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l\HLITARY RAILROADS. 

COMBAT RAILWAYS, 

1. The subject of military railroads as here treated will Include the location, 
eonstruction, operation, and maintenance of railroads in the theater of war under 
military auspices and for military pnrposes; that is, with a personnel consisting of 
officers, enlisted men, and civilian employees, and for the main purpose of facilitat• 
ing the movements and supply of the Army. . 

The difference between war and peace conditions will cause a wide departnre of 
military from civil railroad practice. Some of the conditions of military railroad 
1ervice are: 

(a) Quick results for a short period are of the first consideration. 

(b) The mechanical possibilitios of the property can not be fully developed by 
reason of an untrained personnel. . 

(c) Speed requirements are moderate and practically uniform for all traffic. 

(rl) The roadbed and equipment are subject to damage beyond that resulting 
from the operation of the road, or from the elem en ts, or from decay. A civil road 
is operated on the presumption that the track is safe; a military road mnst be 
operated on the presumption that the track is unsafe. 

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

(f) A military road is best operated with an ample supply of motive power and 
rolling stock, and a moderate speed; whereas on a civil road the tendency is to 
increase speed to economize rolling stock, and to increase train loads to economize 
motive power. 'rhe known ratios of equipment and mileage on civil roads mm not 
be taken as sufficient for military roads. 

2. Railways constructed and operated for ~ilitary purposes vary from a rough, 
narrow-gage road on which the motive power is man or mule, to a fnlly equipped, 
modern, standard-gage road. ·The first would probably be used in the approaches 
of siegeworks or to supply an armv in a winter camp or a fortified position of great 
extent, and the latter when an existing commercial line was taken over for mllltarv 
nses. 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 he artificial and of little use in discussi.ng the general subject. The only 
classification that seems logical is to divide them into those that are built and 
operated within the field orthe enemy's observation and fire, and those built and 
operated beyond bis field of observation and fire. The former are called com bat 
railways and the latter supply railways. 

3. Combat railways ditrer from permanent railways only in the degree of 
care taken in their construction, maintenance, and operation. 'l be same general 
rules govern bo1h, and the engineer ofticer must apply those mies to suit the 
ments ol bis particular case. They will practically always be narro , 
and in most cases will be made of portable track similar to that nsed 
industrial works. Rolling stock and track, while not kept on hand in large"quan­
titi€s, can be obtained in small amounts, and orders placed can be quickly filled. 
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6 :MILITARY RAILWAYS. 

Requlrements.--.Combat railways must be capable ot transporting guns, ammu• 
. nitlon, 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 constructed in carrying on a siege. From the nature of the line, it must be one 
that can be rapidly laid and as rapidly taken up and relaid elsewhere; it must not 
occupy too much space in the approaches and parallels; it must be of light wt)jght, 
and it must permit of very sharp curves. These various requirements demand a 
light, narrow gage railway. 

4. Motive power.-Th<' loads will he hauled either by men, animals, or gasoline 
motors, as a steam locomotive would indicate too clearly its position by its smoke. 
If the requirements of the service are great enough, gasoline motors ol th~ type 
shown in fig. 1 can be used with advantage. These motors are made from 2 ft. to 4 
It. 86 In. in gage, and one weighing 2 tons will haul 10 tons on a level track. Details 
of heavier types are shown in Table I 



------- -· - .. -· 

TABLE !.-General dimensions and capacities of vu lean gasoline locomotives. 

I I Hauling capacity (tons of 2,000 pounds) in 
Outside dimensions. addition to weight of locomotive. 

I Optional Rated Frie- I Horse- Diam- tional ' (Whe,il power speeds draw- resist I· On a grade per mile of-Weight. of en- eter of (miles per bar : base. drivers. pull. ance 
i gine. hour). per ton.I On a I Height. level. ,52'.8 1(),5' .6 I 158' .4 211'.2 264'.0 I 

1%. 2%, 3%. 4%. 5%. I 

~ Tons. Pouruls. Pouruls. ...; 

10 } 
::-< 10 1,56 49 28 19 14 .... 

