12. The requirements for No. 2rails shall be the same as
for No. 1, except that they will be accepted with a flaw in the
head not exceedin%one—fourth (1) inch, and a flaw in the flange
not exceeding one-half () inch in depth.

No. 2 rails to the extent of five per cent. (5%) of the entire
order will be received.

The aim of manufacturers of rails is to produce
hardness to resist wear and toughness to resist
fracture. Carbon gives the metal hardness, and
each individual designer has his particular opinion
as to the exact amount of carbon to use to pro-
cure the best result. The heavier the rail the
larger the per cent. of carbon which must be
used. Silicon makes the steel fluid and dense,
this producing solid ingots and reducing crystalli-
zation. Sulphur tends to make the metal seamy
and phosphorous makes it brittle. Manganese is
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used for chemical purposes. Not only the opin-
ion of the designer, but the chemical constituents
and their proportions in the ores used together
with the weight of rail to be produced, affect the
proportions of the chemical constituents of the
rail. The economical question in the specifica-
tions of steel rails has been stated very clearly by
Mr. Ashbel Welch, Chairman of the Rail Commit-
tee of the American Society of Engineers as fol-
lows: “ An unwise saving of a dollar to the manu-
facturer, or a little unfaithfulness in the work-
man, will probably reduce the value of the rails
ten or twenty dollars. Ten or fifteen per cent.
added to the ordinary work on rails would double
their value. An expert rail maker knows this
very well, but he cannot put the $10 extra work
on a ton in order that it may be worth $60 more
to the purchaser, who will not allow him any
part of the $10 out of the $60 he makes. The
railway agent who purchases may also know all
this, but he cannot follow his own judgment, for
he knows his directors will say he paid $10 more
than the market price. It is thus that the inter-
ests of stockholders are sacrificed.”

The life of steel rails cannot be determined by
the number of years they have been in use; those
on one road may have had, during a given period,
two or three times the number of trains passing
over them than those in another road had. The
tonnage which has passed over the rail is a bet-
ter means of comparing the relative value of the
rail and its life. Mr. A. M. Wellington states on
this subject: “The life of first-class 60 to 80-
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pound steel rails was given by Wellington in his
‘ Economical Theory of Railway Location’ (1887)
as about 150,000,000 to 200,000,000 tons. There
are from 10 to 15 lbs. of metal, or #-inch to
#-inch depth of head available for wear, and abra-
sion takes place at the rate of about 1 lb. per
10,000,000 tons, or f-inch per 14,000,000 to
15,000,000 tons of traffic. The rate of wear is
increased about 75 per cent. by the use of sand by
the locomotives. The failure of modern rails, asa
rule, is due more to deformation of section at
and near the joints than to abrasion proper, and
this deformation and crushing are largely due to
the heavily loaded driving wheels, the wear from
which is estimated at 50 to 75 per cent. of the
total. Heavy freight engines may have three or
four driving axle loads of 380,000 to 388,000 lbs.
on a wheel base of 12 to 15 feet. The area of
contact between the driving wheels and rails is
an oval about 1x$ inch, or with worn tires or
worn rails 1x14 inches, with an area of 1.07
square inch. The maintenance of rails ought
not to exceed % cent or 1 cent per train mile,
but it is very generally as much as 3 cents,
owing partly to work on side tracks. About half
the metal in the rail head is available for wear,
but the full depth of wear is not obtainable in
main track, as the rails would then be too rough
for service; about %-inch is the limit of wear in
main track, the rails being then removed to
branch or side tracks.”

In Appendix J the following tables relating to
rails and fastenings are given:
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Table No. 1; Tons per mile and feet of track
per ton, of rails of different weight per yard.

Table No. 2; Number-of splice bars and bolts
for one mile of single track.

Table No. 3; Number of fastenings required to
a ton of rails of different weight per yard.

Table No. 4; Pounds and kegs of railroad
spikes required for one mile of track, given
for different sized spikes and reils of differ-
ent weight.

Table No. 5; Gives the weight per 1,000 for
standard track bolts of various sizes, and for
bolts with square and hexagon nuts.

Table No. 6; Gives the average number of track
bolts of various sizes in a keg of 200 pounds.

Table No. 7; The amount of expansion of steel
rails and the size of the shim for each
change of ten degrees of temperature from
30 to 130 Fahrenbheit.

Appendix J also gives the practice of the
Northern Pacific Railway, in allowing for expan-
sion; here the rule specifies that the thermome-
ter must be read in the shade, which would
make the allowance for expansion greater than
if the reading was taken in the sun and is a safer
practice.

SPIKES.

There have been numerous methods tried to
fasten the rail to the cross-tie. Screws of differ-
ent patterns and other devices have been tried,
but the general practice is to use the ordinary
railroad spike shown in Fig. 102, cut A. This is
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not, however, an altogether satisfactory spike, but
when the first cost and cost of maintenance are
taken into consideration, it is considered more
satisfactory than anything yet produced. Fig.
102, cut C, shows the way the fibre of the wood
is damaged by driving an ordinary railroad spike
into a cross-tie. The Goldie spike, Fig. 102, cut
B, illustrates a spike designed to accomplish all
that the ordinary railway spike does and yet not
damage the fibre of the wood to so great an ex-
tent.

Cut A. Cut B.
Fie. 102.
The holding power of the spike depends on the
rature of the Lie, the conditions under which the
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spike is driven, and the length of time it has been
in the track.

The force exerted by the rail when a train
passes over it tends to lift the spike out of the
wood; this takes place on a tangent, and is in-
dependent of any lateral pressure produced by
the swaying motion of the train. The holding
power of newly driven spikes has heen found by
experiments to vary from 1,500 pounds to 7,000
pounds, the latter being one of those cases, prob-
ably, where the conditions were more favorable
than exist in actual practice. In a good oak or
pine tie the resistance of a newly driven spike
for a 75-1b. rail would probably be about 38,500
pounds.

RAIL JOINTS AND FASTENINGS.

The best method of fastening the rails together
is a controversy not yet settled. There are a
number of different methods in use. With the
constantly increasing weight of engines the
method of connecting the rails becomes a vital
question.

The fish plate is used only where the traffic is
light and heavy locomotives have not yet been
introduced. The angle bar (Fig. 103) is a decided
improvement on the fish plate, and is used by
roads having a moderately heavy traffic; it gives
lateral stiffness to the joint and a greater bearing
surface on the tie. The continuous rail joint
(Fig. 104) gives a greater bearing on the tie and
a support to the base of the rail in addition to
the advantages of the angle bar; this form of joint
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Fia. 103.

Angle Bars used on & 75-1b. rail of American Society of Civil Engineers’ Standard.

Fie. 104.

CONTINUOUS RAIL JOINT.
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is used on a number of roads some of which have
the heaviest engines and greatest number of
trains in this country. Figures 105, 106, and
107 represent the Weber rail joint, the Truss rail
joint and the Common Sense rail joint, all de-

Section Side View.
Fie. 105.

WEBER RAIL JOINT.

Fia. 106.

TRUSS RAIL JOINT.

Section. Side View.
Fia. 107.

“COMMON SENSE ' RAIL JOINT.
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signed to accomplish the same object as the con-
tinuous rail joint. They are used by roads having
heavy traffic. Fig. 108 gives a view of a joint
adopted by the Chicago & Northwestern Railway
Comipany to secure the advantages ¢laimed for
the continuous rail joint without having to dis-
card the angle bars; the objectionable feature
with this fastening is that the upward wave mo-
tion has no greater resistance at the joint than
with the angle bar alone; the plate assists in
preventing the joint becoming low and adds
lateral stiffness when the spikes are well driven.
There are two functions to be performed by
rail joints. One is to resist the rapid blows from
the wheels of the engines and cars of fast pas-
senger trains, and the other the slower blows from
freight trains. The weight on the driving wheels
of the new passenger locomotives of the high
speed type is less than the new style of locomo-
tives for freight. The latest style of freight loco-
motives for the Illinois Central Railway, for in-
stance, will have a weight on each driver of
24,000 pounds, while the new high speed pas-
senger locomotives for the Lake Shore & Michigan
Southern Railway will have a weight on each
driver of 22,000 pounds. A 60,000 pound capa-
city car fully loaded will have from 11,000 to
12,000 pounds weight, per wheel. Inthe case ofa
tonnage train consisting of a twelve wheel engine
and one hundred loaded cars (ason the Illinois
Central Railway) passing over a rail joint, there
will be four blows of 24,000 pounds made by the
engine and 260 blows of from 11,000 to 12,000
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pounds made by the wheels of the freight cars.
When this is considered the importance of a
good rail joint becomes apparent.

The length of rail joints varies from 48 inches
with six bolts to 24 inches with four bolts. The
spacing of - the ties under the rail joints is not
uniform; some roads place the joint between the
ties, others place a tie directly under the joint;
theoretically the former will permit the rail to
respond to the wave action more fully than the
latter, and those advocating the first style of
spacing the ties claim it makes an easier riding
track on account of the wave motion of the rail
not being so greatly interfered with. The ques- .
tion of even® and brokent rail joints appears
from the practice to tend to a decision in favor
of even joints on tangents and broken joints on
curves.

Track bolts are made to a standard size; some
roads, however, have their own design. In Ap-
pendix J, Table No. 5 gives the weight per 1,000
bolts with square and hexagon nuts. Table No.
6 gives the sizes used for rails of different weight,
and the number in a keg of 200 pounds. Fig. 109
illustrates the styles of track holts used.

The constant vibration at rail joints when
trains are passing over them, causes the nuts to
turn and the bolts to become loose; this prevents

* When both rails in a track are laid so that the joints are
directly opposite each other, the track is said to be laid with
“even'’ joints.

+ When the joint in one rail is laid opposite the center of the
other rail, the track is said to be laid with ‘‘broken’’ joiats.
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Square Nut.

.Hexagonal Nut,

Fia. 109.

