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MILITARY RAILROADS.

COMBAT RAILWAYS.

1. The subject of militarg railroads as here treated will include the location,
eonstruetion, operation, and maintenance of railroads in the theater of war under
military auspices and for military purposes; that is, with a personnel eonsisting of
officers, enlisted men, and civilian employees, and for the main purpose of facilitat-

ing the movements and supply of the Armny.

The difference between war and peace conditions will cause a wide departure of
military from civil railroad practice. Some of the conditions of military railroad
service are:

(n) Quick results for a short. period ara of the first consideration,

(b) The mechanical possibilities of the property can net be fully developed by
reason of an nntrained personnel.

(¢) Speed requirements are moderate a:md practically uniform for all traffic.

(d) The roadbed and egquipment are sibject to damage beyond that resulting
from the operation of theroad, or from the elements, or from decay. A eivil road
is gperated on the presumption that the track is safe; a military road must be
operated on the presumption that the track {s unsafe.

() The property will usually be in fair but unequal condition, often hastily
rastored after partial demolition. The operation of the whole will depend on the
condition of the worst parts,

( p A military read is best operated with an ample supply of motive power and
rolling stock, and a moderate speed; whereas on a civil road the tendeney Is to
increase speed to seonomize rolling stock, and to increase train loads to economize
motive power. ‘The known ratios of equipment and mileage on civil reads can not
be taken as sufficient for military roads.

2. Railways constructed and operated for nilitary purpeses vary from a rongh,
narrow-gage road on which the motive power is man or mule, to a Tully equipped,
modern, standard-gage road. The first would prebably be used in the approaches
of siegeworks or to supply an army in a winter camp or a fortified position of great
extent,and the latter when an existing commercial line was taken over for military
uses. Between these two extremes are many grades of railways, but each grade
shades imperceptibly into the next above and below, and any considerable classifi-
cation must be artificial and of little use in discussing the general subject. The onl
classification that seems logical is to divide them into those that are built an
operated within the field of the enemy’s observation and fire, and those built and
operated beyond his fleld of observation and fire. The former are called combat
railways and the latter supply railways.

3. Combat railways differ from permanent railways only in the degree of
care taken in their construction, maintenance, and operation. 1he same general
rules govern both, and the engineer officer must apply those rnles to suit the require-
ments of his particnlar case. They will practically always be narrow gage Iines,
and in most cases will be made of poreable track similar to that nsed in mines and
indnstrial works. Holling stock and track, while not kept on hand in largewuoan-
tities, can be obtained in small amounts, and orders placed ean be quickly filled.
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[ MILITARY RATLWAYS.

Requirements.—Combat railways must be capable of transporting guns, amimi-
- nition, and other supplies, especially those of the heavier kinds, to the various siege
batteries, magazines, and bombproofs, and, possibly, to the various parallels that
are construeted in carrving on a siege, From the nature of theline, it must be one
that ean be rapidly Iaid and as rapidly taken up and relaid elsewhere; it must not
oceupy too mueh space in the approaches and parallels; it must be of light weight,
and it must permit of very sharp curves. These various requirements demand a
light, narrow gage railway.

4. Motive power.—The loads will be hauled either by men, animals, or gasoline
motors, as a steam locomotive would indieate too elearly its position by its smoke.
If the requirements of the service are great enough, gasoline motors of the type
shown in fig. 1 can be used with advantage. These motors are made from 2 ft. to 4
it. 8% in. in gage, and one weighing 2 tons will haul 10 tons on alevel track. Details
of heavier types are shown in Table I
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8 MILITARY RAILWAYS:

All of the above locomotives can be furnished with either one of the two-speed
transmissions as listed in tables under “ Optional speeds.”

The hauling capacity is the heaviest train of cars and their loads which a loco-
motive can start on astraight track in addition to itself and pull at speeds specified.

Mine cars will usually have a frictional resistance of from 20 to 30 pounds per
ton on comparatively straight track, and with sharp curves will often run as high
as 40 poumds and over. To determine the maximum hauling capacity of a loco-
motive from the table, use the frictional resistance, together with the proper per-
centage of grades.

Use 10 pounds per ton frictional resistance ‘with good cars, good track, and no
eurves,

Use 20 poumds per ton {rictional resistance with fair cars and track and easy
curves,

Use 30 pounds per ton frictional resistance with hard-running cars and track
with fair curves.

F16. 1.—FOyR-WHEEL GASOLINE LOCOMOTIVE.

This motor (fig. 1) is designed for hauling in mine, quarry, elevator, and indus-
trial works.

SPECIFICATIONS.—Motor: Vertical type,ample power for serviceconditions. Gage;
24 to 56} in. Material, metal throughout, heavy railroad construction giving
ample tractive power.  Control: Two speeds forward and same in reverse. Height
of drawbars to suit requirements. Exhaust screened. Brakes: Standard type, ap-
plied to all four wheels.

5. The usual motive power will be either men or animals, and since the road-
bed will ordinarily be very rough, the form of construction used should permit
them to travel outside of the track and the cars should be supplied with corner
rings for attaching the drag lines or harness. Derailments will be frequent and the
rollin%.stock should be such that replacing loaded cars will not be a very difficult
operation,

6. Capacity.—The portable railway used by the Japanese in Manchuria was
23.6-in. gage; that by the Russians was 30-in. gage. Both used short sections,
6.5 ft. and 5 ft. long, respectively. The Russian rails wei§hed 25 1bs. per yard.
The Russian line had passing tracks, or sidings, at intervals of about 7 miles. They
used cars weighing about 1,920 1bs., which carried a load of about 4,400 Ibs. The
cars were hauled by two animals, one on each side of the track. The capacity of
the line was about 600 tons each way daily, equal to about the capacity of 400 escort
wagons. This capacity could have been increased considerably li;' ecreasing the
interval between sidings and enormously by double tracking. Portable railway
is particularly useful for laying diversion or “shoo-fly”’ tracks around short breaks

* in the line during permanent repairs.



MILITARY RATLWAYS. 9

7. Alignment and grade.—Within.the field of observation and fire of a besieged
place practically all movements must be madeunder artificial cover. Thelocation of
these lines of approach will be dictated by military principles, and the line of the
combat railway will therefore be determined not by questions of economy or ease
of zoastruction, bat by the location of the siege approaches and parallels.

For the same reason, the grade of the line is practically thrown out of the consid-
eration, although a slight change in the direction of the approach might be made
to keep the grade of the line below the limiting grade, if by such a change no military
advantage were lost. This limiting grade should be kept as low as practicable,
for the difficulties of moving cars under such adverse conditions are great at best,
and for any slope greater than 6 ot 8 ft. in a hundred the difficulties of ascent with
loaded cars will be very great, even for animal traction; and above that, the cars
would probably have to be moved by cable.

TRACK.

8. Gaage.—The word gage is used with various meanings in railroading, but its
most frequent and most important use is to indicate the distance between the
inner edges of the heads of the rails when newly laid. Standard gage is 4 ft. 824
ins. to 4 ft. 9 ins., being adapted to running standard-gage equipment. The actual
gage of any track exceeds the nominal gage by the amount of wear on the inner
faces of the two rails since they were laid, and by any outward movement of either
rail due to trafic. The gage of a combat railway may be determined by any of
several conditions, such as the amount of Rortable track available, the weight of
the equipmeut necessary, the amount of materials that must be handled on the
railway, etc. The amnount of narrow-gage railway stock and equipment that is
kept on hand by the coinmercial firms of this country is very limited and for a
sudden call the choice of gages would not be very great. This condition will
probably be the controlling one, as at present there is no military railway equip-
ment for our army.. A 2 ft. 6 in. gage railroad would answer the purpose as
well as, or better than, any other, and if notice can be had long enough in advance,
the entire equipment for field railways might well be of this gage. Considerations
of weight 1nay require a narrower gage, and a 2=ft. gage will give a very efficient
railway. This gives lighter track sections, lighter rolling stock, and in actual siege-
work requires less width of trench. Subjeet to these considerations, the wider the
gagl;e the (lijetter, although on the offensive a narrow-gage line will doubtless have
to be used.

On the defensive side of a siege there is greater opportunity to use a standard
gage track, and such track will be used whenever practicable, supplemented when
necessary by narrow-gage lines.

9. Roadbed.—There will probably beno time for ballasting the roadbed, and for
this reason the ties used should extend well beyond the rails and, in order to form
the least possible obstruction to movements on foot in the approaches and trenches,
should be as thin as practicable.

10. Rails and connections.—Therails may either be bought already fastened to
metal ties, or the railsand ties may be ordered separately. In the former case, the
sections are known as portable track, and usually come in 15-ft. sections (fig. 2).

F16. 2.—Section of Portable Track.

The weight of the rail of such portable {rack is usually about 12 to 20 1bs. per yard,
and the 1mnost common gages are 20 and 30 ins.  Portable track of wider gage and
heavier railscan he had by special order. The ties used are usually of the cross



10 MILITARY RAILWAYS.

section shown in fig. 3, and standard sizes weigh 7 and 12 Ibs. per yard. The
rail is the standard T rail. The connections between the rails are usually the
ordinary fish plates and bolts, as shown in fig. 3. Angle bars may be used if
obtainable, though for so light & rail the fish plate answers every purpose.

The rails are fastened to metal ties with clips and bolts as shown in fig. 4.

iai

F1G. 3.—METAL TIE AND RAIL F1G. 4. —RAIL FASTENING TO METAL TIE.
CONNECTIONS. i

F1G. 5.—ANGLE PLATE CONNECTION WITHOUT BOLTING.

A type of connection for rapid laying, requiring no bolting, is shown in fig. 5.
This is only a temporary expedient and the rails should be bolted as soon as prac-
ticable. In ordinary commercial portable track the weight of the ties is about
equal tothatof onerail. Hence the weight of portable track per linear foot is about
equal to the weight of 1 yard of rail. Portable track can be estimated to cost
about 5 cents per pound, made up at the factory.

o — 24" ——
g

P e e 48” e e

¥ic. 6. F16. 7.

11. If the track is laid on wooden ties, railroad spikes will ordinarily be used to
fasten the rail. However, circumstances may demand that the railroad be laid
without noise, in which case lag bolts can be used instead of spikes (fig. 6). A
wrench for lag bolts is shown in fig. 7.
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12. On tracks of this sort, with a poor roadbed, it is advisable to have the rail
fomts opposite each other (square) except on curves where they can not be so
aid without cutting the rails. The Joints of the rails should lie midway between
two ties which are so placed that they rest under the opposite ends of the fishplates
?onngctigg) the rails. This suspended joint has been found very satisfactory
see fig. 37).

13. Ties.—In case metal ties can be obtained, and the necessary punch for
punching the bolt holes is at hand, these ties are preferable to wooden ones on
account of the smaller space they occupy. Metal ties of portable track are but
little longer than the gage of the track. Ties longer than those used commercially
would require a special order.

In case wooden ties are used, 3 by 6 in: or 3 by 9 in. ties are probably the best.
If ties of this size are not at hand thicker ones may be used. If 3-in. or thicker
lumber is not available, ties may be made by using inch or half-inch boards nailed
and clinched to prov:de the necessary thickness. The distance between the ties
depends upon the load and the weight of the rail. 'Wooden ties should be at least
2 ft longer than the gage of the track to give good bearing.

14. Switches.—For a portable railway, switch sections are made that include
the main track and turnout from the point of switch to beyond the frog. These
switches are usually split switches, as illustrated in fig. 8, and can be purchased

F16.8.—THREE-WAY AND RIGHT-HAND SINGLE SWITCHES.

for either right or left hand single switches, two-way or symmetrical switches, or
three-way switches. If purchased in this smpe the{ can be laid down in the
track at any point by taking up a section of the same length and substituting the
sw1(t)cfh section. The radius of the standard curve of departure for these swnches
is 30 ft
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‘The switch sections usually correspond in length to the sections of straight track

m‘ade by the same monufacturer. Guard rails should be ealled for on gll switches.
{8ee fig. 107,y

: g ]
——
el r il il
R T A A W T
FIG. 9.—8rLIT SWITCH FOR LIGHT RALLS.

, ) Right Wing Rail

Side Point — _—Nose ~Throat
,;;—~*" ~Toa

A po—————

Left Wing Rail
Fia. 10.—-FROG.

15. The various parts for switches and turnouts for light track on wooden ties
are furnished by the same dealers that furnish pertable track.