{
3and6 •••• } { 20 76 36 22 16 12 

; 3' 0" 110' 0" 3' 4" 
;.,l 

4 25 lW' 4 and 8.. .. 1, 600 30 49 28 19 14 ll ~ 5 and 10.. ·I 40 36 22 16 12 9 
10 234 74 42 29 21 

rn r I O;/ 

{
3and6 .... '} { 20 114 54 34 24 18 14 , 9" I 11' 0" 3' 1011 II> 6 35 18" 4 and 8 .... I 2,400 

30 I 74 42 29 21 16 121 ~ I 5 and 10 ... 40, 54 34 24 18 14 11 

1{3 and 6 .... 
} 3,200 { 

io I 312 100 ~g I 38 28 
21 } II> 20' 152 72 32 24 1~ 4' 0" 12' 0" 41 211 4' 0" ><I 8 45 22". 4 and 8 .... 

30 r 100 56 38 ' 28 22 Cf' 5 and 10 ... 40 72 45 32 I 24 19 15 

{ ~i 390 123 70 47 34 26 

}4' 0" 12' 6" I {
4 and 8 .. "I} • 190 90 57 40 ~i I 23 41 g11 4' 2" 10 55 22" 5 and 10 ... , 4,000 so I 12'3 70 47 34 20 6 and 12 ... , 40 , 90 57 40 .30 23 18 

} 4,800 { 
10 I 468 148 84 57 41 31 f' 3" {

4 and 8 .... 
20 ' 228 108 68 48 36 28 13' 0" 4'.8" 4' 4" 12 75 24" 5 and 10 ... 
~I 148 84 57 41 31 25 6 and 12 .. 108 68 48 36 28 22 

} 6,000 { 
10 I 585 185 105 71 51 39 l f4 and 8 .... 
20 I 285 135 85 60 45 35 41 611 141 3" 5' 011 4' 6" 15 90 251

' . 5 and 10 ... 30 185 10,"i 71 51 39 31 j [6 and 12 ... 40 135 85 60 45 35 28 
...:, 



8 MILITARY RAILWAYS, 

All or the above locomotives can be furnished with either one ol the two-speed 
transmissions as listed in tables un.der "Optional speeds." 

The hauling capacity Is the heaviest train of cars and their loads which a loco­
motive can start on astr'aight 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 p01mds and over. 'l'o 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 po1mds per ton frictional resistance -with good cars, good track, and no 
curves. 

Use 20 po1mds per ton trictlonal resistance with lair cars and track and easy 
curves. 

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

FIG. t'.-1"oya-WHEEL GASOLINE LOCOMOTIVE. 

This motor (fig. 1) Is designed for hauling In mine, quarry, elevator, and indus­
trial works. 

SPECIFICAT!ON8.-Motor; Vertical type, ample power for service conditions. Gage; 
24 to 56½ In. Material, metal throughout, heavy railroad construction giving 
ample tractive power. Control: Two speeds forward and same ill reverse. Height 
of drawbars to suit requirements. Exhaust screened. Brakes: Standard type, ap­
plied to alJ four wheels. 

5. The usual motive power will be either men or animals, and since the road­
bed wlll 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 comer 
rings for attaching the drag Jines or harness. Derailments will be frequent and the 
rolJing_stock should be such that replacing loaded cars will not be a very difficult 
operat10n. 

6. Capaclty.-The portable railway used by the Japanese in Manchuria was 
23.0-ln. gage; that by the Russians was 30-in. gage. Both used short sections, 
6.5 It. and 5 It. long, res\)ectively. The Russian rails weighed 25 lbs. per yard. 
The Russian line had passmg tracks, or sidings, at intervals or about 7 miles. They 
used cars wei~hing about 1,920 lbs., which carried a load of about 41400 lbs. The 
cars were hauled by two animals, one on each side of the track. Tne capacity of 
the line was about 000 tons each way daily, equal to about the capacity ol 400 escort 
wagons. This capacity could have been increased considerably by decreasing 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 RAILWAYS. 9 

7. Alignment and grade.-Within. the field of observation and fire of a besieged 
place practically all movements must be madeunderartifictal cover. 'l'he location of 
these lines of approach will be dictated by military principles, and the line of the 
combat mil way will therefore be determined not by questions of economy or ease 
of eo~itruction. 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 limlting_grade, if by such a change no military 
ad vantage 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 or 8 It. 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. Gage.-'l'he word gage is used with various meanings In railroading, but its 
most frequent and most important use is to indicate the distance between the 
inne_r edges of the heads of the rails when newly laid. Standard gage Is 4 ft. 8½ 
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 traffic. 'l'he gage of a combat railway may be determined by any of 
several condit.lons, such as the amount of yortable track available, the weight of 
the equlpm.e.ut necessary, the amount of materials that mnst be handled on the 
railway, etc. The amount of narrow-gage railway stock and equipment that is 
kept on hand by the commercial firms or this country is very limited and for a 
sndden 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 tho purpose as 
well as, or better than, any 01.her, and if notice can be had long enough in advance, 
theeutire equlpmwtfor field railways might well be or this gage. Considerations 
of weight may require a narrower gage, and a 2•ft. gage will give a very efficient 
rail way. 'l'his gives lighter track sections, lighter rolling stock, and In actual siege­
work requires less width of trench. Subject to these considerations, the wider the 
gage the better, although on the o!lensive a narrow-gage lihe 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 usecl 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. 