TRACK BOLTS.

the joint fastening from doing the work for
which it was designed. To overcome this, vari-
ous styles of nut-locks have been used; in a gen-
eral way they can be placed in four classes:

First—The use of washers partially made of
rubber or papier mache.

Second—Metal washers with a spring action
which are designed to keep the nut pressed tight
against the threads of the screw on the bolt.
(Fig. 110 represents the “Verona” nut-lock,
which is of this type.)

S R

F1a. 110.

STYLES OF “VERONA" NUT LOCKS.
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Third—An elastic nut designed
to clasp the bolt and hold this nut
in position by the increased fric-
tion between the threads on the
nut and bolt. (Fig. 111 represents
the ‘“National,” which is of this Fia. 111.

class.) Stoe Mur Caassing,
~ Fourth—A nut with an elongated base forming
a spring to keep the nut pressed tight against the

threads on the bolt. (Fig. 112 represents the

Prs

Fre. 112.

JOINT SPRING NUT LOCK.

joint spring nut of this class.) Loose nuts not
only mean loose and low joints, but wear on the
angle bars and rails and broken joint bolts, and
hence are to be obviated.

RAIL BRAOCES.

To keep the track to gauge, rail braces are
used on curves, and, if soft wood ties are used,
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-they can be used to advantage on tangents.
They should always be used for the guard rails
and lead rails of turnouts or switches. They
should be well designed for their work, or the
outer edge of the rail will cut into the tie, as
shown by Fig. 113. Two designs of forged steel
braces for rails are shown in Fig. 114. The tie

Fie. 118.

Shows how a rail-brace will fail to support the rail where it cuts into the
tie, or the rail brace is not properly designed.

Fie. 114.

FORGED STEEL RAIL BRACES.



STANDARDS OF CONSTRUCTION. 251

plate when used reduces to some extent the ne-
cessity for rail braces by giving a hard surface
into which the edge of the base of the rail will
not cut when a lateral strain is exerted by the
train; it also assists in holding the track to gauge
by bringing the resistance of the spikes on both
sides of the rail to oppose a lateral movement of
the rail.
SWITCHES.

In the selection of switches _there are three
styles to choose from, the stub switch, the split
switch and switches of special design or patents,
varying from the first two. The stub switch
consists of two movable rails connected by rods
to hold them to gauge and cause both rails to be
moved parallel when thrown by the lever;
the ends of these rails rest on a head block or
chair. The main line rails and the rails leading
to the side track are held firmly by the head
block or chair, Fig. 115 represents this style of
switch. The split switch is known as the old
English Point Switch, which has been in use ir

Fie. 115.

STUB SWITCH.
Showing head blocks and ground throw for.moving switch ralis

13 Vol. 13
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England since 1830 and is now coming into gen-
eral use in the United States. The Lorenz
Switch and the Clarke-Jeffrey Switch are split
switches. Fig. 116 illustrates this style. The

Fie. 116.

SPLIT SWITCH.
‘With Pony Switch Stand.—Suitable for yards.
third class of switches is designed for special
purposes; are protected by patents and they
mostly aim to give a continuous rail for the main
line. MacPherson’s Improved Safety Switch and
Frog is devised to lift the train over the rail of
the main line without the use of a frog when
being switched on to a siding. This switch is in
use on some of the great railroad systems. The
Wharton Switch is designed to leave the main
line rails unbroken at the switch stand, but a
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frog is used where the inside rail of the side
track crosses the main line rail. It has been in
use for a number of years and is well known.
The Duggan Switch is designed to accomplish
the same purpose as the Wharton Switch, by
having the switch rail work in a vertical instead
of a horizontal plane.

The principal objection to the stub switch is
that the pounding of the ends of the rails at the
head block by the passing wheels causes the rails
to bind at the head block when the expansion
becomes great, and thus brings about the derail-
ment of trains. Their use should be confined to
side tracks, but they are not to be recommended
for use even there.

Frogs can be placed in three general classes:
rigid, spring rail and swing rail. The manufact-
urers of frogs and switches make about four
styles of rigid frogs. Fig. 120 illustrates a filled

Fie. 120.

RIGID FILLED FROG.

frog. These frogs are made in two styles; in one
of them the metal between the rails is in two
pieces, and the other two pieces where they come
together at the point of the frog are welded to-
gether, thus making a stiffer frog and giving
more support to the point. Fig. 121 represents
a chuck filled frog which is lighter than the filled
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secriondB

secrion CD

Fia. 121.

RIGID CHUCK FILLED FROG.

frog and suitable for yards or a road with light
traffic. Fig. 122 represents a clamped frog, the

Fia. 122,

RIGID STEEL CLAMP FROG.

clamps being made of steel. This is sometimes
called a yoked frog. Fig. 128 represents a frog
riveted to a plate § to £ inches thick, the rivets
being countersunk on the under side of the plate
to give a flat bearing on the ties. In addition to
the styles of rigid frogs mentioned, some roads
have styles of their own, differing somewhat in
detail, and the various makers also differ in the
details of manufacture and style. Rigid frogs
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SECTION C-D.

Fic. 1238.

RIGID PLATE RIVETED FROG.

should not be used in main track of roads doing
a large business; they may, however, be used on
branches and in yards to advantage to reduce the
expense of construction.

Spring rail frogs have been called into use to
prevent the pounding at the frog and secure a
smooth riding main track; the spring rail frog is
considered to have overcome the weak point in
the track caused by a frog of the rigid type. Fig.

ocrton 48

Fie. 124.

SPRING RAIL FROG WITH ANCHOR BLOCK.

124 represents one style of a spring rail frog, the
block at A B is so combined with the track rails
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and rails in the frog that it forms a frame to
prevent the loose spring rail from creeping; the
spring rail is channeled to prevent worn wheels
from striking it. Fig 125 represeuts the “Eureka’

(S

Fia. 125.

“EUREKA’” SPRING RAIL FROG.

Spring Rail Frog. All four ends are spliced sol-
idly together as in a rigid frog. The hinge rail
is attached to the main rail by a bolt hinge (see
section I J); this allows the rail to move freely
and prevents its creeping; it iy attached %o the
movable part of the running rai by strong bolts
passing through both rails and a wrought iron
filling (see section E F). This makes this mov-
able part strong throughout. Manufacturers
have a number of other styles of spring rail
frogs, and some roads have patterns of their own.

Spring rail frogs and movable points are being
used in place of frogs to secure a smooth riding
track. Fig. 126 represents a movable point cross-
ing, which is used in place of a frog by connect-
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Fia. 126.

MOVABLE POINT CROSSING.

ing the levers at the movable point with the
switch stand. The Coughlin switch rail frog is
designed to leave the main line track unbroken
at the frog, there being no guard rail or frog
required for the main line. The principle of this
spring rail frog is in use on the Lehigh Valley
Railway and Western Maryland Railway. It
can be used with the split switch or Wharton
points. The spring rail frog used with the
McPherson improved safety switch accomplishes
the same object that the Coughlin switch rail
frog does, except that a guard rail is required
on the main line track.

On account of the varying angles at which
roads cross each other, crossing frogs have to be
especially made in each instance. They are made
of steel rails cut to length and shape, and fitted
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Fie. 129,
CROSSING FROGS. ANGLES 60° TO 90°.
and strongly bolted together. Fig. 129 represents

one type of crossing frog; the rails butt against
each other and are solid filled throughout, and

Fia. 130.

CROSSING FROGS. ANGLES 45° TO 60
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securely clamped with angle bars having six bolts
through them; the corners are supported by
heavy bottom plates. In Fig. 130 the crossing
differs from the preceding one, in that the rails
at the obtuse angles are solid instead of being
butits.

Fia. 131.

CROSSING FROGS WITH EXTRA HEAVY ANGLE IRONS.

Fig. 131 represents a crossing where the angle
irons are very heavy and have eight bolts; bot-
tom plates extend the length of the crossing or
can be put under the corners only as desired.
Fig. 182 is the same crossing shown in Fig. 129,
only modified for a street railroad. By making
toe flangeway on the street railroad as narrow as
possible, the life of the crossing is increased.
Fig. 138 represents another style of crossing for
a steam and street railroad, this is known as a
jump crossing, the rail of the steam railroad not
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Fia. 132.

CROSSING FROGS FOR STEAM AND STREET RAILROADS.

being grooved for the flanges of the wheels of the
street cars.

STEAMR.R.

stcron 4B

Fie. 133.

JUMP CROSSING FROGé FOR STEAM AND STREET RAILROADS.
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Switch stands are so arranged that they throw
the switch and display a signal at one opera-
tion; the signal is arranged to indicate a clear
track on the main line or show the train crew
that the switch is open to enter the siding. With
all split and safety switches where the train can
trail through and open the switch, an automatic
or safety switch stand should be used to prevent
either the points of the switch. or the switch rod
being damaged. Figs. 184 and 1385 illustrate a

Fie. 1384.

“RAMAPO"” SAFETY SWITCH STAND, AS IT APPEARS WHEN HALP
THROWN BY HAND.
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Fia. 135.

“RAMAPO” SAFETY SWITCH STAND AS IT APPEARS WHEN
HALF THROWN BY WHEELS PASSING THROUGH THE SWITCH.

safety switch made by the Ramapo Iron Works.
This firm have recently added an adjustable crank
to their safety switch stand; it assures the switch
stand of being able always to fit the throw of the
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switch, and to take up any lost motion that may
accumulate from wear and avoid the necessity of
adjustable head rods, or of shimming out the rod
to keep the gauge. There is an endless variety
of switch stands, and the types only will be given
here. Fig. 186 represents a switch stand for a

Fie. 136.
THREE-THROW SWITCH STAND.
three-throw switch which can be used on the
main line or in a yard where there is room for a
high switch stand. In a large yard it is better to
use low switch stands, as high ones are liable to



264 BUILDING AND REPAIRING RAILWAYS.

Fia. 187.