The parts of a switch (figs. 9, 10, 11) are as follows:
Qne pair switch points, with slide plates.
The necessary connecting rods.
One ground throw or stand.
One frog.
One pair guard rails,

i

For the method of putting in switches for
other than portable track, see par, 127 et seq. In  FIg. 1L—GROUND THROW
cases where the point of connectiont changes fre- SWTITCH.
quently, on light track, an inclined switch or
climber, as illustrated in fig. 12, may be used. This can be laid on a track at any
point, and has been used on standard-gage roads for temporary sidings.

16. Stub switches.—It may happen that there are frogs on hand, but no split
switches, In this case what i8 known as a stub switch (fig. 96) answers every pur-
pose for a siege railway. The frog is located and the rails of the turnout and main
track are laid ou their regular curves until the distance between the heads of the
rails is equal to the required clearance for the wheel flanges. These rails are all
permanently fastened and the adjacent half of the rail on the main line is left mova-~
ble, leading either to the turnout or continuing on the main line, according to the
way it is set. The movable parts of these rails are connected by switch rods and
slide on metal plates. (See par. 134 for fuller description of stub gwitches.)

17. Curves.—The curves used on this kind of line usually have small radii. The
rading may be a8 small as 12{t,, although a radius of less than 30 {t. is not advisable,
if avoidable. For curves with radii over 500 ft., see par. 63 et geq. Curves with
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radii under 500 ft. can be laid off without the use of surveying instruments about
as easily as with the use of instruments. For the portable track mentioned in
par. 10, sections will be bent by the manufacturer to any desired radius. For other
trafltfﬁ the rails must be bent and the center line of the track located in order to lay
out the curve.

1

Fi1G. 12-—INCLINED SWITCII OR CLIMBER.

For method of laying out curves when portable track is not used see par. 58.

18. The angles made in the trench lines of siegeworks are so sharp that curves
with very short radii will be necessary. Sharp curves, even with low speed, mean
derailments and the consequent trouble; and the use of ¢ switchbacks *’ is recom-
mended when the question of speed is a minor one, as it usually is on a siege line.
ABC (fig. 13) is the change of direction of an approach; the angle is not exaggerated.
A very sharp curve would be necessary to get from A toC by an auxiliary trench, F.
A much better method is to extend the trench from B to D and lay the track to D.
At B a switch is put in and the line continued to C. BD must be longer than the
probable train length and
level if possible. The train
is moved onto BD, and
the animals are put on the
other end of the train, or
the motor is run back-
ward and the train pro-
ceeds, via BC, to the next
switchbaek,when theoper-
ationisrepeated. E makes
an excellent place for stor-
age of tools or materials, or
for a dressing station.

19. Track centers.—
Having decided upon the
track to be laid, the cen-
ter line is marked by cen-
ter stakes about 100 ft. o
apart, on tangents, and as near together on curves as the radius of curvature re-
quires. For portable track in siegework, very little staking out will be necessary.

20. Track laying.—In laying a portable railway, all sections of the track should
be inspected before they are sent to the railhead, to make sure that the ties are
properly bolted to the track and that the necessary fishplates are attached to one
end of each section. The sections are then loaded on the cars with all fishplates
pointing toward the head of the track, and the cars are hauled out to the railhead.
At this point the workinF party, consisting of 2 noncommissioned officers and 24
men, unload the cars and lay the track. Two men can unload and lay a section of
track in about the same time that two men can bolt the fishplates. The party can

F1G 13.—SWITCIIBACK.
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be divided into two parts, 12 men carrying the rail sections and 12 men bolting and
fastening up the joints. The cars are so light that if there is room in the trench the
head cars can be lifted off the track and the remaining loaded cars run past, after
which the empties can be put on the track and hauled to the rear. They willeither
be run singly or in trains, according to the tractive power that is used.

The track-laying party should be followed by another party, consisting of 1 non-
commissioned officer and 24 men, who willlevel up the track, align it, and see that
all ties have a good bearing. The officer in charge at the rear should inform him-
self in advance of the location, number, and kind of curved sections that will be
needed, and also the location and number of switch sections, and should see that
these are sent to the front in their proper order, so as to come to hand for the working
party at the point where they are needed.

21. For laying combat railways on wooden ties, the rails must be loaded on the
cars nearest the railhead and the ties on the cars to the rear. In every train of
material sent to the railhead the proportion of ties and rails will be that of ties and
railsin the completed track, so that both willbe used up at the same time and allow
the train to return empty and avoid unnecessary hauling of material.

Thetie gang carriesthe tiesahead and drops them in position. One man ischarged
with giving ties their correct spacing and alignment; two men at the rail car fasten
th((el ﬁihplates1 tof the forward
[ ——— : 5 end of therail, if this has not
already been done at the rear,
. and the rail is carried up and
laid with its end between the
fishplates at the head of the
last preceding rail. The fish-
plates are bolted tem]l)orarily
with one bolt, and a clip and
rod (bridle, fig. 87) fastens the
rail bases together temporarily.
The construction train is then
pushed ahead toward the end
of the rail just laid and there
halted until the next rail is
12id.
: Behind the train is the bolt
FI1G. 14.—RAILL-CURVING MACHINE. ing party that bolts the fish
plates permanently to the rail-
the spiking party that spikes or screws the rail o the ties, and the surfacing,
party that aligns and surfaces the track. This is an adaptation of the method
described in pars. 118 to 125.

All the working partieson this work should be under an officer who has an
assistant at the rear charged with getting out and forwarding all material needed.
This last officer’s instructions should be such that he clearly understands what
materialis wanted, and when and whereitis wanted. Asfar as practicable, all rail
cutting should be done at the rear.

It may be feasible to spike the rails to the ties and bolt on the fishplates in the
rear, in which case the Iine is laid as described for portable track. This method
would not be economical of space in loading.

22. Curving rails.—Before any rail is spiked to its place in a curve it must be
evenly bent from end to end, so that it willassume the proper curvature when lying
free. Thiscurving may be done by hammers, but that inethod is slow, and a rail=
curving machine, shown in fig. 14, is mote commonly used. Two forms of rail
bender areshown in figs. 15 and 16. These are made with either screw or hydraulic
power, and are used for bending rails rather than for curving them. For many
curves no rail curving is necessary, the friction between the rail and the ties being
sufficient to hold the railin position. The extent of this flexibility depends on the
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weight and length of the rail, and can be found by trial; 3° and sharper curves
usually require a curving of rails. Rails may be curved by fastening the machine
to a tree and drawing the rails through the machine by means of a chain attached
to a locomotive.

23. Knowing the radius of the curve and the length of the rail, the middle ordi=
nate of the rail can be taken from Table X X. Each halfof the rail, from the middle
point to the ends, should also be tested for its middle ordinate to insure uniform

Fi6 15.—Q. & C. SAMSON RAIL BENDER.

curyature. The middle ordinate of these half sections is one-fourth of the middle
ordinate of the entire rail.

24. Rail braces.—The outer rails of curves are frequently braced with braces
of a kind illustrated in fig. 17. An angle bar nailed to the tie and butting against
the web of the rail furnishes a very good brace. (For elevation of outer rails of
curves, see pars. 70, 71.) On standard-gage roads the rule seems to be about one
rai] brace per degree of curvature. On very sharp curves it is a good precaution
to have the inner line of track doubled by the use of a guard rail. This will fre-

F16. 16.—JM CROW BENDER AND F1G. 17.—PRESSED STEEL RAIL
WRENCH. BRACE.

uently prevent derailments and the consequent delay and trouble, and should be .
the invariable custom on the poorly constructed lines of combat railways.

25. Crossings.—For stock gages, right-angle crossings are usually kept in stock
by the manufacturers (fig. 18.) Crossings for any angle and weight of rail can be
made on short notice. In ordering, state the crossing angle and the degree of curva-
ture, the gage, and weight of rail of each track. The angle of crossing of two
curves, or of a curve and a tangent, is measured by the angle between the tangents
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at the point of intersection. The angle at each rail erossing can be computed in the
shop. Where two roads must cross and no crossing is at hand, one track can be
raised a sufficient amount to allow a movable section of rail to be put into place
across the other track. 'When the cars have passed, the section is taken out, opening
the lower track to cars.

Crossings for vehicles are made by nailing planks to the ties or to blocks laid
in the bed of the track. To keep such crossings clean and thereby prevent cars
from jumpinfz off the track, it is a good tIl)lan to lay a rail on its side glong the inside
the track, the head of suc!

of each rail o rail to lie against the web of the track rail.

F1G. 18.—CROSSING. F16. 19.—TURNTABLE.

26. Turntables.—For sharp turns, and for turning cars and locomotives, turn-
tables are necessary. The commonest kind used with portable track is shown in
fig. 19. These are furnished ready-made by the railway-equipment firms. (For
a complete turntable see par, 168, fig. 119.)

Fi1G. 20.

27. Cars.—Commercial types of narrow-gage cars are made entirely of steel,
entirely of wood, or of the two combined. For certain uses the all-steel cars are
very good, but for work in the field, cars with wooden bodies have been found to be
mluch iz}mer to repair, and a break of any sort does not throw the car out of use for
a long time,

All cars should have the coupling bars the
same height above the rail. They should have
rings or hooks on each corner, by means of
which they can be moved by animals walking
on the side of the track. As far as possible all
parts should be interchangeable.

Fig. 21 is a small platform car, with steel
frame, platform of steel, of wood, or of wood
lined with steel, for hand power, capacity from
2 to 3 tonms, 18 to 36 in, gage, size of platform
about 3 by 5 {t. to 5 by 8 f{t. Other sizes made
to order.
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Fig. 22 shows a flat car, capacity fromn 10 to 12 tons, 12 to 20 ft. long, 3.5 to 5 ft.
wide, and from 18 in. to 36 in. gage. -

Fig. 23 shows a similar car with wooden end walls. The stake pockets allow
| sides to be put on which convert this car into a gondola.

28. By constructing a wooden top frame, trucks similar to those in fig. 20 can be
utilized in pairs for transporting siege guns and other heavy armament.

The track is floored over for a sufficient distance to allow the gun to be run across
the railway and moved so as to lie longitudinally along the track. By means of

BN -

Fia. 23.

ropes, the gun and its limber are run up special ramps (outside of therails) until they
are higher than the body of the car; the wheels are then chocked and the car run
under the gun. The necessary blocking is put on the car and cliocks areremoved,
whereupon the gun and limber roll down the ramps and the guin settles on the block-

F16. 24.—LOADING A SIEGE GUN ON TRUCK.

ing. The limber is then released and the gun is ready for movement. The gun is
unloaded with similar appliances. One limber is sent on the first car to be used in
unloading the guns when they arrive.

41421°—16——2
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Th% method of mounting the armament on such a truck is illustrated in figs.
24 and 25.

29. The possibilities of combat railways for both offense and defense are very
great and have never been fully utilized. Guns up to 6 in. caliber and howitzers
of larger caliber can easily be fired from cars. Some blocking up may be necessary.
Such use of a railway increases greatly the amount of artillery available in any
sector of the defense whence it can be as rapidly moved elsewhere.

A SZ S

F16.25.—SIEGE GUN LOADED.

30. Derailments.—Owing to the light weight of narrow-gage cars, an empty
car can easily belifted back on the track if it is derailed. With loaded cars, how-
ever, this is not always the case, and car replacers facilitate this replacing without
unloading the cars, The one shown in Fig. 26 is a good one for heavy cars and
locomotives, but for lighter cars a considerably lighter replacer would be more
convenjent.

F1c. 26.—BUpA LiGHT-WEIGHT REPLACER.

31. In estimating for materials for combat or other railways the following rules
and tables will facilitate work:

The number of long tons of rail per mile of single track is found by multi-
Elymg the weight per yard by 2*. ' Thus, for 35 Ibs, per yard, 2X35=55, the num-
er of long tons per mijle. :
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TaBLE II-~Number of crossties for 1 mile of track.
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Digtance . to €...enee.s

ft.) 15 175 20 ]225 2.5

3.0

Number of ties required. .

..... 3,520 | 3,018 | 2,640 ] 2,346 | 2,112

1,760

TaABLE III.--Number of joints for 1 mile of track,

Length of rail.

of joints. joint.