IO. Rails and connectlons.-1'he rails may either be bought already fastened to 
metal ties, or the mils and ties may be ordered separately. In the former case, the 
sections are kno,vu as portable track, and usually come in 15-ft. sections (fig. 2) . . ~~-, s=-s F.F 

f.$_qgtf~~~ 
FIG. 2.-Section of Portable Track. 

The weight of tlle rnil of suc:h portable track is usually about 12 to 20 lbs. per yard, 
an<! the most ,,ommon gages are 20 and 30 ins. Portable track of wider gage and 
heavier rails can he had by special order. The ties used are usually of the cross 
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section shown in fig. 3, and standard sizes weigh 7 and 12 lbs. per yard. The 
rail_ is the standard T rail. The connections between the rails are usually the 
ordmary fish plates and bolts, as shown in fig. 3. Angle bars may be used if 
obtainable, though for so light a rail the fish plate answers every purpose. 

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

FIG. 3.-METAL TIE AND RAIL 
CONNECTIONS. 

FIG. 4.-RAIL FASTENING TO METAL TIE. 

FIG. 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 to that of one rail. Hence the weight of portable track per linear foot is a bout 
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. 

1--24"---! 

1 n n 1 
14--.--- -:a" ----l 

l<IG. 6. FIG. 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 sort1 with a poor roadbed, it is advisable to have the rail 

l·oints 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 ftshplates 
connecting the rails. 'l'his suspended Joint has been fo,rnd very satisfactory 
(see fig. 37). 

13. Ties.-ln case metal ties can be obtained, and the necessary punch for 
punching the bolt holes is at hand, these ties are preferable to wood.en ones on 
account of the smaller space they occupy. Metal ties of portable track are but 
little longer than the gage of the track. 'l'ies 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 provide 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 rt. 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 tho frog. These 
switches are usually split switches, as illustrated in fig. 8, and can be purchased 

FIG. 8.-THREE-WAY AND RIGTIT·HAND SINGLE SWITCHES. 

for either right or left hand single switches, two-way or symmetrical switches, or 
three-way switches. If purchased in this shape, they can be laid down in the 
track at any point by taking up a section of the same length and substituting the 
switch section. The radius of the standard curve of departure for these switches 
Is 30 rt. 

• 



12 ~Hf.TTAI!Y RATLW AYS. 

'fhe switch sections usually correspond in length to the sections of straight track 
made by the same manufacturer. Guard rails should be called for on all switches 
(See fig. 107.) • 

FIG. 9.-Sl'LIT SWITCF! FOR LIGHT RAILS. 

Side Point 

Heel 

Ma.in Point_./ 

FIG. 10.--FROG. 

Throat 
-Toe 

Wing Rail 

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

The parts of n switch (figs. 9, IO, 11) are as follows: 
One pair switch points, with slide plates. 
The nece,mary connecting rods. 
One ground throw or stand. ~ 
One frog. o 
One pair guard rails. "'· .'. • __ • 

For the method of putting in switches for 
other than portable track, see par. 127 et seq. In FIG. 11.-GROUND THROW 
cases where the point of connection changes Ire- SWITCH. 
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 ou standard-gage ro;;ds for temporary sidings. 

16. Stub switches.-It may happen that there are frogs on hand, but no split 
switches. In this en,se what is known as a stub switch (fig. 96) answers every pur­
pose for a siege rnilway. The frog is located and the rails of the turnout and main 
track are laid on their reiutar curves until the distance between the heads of the 
rails iq equal to the reqnired 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 continning 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 Inlier de.scription of stub switches.) 

17. Curves.-'l'be curves used on this kind ofline usually have small radii. The 
radius may be as small as 12 ft., although a radius of less than 30 ft. is not advisable, 
if avoidable. For curves with radii over 500 It., see par. 63 et seq. Curves with 



l\IILITARY ltAIL \\' A YS. 13 

radii tinder 5!X! ft. can be laid_ olI without the uso or surveying Instruments about 
as ea.s1Jy as with the uso or mstruments. For the portable track mentioned m 
par. 10, sections will be bent by the manufacturer to any desired radius. For other 
track, the rails must be bent and the center line of the track located in order to lay 
out the curve. 