AUTOMATIC PARALLEL GROUND-THROW SWITCH STAND.

Fic. 188. Fia. 189.

LOW PONY SWITCH STAND. LOW PONY SWITCH STAND
WITH SAFETY BOTTOM CAP.
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prevent the signals on other switch stands from
being seen. Figs. 187 to 140 illustratesuch stands.

! e ey

Bem
/ ;(.
|
|

Fia. 140.

GROUND-THROW SWITCH STAND WITH WEIGHTED LEVER.

Some of the various designs for signals or targets
on switch stands are given in Fig. 141, and
Fig. 142 illustrates a method of elevating the
signal or target at a dangerous point.

Fia. 141.

DESIGNS FOR TARGETS R SIGNALS TO BE USED ON SWINCH
STANDS.



Fie. 142.

TARGET TRIPOD FOR SWITCH STANDS.
(268)
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Fia. 1438.

“HALEY' SEMI-STEEL BUMPING POST,
16 Vol i3
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BUMPING POSTS.

There are several designs of bumping posts,
the latest are of metal. Fig. 143 illustrates the
Haley post which is made of semi-steel, and the
spring is made of coil spring steel. The impact
is received on a plunger and the blow taken up
by two double coil springs, thus reducing the
shock on rolling stock to & minimum. The
anchorage under the rails shown in the cut can
in some cases be omitted. The Haskell bumping
post is made of steel rails and cast steel. The
main or base rails form support for diverging
braces, and it can be securely anchored. The

Ellis bumping post, Fig. 145, is a wooden one,

Fie. 145.

“ELLIS” BUMPING POST.

which has been in use for about ten years on a
number of roads.
BRIDGES.

The selection of bridges must be largely left
to specialists and each stream crossed will have
to be considered separately; one stream must be
crossed with the grade line high above flood
water; here a deck bridge can be used with ad-
vantage, thus reducing the cost of piers. (See
Figs. 149, 151 and 155.) At another crossing
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Fia. 146.

THROUGH PLATE GIRDER BRIDGE.

Fia. 147.
PERSPECTIV E VIEW OF THROUGH PLATE GIRDER BRIDGE.

c G

RS

Fic. 148.

THROUGH PRATT TRUSS.

A B is the lower chord, to which the bridge floor is attached.

C D is the upper chord.

A C and B D are the end posts.

C E F G and all such verticals are called intermediate posts or verticals
and are known as vertical members.

C F E G and all such diagonals are called tie-braces or tension braces
when the strain is a tension or pulland a tiestrut or strut-tie when the strain
is a compressive one or a push—in either case they are known as oblique
members.
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the grade line 18 so low that a through bridge can
only be used. (See Figs. 148 and 150.) Again
the nature of the stream may prevent false work
from being used in the erection of all or part of
a bridge and resort will have to be made to a
cantilever style. (See Fig. 165.) The stream
"may be navigable and the channels change at
different stages of the river, necessitating a high
bridge or two or more draw spans. (See Fig.
160.) The width of the stream and the amount
of shipping using the stream may be such that a
biscl)ﬂar bridge must be resorted to. (See Fig.
163.

Some of the points which must be considered
in designing a bridge are: The relation between
the length and the height of the truss, so that
the metal will be economically used in the chords
and braces. The width of the pannel must be
so proportioned, that unnecessary expense will
not be incurred for connections for the floor
system and lateral bracing; no rule can, how-
ever, be laid down for this; it is necessary for
the designer to study each peculiar case. The
lateral diagonal and portal bracing require care-
ful attention, also the floor system. The decision
as to whether the bridge is to be pin connected
or riveted connections depends on conditions;
more rapid erection can be accomplished with
pin connections; at busy terminal points or near
yards where a number of trains pass over bridges
and there is danger of derailment, a lattice riv-
eted bridge can be used to advantage; with this
style one of the members may be disabled with-
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Fre. 149.

DECK PRATT TRUSS.

the lower chord.

the upper chord to which the bridge floor is attached.
nd B D are the end posts.

» G H, etc., are vertical members.

F, E H, F G, etc., are oblique members.

In the Pratt Truss the aim is to place the oblique members at an angle
of 45° that being the most economical angle; but sometimes the height of the
truss E F is greater than the length of the panel F H and this feature has to
be walved to secure economy in other directions.

g
il

. -% U - Em
Fie. 150.

THROUGH WARREN TRUSS.

A Bisthe lower chord, to wbich the bridge floor is attached
C D {8 the upper chord.

ACand B D are the end posts.

CE, E F, F G, etc., are ubliqus members.

The \Warren truss has no vertical members. The prineiple of this truss
is & combination of equilateral triangles which geometrical figure is the
stiffest form of framing; however, there are cases when the length of the
Panels AE, E @, etc., and the height of truss or vertical distance between
the top and bottom chords are such that another form of triangle has to be

ted; in such cases the designer tries to make the angle E ACand AEC
43 near 45° as possible,

< v s

Fie. 151.

DECK WARREN TRUSS.

A B is the lower chord.

C D is the upper chord to which the bridge floor is attached
A Cand B D are the end posts.

AE,EF,FQ,GH,etc., are the oblique members.
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out, stopping traffic over the bridges. (See Figs.
154 and 155.) The forms of truss used in modern
practice are as follows: Plate girder is used for
short spans; under special conditions it can be
used for spans 75 to 100 feet long, however, it is
used mostly for spans of 50 feet or less. Figs.
146 and 147 illustrate a plate girder bridge. For
longer span than can be economically built with
a plate girder, a Pratt or a Warren truss of simple
type would be used (See Figs. 148 to 151.)
These trusses may be used up to 150 feet span,
as the span increases modifications of these
trusses are made to afford points for supporting
the floor system as shown by Figs. 152 to 157.
When the span becomes what is styled a long
span, reaching say over 300 or 400 feet, further
modifications are found to give economical con-
struction; these modifications are shown by Figs.
158 to 160. The 525 foot span erected at Hen-
derson, Kentucky, in 1885 was a truss similar to
that illustrated by Fig. 158.

The following bridges were built with a truss
similar to that represented by Figs. 158 and 159.

Havre de Grace, Maryland, in 1886, span 515 feet.
Ceredo, W. Virginia, ¢ 1893, “ob21 ¢
Covington, Kentucky, ‘1888, ‘¢ 550 ¢

The truss used for the bridge at Memphis, Tenn.,
erected in 1892, was similar to that shown by
Fig. 160. The channel span was a cantilever
having a span of 791 feet and the two spans west
of the channel were each 621 feet.

The cantilever, arch and bowstring bridges are
merely modifications of the trusses described:
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1 i
Fic. 152,

WHIPPLE TRUSS OR DOUBLE INTERSECTION PRATT.

The height required for the clearance of a train is about 18 ft. above the
rail, and in the preceding truxses (Fizs. 148 to 151) the panels are made to ap-
proach as near as possible to this distance. As the length of the span is in-
creased, the height of the truss must be increased, and to place the oblique
members at or near an angle of 45° in a Pratt truss or 60° ina Warren truss,
the length of the panel must be increased. Modifications must now be made
of the simple trusses toafford intermediate points to support the floor system.
The Whipple truss is a modification of the Pratt truss mude for this purpose;
A B C Drepresenis a panel of a Pratt Truss: an extra vertical E F and extra
obliques D E and E G are added to afford support to the point E to support
the tloor system.

/
/ \
1 : : T
Fie. 153.

MODIFIED FORM OF WARREN TRUSS.

As the length of the Warren truss {3 {increaced and the height of the truss
also incre: ., making the points Aand B of the triangle A B C too far
ap.rt to support the floor system, a vertical O D Is added to support the
floor at the point D.

.

Y 8 c 2 Pl a v

7 ar & rQ y3 & ",W
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Fic. 154.

SINGLE LATTICE GIRDER—MODIFIED FORM OF WARREN TRUSS.

This is another method of accomyplishing what is {llustrated by Fig. 158,
and in addition stiffens the upper chord; this {s two Warren trusses A BC D
FFG Hand A’' B' C' D’ F' G’ H’ placed together; the latter one affords points
B’ D’ G’ for supporting the floor system and points C’' and F for supplrting
or stiffening the upper chord.
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the cantilever is merely two spans placed
with say their centers on piers, the shore ends
anchored and the space between the two spans
over the stream or canyon bridged by a truss
bridge; the cantilever may be a deck or through
bridge; Fig. 165 illustrates a cantilever bridge.
The arch bridge is merely a truss with the lower
chord built in the form of an arch. The bow-
string bridge generally has the top chord in the
form of an arch, though sometimes the lower
chord is in the form of an inverted arch; Fig. 159
illustrates a bowstring bridge. The draw bridge
illustrated by Fig. 161 represents the usual style
with a center pier and a channel on each side of
the center pier. Where a pier is not allowed to
be built in the channel, bob-tailed draw bridges
having the short span weighted are sometimes
used, see Fig. 162. There has recently been in-
troduced another style of draw bridge especially
suitable to be used in a narrow channel, known
as the Scherzer rolling lift bridge; the advantages
over the old styles are as follows: ga) No center
piers obstructing the channel. (4) No dock-
space wasted. (c) When opened it completely
closes the roadway and prevents a train from
running into the draw. It can be designed asan
arch or cantilever. Fig. 168 illustrates this.
There are two general methods -of determining
the strains or loads the various members of a
bridge are subjected to; one is by platting the
loads or strains and is called “Graphical” statics
or {‘Graphical Method.” The other method is a
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Fra. 155.

DOUBLE LATTICE GIRDER—MODIFIED FORM OF WARREN TRUSS
Where the length of the truss becomes too great to use the form shown
by Fig. 164, this form can be used to support the intermediate polnt.s
' B’ C"' on the lower chord and C'* C’' D'’ on the upper chord, ABCD E
l" G being the simple Wnrren truss with three others—A’ B’ G’ D', eto.
A B C" D" ete, A" B™C" D", eto., added.