Nuymber Number of bars and bolts for each

Standard practies (
1049 short).
24 1t

..... 352 | 16t0 65 1b. rails have 2 angle bars and

4 bolts.
7% 80 ft., 357.5 | 70 to 100 Ib. rails have 2 a%le bars
and & bolts.
440
704

Taste IV~ Number of joints to the long ton of rails,
b = TR . o8 & g o3 R I
Z T (BRE| 4 % B Ta lE2al Ty | Ta
= = I = o 5 L& ] &
o5 | 85 |Zg¢| 8% | 8% | 5T | 8% |igc| 8GR | 8%
=5 g |E2 E B | =~ _F EES| £ _%
= e wET | o o& gl owd 1 wEL | ws o=
E. : gE ol 2 g = Foe | & 2
= 2 e & = & E = B & &
= =1 jas} 4] =] = i ] 5 = =]
Lbs, Lbs, ] |
100 2.24 2.27 2.80 ..., 5 4.48 4.55 5.60 8.86
90 2.49 2.58 311 ..ol 40 5.60 5. 69 7.00 11.20
0 2.80 2.84 B.50 [t 30 7.47 7.58 9.3 14. 94
70 3.20 3.28 4.00 1. onn.s 207 1,201 11.37) 1L00 22. 40
60 3.73 3.7 4.67 7.46 i6 i 14.00 | 14.22.| 17.50 25.00
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TapLe V.—Table for 1 mile, single track.

g £s Sni =
= | Spikes (10,560 2
2 »%c« Bolts and nuts. : per mi), 2, =
- » s s
200 BE A ©3 2o
D & = : %
Bt | » B B + + w ¥ +
. SEs ; % b5 ‘ | mE | &
e B2 2 E] 2 8 3 @ o
o B @ - B £ g | E =
Long
Lbs. Lbs. Ins. Lbs. In. Lbs. Lbs. | tons.
100 | 29,642 1 37 x 4l | 2,148 | 1,953 6x34| 7,040 [ 38,635 | 157.14
95 27,208 | 3 x4lg | 2,148 | 1,958 Sl xo% 5,867 1 35,028 1 148.29
90 24,701 | 35 x 414 | 2,148 1,887 5L x 0 5,867 32,435 | 141.43
85| 22,011 | 8/ x 43 | 2,148 | 1,867 | 56 x% | 5,867 | 30,645 | 133.57
R0 21,480 1 34 x4 2,148 1,790 Slax | 5,867 29,137 | 12571
75 20,2271 84 x4 2,148 | 1,790, 36 X% 5,87 27,8841 117.86
70 19,153 | 84 x 8% | 2,148 | 1,753 | 804 x5 | 5,807 | 26,773 | 110.00
65| 12,744 | B{x83{ | 1,432 | 1,169 | 5lex £ | 5,867 | 19,780 | 102.14
601 11,706 | 34 x 3% | 1,432 | 1,169 | 5l x % | 5,867 | 18,742 | 94.29
55 10,346 | 34 x 314 | 1,432 1,146 | 5lex % | 5,87 | 17,359 86.43
50 8,628 | 87 x3lf 1,432 1,123 |.Slax % 5,87 | 15,618 1 TR.57
45 5,942 3{x3 1,432 1 1,073 S5xis ] 4,182 1 11,197 70.71
40 4,005 | 5{x3 1,432 | 1,073 | 5xig| 4,182 10,1 62,86
35 4,368 | 4% 204 | 1,432 610 | 4x7| 2708 7 55.00
30 2,399 | S4x 2y | 1,432 610 | 4xy| 2,708 | 5,717 47.14
25 2,041 | 55 x 204 | 1,432 582 | dx4y | 2,708 | 5,331 39.29
20 1,611 | 5gx 207 | 1,432 582 | 314 x4 | 1,680 | 3,852 | 31.43
16 1,325 | 55x2 1,432 546 | 3l x 3¢ | 1,689 | 3,560 | 25.14

Above table is based on standard practice for length of rails, viz, 907 to be 30 ft.

and balance of 109 to be not less than 24 ft., varying by 2{t. Ties 2ft. c. toc.
Above number of splice bars, bolts and nuts, and spikes allow for no excess.
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TABLE VI.—Accessories required for 10 tons of rails.

21

ot

] .

=1 ors %ﬁ%@& Bolts and nuts. Spikes.

=1 Weight

3 21 4 of total

ER ] o = & : aceesso-

R | sie N5 | oswge | YU fweight e

z s 2 e ’

= 2 = =

Lbs, Lbs, Ing, Lbs. Ins. Lbs. Lbs.
00 23 1,804 3{x4lg | 1381 126 6x 94 672 448 2,478
05| 24| 1,824 34x4dg | 144 181 slgx 393 2,348
90| 251 1,726 | B4 x434 | 150 130 | 56 x % 746 414 2,269
85 270 1,728 | 3 x4¥4 | 1621 141 5;«6 X v5 790 440 2,309 .
50 28 1 1,680 | ¥ x4 168 140 | Blg x 840 467 2,287
75 30| 1,685 34x4 180 | 150 | 834 x &% 896 498 2,343
70| 33 1,766 4 x3%g | 198 162 slgx % 960 533 2,461
65| 35| 1,246 Y x3%4 | 140] 114 | sM x| 1,084 574 1,934
60 38| 1,243 | 34 x35f | 152 12| slax | 1,120 622 1,95
55 411 1,185 | 34 x 314 164 | 131 | 5lgx % | 1,222 680 1,996
50| 46 1,109 1 54 x3lf | 184 | 144 | BLix & | 1,344 747 2,000
45 51 847 34 x3 204 153 5% 14 1,404 591 1,591
40 57 781 1 34 x3 228 | 171 5xis| 1,68 606 1,617
35 65 793 | 34x2L | 2060 111 4x 5| 1,920 492 1,3%
0| 7 500 0 Bgx2lg | 304 129 4x 75| 2,240 574 1,212
25 o1 519 3x 24 364 148 4x5 | 2,8 689 1,356
20, 114 513 | B x21{ 456 | 185 | 3lgx34 | 3,360 538 1,236
167 142 525 | 4x2 568 1 216 | 344 x35 ] 4,200 672 1,413

Alhove table is based on standard practice for length of rails, viz, 909 to be 30 ft.
and balance of 109, to be not less than 24 ft., varying by 2ft. Ties 2 ft. ¢. toe.
Above number of splice bars, bolts and nuts, and spikes allow for no excess,

TasLE VIL—Table of steel spikes.

Number required and weight

per mile, single track.
Average Raj
. ail
Size in inches. r};gfxlgegr Basad on %ﬁzﬂg%l Based on| weight
61200 Ibs.| ties 218 | ghr™ | ties 31t | per yard.
> e toe, . 1o 0. e . toc
i, | a8 |0
p - permiy. P .
Lbs. Lbs. Lbs. Lhs.
300 7,040 5,632 4,693 | 75 to 100
360 5,867 4,693 3,811 | 45to
505 4,182 3,345 2,783 [ 30te 50
780 2,708 2,166 1,805 | 20to 35
1,250 1,689 1,352 1,126 | 16te 25
1,342 1,875 1,260 1,050 1 12to 16

Above nuinbers allow for no excess.
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TABLE VIII.—Table of steel bolts.

Number required and weight per mile single frack
for corresponding rail.

-
v
)

' S .

Size, d}iam- ‘EB Base(tll oril Rai}llt
eter by ‘Eg standard Based on weig]
length B¢ practice, ased o per

under Liead. Eﬁ“_ Based on 902, 30 1t Based on portablfe yard.

S 30-1t. 1667 in 24-ft. lengths
) lengths. lend lengths. averaging
& engths 151t
g down to .

b 24 {t.

Lbs. | No. | Lbs. | No. Lbs Lbs Lbs.
3,017 2,148 | 3,070 | 2,640 3,771 ... .. [....... 100
1,920 | 2,148 | 1,953 | 2,640 2,400 ..|95and 100
1,837 | 2,148 | 1,867 | 2,640 | 2,296 |85and 90
1,760 | 2,148 | 1,790 | 2,640 | 2,21 | 75and &0
1,724 1 2,148 | 1,753 | 2,640 | 2,155 |...._..|....._. 70
1,149 | 1,432 1 1,169 | 1,760 | 1,437 2,299 [ 60and 65
11,126 1,432 1,146 1,760 | 1,408 2,253 55
1,104 | 1,432 1,123 | 1,760 | 1,381 2,208 50
1,055 | 1,432 1,073 { 1,760 | 1,318 6 |. 2,109 [40and- 45
600 | 1,432 610: 1,760 | 750 1,198 | 30and 35
572 1,432 5821 1,760 | 715 1,145 |20and 25
536 | 1,432 | 546|1,760| 671 1,073 16

i

Threads can be either United States Manufacturer’s or Whitworth’s standard.
All bolts furnished with hexagon nuts unless otherwise ordered.
Above numbers allow for no excess.
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TaBLE IX.—Welghts and dimensions of Amerlean standard rall sections.*

b D
. g b 22 Aaxis, 1zt
g‘ éée ‘% s s it gl
Bl S fu By = °
Scetion index. | & B L 38 - fu | =g
1 g o - 28 oo
= =T g |58 | B o | B
50 ;| B = &g = == 54
S g | = 2 n3 o (@Y By BE g
& ot = > o e S S g & @ g
& - | B ‘ E 2 omes ge & o 2P
| Sq.
Lbs. | ins. | Ina. | Ing. | Ins. | Ins.
100 ) 9.8 8% P 841 2.8 43.8 14.6 2.13
G901 8.8 5% Y 23| 2.5 34.0 12.0 1.97
80| 781 3 0 e 2.4 26.2 10.0 1.83
701 6.9 4361 | 2% 1 2.2 18.6 X.2 1.70
801 5.9 414 ES 234 2.1 14.5 6.7 1.58
50| 4.91 3% 5, 2% | L9 9.8 4.9 1.42
401 3.9 8151 &l 15| 17 6.6 3.6 1.30
361 3.0 3 i 156 1.4 3.5 2.3 1.11
20| 20 28] i Bg| L2 1.7 1.3 92
6] L6| 2141 & 134 11 11 0.97 .84

tion modulus
* Am. Soc. C. E. Standard Rail Sections.
+ Axis 2—x is perpendicular to web of rail section through center of gravity.

Taves X —Maximum allowahle wheel loads in pounds.

C. to ¢, of ties in

s,
s | 2 25 30 0 P
| -
3,550 1 4,970 | 6,390 | 8,340 | 12,780 | - 14,90
2,850 | 4,140 530 6950 10,650 12,420
2,360 3,310 | 4,260 | 5560 | 8,520 9,940
1,970 | 2,760 | 35501 4,630 | 7,100 8,230
1,690 | 2360 3040, 3970 6,080 7,100
!

Table IX shows the weights, dimensions, and strength of rails of standard sec-
tions, and from this table the necessary weight of o rail can be ascertained for the
load to be carried. A rule given by the American Locomotive Co. is that for light
rafl with properly spaced ties the maximum wheel load may be 250 Ibs. for each
7pound weight of rail per yard under 40 1bs. and 300 1bs. for rails from 40 te 66 Ibs.
The axle loads of the loaded cars ought to equal the axle loads of the locomotive.
This rule Is a rough approximation only.

Table X shows the maximun allowable wheel loads recommended by one large
man ufacturer of pertable track. :
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SUPPLY RAILWAYS.

32. Sugply railways include all railways, except combat railways, that may be
constructed or used lor the supply of an army in the field. They may vary from a
light portable track to a standard-gage railway. Their principal uses will be to
connect the army with its base; to cotnect permanent camps with the nearest ex-
Isting railway; to formn a belt line around a besieged place outside the field of obser-
vation; to form a belt line inside the line of defense of a besieged place; for the
movabls §un defense, and for a general supply line to supply an army in a perma-
nent position such as the Russian army often occupied in Manchuria. lnextreme
cases a railway may have to be constructed to supply an advancing army when
local conditions preclude other means of transportation.

For cruder forms on which animals are used as the motive power the description
already given of a combhat rallway will suffice. They are what are known as trams=
ways. Assoon as some form of mechanical traction is to be provided for the line
becornes a * railway * in the commonty accepted meaning of the word.

33, Regardless of the gage, the same underlying principles govern the construc-
tion of all such lines, and, having a plan for the operation and maintenance of an
existing line of rallway, it is easy to adapt it to the requirements of a temporary
line. The principal considerations that govern in planning for such 4 line are,
first, the amount of army supplies, troops, and animals thal must be handled;
second, the time that can be permitted for its construction; and third, which
applies particularly to operations beyond the sea, the amount of transportation
necessary to place the railway supplies on the work. This third condition will
ordinarily necessitate a narrow.-gage rallway for a supply railway in a country
beyoml the sea.  Tocul conditions, such as a great supply ol standard-gage material
and relling stock, may render advisable the building of a standard-gage railway for
operations from a friendly land base; but where conditions extremely favorable to
a standard-gage line do not exist, a narrow-gage railway will probably be decided
upen in the general case of supply railways. The weight of the materials and
relling stoek is so much smaller, the bridges can be 50 mueh lighter, and the earth-
work is se much less than for a standard-gage road that the narrow-gage railway
is decidedly easier and quicker to build.