Fia. 156.

DECK BALTIMORE TRUSS—MODIFIED FORM OF PRATT TRUSS.

This is Fig. 148 inverted to make a longer span for a deck bridge than
Fig. 149 {s suited for; the floor system is supported by the addlr.lon of
obligue members A R and A’ B’ and vertical members A C D

Fia. 157,

THROUGH BALTIMORE 'I‘RUSS—MODIF;ID FORM OF
TRUSS.

This is another method of accomplishing what is done by the Whi:
The panels as A B C D have but one oblique D B, to th

truss. (Fig. 152)
added the oblique C E and the vertical E F to support the floor system at P

PRATT

Pple
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mathematical oune, based on the laws of me-
chanics.*

The various members of a bridge must be so
designed and connected that the strains will be
in the direction of their axis; all strains tending
to buckle or shear the members must be avoided
in making the design, and in the erection care
must be taken that all members are placed as
designed, no shortening or lengthening to be
allowed, as this would tend to throw a greater
strain on some members than they were designed
to bear. The manufacture of steel has reached
such a high standard that the bridge designer
knows definitely what duty it will perform, and
bridge designing has become as near an exact
science as can be expected of anything produced
by human agency. The expansion and contrac-
tion of the bridge is allowed for by an arrange-
ment of rollers on which one end of the bridge -
rests.t The piers to support the bridges can be
masonry or iron cylinders filled with concrete,
“tue selection of the style to adopt depending on
local conditions.

Wooden truss bridges are now seldom used on
new lines. Pile bridges and frame trestles are
now used to cheapen the cost where there is
much filling required; they are, however, used
as temporary structures especially on lines which
do much business; they are replaced as the re-

*The details of these two methods are treated very fully by A.
J. DuBois and Merriman and other authors, see Appendix K.

1The expansion of rails on draw bridges is discussed under
the subject of track.
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Fi6. 158.
LONG SPAN BALTIMORE TRUSS — MODIFICATION OF WARREN
TRUSS. i

This isa method in a long span of supporting the floor at three inter-
mediate points in & panel as is done by the double lattice girder Fig. 155,
ABCDEFGHI is thesimple Warren truss,oblique members J K L M, etc.,
and vertical members CM, N L, O D, F J, E K, etc., are added to suppdrt
the floor system at N O P, ete, and to stiffen the upper chord at M I, eto.

G 8’ 7 C I D’ J £ ~

Fia. 159.

LONG SPAN BALTIMORE TRUSS—ALSO KNOWN AS THE ARCHED
TRUSS, THE BOWSTRING TRUSS AND THE CAMELBACK TRUSS.

As shown by panel D D’ and E E’ this is modified form of a Pratt Truss;
AB,BC,CD,DE,EF, etc.,, D' E’, E' I'. etc., are the oblique members o
the Pratt truss;B B, CC', D D', € E’, F F', are the vertical members of the
Pratt truss. Tosupport the floor system at G H I, etc., the oblique members
LB.MC,N C, and the vertical members LG,MH,N1I, OJ, P K, are
added. The pressure exerted by the top chord is carried to the abutment
at. A by the members already alluded to, and the segment of a circle or
arch made by the members A B, B C’;and C' D, of the top chord which
act as an arch. This form of truss is suitable for long spans and is econom-
ical in the use of metal.
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sources of the company permit by earth ems-
bankments, or in the case of heavy fills, by steel
viaducts and arched culverts with earth embank-
ments. Fig. 166 1illustrates a pile trestle, while
Fig. 167 illustrates a framed one; in each of the
illustrations short stringers reaching from the
center of one bent to the center of the adjoining
bent are used; where long stringers reaching
from the center of one bent to the center of the
second bent, are used and are laid with broken
joints, a stiffer structure is secured, and the labor
in erecting is less than with short stringers; the
short stringers have the advantage of costing
less and require less labor to replace them when
it becomes necessary to make renewals. The
stringers are fastened to the caps in Fig. 166 by
both passing through a corbel which is drift
bolted to the cap. Another method is shown in
Fig. 167; here the stringers rest directly on the
cap and blocks are placed between them, the
stringers are bolted to the blocks and the blocks
are drift bolted to the cap.

The longitudinal bracing shown in Fig. 167 is
dimension timber instead of planking, similar te
that used for sway braces as shown in the end
elevation; this is a departure made by the Chi-
cago, Burlington & Quincy Railroad on one of its
new lines. This method makes a stiff bracing
and is economical in the use of timber. A stone
arched culvert, well designed and the masonry
properly laid, is a “permanent structure” in the
fullest sense of the term, and this fact is more
generally appreciated by the Eastern trunk lines
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Fi6. 160.
ANOTHER MODIFICATION OF THE WARREN TRUSS FOR
LONG SPANS. .

This is :zpe of the truss used for the bridge across the Mississippi River at
emphis, Tenn. The lower chord is 75 feet above high water.
The span is 621 feet.
mllanmodillettlonotmuuloegird T, 154: to adapt it to long?sn
bridges, the vertical membe:s, E F', E' F', et.olr‘sgre added to :upport the

system at F' F*, eto., and to stiffen the upper chord at E E’, etc; the horizon-
anceHGhaddedwluﬂentheendpos With this truss and the
arched truss, tem has to be made stronger than for the
othbers, munuu. dlnnnoea apartof the points of support are groater.

i AN
:Si ":‘:ulmw’/ﬂ' v'n: 8,

Fie. 161.

DULUTH-SUPERIOR BRIDGE.

This draw bridge is made of two trusses conneoted with a tower on the
draw or center pier by tie or tension braces.

Four track bridge (two steam railroad andtwo electric tracks) consist-
ing of center draw span, 485 feet, and two side spans, 300!eet each. Total
weight, 3, 230 tons.

raw span operated by electrical power.
Nots—The essential point is to show the draw span,
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than by the Western ones. The arched culvert
can be built with one or more spans, and all’
streams except the larger ones can be crossed
with them,

Fig. 168 illustrates an arched culvert. The
proper thickness to give the arch will depend on
the span S, the rise R, and the amount of fill A.
The proper thickness B of the side walls depends
cn the pressure on the arch. Taking a given
depth of fill as the length of the arch is decreasea
the amount of masonry in the wing walls is in-
creased. It is the engineer’s duty to determine
the length which is the most economical, and
this cannot be tabulated except for cases where
the ground is level transversely with the line of
the road.

Cast iron pipe laid through an embankment
can be used to convey a fair sized stream, or the
drainage of considerable area of country. These
pipes are used from one foot to three feet in
diameter, and several lines of pipe can be laid
together when necessary to secure the proper
capacity. They are generally made in twelve-
foot lengths, but some roads have the larger
sizes made in six-foot lengths. Fig. 169 illus-
trates a cast-iron pipe culvert and Fig. 170 illus-
trates one with wing walls at the inlet and outlet.

Drainage is secured through low embankments
by open culverts. In such cases the track can
be supported by wooden stringers or steel X
beams, Fig. 171 illustrates an open culvert.
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3 1

Fia. 162,

BUB-TAILED DRAW BRIDGE—MODIFIED FORM OF WARREN TRUSS,
SHORT SPAN COUNTER-WEIGHTED.
This draw bridge also consists of two trusses similar to Fig. 153, but in

t':is case the end posts are connected to the tower and form a part of the
wer.

SR A |

Fi6. 168.

Ji_| |

X

DX

x

F1e. 165.

CANTILEVER BRIDGE,
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Fia. 166.

PILE TRESTLE BRIDGE.

Fia. 167,

FRAMED TRESTLE.
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F1c. 168.

STONE ARCHED CULVERT.

FIG.. 169.

CAST IRO 1 PIPE CULVERT WITHOUT WAaNG WALLS.
7 Vol. 13
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Fie. 170,

CAST IRON PIPE CULVERT WITH WING WALLS.
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OPEN CULVERT.



CTANDARDS OF CONSTRUCTION. 285

WATER SUPPLIES.

The importance of the water supply has been
discussed in a previous chapter, the selection of
pumps, storage tanks and accessories will here be
considered. Windmills, probably, are used more
as a source of power to pump water for railroads
than all other appliances in the United States;
the other sources of power are steam and gas.
Wheels as large as 80 feet in diameter are used
on windmills; their stroke is from 2 to 24 inches
and the plungers of the pumps are from 2 to 10
inches in diameter. :

Where larger supplies of water are required
than a wicdmill can be relied upon to give, a
steam and gas or gasoline pump can be used.
The gas or gasoline pump has only been recently
introduced for this purpose. A steam pump for
deep non-flowing artesian wells is illustrated by
Fig. 172. When pumping from a well, pond or
stream by a steam pump, the pumping plant re-
quired is shown by Fig. 173. Fig. 174 represents
one of the makes of gasoline engines and pumps
designed for railroad water supply. A design
for a pump house and machinery is shown in
Fig. 175; this shows a gasoline engine belted to
a pump.

To supply locomotives with water large
amounts are required at intervals more or less
frequent depending on the number of trains. To
obtain an economical plant, provision must be
made for storing the water as it is pumped and
running the pumping plant steadily; this per-
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Fi6. 172,

PUMP FOR A DEEP WELL.
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mits of a small pumping plant being used, and
on a branch or where but few trains are run one
man can attend to pumping water for several
water stations. The water tanks generally used
are 16 feet high and 24 feet in diameter and con-
tain 50,000 gallons. They should be placed high
enough above tne rail to give the water sufficient
force to fill the tender rapidly and not unneces-
sarily delay trains; some roads are placing the
bottom of the tank twenty feet above the rail.
The tanks are made of wood and are supported
on wooden or iron posts. Fig. 176 illustrates

Fia. 178.

OCOMMON FORM OF SETTING UP A PUMPING PLANT FOR A
WATER STATION.
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Fi1a. 174.
COMBINED GASOLINE ENGINE AND PUMP.

one supported by wooden posts. Some, however,
are supported by wrought iron columns and the
advisability of using steel in place of wood for
counstructing railroad water tanks is being dis-
cussed.