34. On the Barsi Rallway, bnilt in Indis, a 21t. 6 in. gage was used. The weight
of the locomotive was 58,800 1bs. in working order; it had an eight-wheel base with
a four-wheel pilot truck (bogie), 13 by 18 in. cylinders, and used a working steam
pressure of 150 1bs. The rigid wheel base was 8 {t. 3 ins.; total wheel base, 18 {t.
6ins. The weight on each of the six axles was 10,000 Ibs.  The gsharpest curve on
the line has a radius of 175 ft. On a level tangent this locomotive drew 1,036 tons
?lt 15 miles an hour; and on a 19, grade, 934° curve, it hanled 291 tons at 8 miles an

our-

‘They were able to run sixfeen trains a day in each direction, which, excluding the
weight of the cars, carried 3,360 tons each way daily. The load on each ear axle
was the same as on the locomotive axle—i. e., 5 tons. The weight of rail used was
35 1bs. per yard.

35. (General Sherman's army at Atlanta was composed of 100,000 men and 35,000
animals, in a hostile country.” The net train supply to him was 1,600 tons daily,
which he said was in excess of the amount necessary to supply his army. A com-
parison of these figures shows the great possibilities of narrow-gage rallways in
supplying troo%s in the field. Howsever, in vsing them it must be remembered
that the Barsl Railway was a well buill and ballasted line, running under peace
conditions. Estimates based thereon for war conditions should be reduced enor-
mously to provide for the necessary passenger service and for the interruptions of
traffic due to poor track conditions and to accidents incident to a state of war.

36. The narrow-gage locomotives built in this country give even better per-
formances than that cited in par. 84, for an eight-wheel locomotive, 14 by 18 ins,,
class D. T, built by the II. K. Porter Co., of Pittsburgh, weighing in working order
60,000 1bs., is rated with a eapacity of 1,875 tons on the level, 425 tons on a 1%, grade,
and 220 tons on a 29, grade; whileclass D. T, locomotive, with 11 by 14 in. eylinders,
weighing 36,000 1bs., is rated at 1,075 tons on the level, 240 tons on a 1%, grade, and
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120 tons on a 29 grade. The axie load in the first case is 714 tons; the weight of
rail necessary is 30 1bs. per yard. The axleload of the second locomotive is 414 tons
and only requires a 20-1b. rail.

The rating of these last two engines is based on the [rictional resistance of 6%
1bs. per toen. This resistance may vary from 51bs. to 101bs. for good cars and track,
and may run higher for poor cars and track (see pars. 175, 176).

The efficiency of locomotives is being constantly increased, and a study of the
Iatest catalogues of the prominent builders is recommaended.

37. The question of time not only enters into the question of construction of the
road, but is also an Important factor as to the amount and kind of narrow-gage
rolling stock that ean be furnished, For a short line, say 10 miles in length, it is
probable that the equipment and rolling stock could all be bought from stock.
This would mean adapting the grade and gage to the rolling stock, supplies, ete.,
that the manufacturers had on hand. For a narrow-gage line of considerable
length, say 40 to 50 miles or more, it will be absolutely necessary to have consid-
erable notice, and the same will be especially true if the materialis to be transported
across the sea. Under either circumstance, the engineer will first fully acquaint
himself with all the plans of the commamfing general, and ascertain the general
line over which the railway is to be built and the probable army that will have to
be supplied. A study of the best maps available will then show him the general
{eatures of the country through which the line is to run, On over-sea expeditions
theéiit‘ of material may have to be made up from imperfect knowledge of existing
conditions, :

If a very accurate and detailed map is at hand, the work will be simplified; if
not, a general reconnaissance should be made of the ground te be covered, where
such a thing is at all possible. The engineer will, meantime, enter into communi-
cation with the manufacturers of railway equipment of all kinds, and he should
then be able to make a bill of material for the railroad that is to be built. T neces-
sary, pressure should be brought to bear on the manufacturers to make them rush
his order through without delay and in advance of all other similar civil orders.

SURVEYS.

38. Routes.—In some cages it will be possible to go over the route and locite the
exact position of the whole railway before construction work commences, and in any
case the general line of the road will be known although the exact location may not
he determined except as the army advances. In either case, surveying will have
to be done in order to determine the best line for the road and to loeate this line on
the ground. Whether this be @éne in peace or war makes no difference in the gen-
eral principles, but the cireumstances of each particular ease will necessitate a judi-
clous determination of the proper care and accuracy that must be used in that case.

39, Surveys.—Surveys are location sarveys, and construetion of final surveys.

" The instrumental loeation of o military raflroad does not differ materially {rom

that deseribed for a new wagon road, but greater accuracy is desirable, and a much
more careful adjustment of curves and grades is indispensable. As with commen
roads, the grade will mainly follow the natural surface, but the line must be so
located as to keep these grades within the adopted limit, which will usually be 2%,
theugh in exceptional cases and for short grades 4% is allowable.

40, Matural drainage lines present the most regular and easiest gradients
and in a broad sense it may be said that every railrcad loeation follows lines of
drainage. When the head or source of one drainage line is reached, the location
crosses the divide to the next, With few exceptions, drainage lines have slopes
not exceeding those permissible for railroad location. The first requisite in con-
sidering a railroad location is to get, the lines of drainage clearly in the mind. This
done, start the exploration from the initial point on a straight line for the objective.
Keep on this line ag long as it can be done within the prescribed limits of grade and
curvature, Leave the Iine only when foreed away from it; do not go away from
it farther than is absolutely pecessary, and get back to it as soon as possible.
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41. Before the survey isstarted, the maximum grade and degree of curvature
should be decided upon, and in surveying the line the instruinent men will know
what their limitations are and will locate the line sccordingly. This maximum
grade shonld be the compensated grade. That is, when the grade gecurs on a
enrve, an allowance of .04 of grade shonld be added to the actual grade for each
degree of curvature to give the compensated grade. When the level man finds the
grade rmnning steeper than the limiting grade, he will take o snflicient amonnt of
side notes to determine the amount of excavation or filling that will be necessary
to keep the grade within the presceribed lmits; and if he finds the amount of exca-
vation excessive, he may have to call back the transit man and have the line relo-
cated. This should not happen fregnently, as the transit man shoudd know the
maximmn allowable angle of slope and shoild locate his line accordingly.

42, The virtual grade is the actual grade corrected to take advantage of the
velocity head dne to the speed of the train when the various grades are enconntered.
Tts principal application is for economical construction, but even wt moderate speeds
it might oecasionally permit the use of grades steeper than the so-called maximum.

43. A pusher grade is an isolated case that ean not he kept down to the mling
grade nor compensated for by the velocity head. Here it is best to pass at onee
to nearly double the ruling grade and provide for a regnlar pnsher engine for that
special grade. They shonld not ocenr oftener than onee or twice in a division,

44. It is permissible to increase the total length of the line by 14, to rednee the
ruling ]ara ¢ 0.1%. This is an English rule and iz subjeet to many limitations.
It wonkl only apply to the divigion in which the prade lay. 1t does not take into
acconnt the difference between the actnal profile and the virtnal profile, and it
does not contemplate the nse of pusher engines on isolated heavy grades. 1t
a]ppmjently is meant to upply where the ruling grade is used very frequently through
the division. .

45. The combination of notes of the transit and level parties will show the grades
ard the curves that will be necessary, and will thns determine the practicability of
the ronte selected. Below the limiting grade that a lone locomotive can ascend, the
working maximum grade for the line will be different in every case and there is
no sueh thing as 5 fixed maximum, The only general mile is to keep it as low as
practicable and still keep the amonnt of construction work within reason.  Par. 175
deseribes the method of finding the tractive power of 2 locomotive. Knowing the
available rolling stock, the amonnt of supplies to Lie transported, and the nature of
the eonntry, the maximnm grade will always be 4 compromise between what you
can get and what yon would like to have. Pars. 34 and 36 show that grades above
29, are almost prohibitive. The maximum degree of enrvatnre is not so indefinite.
There is a railway in Colorado with 50 curves of 20°, or more, in 11 miles. The
Baltimore and Ohio, until recently, had a 300-f® curve at Harpers Ferry on its
mainline. The 175-ft. curve (par. 34) on the Barsi road conld nndonbtedly be made
sharper and still be practicable. With these as limits, o road can wind in and ont
throngh almost any eonntry. Keep in mind that sharp curves are preferable to
steep grades if it becomes a guestion between the two.

46. The maximum allowable degree of curvature is a funetion of the rigid
wheel base of the locomotive and the amonnt of clearance between the inner flanges.
of the rails and of the locomotive wheels, The generous use of eurves to avoid
heavy euts or fills is economical of time in construetion and the relation between
the resistance die to enrvature and that due to grade is shown by the compensation
for curvature referred to in par. 41.

47. Tt is assumed herein that the officer in eharge of the work is acguainted with
the use of instruments, and so no explanation is made of the instmiments nor of the
methods of nsing themn.

Upon the completion of the survey and the determination of a practical ronte will
come the location of the line of track. This may either be dove by the prepara-
tion of a map whereon are plotted the cross sections taken, or the profile may be
plotted and any objectionatile features, sieh ns excessive grades, cuts, or fills, can be
corrected by the necessary deviation when the engineer reaches that poiuf in the
line in the conrse vf the actnal, final location. Inthe first case, tlie center line hav-
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ing been plotted, where no cross sections have been taken, it is assumed that the
track may be moved 100 [t. in either direction withont changing the elevation ma-
terially. ‘Where the cross sections have been taken, the desirable centerline is indi-
cated by a series of points and the center line of the track is located to correspond
approsimately to these points. The line along the part not cross-sectioned is then
shiifted to one side or the otlier to correspond. Theoretically, this is the best way fo
locate a line of railroad; in practice, however, railroad locating engineers hecome
expert in the location of 1ines on the gronnd, and due to inacoiracies which oceur in
all maps, it is usually found that the engineer will liave to change the center line
more or less, no matter how carefully it wus located on the map,

In ordinary practice the Hne i actually located on the ground by the instrument
n}leu at the head of the locating party, and any necessary corrections are made in
the same way.

48. A profile will be made showing the elevations of the center line finally decided
upon, and by means of ping and threads the exact elevation and grade of the line can
be deterniined for every station. In this determination the notes taken by the
transit party regarding the class of soil, rock, etc., should be cousidered.

49. The foregoing description of the method of location sounds cnmbersome, but
the actnal work can be kept up so that before going to bed at night the locating engi-
neer has determined the line and grade of his frack up to the end of the day’s work,
or else has determined that that particular line will not satisfy the limiting condi-
tions of the ease in hand. In either case, the next morning the party is prepared to
coutinte work, or to start afresh at some point baeck on the line, knowing that the
\\Eflorllg 1p to the point of starting hias thug far determined a satisfactory location for
the line,

50. In a very rough country it may be found advisable to nse a plane table in
the construction of the map for defermination of the route; the advantage of this
methed is that a map of g certain area can thus be obtained with a great deal less
labor tnan by tae use of the transit and level. The plane table is especially nseful
for mappiug bridge sites, but for general location has not been found gs practical
as the method of transit and level,

51. Instruments should be checked as to their adjustment often enough o
keep the instrument man coufident of their approximate adjustment. For methods
of adjusting instruments, see Part 1, on Reconnaissance.

52. Sidehill work.—In locating the line on the side of a hill the center line
should be run along the surface of the ground, if this can be done by a slight move-
ment to one side or the other. This will equalize the necessary smonnt of cutting
and filling, and will minimize the movement of material. R

53, Estimates.—After the location survey has been made, notes are then at hand
for making an estimate on the amount of material that must be moved, the other
work that must he done, and the time necessary to build the proposed line. e
estimates are made, i{ the work is to be done by contract, to obiain a basis en which
tle contract shall be let and upon which payment will be made; but in the normal
case of a military line the work will be done by troops, or by hired labor, and the
object of the estimate is to determine the quantity of work to be done at different
points along the line in order to so subdivide the working parties as to get the best
results and the quickest return in the shape of completed line.