A submerged water station consists of a cylin-
der submerged in a well, the cylinder contains a
movable piston; the top of the cylinder is con-
nected with a pipe which leads up to a post
where it can be coupled to the boiler of a loco-
motive; when steam is turned on the piston is
depressed and water is forced out of the cylinder
through a pipe leading to a stand pipe. Mr. E.
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H. McHenry, Chief Engineer of the Northern
Pacific Railway, is the inventor and it is in use
on the Northern Pacific and Duluth, Missabe &
Northern Railways.

Where the water supply 1s procured from an
elevated point and is piped to the track or from
a city water-works, a stand pipe or water column
is used; where the road is a double track one
water column can be placed between the tracks;
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Fie. 175.

DESIGN FOR R. R. PUMP HOUSE AND MACHINERY, USING A
GASOLINE ENGINE.
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WATER TANK, SUPPORTED BY WOODEN POSTS OR BENTS.

however, less delay to the trains is secured by
using two, as stated in the chapter on construc-
tion.

An automatic water column or stand pipe is
illustrated by Fig. 179. There are several makes
on the market. To secure satisfactory service
the supply pipe should be large, some roads using
a 12 inch supply pipe for a 10 inch water column
There must be a sufficient head of water to giw
the necessary force to discharge the water rapidly
and not detain trains. The column must have
a quick opening valve, be readily adapted to high
or low pressure, be frost proof, should turn auto-
matically to its position parallel with the track,
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Fia. 179,

ATUTOMATIC STAND PIPE OR WATER COLUMN.
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the valve should be balanced, it should rotate
easily and should drain automatically after use.*

To enable fast trains to take water without
making a stop ‘“Track Tanks” are resorted to;
they consist of a shallow tank 6 to 7 inches deep
in the clear and 1200 to 1400 feet long. The
approach at each end is sloped so that loose rods
on passing trains will not catch and damage the
. tank. The train can take water when moving
at a speed of 45 miles per hour; this is done by
lowering a scoop attached to the tender, which,
with the force and velocity at which the train is
moving, causes the water to flow into the tender,
the tank is sloped up at the ends to prevent
the scoop damaging it. Track tanks are so
placed that water can be taken-about every 80
miles run by the train. The difficulty met with

Fie. 180.

TRACK TANK.

A—Cross section of roadbed. B—Cross section of tank. C—Partial longitu-
dinal sectioa of tank.

*Table No. 8, Appendix J, gives the capacity of single acting
and duplex pumps and the fittings required.
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is to prevent their freezing and two methods
have been adopted to overcome this: one is to
inject live steam at points along the line of the
tank about 40 feet distant from each other. The
other method is to tap the tank at the center and
connect it with a suction pipe of a pump and
pump the water out of the center of the tank,
pass it through a heater and return it at each
end of the tank; the latter method gives the
best results. Track tanks are in use on a number
of roads. (See Fig. 180 which gives details.)

COALING.

The method adopted for storing and handling
coal is important; a badly arranged coal station
may require an unnecessary amount of labor in
handling the coal which in the course of a few
years would equal the cost of the plant. There
are three general methods in use. The one used
the most consists of a shed about 20 feet wide
having the main line on one side and a side track
for coal cars on the other. The side next to the
siding is boarded up as high as the sides of the
gondolas or coal cars. The length of the shed
depends on the amount of coal required to be
stored. At the center of the shed a platform is
erected having a hand crane on it and space for
the storage of coal buckets, which are made of
iron and contain one-half ton of coal each. A
narrow gauge track is laid along one side of the
shed, if the shed is much wider than 20 feet the
track should be laid in the center. The coal
buckets are placed on cars to move them to and
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from the crane to the coal pile; as fast as they
are loaded they are placed on the platform, which
is the same height above the rail as the top of
the tender. Fig 181 shows a plan of suck a coal-
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Fi1e. 181.

PLAN OF A COALING STATION WHERE BUCKETS ARE USED.

ing station, which is arranged to save handling
part of the coal by shoveling 1t direct from the .
car into the buckets which are placed on a car
on the track D, the buckets being hoisted through
the opening E on to the platform C. The track
A is used for the car when the buckets are loaded
from the coal stored in the shed, Another style
used more extensively on lines having a large
traffic is an elevated coal shed with pockets con-
taining enough coal to coal up a tender; these
stations can be arranged to unload the cars by
dumping from the side or bottom. However
they are generally arranged for the cars to be
unloaded by hand as a large amount of the coal



STAYDARDS OF CONSTRUCTION. 295

is handled by cars having no arrangement for
dumping. These stations can be placed between
the two main line tracks of a double track road;
the coal cars are pushed up an incline track on a
grade of 5 or 6 per cent. to the coal shed which
is on trestles or the side of a cut. Fig. 182 re-
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Fia. 182.

TRANSVERSE SECTION OF A CLINTON COALING STATION.

presents a section of such a coaling station.
Where the traffic becomes so heavy that four or
more tracks are required, the coal for locomotives
is placed in the tender of the locomotive from a
bridge spanning the tracks. The storage shed is
elevated on a trestle or the side of a cut, a track
laid in the coal shed passes over a turn-table
where a track from the shed leads to the bridge
over the main line tracks. Scales are placed at
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a point where all coal taken from the shed can
be weighed. The coal is loaded into cars of a
style which can be easily dumped; under the
rails on the bridge there is a hopper terminating
in a spout to which a movable section is attached.
The operation of loading a tender is as follows:
The cars are kept loaded and are pushed from
the coal shed out on the track leading to the
bridge, when a train pulls up with the tender
under a hopper the movable spout is let down,
the coal cars are run to the hopper and the coal
dumped and the empty car pushed forward, leav-
ing room for a second car to discharge its load
into the hopper. In this way the necessary number
of cars to load the tender are rapidly unloaded,
the movable spout israised and the train proceeds.
Where the men are trained for the work the oper-
ation is very rapid. The empty carsare run back
into the coal shed, being switched around those
which were not unloaded.

The skill of the engineer is displayed in adapt-
ing the various plans to the conditions of the
business and the topography of the country—
aiming always to reduce the cost of labor and de-
tention of trains to a minimum.

TURNTABLES.

With the increased weight and length of en-
gines, the styles of turntables in use a few years
ago are not able to do the work required of them
at present. Attention is now being given to im-
proving the bearings at the center to secure a
distribution of the weight of engine and turn-
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table, so that the table can be quickly and easily
turned. Turntables are now made from thirty
to seventy feet in length, and of both wrought
and cast iron. The two styles are illustrated by
Figs. 183 and 184. Turntable centers are illus-
trated by Figs. 184, 185 and 186.

Fia. 183.

CAST IRON TURNTABLE.
(Made by William Sellers & Co., Philadelphia, Pa.)
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THE KNG BRIDEE CO., ¢
SBTLAD 6.

Fie. 184.

WROUGHT IRON TURNTABLE.
(Made by the King Iron Bridge Co.)

Fie. 185.

A TURNTABLE CENTER USED BY WILLIAM SELLERS & CO
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Fia. 186.

SPRCIAL SIXTEEN ROLLER CENTER FOR TURNTABLES.
(Made by C. L. Strobel.)

BUILDINGS.

In regard to the character of the buildings to be
erected, the uncertainty of the development of the

country must be borne in mind. Another point to
18 Vol. 13
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be considered is the effect produced by improve-
ments made in the arrangement, of the interiors,
decoration, methods of lighting, heating and ven-
tilation,improvements in plumbing and sewerage;
in private dwellings the improvements along these
lines have been such that a period of about ten
years makes a residence, once modern and de-
sirable, old-fashioned and undesirable unless re-
modeled. It is altogether probable this improve-
ment of design, etc., will continue at a more
rapid rate in the future than in the past. While
railroad structures are probably not affected so
much by this improvement as dwellings, yet on
account of competition it must be considered.
For this reason it is not the greatest economy
to erect buildings of a character to last for a long
period. It is also difficult to design a building
for the present, and provide for extensions to be
built when business increases; the increased busi-
ness often takes place along unexpected lines and
is of a character which could not be anticipated.
The growth of the country and the expansion of
business, while increasing the receipts of a rail-
road, also greatly increase the expenditure made
to provide facilities to handle the business. These
reasons tend to make careful railway managers
use buildings which the public are protesting
against and which they are not satisfied with.
For the larger buildings such as terminal depots,
general offices, depots both passenger and freight
at large cities or manufacturing centers, hotels
and even offices and shops at division head-
quarters, it is impossible to lay down any general
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plan to be adopted, as the conditions are so dif-
ferent.

Fig. 187 is a plan of a frame depot suitable for
a new line in a sparsely settled country. Living
rooms are provided for the agent and his family;
a passing track but no house track is provided
for.
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Fiac. 188.

SMALI, FRAME DEPOT.

Fig. 188 is a plan of a frame depot suitable to
be used where business is light or moderate and
where the agent’s family can secure a house away
from the depot to live in.

Fig. 189 is a plan of a frame depot for a
station doing a fair business. A house track is
provided for, which can also be used as a team
track for carload freight.

All of these depots when built in a northern
climate should be set on a stone foundation or
some other provision made to keep the floors
warm. The floor of the warehouse should be of
two-inch plank and the waiting rooms, offices and
living rooms double floored, the top one being of
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hard maple. The doors in the warehouse should
be sliding, six feet wide and seven feet high; the
other outside doors should be three feet wide and
seven feet high. The inside doors can be
two feet six inches wide and seven feet high.
No windows should be placed in the ware-
house, they afford opportunity for petty thieves
to ascertain whether fruits, ete.,, are on hand
and tempt them to pilfer. A transom should
be placed over the end door. The waiting
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OUTBUILDINGS FOR SMALL DEPOTS.
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room and office windows are often made of
twelve lights, each eight by sixteen inches, which
give a good light for clerks to work in; one feat-
ure about windows in a room where clerks are
employed is to have them well up above the floor,
as the light is required on the books and papers
the clerks are working on and not on the floor.

Coal and oil should never be kept in a depot.
Fig. 190 illustrates out buildings for small de-
vots. In these provision is made for storage of
coal and oil and for filling lamps.

When the business becomes so large that the
freight and passenger business cannot be accommo-
dated in one station building, a passenger station
should be erected. Fig. 191 illustrates a brick
one which has been found convenient. One roof
covers all the buildings and extends six and one-
half feet beyond the outside walls all around,
thus affording shelter and leaving the platform
unobstructed by posts or columns. The building
can be heated by steam or hot water from a boiler
in the baggage room. Where the ticket sales are
large the ticket seller should have but one ticket
window to attend. Where there is a roof over
the platform there should always be a window
placed in the office above the platform roof to
give light for the clerks to work during cloudy
weather or when a train is standing in front of the
depot; the importance of this can only be real-
ized by those who have to work in such offices
where there is no window above the platform
roof.

The present practice is tending toward placing
station platforms on a level with the top of the
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rail and making them of vitrified brick; however,
very good results have been secured with small
limestone screenings; they pack hard and wear
well and can be cheaply repaired.

Fig. 192 illustrates a stock pen used by a

PEN 50 s | PEN : RECEIVING  PEN
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Fie. 192.

PLAN OF STOCK YARD.

NoTE—Where stock pens are built on an extensive scale (as at points
where large shipments are made), the alleyway should be 12 feet wide, so that
teams can be driven through with loads of hay, and the feed be distributed
in the receiving or feeding pens.

country stock buyer ; provision is made for re-
ceiving pens, feeding pens with sheds and load-
ing pens ; the addition of the second runway B
enables two cars to be loaded at one timme. This
plan can be varied to suit the volume of business;
where range cattle are to be shipped it will be
necessary to add a fence C. D. to enable the
herders to get the cattle into the pens.
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Fig. 193 is a plan of a roundhouse and small
repair shops. The roundhouse is heated by indi-
rect radiation from a coil of steam pipes placed
in the blower room; the air isdriven by a blower
through the coils of steam pipes and conveyed
to the roundhouse in overhead sheet iron pipes
and discharged in the pits under the locomotives.
Provision is made by a wrought iron pipe placed
overhead and steam hose couplings to take the
live steam from a locomotive which has just
come in and convey it to one that is about to go
out. The hydraulic pit for removing drivers is
really a part of the machine shop. In the blower
room are placed air compressors for handling the
sand and operating the ash lift. Fire hydrants
H are placed in each stall.
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PLAN OF BRICK STORERHOUSE FOR SUPPLIES.
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A brick storehouse is illustrated by Fig. 194.
The oil room is paved with stone flagging, and
no wood work is in the room except the window
frames; some roads provide for the storage of
oils in tanks set in the ground, the oil being
pumped out as required.
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PLAN OF STOREHOUSE FOR SAND.

A sand house is illustrated by Fig. 195. The
dried sand is placed in a hopper A, and carried
by a current of air (which only takes up the fine
sand) to an elevated tank; from this tank the
sand box on the locomotive is filled by gravity in
the same way that water is supplied to a tender.

ASH PITS.

To reduce the expense in loading ashes at
roundhouses, air hoist ash pits have been intro-
duced. Fig. 196 illustrates the method of using
compressed air for this purpose. The bucket F
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Fie. 196.

ELEVATION OF A BENT OF AN AIR HOIST ASH PIT.

is placed under the locomotive when the ashes
are drawn; it is then pushed down the inclined
track G to the position shown in Fig. 196, and is
attached to the piston rod B which works in the
cylinder A; the attendant -then turns a valve at
E, and the compressed air causes the piston and
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piston rod Btorise in the cylinder A, thus lifting
the bucket F and the attached truck level with the
top of the car; another valve at E is then opened
and the compressed air is admitted into the cyl-
inder C drawing in the piston rod D, and bring-
ing the cylinder A and bucket F over the car.
The bucket is then dumped and the ashes dis-
charged into the car. The attendant then re-
verses the air in cylinder C, and the cylinder A
and bucket F are brought back to the original
position; by reversing the air in cylinder A the
bucket F is lowered on to track G and can then
be run under the track supported by the cast
iron yokes H where it is in position to be filled
again. A number of these bents can be placed
together, and the operation can be carried on
continuously. By this method one man can do
the work heretofore requiring a gang of men,
their number depending on the number of loco-
motives handled. Where the ashes are handled
without an air hoist, the track is lowered, so that
the journals of the car wheels are on a level with
the bottom of the ash pit to afford easy shoveling.

PAVEMENT OF TEAM TRACKS IN FREIGHT YARDS.

The paving to be used at team tracks in freight
yards is quite an item of expense. The cheapest
pavement is broken stone, having the large size
in the bottom and the small size on top, covering
the latter with a layer of screenings or fine
gravel; no rolling is required, the traffic can
make the road. The greater part of the cost of
street improvements in cities is caused by the
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impatience of the public to have a perfect sur-
face to the macadam at once; the same condi-
tions can be secured later by allowing the traffic
to do the work performed by the steam roller.
Brick pavement is cheaper than granite, and
where the soil is thoroughly compacted and is
sandy no concrete base is required, two courses
of brick on sand will answer; under other con-
ditions six inches of concrete and one course of
brick should be used. Where good hard burnt
bricks cannot be secured and a first-class pave-
ment must be laid granite or trap blocks should
be used.

SIGNALS. ¥

The method of signaling to adopt will depend
on the amount of traffic and number of trains.
A light business can be handled by signals dis-
played at telegraph offices indicating clear track
or a stop required for train orders; such signals
are operated by hand by the operator from the
office. Fig. 198 represents a style of this kind.

Where there are a number of fast trains some
automatic system should be resorted to; in this
case the power to operate the signals is obtained
from electric batteries and the circuits are opened
and closed by the passing trains. Fig. 199 illus-
trates the signal used—a white disc indicates the
track is clear to the next signal or block, a red
one indicates the train has not yet reached the
next signal or block. Fig. 200 shows the lever

* The subject of signaling is fully treated in the volume,
“ Train Service.”
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‘ F1a. 198. Fia. 199.
TRAIN SIGNAL OPERATED BY AUTOMATIC ELECTRIC
STATION AGENT. SIGNAL.

operated by the engine to open and close the
electric circuit. Another method used to ac-
complish the same purpose is illustrated by Fig.
201. By this method the operator displays a
danger signal after the train has passed his
tower and leaves it at danger until he is notified
by the operator at the next tower that the train
has passed, when he changes it for clear track.
The first method costs more to install but is
safer and less expensive to operate. Both meth-
ods are called the Block System. At crossings,
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Fie. 200. Fi1a. 201.
LEVER OPERATED BY ENGINE BLOCK SIGNAL OPERATED
TO OPEN AND CLOSE BY TELEGRAPH OPERATOR.

ELECTRIC CIRCUIT.

yards and terminal points interlocking plants
are used, the principle applied here being an ar-
rangement by which the switches are thrown by
levers placed in a tower and are operated by
hand; the mechanism is so arranged that
switches, where any two or more opened at the
same time might lead to a collision or derail a
train, are locked so only one can be opened,
and to open a second one of the set the first

must be closed. The signals for clear track or
19 Vol. 13
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danger are operated at the same time the switch
is thrown. Fig. 141 illustrates some of the sig-
nals used on switch stands to indicate in the day
time clear track or danger; at night lanterns are
placed on the switch stands displaying a red
light for danger and a green light for clear track;
it is not advisable to use a white light for clear
track, as the white light in a lantern may be
taken for the signal on a switch stand. The dif-
ficulty with a switch light is to get one which

F1a. 202. F1a. 208.

SWITCH LAMP UPPER SWITCH LAMP LOWER
DRAUGHT. - DRAUGHT.
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will not blow out under all conditions, often a
lantern which will not remain lighted on the -
signal at a telegraph office will give satisfaction
on a switch stand. The manufacturers make
them with a down draught and an up draught.
Figs. 202 and 208 represent these styles. The
character of lamps used on a semaphore with the
block system is illustrated by Fig. 204; in this

F1e. 204.
SEMAPHORE SIGNAL LAMP-UPPER DRAUGHT.
case the light displayed by the lantern is white

and the colors red and green are produced by
colored lenses attached to the semaphore Fig. 201.

FENCES.

For a number of years the barbed wire fence
was the principal one used to enclose the right of
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BARBED WIRE FENCE.

way—Fig. 205 represents this style of fence.
The barbed wire fence was followed by the
woven wire fence, the McMullen, Lamb and
Page being of this class. Fig. 206 represents the

Fia. 206.

PAGE WOVEN WIRE FENCE.
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F1a. 207.

JONES®’ WIRE FENCE.
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Page Woven Wire Fence. There 1s now coming
in use for railways a wire fence woven on the
field; the Jones and Cyclone being of this type.
Figs. 207, 208 and 209 illustrate them. In

F1a. 208.

FLEXIBLE CLAMP USED IN MAKING JONES® WIRE FENCE.

Fia. 209.

CYCLONE WIRE FENCE AND THE MACHINE FOR MAKING IT.
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place of cedar posts, which have been exclusively
used until recently, iron posts are now being in-
troduced; the weak point with an iron postis its
rusting in the ground. To overcome this The
Indestructible Post Co., of Brazil, Ind., are mak-
ing terra cotta bases, which are set in the post
holes and the inside partially filled with a thin
grout of portland cement; in this grout the iron
post is set, thus leaving only that part of the
post which can corrode above the ground where
it can be inspected and painted. Fig. 210 repre-
sents this style of base.

Fi6. 210.

TERRA COTTA BASE FOR IRON POSTS FOR FENCES AND SIGNS.