In case an official report is desired by the commanding general before he decides
whether or not to construct the line, the entire survey and the estimates must be
finished before this report is made. “This report will be accompanied by maps and
profiles showing the routes considered and the final location decided upon, and the
reasous therefor, It willalso show the approximate cost of material and of civilian
labor, the amount and cost of relling stock and other equipment, and will show the
capacity of the line when it is completed and the time that will be necessary to com-
plete the work as desired. 1n case it has been definitely decided in advance to build
the line, the cost and time are only considered in that they must be kept as low as
practicable, and the survey need not he completed before construction work hegins.
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A short seetion of location 4 or 5 miles in length is completed so that the working
parties can be started, and thereafter it will be an easy matter for the survey parties
to keep well in advance of the construction parties, gince it is hardly practicalfor the
gonstruction party to average over 1 milea day if conditions as to weight of track
nnmber of bridges, and amonnt of excavation are not peculiarly advaniageous.
Even under favorable conditions as to construction, and with the nse of light track,
probably not over 3 miles a day can be finished. The survey parties can easily
make more than this and will be able to keep ahead of the construction parties.
(However, see par. 115.) It took 173 days to build 190 milez of the 4 It. 6 in. railway
from Wada Halfa te Abu Hamed in 1897, on thelatter part of which as much as 5,300
vards of 1ine was built in a day. This road was built by Lieut. (now Col. Bir.)

i P, C. Gironard, R. E., British Army.

54. A line of railwa¥ is made up of curved and straight lengths; the former are

atter tangents. Railroad curves are usually arcs of circles.
They may be either simple, compound, or reverse. A simple curve is a curve
with a constant radins, ~ A compound curve is one composed of two or more
simple curves of different radiienrving in the same direction and having a conimon
tangent at their point of meeting. A reverse curve is composed of two simple
curves curving in opposite directions and having a comimon tangent at their peint
of meeting. The name is alse commonly applied to two simple cnrves curving in
opposite directions, which are joined by a tangent shorter than the usnal length of
traing running on the line.

35. A transition of easement curve is 8 compound carve, or spiral, nsed at
the ends of a sharp carve to lead gradually from the tangent to the main curve,

56. A ourve with arading of less than 500 1t. is commonly referred to by itsradius;
as, a curve with 150 1t. radins, or a 150-{t. eurve. Curves with radii longer than
500 1t. are nsually designated by the number of degrees of arc that a cherd 100 1t. in
lengih subtendsfrom the center of the eirele.  Thus, a 5° gurve means that 9 100-t.
chord subtends an angle of five degrees (5°) from the center of the circle. There
are other means used to designate curves of very short radii, bit they are more or
less misleading; as, for instarnce, 8%, which signifies that 4 chord of 25 i1, on the
circumference subtends an angle of 8° at the center. A curve is measured along
its chords, and snch length of chord shonld be assumed that the ratio of the are to
the corresponding chord is practically unity. The number of subtending chords

multiplied by the length of such chords eguals the length of the curve L. Lc%l,

where A=central angle, D'=degree of curvature, I=length of ¢chords nsed.

A 1° curve is considered as the basic enrve and its elements are shown in Table
XIX for use in computing data for eurves of other radii. Its radins is 5,729.65 ft.
and a 100-t, arc of such a curve subtends 1* at the center of the circle. The cor-
responding functions or elements of any two curves are proportional to their radii
and therefore those for a curve of 5° are found by dividing the corresponding ele-
ments of a 1° curve for the same centralangle, by 5. Thisrule holds good aslong
as the 100-ft. ¢chord and the subtended arc are not sensibly different in length.

57. The various parts of a curve are shown in fig. 27, We are supposed to be
moving in the direction FBH. FB is one tangent joined to B, another tangent,
by thecurve ADC. Theangle between FB, extended,and BH is called the exter=
nal, or central, angle (A). B is the point of intersection, nsnally designated
I’1. Aisthe point of curve (P.C.). Cisthe point of tangent (P T.). is the
center of theare. ACisthelong chord (C), ED is the middle ordinate (M), and
1B is the external distance (). ABand BC are called the tangent distances
{T). AOistheradius (). The degree of curvatureis D.

The relations between the varions angles and lines ean be seen frotn the figure.
Va/mogi: for%nl% showing therelation of the d ifferent parts to one another are given
in Table XVII.
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58. Method of laying out curves.—These methods vary greatly, and each
depends largely upon the local accidents of the terrain. A few of the simplest are
given here. Inrunning atangent along the line FB (fig. 27), the point B isreached
where the direction of the line changes to BH. The exterior angle A iz measured,
and it is desired to put in a curve connecting the tangent FB with the tangent BH.
Either the radfus or the degree of
curvature must be assumed before
the points of tangency can be located.
1If the ground inclosed in the triangle
ABC is clear and open, practically
any curve cah be run beilween the
twe tangents. Sometimes, however,
there is some condition that deter]
mines where the curve shall le and
consequently what the radius of
curvature will be. A common condi-
tion is that the point D in the curve §s
fixed by some loeal condition, thereby
fixing definitely the length of the line
BD. A reference to Table X VII will
show the relation of the line BD
(usually referred to as E) to the
other parts of the diagram, and from @ l"’

this table, knowing the externalangle
A, and measuring E}, R can he

s B
determined. Ree——opp
g exX. sec. A Fia: 27.

Given R,and A, thed istanoe ABand BCgan be determined,since T=1R tan 14A.

Such a condition might arise in siege works, when the point D must lie in the
bottom of a trench already dug. :

Curves are usually laid out by nse of the transit, but for rough work orin an
emergency they may have to be laid out without the aid of an instrument.
For such oceasions the following methods are deseribed:

59. The method of offsets from
tangents (see fig. 28).—Knowing the
P. C., P. T., and R, make a table for
tangent distances and offsets. The dis-
tances on the tangent Ay from the P. C.
to the petpendicular offset from the
extremity of any arc, Ag, ig equal to R
gin D for the first station and Rsin (» 1)
for any succeeding station (»_ being the
number of the station from the P. C.); and
any offset, as g, from the tangent to the
extremity of any arc is equal to R vers
(r D). Makeupatwo-columntable,inone
column of which are placed the distances
to be measured along the tangent, and in
the other the perpendicular offsets from
the tangent to the goints in the curve,
Having the tangent distances correspond-
ing to the consecutive chords for-halfof the

¥i1G. 28. enrve and the offset for each, measure off

the distances from the P. C. along the

tangent and locate each by a peg; then at each peg lay off perpendicular {o the
tangent the corresponding offset from the column of offsets. This locates half of
the curve. Go to the P. T. and locate the other hall of the curve from that point.

60, A simpler form of this same method by offsets from the tangents will be
found by using Table X1. Thistablegivesthie perpendicular offset for acurve with

= 0

~

» WK
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a 1-t. radius at points one-tenth of the radius apart, measured along the tangent
from the P, C. It willreadily be seen that for any other radius the table willapply
if every figure in the table is multiplied by the radius of the desired curve.

TABLE X1-—Table of offsets from tangent for radius of 1 ft.

[All measurements are in decimal parts of the radius.]

Tan. Dist., ft....] .1 2 .3 4 5 8 7 & 9
Offset, ft......... 0.0050 | 0.0202 | 0.0461 | 0.0835 | 0.1340 | 0.200 | 0.2859 | 0.400 | 0.5641

Method of use.—Having given the radius of desired curve, multiply each nun-
her in the table by iis radins in feet and make a new table similar to the above.
The figures in the lower line are then the perpendicular offsets from the tangent to
the curve at points along the tangent whose distances from the . C. are shown in
the upper line.

In many cases laying out half the eurve {from the P. C. and the other half from
the P. [, will give the hest results, since the perpendicular offsets will be shorter
than when all points are located from one end.

61. Tolocate a curve by offsets from the chords produced.—Having deter-
niined R, assume some length of chord, €7, equal to about 8.2 R, but lessthan 100
ft., and from Table XII find the corsesponding offset from the tangent ¢ for this
length of chord. ¥rom the P. C. as a center, strike'an are across the tangent pro-
duced, using for a radius a chain
};vh(get}l]enmh is¢, otrhAa in fig. 29.
. . D e Doint on this arc a per-

o 415 pendicenlar distance, ¢, from the tan-
gent. ‘Thisis the point ¢ on the
curve. Asshewninfig. 29, produce
Au, the distance C’ to ¥, strike the
arc o', with a radius ¢V from e aga
center. Strikean arc with a radius
Yh==21 from ¥ as acenter. The in-
tersection of these two ares is b, 2
new peoint in the curve. Produce
eb, a distance (¢, to ¢ and strike
the are e, with ¢ as a radius and
hasacenter. From ¢, with 2 asa
radius, strike an are, and whers it
intersects the previous are is ¢, a
unew point it the curve. Proceed
in a similar manner until a point
is reached where the distance to P.
o lA T. is less than C’, the chord dis-

Fia. 29. tance used.

. Measure or compute thisremain-
ng length of the curve and eall it z. KEstablish a tangent to thecurve at 4, using
e€=1 Lay off df’=zr and locate the point f by the same method by which ¢ wag

established from the tangent AB, using ff'= g%t Bf iIs the direction of the new
tangent., If B is not vigible, lay off the distance (ﬁ_s outward from d along Od

and a line through the resulting point and f is the new {angent.
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TasLe XIL—Table showing tangent distances and offzets therefrom for certain -
Tengths of chord in a curve of 1’ 0" radius. All measurements are in decimal
parts of the radius.

[ 1 {

Length ofchord...} 0.1 6.2 0.3 | 0.4 0.5 0.6 070809 10

Offset ... vevvnnns. 0.005/0. 020! 0.045 0.080 0.125, 0. 1801 0.245] 0.320) 0.405] 0.50

Tangent distance.. 0.100.0. 19& 0. 206910, 30120, 484110, 5724/0. 6557 0. 7332/0. 80370, 3660

The ioregoing table is hardly necessary for the tangent offsets, which are always
equal to square of the chord divided by 2RR.

62. To locate a curve by mid~
dle ordinates.—D.C., P.T., and
B beiug known,assume some short P4
chord, (¥, whose ratio t(ilthe cor- _—%-':]
respondingareis practically unity. e
From sin 1/2 D'=C21, find D', e“
the angle that this chord sub- i
tends for the given radius. Then 1
f)l, =N, theuumber of suchchords
in the curve to be laid out.

Lay off from P. . toward center
the distance Ag (fig. 30), equal to
offsat 7, corresponding to O, taken
from Table XII. T‘uroufzh g ex- 11f ,
tend the line ge paralisl to the \
tangent AB, and with the P. C.
as a center sirike an arc with a
radius €. The intersection of I's]
these two lines is a point in the
curve, a.

From ¢ Lay off o distance in the -Fra. 30,
directiou of the center, ah, equal to - i
¢t Extend theline Ah, and with @ as a center strike an arc with ¢’ as aradius. The
intersec

tion of Ah with this are is al b, another point in the curve.

. IT Nix a whole number, the P. T. will be one of thie points found as above. If N
i not alwhole number, Ly off the whole-numbered stations as above until a sta-
tion, e, ix located, just beyond the P. T. Measure Od and Ce.  From Table XII
find the offset corresponding to each of these chords. From d and ¢ lay off dd/
and ¢/, outward from 4 and e along the directions 4O and ¢O. The line ¢/ should
eoineide with the new tangent and pass through €. This methed is euly applicable
when O can be seen from all points of the curve.

There is another method of laying off curves without the use of instruments,
1. 2., by offsets from the long chord of the curve, but it is not helieved that this
methiod would be ofany practical value in the field; and if occasion arises where its
use is necessary, the engineer can readily figure out the method for himself,

The foregoing methods will not always lecate pointson the curve a fixed distance
apart, but as l‘él-]']}ld ity of location is desired rather than careful notes for {uture
record, these methods are suited to military railways!