CATTLE GUARDS.

To completely fence in the right of way, a
cattle guard is necessary to be placed where the
fence line crosses the track at crossings. For-
merly cattle guards-were mere open pits and the
track was carried over them on beams of wood
with the edges chamfered. They were found to
be expensive to maintain and have been aban-
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American Cattle Guard.

Fie. 211.

CATTLE GUARD.

Fi1a. 212.

CLIMAX STOCK GUARD.

Fia. 213,

SHEFFIELD CATTLE GUARD.
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doned, surface guards being now used almost ex
clusively. Figs. 211, 212 and 218 represent
some of the styles used.

TRACK SCALES.

The revenue of a railway is based on the rate
per 100 pounds, and it is therefore vital to have
the weights correct. Car load freight is weighed
on track scales, and as the traffic becomes heavy
and the schedule faster, the delay caused by
weighing becomes annoying to shippers. To
overcor:e this and permit rapid weighing an at-
tachment to the track scales has been made and
is known as the Automatic Weighing and Re-
cording Attachment. Fig. 214 gives a view of
one make of track scales.

Fia. 214.

RAILROAD TRACK SCALES.

ARCH BRIDGES AND CONCRETE STEEL OONSTRUCTION.

Arch Culverts: The general practice on new
lines, is to carry the track over ravines and the
smaller streams on pile and trestle bridges.

These structures are a constant source of expense

and if not kept in proper repair become danger-
ous. As the traffic of a line becomes heavy and
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the income of a company increases, it is the
general practice to replace these pile and trestle
bridges by embankments and arched culverts or
stone arch bridges.

The actual money economy of the wooden
structure as compared with the stone arch culvert
is not so great as might be supposed, for the rea-
son that although the cost of the pile or trestle
bridge is small there is a constant outlay for
repairs; while on the other hand the stone arch
culvert and earth embankments while costly to
construct need but little outlay afterwards for
repairs.

But even where the cost of each when capital-
ized is the same, the stone arch culvert has this
advantage, it is usually constructed during times
of financial prosperity and when a financial
depression comes the management-has a struc-
ture on which but a nominal sum is required
annually to keep it in repair.

Figs. 215, 215a and 215b show the various
parts of an arch culvert, and the terms used to
designate them are as follows:

Abutment A, the masonry which rests on the
foundation and affords the support for the springer
or skewback and the masonry backing to the arch.

Springer B, in a semi-circular arch the lowest
or first arch stone.

Skewback B, in a segmental arch the top of
the abutment where it is dressed off on a radial
line to receive the first arch stone.

Spring Line S, the line formed by the inner
lower edge of the springer for a semi-circular
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Fie. 215b. -

PERSPECTIVE VIEW OF A SEMI-CIRCULAR ARCH.

arch or the inner top edge of the skewback for a
segmental arch.

Ring Stone V, the stones dressed to dimension
which show on the face of the arch, they are also
called voussoirs.

Span, the horizontal distance between the
spring lines.

Rise, the vertical distance from the spring line
to the highest point of the inside of the arch.
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Voussoirs V, the ring stone which shows at the
end of the arch.

Keystone K, the central or top voussoir or ring
stone.

Crown C, D, the crown of an arch is the highest
part of the ring stone.

Haunch, the haunch of an arch is that portion
between the crown and the spring line.

Spandrel. The spandrel is the face wall of the
culvert which is above the Ring Stone.

Wing Wall, the wall which connects with the
spandrel and abutment to support the sloping
portions of the embankment.

Soffit S, T, S, the inner or concave surface of
the arch.

Intrados, the curved line formed on the soffit
by the intersection of a vertical plane at right
angles to the axis of the arch.

Extrados, the curved line formed on the outside
of an arch by a vertical plane at right angles to
the axis of the arch.

Arch Sheeting, the voussoirs which do not
show at the end of the arch, being both the
crown and havuch.

Backing, masonry with horizontal and vertical
joints carried over the skewback or springer and
haunch of the arch.

String Course, a course of ring stone or vous-
soirs extending the full length of the arch.

Coursing Joint E, is the radial joint of a string
course.

Heading Joint H, is one in a plane at right
angles to the axis of the arch.
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A semi-circular arch is illustrated by Fig. 215
the line of intersection of the inside of the arch
and a plane at right angles to the axis of the arch
is a semi-circle.

A segmental arch is illustrated by Fig. 215a
the line of intersection of the inside of the arch
and a plane at right angles to the axis of the
arch is less than a semi-circle.

There are other forms of arches but these two
are the principle ones used for railroad bridges;
among the other forms are the elliptical, three
center, etc.

The first step taken in designing a stone arch
culvert or bridge is to make a careful topogra-
phical map of the stream and its approaches on
both sides; the axis of the arch should be at right
angles to the alignment of the railroad and such
an arch is called a right cylindrical or elliptical
arch. Should a survey show that a right arch
will not be suitable or possible the axis of the
arch may be placed at some other than a right
angle with the alignment of therailroad. Aun arch
so built is called an oblique or askew arch. The
following are some of the reasons which compel
the use of the oblique or askew arch; a stream hav-
ing a rapid fall and large volume of water cross-
ing the right of way at an acute angle if checked
suddenly by trying to turn it through a right arch
is liable to scour out the foundation, unless
expensive work is done to protect the foundations
for the abutments and wing walls; if the banks of
a stream are rock it may be too expensive to
make the necessary excavation to put in a right
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arch or the cost of procuring land to enable the
channel of a stream to be diverted may be so
great that an oblique or askew arch must be used;
however it should be the aim of the engineer in .
all cases to locate the axis of the arch as near as
possible to a right angle with the alignment of
the railroad.

Having decided the direction of the axis of an
arch, the next step is to determine the size of the
opening, which is fixed by the span, rise of the
arch and height of the abutments. Fig. 215¢
gives some of the various styles used for planning
the wing walls. When the style shown at A is
used the slope must be protected by rip rap as
shown in Figure 168—styles B, C, and D require
less rip rap. Placing the wing walls at an angle
of 80 degrees with the axis of the arch (as in
styles C and D) is often done. - A common prac-
tice is to make a return on the abutment asat X
style C this is easier to construct than the style
shown at D but style D has the advantage over
all the others of affording less obstruction to
drift passing through the opening; it also con-
forms to the laws of the flow of water through
openings better than other styles.

For smaller openings it is quite common to
use the semi-circular arch, but this is not deemed
economical construction. A segmental arch with
a central angle of 120 degrees for the same span
as a semi-circular arch has but 77 per cent the
length of intrados compared with the semi-circu-
lar arch. Orif the length of intrados is taken as
the same in both styles of arch, then the seg-
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mental arch with a central angle of 120 degrees
has a span 83 percent greater than the semi-
circular arch.

The segmental arch has a greater thrust on
the abutments and theoretically requires heavier
ones. Practically bridges of this class have much
more masonry in the abutments than the thrust
of the arch requires. The result of practical
experience appears to be that the support of the
embankment requires these heavy abutments.

The dimensions for wing walls and spandrel
are fixed by the same laws, which govern retain-
ing walls—which they practically are. Volumes
have been written on the theory of the arch but
engineers have not as yet united on any one
theory, and from the nature of the masonry in
the arch the calculations are considered by some
engineers as of doubtful value and are used as
aids in deciding on the dimensions for the arch;
the safer course is to be guided by the dimensions .
used by engineers in the construction of arches
of similar span which time has shown to be safe.

The following table gives the dimensions of
some stone arch bridges which have been erected
a number of years:
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Concrete: 'Within recent years the manufact-
ure of cement in America has rapidly developed
so that its cost has been so reduced that it has
become available for extended use in railway
construction. Along with this decrease of cost
of cement great improvements have been made
in machinery for crushing rock and for mixing it
with cement, thus producing concrete at a price
which allows of its use on an extended scale, and
as this material possesses the elements of great
strength and practical indestructibility it has
become a most important factor in the building
and repairing of railways.

Concrete is a mixture of stone, sand, cement
and water in such proportions that the sand fills
the voids in the stone and the cement fills the
voids in the sand and forms a coating on the
sand and stone. Sufficient water is used to make
a mortar of the cement and to wet the surface of
the stone and sand.

The stone used in making concrete can be of a
quality that could not be used for masonry; for
instance a stone which the frost would disinte-
grate can safely be used for concrete provided it
is hard and possesses the required crushing and
tensile strength required in the concrete.

Stone of a uniform size, has a larger percent-
age of voids, than when mixed sizes are used, the
objection to the use of stone of a uniform size is
that more sand is required and hence more cement;
thus increasing the cost. For this reason some
eugineers allow the run of the crusher to be used;

and only screen out the fine dust from the broken
stone,
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A stone which breaks with angular surfaces,
as a cube, is preferable to one which crushes with
spherical or curved surfaces, the rough angular
surface affording a better surface for the adher-
ence of the cement than a smooth curved surface.
For this reason gravel is not deemed as good for
concrete as crushed stone.

The surface of the stone must be free from dirt
or foreign substance, to enable the cement to
adhere to its surface. If gravel is used it should
be washed on account of its often being coated
more or less with loam. Where the construction
is massive, large pieces of stone can be bedded in
the concrete, thus not only reducing cost but
-adding strength especially if these stones are so
bedded that their base lies in one course of con-
crete and their top in another course.

Sand commonly known as sharp sand, is pre-
ferred, for the same reason that rough angular
stone is found better than smooth. Bank sand
is also open to the same objection as gravel, the
particles of sand being more or less coated with
loam, so that the cement cannot adhere to the
true surface of the sand. For this reason sand
should be washed where inspection shows it to
contain Joam. Loamy sand when moist will soil
the hands or a handkerchief, and when slightly
moistened and compressed in the form of a sphere
and laid on a table will tend to hold its shape,
while clear sand will at once fall to pieces.

Sand is really rock crushed by nature, and the
dust screened from crushed rock is angular and
can be used as sand or can be mixed with sand
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and used in making concrete. Some engineers
permit the run of the crusher to be used in
making concrete, and do not require the fine
screenings to be separated from the larger stone;
the objection made to this method is that with
the sand added and the screenings left in the
stone it is difficult to secure the proper propor-
tion of fine material to fill the voids in the stone.

Cements are of two classes commonly known
as “Portland” and “Natural” cement. Portland
cement has a higher tensile strength and will
sustain a greater compressive force or weight,
than the natural cements; it also possesses
hydraulic properties and will ““set” or harden
under water; hence it is often called “hydraulic”
cement.

Light concrete construction and all outside
work in massive concrete construction, should be
laid, or made, with Portland cement.

In a general way it may be said that the voids
in crushed rock which will pass through a 24 inch
ring are taken to be 50% of the volume of the
stone, and the voids in sand are found to be from
40% to 50% of the volume of the sand. This is

‘the reason that the usual proportions specified
for cement, sand and stone are- one volume of
cement, two volumes of sand and four volumes
of stone. The object aimed at in deciding on the
proportions are to use an amount of cement
slightly in excess of the voids in the sand, result-
ing in a mortar rich enough to thoroughly coat
with cement each grain of sand and the surface
of the rock and fill all voids. Cement used in
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excess of the amount necessary to accomplish
the above result is not only a waste of money
-but an injury to the work on account of the
strains produced in the concrete masonry by the
chemical action of the cement in setting.

The sand when used in proper proportions will
fill the voids in the rock. An ideal concrete is
one in which the mass of rock is rammed close
together, the voids of this mass of rock being com-
pacted with sand and the voids of the sand filled
with cement and the entire surface of sand and
stone coated with cement. Hence the finer the
cement the more thoroughly the surfaces of the
stone and sand are coated and the more com-
pletely the voids in the sand are filled.

Wherever the work to be done will require a
large amount of concrete the voids in the stone
as actually used, also in the sand, should be
determined and the proportion of cement, sand
and stone used which will make a solid mass.

Cement is furnished packed in barrels, or loose
in sacks of a capacity of four sacks to a barrel.
The volume of a cement barrel is usually about
8% cubic feet. In making concrete it is not wise
to fix the proportions by barrels for the sand and
rock are loose or not compacted, while the cement
is; if, therefore, one barrel of compacted cement
is used to two barrels of loose sand the mortar
will contain more cement than is necessary.
Good results have been obtained by emptying
several barrels of compacted cement on a plat-
form and then shoveling the cement back into
barrels again, leaving it unpacked the same as
the sand and stone; the increase in volume of the
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cement varies from 50% to 60% Taking the
volume of a compacted barrel of cement as 1}
barrels of loose cement, and the voids in the
sand and stone at 50% then a correct proportion
for a concrete would be as follows:

One barrel of compacted cement
Three barrels of loose sand
Six barrels of loose rock

A more exact method of determining the pro-
portions is as follows: Thoroughly dry the sand,
and weigh one cubic yard, then determine the
amount of voids in the sand:.and weigh an
amount, of cement equal in volume to 5% more
than the voids in the sand. We now know the
weight of cement required for one cubic yard of
sand and need not pay any further attention to
the amount of moisture in the sand.

Cement is always housed and protected from
the weather and by proportioning it by weight a
uniform amount is obtained; sand and stone are
not usually protected from the weather and their
proportions should be determined by measure.

The amount of water to be used in making
concrete cannot safely be specified. The sand
and stone cannot be kept housed from the
weather. At one time they are both perfectly
dry, again, after a storm, they are saturated with
water. The only practical way is to specify the
required consistency of the mixture and use the
necessary amount of water to secure it. The
stone should always be moistened before placing
it in the mixture. As a general rule water should
be added to the mixture until the concrete
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becomes a quaking mass like liver or jelly; in this
condition it can be rammed easily and cheaply
and assures a solid mass. Concrete of this con-
sistency when rammed will have a layer of soft
mortar on top which requires the workmen to
wear gum boots but should not be fluid enough
80 that the workmen are wading in the concrete
as in mud.

There are certain conditions which require the
use of a dry concrete as in the filling of a pneu-
matic caisson and repairs to the foundations of
piers, abutments and retaining walls. In such
work the concrete should be as dry as possible,
consistent with the proper setting of the cement,
to enable it to be thoroughly compacted.

Concrete is now made by machinery. There
are two types of machines in use for this purpose,
known as the “Continuous” and ‘“Batch’ mixers.
To properly supply the material to a continuous
concrete mixer, there should be two platforms
arranged so that the material can be proportioned
for two separate batches; while the workmen are
shoveling into the mixer the material placed on
one platform another batch of materla.l is being
placed on the second platform.

The material should be placed on the platforms
in the following manner, first a form, generally
rectangular, without a bottom or top the cubic
contents of which is equal to the amount of stone
for one batch should be filled with the crushed
stone and lifted up and passed over to the second
platform; on top of the stone should be placed
another form of the same length and width as
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the first and of the proper height to hold the
required amount of sand; after filling this form
with sand it should be lifted up and passed over
to the second platform; on top of the sand a third
form, of the same length and width as the first
and of the proper height should be placed to hold
the required amount of cement; after this form
has been filled with cement it should be lifted
and passed to the second platform. Some engi-
neers shovel the mixture as above made direct
into the mixer and depend on the mixer entirely
to thoroughly mix the material: others turn the
batch over once or twice with shovels before it is
shoveled into the mixer.

Gravity mixers (Figs. 215d, 215e and 215f)
represent types of “continuous” mixers. In the
use of this style of mixer the material for the
batch must be placed on an elevated platform or
hillside as in Fig. 215g.

The “Drake” mixer (Fig. 215h) can be used
as a continuous or batch mixer. The view shows
an attachment for feeding and grading the
material, thus doing away with the necessity of
preparing a properly proportioned batch on a plat-
form or in a bin. In Fig. 215i the Drake mixer
is shown on a car with a conveyor attached to
the car, to carry the concrete to the bridge or
retaining wall. In the rear of the car on which
the cement mixer is placed are the cars contain-
ing the stone, sand and cement.

The ‘“Cockburn” mixer (Fig. 215j) is another
type of a continuous mixer. Here the mixing is
not done by curved disks attached to a shaft, as
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in the Drake mixer. The mixer isa rectangular
box, with blades attached to the inside and by
the rotary motion of the box on its longitudinal
axis the material is repeatedly turned over and
conveyed from one end of the mixer to the other.

The “Ransome” continuous mixer, is a cylinder
with a spiral riveted to the inside of the cylinder,
the cylinder revolves on rollers and the material
which is fed at one end of the cylinder is conveyed
by the spiral to the other end. Fig. 215k shows

Fc. 215d.

GRAVITY CONCRETE MIXER, USING BAFFLE PINS ONLY.
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Fic. 215e.

GRAVITY CONCRETE MIXER, USING BAFFLE PLATES ONLY.

Fic. 2151,

GRAVITY CONCRETE MIXER, USING BOTH BAFFLE PINS AND
PLATES AS MADE BY THE CONTRACTORS’' PLANT CO.
The attendant who loads the barrows sees the material as it is being
mixed and regulates the supply of water.
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a plant with this style of mixer. The manufac-
turers also make a batch mixer, which can be
used as a continuous mixer by the addition of a
hopper, as shown in Fig. 215l; this mixer is a

e, 215g.
THE METHOD OF USING A GRAVITY CONCRETE MIXER.

revolving cylinder. By means of the lever shows
in the cut the pan in front can be turned up so as
to charge the mixer, and to discharge the contents
the pan is turned down as shown in the cut. Fig.
215m shows this mixer in practical use.

The *“Cube” mixer, is a batch mixer. In it the
axis of revolution passes through two opposite
corners of the cube; a revolving motion can be
given the cubical box so that it can be charged
at one end of the revolving axis and emptied at
the other. Fig. 215n illustrates this style of
mixer.,

The “Smith” mixer is a batch mixer and con-
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Fic. 215h.

DRAKE CONCRETE MIXER, WITH AUTOMATIC FEEDING AT-
TACHMENT.
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sists of two cones attached at their bases and
cansed to revolve on the axis of the cones, as in
the cubical mixer a revolving motion can be
given the mixer, so that it can be charged at the
apex of one cone and the material discharged at

Fre. 215j.

THE. COCKBURN BARROW A{\;?XEI\I‘{I'ACHINE CO.’S CONCRETB

the apex of the other cone. Fig. 2150 shows this
machine in the position to discharge a mixed
batch and receive the material for a new batch.

Water is supplied to the mixture in all of these
machines by perforated pipes, the supply being
controlled by a valve, and in all of them, except
the Cockburn mixer the attendant can see the
material as it is in the process of being mixed
and thus can adjust the amount of water as
desired for a wet or dry concrete. Engineers
and contractors are still debating the question as
to which is the best method, continuous mixing
or mixing in batches.
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RANSOME'S CONCRETE MIXER.

Concrete Steel Construction: Arch bridges are
now being built of concrete, reinforcing the con-
crete with steel beams. This gives a stronger
bridge than a steel bridge or a masonry arch bridge.
The concrete holds the steel in true line and pre-
vents any tendency to buckle or bend when under
a strain. On account of the constantly increasing
weight, speed and length of trains, bridges have
to sustain not only greater loads but suffer greater
shocks and consequent greater vibration than
formerly. Asthe aim of a masonry arch bridge,
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RANSOME’S CONCRETE MIXER.
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Fic. 215n.

CUBICAL CONCRETE MIXER.

or the reinforced concrete steel bridge, is to
secure a roadbed similiar to that in a cut or on
an embankment, the designer of the concrete steel
bridge who reduces the dimension of the concrete
on account of the additional strength secured from
the steel beams, may in a few years find his struc-
ture too light for the heavier and longer trains.

Some of the causes which have led to the
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