63. Laying out carves with a transit.—P. 1. accessible.—Arriving at the
P. 1., the exierior angle is meagured, and knowing either the radius, or the degree
of curvature desired, the other is determined as in par. 58, . IHaving located the
P.C., the transit is sef up at this peiut and the zeros of the plate and vernier are
Lrought together and clamped in that position. The instrument is then sighted
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along the tangent produced and an angle is turned off toward theside to which the
curve is going, equal to the chord distance to the next station divided by the dis-
tance between stations, and multiplied by one-hali the degree of curvature. Thus
the P. C is at station 10--40; the degree of curvature is 4° B; the length of stations

60
used is 100{t. Tolocatestation 11 turn off IO—OX2°, or1°12’, to the right and measure

60 1t. along this line. The rear chainman holds the 40-ft. point on the P. & the
head chainman moves to the right of the tangent until the Roint of his flag, held at
theend of the chain, is bisected by the verticalcrosshair. A stakeis driven at this
point and a nail is driven in the stake and the point Is verified by the instrument
man and the head chainman. The chainmen move out and thereafter use the
full ehain. The instrument man thereafter lays off 2°, that is, half the degree of
curvature, for each station until the last station in the curve is reached, He then
lays off the proper proportional part of the deflection angle, which should be eqnal
to the difference between the sum of all the angles theretofore laid off and half the
externalangle. Theline of sight should thenintersect thetangent atthe P.T.ifthe

work has been correctly done, and the length of the curve should be IOO%IL It
either of these two conditions is not fulfilled on resching the P. T., some mistake
has been made and the work must be corrected. In turning off these angles as
above, it is best to make out a table before starting that shows what the vernier
should read at each point. This does away with the chance of a cumulative error
that exists in turning off a2 small angle several times.

64, P. L. inaccessible.—When the P. L. is inaccessible, it may be necessary to
make several changes of direction, asin fig. 31, Thepoint V would be the P. 1., but
it is inaceessible, The line is run along APQB, QB being the desired direction of
the new tangent. The externalangle is
then equal to the sum of the deflection
angles at T and at Q. In the triangle
QPV, all theanglesand theside PQ are
known, Solve the triangle for QV and
PV. Tind thetangent distance VB and
VA agin par, 58, and lay off from Q, QB
equal to VB minug VQ; and from P, a
distance equal to VA minus VP. The
points B and A thuslocaied arethe P. T,
and P. C., respectively. The curve is
then laid out as heretofore described.

65, A curve requiring more than
one setting of the instrument.—As
) errors will ¢reep into the location of a
[ ” 14 curve if very long lines of sight are used

in laying out the curve, it is customary

Fia. 81, not to 1aY out more than from four tosix

stations from one point; therefore, on

curves longer than this, two or more settings of the instrument will be necessary.
This is also the case when the line of sight is interfered with by some obstacle.
Having located the curve as far as Q, in fig. 32, from the I, C., it i3 decided to nuse
anew setting of the instrument. The instriument is moved to @ and set up over this
statfon. The zeros having been bronght together,s backsight is takenonthe P, C.,
the telescope is plunged, and an angle is turned off to the inside of the curve equal

to I;— multiplied by the curve distance Lo Q, in feet, and divided by 100. Thisis

equal totheangle VAQ. 'The instrument should now read the same angle that it
did to locate @, and the line of gight is tangent to the curve at this point. From
Q the curve iz continued in the same manner that it was from the P. C.

]
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To be general; when ihe instriunent is set up or any forward station of a curve,
backsight to any previous station with the plates set at the originally computed
deflection angle for the station sighted at. FPlunge the lelescope and set the plate
at the angle of deflection originally :
computed for any forward station
and the line of sight will point to
that station.

In locating curves on a line of
rallroad, many problems willcome
up for solution too numercus for
description here. A knowledge
of trigonometry and the use of
formul= in Table XVII will solve
any problem that may arise.

66. Reverse curves,—A reverse
curve should not be located in a
line of railway unless it is impos-
sible to avoid using it, and two
curves, curving in opposite direc-
tions, should not be nearer fo
each other than at least the

length of the longest train that it ! Q
is expected to run over the line. -
o) A
67. Easement or transition Fia. 32.

curves.—A good rule for the
length of such a curve is that it
shall be equal to the run-off of the guperelevation of the outer rail. The tran-
sitlon spiral is too complicated for a full description, but its application is
iairly siinple. In fig. 33, ABC is the circular curve for which a transition curve,
EGIE/, leading into a garallel circular curve A’B’CY, is to be substituted. The
form of the cubic parabola is used, and is applicable wherever ED is equal to or

F16. 33.—TRANSITION CURVE.

less than 0.38 R, or to be concrete up to-an 11° curve, with 5-ins. elevation to the
outer railrun outin 200 feet.  On curves sharper than 11° & rough essement curve
can be put in by applying similar methods. The curve will not be a real cubie
paraboela, bat will be better than the sudden circular curve.

Having decided upon the elevation of the puter railfor the main curve, thelength
of the easement curve ED.may be assumed as from 400 to 600 times the proposed
elevation, and the points E and D located equidistant from A. The corresponding
ofiset DB’ isthen g)ED)% divided by 6 times the radius of the curve ABC, and can
belaid off perpendicular to ED.

41421°—16——3
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The relation between DB’ and the perpendicular offset, HI, to any point, I, in
the transition curve is then:

HI: DB’ :: B : BD% or HI= DB L8 oKD
EDS.

Therefore AG, at the original PC is ¢ DB; while al the quarter points, L and H,
the offsets are f;‘ DB’ and 33 DB/, respectively. A tangent to the curve at B’
cuts the line BED at a point K, such that KD=1ED. (Theline KD in fig. 33 is
distorted, because it was necessary to make ED much greater than 0.38 R to give
a clear diagram.) The main curve can be continued from B/, by back-sighting
either on A’ or K. From fig. 33 AA'=1{ DB'= 14D'B’, whence the deflection angle
B’A'D’ can be determined, since R ver.sin 2 B’A’D/=1V'B’.

68. Corrections for curves of over 10°.—It will be seen that in the foregoing
curve work there is a slight error, due to the difference in length between an arc
and the 100-ft. chord used in chaining. This difference is inappreciable for curves
up to 10°. For purves shar%er than this, there is 2 measurable correction to be
applied, especially when subchords are used. In locating a very sharp curve,
points must be located less than 100 {t. apart to properly outline the curve. Infig.
341t is desired to use 2 subchords, and to find the length, ¢, of the subchord AB.

];1 is the angle AOB, subtended by subchord T'.
D=degree of curvature==A0C.

Then, C'=2R si L
en, :2ismﬁy

{nen, as 2R— 20,

D
sin-—
2
D
! 100 sin-é,n(
' = S
sin._~
2
¢ LD
and sin e e
S5 =10 My

Fie. 34.

Example.—Required to lay off a 36° curve with short chords so that a 100-fi.
chord willsubtend 36° at the center. What is the actual chord length to be used,
when we wish to use three short chords?

D

o
%:ig.;s"sBAD.

=18° 00

sin6°_10.45
dn 18 i ~ 381 1t

o Or=100X

The chord 33.81’ is used and 6° is {nrned off for each such distance.

69. Increase in gage~—In laying track on tangents the rails are laid with the
distance from the inside of one rail to the inside of the other rail the exact gage of
the track. Oncurves, however, it has been found better toslightly widen the gage.
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This is done on aceount of the rigid wheel base and the consequent wear of the
wheelsand rails. Forcenrvesless than 4° thereis no increasein the gage of the track.
For curves sh r than this, the inerease, according to good American practice, is
shown in Table XIII. Thistable also shows the distance of the guard rail from
the inner main rail. Theincreasein gage on a curve is dependent upon the length
of the rigid wheel base and the radius of curvature, A general case can be found
from the formula ’
1312

3R

in which L equals the length of the rigid wheel base in feet, R is the radius of the
curve in feet, and I is the increase in gage in inches, This Is an English rule and
agrees with U, 8, practice. 1 should never exceed about one-third of the tread.
Note in Table XIIT that the guard rail is a consient distance from the outer rafl.

(approximately),

TaBLE X!1I.-~Increase in gage of track on curves,

) Increase over Distance of
Degree of curve. standard Gage of track. | guard rail from
- gage. main rail.

© 2 ins.
27% ins.

This table is for a first-class road. The rigid wheel base of the locomotives is
about 12 te 15 ft.

70. Elevation of the ocuter rail*~The elevation of the onter rail on a curve is
dependent upon the radius of the eurve, the speed of the train, and the gage of the
track, and can be found from the following formula:

Ak

R’

in which E is super-elevation in {eet,
% is gage in foet,
1 is radius in feet,

. V is velocity in miles per hour.
71. In making this correction for curvature the inner rail may be carried

along at grade and the entire elevation may bhe given to the outside rail, o the cen

ter line may be carried at grade and the outer raillaid one-half the elevation above

the center line and the inner rail one-half the elevation below the center line.

The former is considered the better practice. Whichever method is followed, the

rails at the P. C. should have the fnll difference of elevations and the difference ot

elevation is run out on the tangent st the rate of abont 0.11t.in80ft. Onastandard-~

wage military road the speed would doubtless be low, and a good rule for elevation

forany ceurve would be 34 in. for each degree of curvature, and tl;e maximuam eleva-

tion for any curve should not exceed 5 ins. Sharp curves and high spegd de not go
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together. Onsucheurves the speed must be redueed, and the allowable sgeed may
be found from the above formula by solving for V. A slow sign should be posted
at both ends of such a curve.

72, Lead of inside rail.—Due to the shorter radius of the inner rail, its joints will
runahead of those of the outer rail and certain correeuotls{s must be made to keep
the joints approximately square. This difference is L—E+ S8y, when R is the

radius, g the gage, and L the length of rail. By using the short length rafls on the
curves, the joints can be kept approximately square without cutting rails. (See
Table V as to specifications for rail lengths.)

73. To find the degree of curvature.—The middle ordinate of a 61.8-foot chord,
measured in inches, gives the degree of curvature. This is only correct when the
raiis are properly curved, and on roughly lined eurves will not give accurate results,
The average of several trials{s more accurate than a single measurement. Another
method of determining the degree of curvatureis shown in fig, 85, using the gage
of the track, a measurement that is usyally accurate, as a middle ordinate. Sizht
from C to A, making AC tangent to the inner railat B. Measure ACand DB, CB
should equal BA, and the point A should be relocated if measurements do not
agree.

" .
Bas
Then Be=—y-—
A c Then the degree of the curve
8 oquals 3750,
i
F16. 35.

74. Vertical curves.—On a line with grades as great as 19, and 29, vertical
curves Will be necessary where two sharp grades come together. The curve is
usually in the form ofa parabola. The American Railway Engineering Association
recomiends that for the same change of grade the length of vertieal curve in a sag
should be twice what it would be for the same change on a summit, while other
engineers would make them of equal length.

In fig. 36 AB is the upgrade and BC the downgrade, The stations indicated are
100-1t. stations. It is desired to run in a vertical eurve on this hill and avoid the
sharp change at B. Dwcide on the desired length of the vertical curve, and on the

AT
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Fia. 36.—VERTICAL CUBVE.

TS

N [

Fta. O

profile draw the chord AC corresponding to this length, Half the difference be-
tween the elevation of B and D is approximately the middle ordinate of the curve,
and locates the elevation of the curve at the point E. Then let M be the correction
in elevation at the pomt B.

BE~ M.—_% (@%,ét?M_mv. B) .




MILITARY RAILWAYS. 37

The correction for any other peint of the vertical curve is proportional to the
square of its distance from the nearest end of the curve divided by the square of
the half length AB. The correction is negative when the curve is concave down-
ward, and is positive when the curve is concave upward.

. Verticalcurves vary in length according to thechangein grades, The A . R. K. A,

rule is that the length of the vertical eurve, AC, equals the ehange of adjacent grades
(in per cents) multiplied by 1,000 ft. for. summits or 2,000 it, for sugs. These
lengths can safely be reduced to 250 and 500 ft., respectively. The resulting curve
should extend an equal distance on each side of the apex. Improvements in cou-
plers and hrakes are decreasing the necessity of long vertical curves.

Example.—A 429, grade cg'oins a ~1.5% grade. How long should the vertical
curve be? (241.5) 250=875 ii.; 43744 on each slope.

75. Drains and culverts.—The engineer should examine every depression
crossed in the survey, and will decide whether or not water will accumulate behind
the railroad bank if no culvert is put in. If there isa drainagearea of any extent on
the uphill side, a culvert or drain of some sort will be put through the embankment
at this point to carry off the water. A blind drain will sometimes answer, but it is
better to put in a8 box drain or leave an opening in the embankment and put in a
small bridge. These drains should be perpendicular to the track. The area of the
opening In square {eet given by Myer’s formula is:

.
S 1, in flat country.

A=C-/dralage area In acres. C={1l5, in hilly country.

4, In rocky, mountainons country.

76, Tunnels.—In a field line a tunnel is practically an fmpogsibility on account
of the difficulties of construction and the time necessary to build one. ~If necessary
a temgorapy timber-lined tunnel may be constructed by an application of methods
described in Part V, Field Fortification, under Mining.

CONSTRUCTION.

77. The roadbed is the support prepared for the track. It generally consists of
the foundation and the ballast. The latter should be a material the consistency
of which is not affected by water, and especially which does not become slippery
when wet. Sand will do if nothing else can be had; gravel Is better, and broken
stone is the best of all. Cinders, shells, buint clay, and other materials are also
useg ghe surface of the foundation on which the ballast rests is called the
subgrade.

Unless the natural ground is very unfavorable, it will not be necessary to use a
separate material for ballast and the subgrade really disappears. Even then, the
earth hetween and immediately under the ties which is dug into in sarfacing the
track is ealled hallast. Such roads, usually called mud roads, will be the rulein
military practice. -

78, The cross section of the roadbed must be decided upon before the level party
starts on its work, in order that they may know the dimensions of the roadbed for
which the stakes are to be set. Figs. 41-47 show the dimensions of standard-gage
roads. For any other gage the slopes will be the same, but the shoulders outside
of the ties will be slightly less. The difference will therefore be the difference in
the gage of the tracks, plus twice the amount that the shonlder ean be reduced in
width. The dimensions of the roadbed of a 2 ft, 6 in, track would be, approxi-
mately, 11 ft. from shoulder to shoulder on a fill and 10 ft. from shoulder toshoulder
inacut. The dimensions for a track of 3-ft. gage will be about 12 {t. from shonlder
to shoulder on an embankment and about 11 fi. In a cut. In excavations, plenty
of depth should be allowed for ditches in order to insure a dry road bed.

‘Wherever the grades permit, the track will be Iaid directly on the surface of the
%mund, and the necessary leveling up can be done afier the track has been laid.
{ must be eontinually kept in mind that the first objeet desired is to Iget some sort
of rallway connection established, and that the betterments to the line in slight
changes of grade, ete,, can come afterward and not interfere with traffic.
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79. The track consists of the ties, the rails, and the attachments of the latter
to the former and to each other.

Ties for military roads will be made of the most accessible wood,and should be 8
it. long, 6 to 7 ins. thick, and 8 to 10 ins. face, top and bottom, if hewed, and 9 ins.
ifsawed. They should be spaced 24 ins. c. to c., as a rule, but if the ties are broad
it may be necessary to space them wider, as clear room between of 12 ins. is needed

for tamping. It is usual to allot a certain

One Tie Supported number of ties (14 to 18) to a 30-ft. rail, and

s space them equal clear distances rather than
equal center distances.

Rails are 30 ft. in standard length. The
size of rails is reckoned by the weight per
yard in lbs., and varies from 12 to 110 1bs.,
the former used for industrial and construe-
tion roads and the latteron afew of the high-
est class trunk lines. Rails for military roads
will probably rin from 60 to 80 lbs. The
nameof the mill and the weight per yard are
rolled in raised letters on the web of each rail
at short intervals.

80. Rail joints.—A rail joint consists of
a pair of fishplates, ori angle bars, and
from four to six bolts. The length of angle
bar used to-day variesfrom 17to 48 ins. The
bolts should alternate, one head inside and
the next head outside of theitrack. ¥ig. 37

F16.37.—TYPES OF RAIL JOINTS AND  shows different classes of railjjoints and tie
TIE ARRANGEMENT. arrangements,

Joints are either suspended or supported. The former are believed to be the
mostsatisfactory. For size and weights of various accessories, see Tables IT to VIII.

Fia. 38.

81. Buffers.—A buffer, or bumping post, is an arrangement placed at the end of
aspurtrack to prevent the carsfromrunning off the end of the track. A commercial
form of the same is shown in fig. 38.

A heavy timber chained across the track answers very well for a bumping post.
One of the simplest and best means of ending a spur track is to dump a pile of cin-=
gfirsk across the end of the track for about halfa car length from the end. about 3 ft.

ck.

82. Tie plates.—On curves and bridges, tie plates can be used advantageously.
g‘hegg)plates are usually of steel and prevent the rail from cutting into the tie (see
8. g
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83. Spikes.—The commonest form of railway spike is shown in fig. 40. The
weights of these for various sizes are shown in Table VII. The cutting edge of the
spike is across the grainin crossties; if the railsare to be spiked to stringers, as occa-
sionally on a bridge, the spikes should be “reversed” by a smith.

84, Organization of working parties.—The actual organization of the working
parties will depend upon the manner in which it is planned to move the earth.
However, there are a few cardinal principles which will apply in every case.

The work must be laid out far enough in advance so that no working party,
either teams or men, shall be idle through lack of orders.
The men and animals must be housed and
fed as well as conditions will permit. For this
purpose, a quartermaster should be detailed,
with a sufficient number of assistants to thor-
oughly handle these two important duties.

85. Thﬁ lzlluartfelrmas}er 101‘ olne ofdhis asﬁst—
ants, will have charge of all tools and supplies.
He will be responsible for getting them to the Fig. 39.—TIE PLATE.
front when wanted, and for distribution before
working hours and collection afterwards. He is responsible for all camps, camp
equipage, and transportation. He will be in charge of the messing and act as
paymaster.

86. The health of the men should be looked after by a detailfrom the medical
department, whose businessit is tolook after the sanitation of the camps, the proper
policing of the water supply, and the general health of the men. The health of
the animals is also important, and a proper number of veterinarians should be
employed to take care of them.

L ]

87. The camps will be so located that the least possible time will be lost in getting
the entire force onto the work, and the camp willbe moved from time to time to fill
this requirement. If neeessarf for the safety of the camp and the working parties,
a proper guard will be detailed, whose commander will report to the engineer in
charge of the party or parties that are to be protected. The guard commander
of the camp will he responsible to the engineer in charge for the security and safety

of the camp and working parties. He will perform his

duties in the manner prescribed for the outpost com-
:FP mander in the Field Service Regulations, and will keep
the engineer in charge fully informed as to the precau-
tions that he has taken, and will give him timely warn-
ing of an enemy’s approach.

88. Clearing and grubbing.—The first party sent out
clears the right of way of all trees, brush, etc.,and is fol-
lowed by a party to grub out stumps that lie in the
actual roadbed wherever the fill is not over 2{t. Stumps
up to 12 ins. in diameter can be pulled by means of a

stump puller, which requires the use of one team and

two or three men. For stumps larger than 12 ins. in di-

ameter it is probable that dynamite will be used. To
get a stump out by this means a trench is dug around the
stump from 2 to 4 {t. wide and of sufficient depth to un-
cover the main body of the stump. A hole is bored
) under the stimp with a 2-in., auger, and one or two
14-1b. sticks of dynamite are pushed into the hole and exploded. Thissmall charge
springs a large opening under the stump, into which the necessary amount of dyna-
mite or powder is placed and exploded.

Fi16. 40.—RAILROAD
SPIKE.

89. Earth work.—For details as to earth work, see Part IIT—Roads.
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ROAD BEDS.
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STONE OR GRAVEL BALLAST.

Fia. 44.—STRAGHT LINE.
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TOOLS AND APPLIANCES.

.

40. Many of the tools and appliances used in railroad work are so well known
that no deseription is given.

Figs. 45 to 71 show some of the tools and equipment that will be found in use on
allrailways,
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Fig. 48

Fia.

_ B3—CROWBAR (WEDGE POINT).

48.—TRACK GAUGE,

49— TRACK LEVEL,
50.~CLAW BAR.

51, —LINING BAR.

52, —CROWBAR (PINCH POINT).

54, —TRUCK WRENCH.
A5, R AIL TONGS.
56, TAMPING BAR.

Fig. 59

P16, 57.—PICKAX {CLAY PICK).

53.—~TAMPING PICK.

59, —RAIL CLAMP.

G0.—BPIKE MAUL.

S1.—SPIKE MAUL (PIPTSBURGIT
PATTERN).

62.—TRACK CHISEL.

63.—TRACK PUNCH.,

64, TRACK PUNCH (ROUND POINT).
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F1G. 65.—RAIL SAW.

F16. 66.—TRACK DRILL, F1G. 67.—TRACK JACK.
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F1G. 68.—(ASOLINE VELOCIPEDE.

F16. 69.—HAND CAR.
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91. Fig. 71 is a Sterlingworth holding=up bar, which will be found very
useful in laying track, since the blow to the spike is transmitted directly to the
railand not to the adjacent ties, asit is when the tie being spiked is held up from
the adjacent ties by pinch bars.

’

F16. 70.—PORTABLE LIGHT.

92. A sand blast is an appliance that will be found useful wherever ironwork
of rolling stock or brldées is to be cleaned for vepainting. These sand blasts are a
commercial article, and for cleaning metal work can not be equaled by any other
method. The nozzle of a sand blast is the part that wears out quickest, and it has
been found that a small piece of 3-in. pipe pounded flat on one end and threaded

7 at the other, for connection with the hose
coupling, is as efficient as the best har-
dened-steel nozzles on the market.

93. With light rails the holes for track '
bolts can be punched, and a portable rail
punch will be furnished for this purpose.
Rails will be drilled when time and tools
permit.

BRIDGES.

94. Bridges.—A discussion of the theorfr
of the stresses and strains in bridges will
not be considered here. The intention is
to describe certain simple types of bridges
and to suggest a systém based on certain
openings and loadings, in accordance with
which the chief engineer may prepare, in
advance, certain bridges or the material
F16.71.—HOLDING-UP BAR. necessary for such bridges. 1If the work

. will be mainly reconstruction of an ex-

isting line, every effort should be made to obtain a list of the existing bridges
and a description of each. These lists are kept by allrailways. Preparation must
then be made to duplicate every bridge on the first 75 or 100 miles of the line. If
no such list can be obtained, or if a new line is to be constructed, certain openings
shall be decided upon as standard. Knowing the maximum load, either steel or
wooden stringers for these openings will be provided by the chief engineer. The
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engineer in the fleld, on coming to an opening where 3 bridge is required, willplan
the bridge so that the openings between abutments, or between bents of piles or
trestles, shall be from the lengths previously agreed upon and for whiech the chief
engineer is prepared to send material without delay. This classification can only
apply to single openings, because with several spans it will be impossible to
include anything general about the necessary plers.

Only in exeegtional cases will openings over 50 fest be provided for. Larger
.\,:pam;i3 \fill be subdivided into spans of less than 50feet by temporary piers wherever
possible.

The bridge materialprovided {or the first 75 te 106 miles of the railway will prob-
4bly not all be used on that part of theline. The stock of material will be increased
for the next snceeeding section before the end of the first section has been reached

by the advancing troops.

95. In any stream the rate of the current and the amount of drift are impertant
factors in determining the span to be used. The length of time a bridge will be in
useis alse important, as theriver may be at such a stage that one length of span can
be used, when if it were at a higher or lower stage, an entirely different one would
be necessary. :

95. The strength of wooden and steel beams Is shown in the tables pnder
“Bridges,” Engineer Field Manual, and also in the various engineers’ and manu-
facturers’ handbooks. The loads to be provided for ean be ascertained or decided
upon beforehand. The locometive loadsare the maximum loads and can easily be
found for any standard locomotive.

97. On arriving at a bridge that has been destroyed, the first eonsideration is to
gel some sert of a line across to connect with the road on the other side. Thiscan
frequently be done by making a deviation which will carry the roadbed into the
river bottom and up the other bank, necessitating only a very short, low bridge.
This work is done by the advance party, and a second party follows and constrizets
the permanent bridge at the grade of the permanent track. Sharp curves on this
diversion lineshould be avoided,since steep grades will be inevitable, and the com-
bination may cause frequent derailments.

98. Piers and abutments.—Before the beams or trusses for the necessary spans
can be decided upon, it is necessary to decide upon the location of the plers and
abutments. Thelecal conditions as to the banks and the bottom of thestream will,
in general, determine the location and kind of abutments and piers that are to be
used. Ingeneralterms, they will be either of piles, cribs, or trestles. A description
of the methedsand conditions that govern the use of these three, and their method
of construetion, is given in the chapter on Bridges.



48 MILITARY RATLWAYS.

§9. Unless the bottoin is very muddy, a erib or trestle bridge can be built quicker
than a plle bridge; and on this aceount, unless a pile bridge is necessary, one of the
other two kinds willbe used. The question whether cribwork or trestes will be
built will depend upon the amount and kind of material at hand. Cribs can be
builtin a shorter time with nnskilled labor than can trestles, but the amount of
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Note.—No bracing on bents up to 9 {t. high. Double bracing on bents over 18
{t. high and up to 281t.
material in cribwork is greatly in excess of that in trestles. Cribwork occupies so

much of the waterway that ii is more exposed te washouts and accumulation
of drift than are trestle or pile bridges.
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¥16. 74.—ABUIMENT WALL.

100. Up to a height of 18 ft.,crib piers ean be built more rapidly than trestles if
the material is at haud. Above this helght, the advantage of the crib over the
trestle rapidly decreases; and above 25 ft. the trestle has the advantage, (Experie

ence in South Africa.)
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101. In trestlework it is frequently advisable to fasten the uprights to the caps
and mudsillsby means of dogs or side plates, instead of by driftbolts, on acconnt
of the difficulty of drawing driftbolts out of the timber in case the trestle is dis-
mantled for funtnre use.

102. On a rocky bottom,little difficulty is sncountersd in the foundations, as
the bottom can be leveled off, either by cutting or by the use of concrete in bags.
On a sandy bottom, two or three layers of ties make a very good foundation. Care
should be taken to prevent any scouring under the foundation of the trestles.

103. Types of pile bents are shown in figs, 72, 73, 74. Table XX1 gives a com-
plete list of material required for any number of 16-ft. spans of pile bridge, It
includes everything sxcept rails and rail fasteners. It may be 1m1pmet1cabla to
obtain the wooden Stringers shown in the table. In such A case steel I beams may
be obtainable, and if so, 8 new table can be made incorporating such changes as the
substitution of steel stringers requires.

104. Beams.—Knowing standard size of openings and the loading, and having
decided upon the location and number of spans necessary, the corresponding floor
system can be taken from the material previously prepared, or the superstructiure
can be ordered from the base storehonige by a very short telegram. ork can be
immediately begun on the piers and abutments, and knowing the height of rail
and dlimensions of ties and stringers, the plers snd abutments can {requently be
ready for the floor system when it arrives.
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¥16. 76.—ARRANGEMENRT OF STRINGERS,

Wherever practicable, the stringers of the floor system should be lapped as shown
in fig, 76, but in ordering a floor system, care should be taken not to ask impos-
siblethings. For instance, to ask for double lengths for a 15-ft. span would require
timber 30 {t. in length, which is abouit the limit of length that can be supplied from
the ordinary market; and if a longer span than 15 ff. were contemplated, it would
not_do to ask for double lengths unles$ it were known positively that snuch lengths
could readily be obtained. :

108. Trestles.—Figs. 75 and 77 show the form of construction for trestles of various
heights and show the necessary bracings. F¥rom these figures and {rom fig, 78 bills
of material for trestle bridges can easily be made up to suit any particular case.

106. The various methods of erecting the trusses or beams are fully described
in the chapter on bridges. The ends of beams or trusses should be securely fas-
tened to the caps by driftbolts or by some other method that will kesp them from
sliding sidewise or lengthwise. Adjacent beams should be separated by blocks
of wood, or by C. L spools.
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107. Cross bracing.—Whether trusses or beams are used, some system of floor
braecing must be used that will make the bridge rigid under §fde pressure from wind
i:-r {()Ither causes, and will prevent lateral movement from vibration due to moving
oads. .

108. Floor system.--The part of o pile or trestle bridge above the caps is known
as the floor system. A standard floor system is illustrated in fig. 78, where the
various parts are designated by pame. The strength is varied by changing the
number of stringers.

109. Creeping.—The ties of a railway bridge should be spaced from 4 to 6 ing.
apart, and about every sixth tic should be fastened to the stringers, either by letting
the tie into the stringer or by nailing a block to the stringer that completely fillsthe
space between that tie and the next. This prevents creeping of the track on the
bridge. When I beams are used for stringers, the track is prevented from moving
gideways by fastening the ties to the flanges with lag bolts. Creeping is prevented
by clips that clamp the rail to the flange, or end, of the X beams,

110. Guard raits and guard timbers are necessary fo prevent trains ranning off
the bridges in case of derailment while crossing a bridge.  On a single-track bridge,
the guard rails extend the full length of the bridge on both sides and are brought
together at both ends after leaving the bridge. On a double track bridge, they are
brought together at the end from which traffic comes and are left open gyonﬁ the
other end of the bridge (see fig. 78). Guard rails should be from § to 12 ins. inside
the main rails. Guard tinibers are bolted to the ends of the ties on both sides of the
track, the full length of the bridge. They are usually from 4 by 10 to 5 by 8 ins.
and lie about 3 ft. outside of the rafls,

NoOTE.—No guard rails to be used on bridges having a clear span under coping of
less than 20 f6.

Guard timbers to be placed at proper distance outside of rails on all bridges except
those with selid floor and ballast. ’

111. Trusses.—For spans greater than 50 ft. suitable girders or beams eould not
practically be carried in stotgirin the storehouse. Such openings must be spanned
by trusses built on the site. As far as practicable, all the materials are framed at
the rear and sent to the site ready for erection.

The chief engineer will have on file in his office complete bills of material for
trusses of various standard lengths. He willkeep on hand a supply of all standard
%)rldge materials, and can thus supply the necessary material for any of these

T1S3es. .

112. Cableways.—Insomeplaces -
an overhead cableway can be used T e e
{;0 ) dei%t adg'szgtage n e{ec:ting (;1: g ——

uilding o bridge, or in transpor N
ing supplies across a stream that Single Trachk.

vehicles can not cross. There ars

two clasges, the ordinary cable

way (fig. 80) and the balanced e e e o s

cable crane (fig. 81). The first e ——— P —

form can be quickly rigged if large :

trees are close to the bank, and is !

very convenient when the load .

does not have to come in to the <L : —

;:;ary foot to{) f;hgd isupports.t ¢ If | Sy —— 7— —-7-4;‘ P
wers must be used tosapport the

cable, they are difficult to erect . Double Trac

and the material is too heavy to F16. 79.—GUARD RAILS.

carry in a fleld equipment. A con-

sidersbly longer span is always necessary than the actual width of the stream,

and the load must be pulled uphill over one-half of its journey and is only

stable at the lowest &omt in the catenary. The balanced cable crane, on the other

hand, ean carry loads farther inshore than its points of suppott; the stress in the

cable is constant whatever the pesition of the load, and only sufficient force to over-
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come friction is required to move the load along the cable. The key to the construc-
tion of this cableway is that the length of the cable must be such that both eounter-
weights can not rest on the ground at the same time. The autematic rising and
falling of the counterweights as the position of the lead on the cableway changes
kes&ps the angles of the cable at the load symmetrical with the action line of gravity,
and hence the load is stable at any point on the cable.

One end only need oscillate; the other can be rigidly anchored. The counter-
weightsare the onl%z excessively heav%r‘ parts of this cableway. They will probably
be bags of sand filled on the spet. The amount of material to be transported is
comparatively small, and much of it will have other uses.

"“""“‘”"'““""“f" LY JES PN
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F1G. 80.~ORDINARY CABLEWAY,

For efficient hand operation, the cable of either class 'must have both ends at ap-
proximately the same elevation,

In reconstruction work, the use of cableways willbe found to facilitate the erection
of bridges very greatly; and in cases where a ferry 1s not practicable, a cableway
may be copstructed for the transportation of supplies.

Light cableways with a capacity of about 60 tons per hour for spans up to 406{t.
are commercial articles, and from 25 to 30 tons per hour can be carried over a span
of 1,000 {t. on & comparatively light cableway.

Cableway unloaded — Siress X Tons

{Counter T
waighty
1

ELEVATION

F16. 81.~BALANCED CABLE CRANE.
TRACK LAYING.

113. Final center line.—As soon as the roadbed is completed, the transit party
rans over the line and sets center stakes 100 ft. apart on tan%ents and 501t. apart on
eurves, and re-marks the center of the track by tacksin the head of the stakes. The
road is then ready for the track-laying gang, “This center line must be aceurate, for
bridge and track work will begin simultaneously,

114. Track laying.—The track-laying party now follows, and the plans for all
preceding work should be such that the track [aying can go on continucusly. The -
rapidity of track laying is governed by the rate of supply of material at the
working point. Thiscan be accelerated en sidetracks and on double-track work by
unloading ties, rails, and other material directly from the cars alongside of the
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existing track, and work under these conditions is simple and rapid, for the material
can be easily distributed,

On new work, however, the rails, ties, and all other materials must be either
distributed along theline by the use of wagons or must be carried on a train and
the track built ahead of the train; ties, rails, etc., being unloaded and placed in
position by laborers. :

115. On ground thatis fairly level and free from streams the first method, that of
distributing material from wagons, is the most ragid. The following example
gives the working force and distribution of Iabor nsed in laying an average of 4.27
wmiles of track per da%of 10 hours during the month of August, 1887, between Minot,
N. Dak., and Great Falls, Mont. The force was distributed ag follows:

Men.  Horses.
150

NG 1105, - e et e i e e e e s 75
Loading ties. 28
Distributing 10
Spacing ties. .4
4 aTT oo L S PSR 2
Markjn§ and pl: giointties. .. 4
Unloading flats and loading iron ars....coocceeeeanorvann 24
Unloading iron cars and placing rails. . . .13 L
Hauling rails.... e e e eeaaaeaeeemraeeannn 3 6
Bpikers...... .
Nippers....
Stmpipers .......... .
Distributing spikes.. 2 L.
Lining trac e

156

Bix rail cars were used, and as soon as each car was inloaded at the front it was
run back behind the spikers and taken off the track. When the last of the six cars
had been unloaded, the other five were again placed om the track.and the supply
train moved ahead. The best record made was 8.01 miles of track in 1134 hours.
This is supposed to be the best day’s work of track laying on record.

The ties were unloaded from the construction train, placed in wagons, and hauled
to the front, and then thrown into place, lined, and spaced Dy the first 123 men in
the ahovelist. ‘The rails were unloaded from the constraction train onto smallrail
cars, hauled to the front, and unloaded from these cars and placed on the ties by the
next 40 men of the table. Rails were spiked to the ties, the bolts put in, and {he
track lined by the remainder of the crew.

“The method just described is the most rapid that can be followed but iz more
exFansive than other methods to be described later and therefore is not generally
followed in commerciallines. On.a military road, labor is plentiful and cost, often
is not a deterrent, Where the adjacent country is rough or swampy the use of
wagonsg becomes Impracticable and the track mnst be built from the road bed itself.

116, In thesecond caseall the track material is carried on a train and distributed
ahend of that train. 'The ties, rails, etc., can be carried by hand from the cars to
their place on the roadbed, or use can be made of what is commonly called a track
laying machine. - :

When the track material is distributed by hand, a crew of 3 foremen, 64 men,
and 2 teams ought to lay about 1 mile of track in 10 hours under average condi-
tions. The following distribution of the crew is suggested:

Tie carriers....coceeemeeeannn. 21 | NIpPers. .. ...occooovvicaannn [}
Tie placers. c..ocvveviiannnnn. 6 | Spike distributers. .. ... 1
Rail placers...........oooo.. 8 | Bolt distributors......ovconn- 1
Head strappers 2 | Water boy. ... JUE |
Back strappers. 4] Teamsters. couev conrennnneennn 2
Spikers..... 12




56 MILITARY BATLWAYS.

This table is based on the use of push cars for both rails and ties and allows but
one man to earTy & tie, T'wo men to 2 tie would probably have to be used,

The Meru Charjul section of the Trans Casplan Railway was laid by this
method in 1885 at the rate of 38.5 miles per month. The Sibi Railway, in Indias,
133 miles long, was laid at the rate of 40 miles per month. .

117. Tools for laying track.—Allowing for breakage and for changing men
from some kinds of work to other kinds at times, the following tools will be needed

_ for a track-laying crew of 64 men:

26 spike hammers.
18 pinch bars.
12 track wrenches,
16 picks,
4 pinch bars 334 {t. long.
2 water buckets, 4 dippers.
72 traek shovels.
3 adzes,
4 chopping axes.
2 hand axes.
4 rai] forks
6 rail tongs.
2 ratchet drills and bits.
50 expansion shims, 44 in.
100 expansion shims, 44 in.
200 expansion shims, v in.
1 grindstone,
3 sixteen-pound sledges.
3 adz handles (extra),
48 spike hammer handles (extra).
12 pick handles (extra).
4 ax handles (extra).
% %_rack Jacks, )
ie-spacing poles.
1 drawshave.p
4 claw bars,
1 push ear,
3 rail cars. ‘
1 hand car.
1 keg 104, wire 