FIG. 12•-lNCLINED SWITCII OR CLIMBER-

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

18. 'l'he angles made in the trench Jines 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 or speed is a minor one, as it usually Is on a siege line. 
AJ3C (fig. 13) is the change of direction of an "pproach; the angle is not exaggerated. 
A very sharp curve would be necessary to get from A to C 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 Ba switch is put in and the line continued to C. BD must be longer than the 
vrobable train length and 
level if possible. The train 
is moved onto IlD, 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 
switchback, when the oper• 
at ion Is repeated. E makes 
an excellent place for stor­
age or tools or materials, or 
for a dressing station. 

8 e 

" 

FIG 13.-SWITCIInACK. 

19. Track centers.­
Having decided upon the 
track to be laid, the cen­
ter line is marked by cen­
ter stakes about 100 ft. 
apart, on tangents, and a.9 near together on curves as the radius or curvature re­
quires. For portable track in siegework, very little staking out will be. necessary. 

20. Track Jaying.-In laying a portable railway, all sections or 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 attacfied to one 
end or each section. The sections are then loaded on the cars with all fishpiates 
pointing toward the head or the track, and the cars are hauled out to the railhead. 
At this point the working party, consisting of 2 noncommissioned officers and 24 
men, unload the cars and lay the track. Two men ca.n unload and lay a section or 
track in about the same time that two men can bolt the fishplates. The party can 
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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 will either 
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 will level 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 b~ 
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 
rails in the completed track, so that both will be used up at the same time and allow 
the train to return empty and avoid unnecessary haul mg of material. 

The tie gang carries the ties.ahead and drops them in position. One man is charged 
with giving ties their correct spacing and alignment; two men at the rail car fasten 

the fishplates to the forward 
E;;S . • . ~ end of the rail, if this has not 

already been done at the rear, 
and the rail is carried up and 
laid with its end between the 
flshplates at the head of the 
last preceding rail. The fish­
plates are bolted temporarily 
with one bolt, and a clip and 
rod (bridle, fig. 87) iastens 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 
1aid. 

Behind the train is the bolt 
FIG. 14.-RAIL•CURVING MACHINE. ing party that bolts the fish" 

plates permanently to tho rail· 
the spiking party that spikes or screws the rail to the ties, and the surfacing, 
party that aligns and surfaces the track. 'fhis is an adaptation of the method 
described in pars. 118 to 125. 

All the working parties'on this work should be under an officer who has an 
assistant at the rear charged with getting out and forw,uding all material needed. 
This last officer's instructions should be such that he clearly understands what 
materialis wanted, and when and where it is wanted. As far as practicable, all rail 
cutting should be done at the rear. 

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

22. Curving ralls.-Before any rail is spiked to its place in a curve it must be 
evenly bent from end to end, so that it will assume the proper curvature when lying 
free. This curving may be done by hammers, but that method is slow, and a rail• 
curving machine, shown in fig. 14, is mote commonly used. Two forms of rail 
bender are shown in figs. 15 and lfi. 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 botwe.en the rail and the ties being 
sufficient to hold the rail in position. The extent of this flexibility depends on the 
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weight ana 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 XX. Each half of the rail, from the middle 
point to the ends, shOuld also be tested for its middle ordinate to insure uniform 

FIG 15.-Q. & C. SAMSON RAIL BENDER. 

curvature. The middle ordinate of these half sections is one-fourth of the middle 
ordioate of the entire rall. 

24- Rall braces.-The outer rails of curves are frequently braced with braces 
of a kind illustrated In fl!(, 17. An angle bar nailed to the tie and butting against 
the web of the rail furmshes 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 
rail brace per degree of curvature. On very sharp curves it is a good J?recaution 
to )lave the inner line of track don bled by the use of a guard rail. This will !re-

FIG. 16.-JIM CROW BENDER AND 
WRENCH, 

F1ci. 17.-PRESSED STEEL RAIL 
BRACE. 

quently 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.) Crossmgs for any angle and weight of rail can be 
made on short notice. ln 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 crossing can be compu
0

ted 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. 'l'o keep such crossings clean and thereby prevent cars 
from jumping otI the track, it is a good plan to lay a rail on its side ~long the inside 
of each rail of the track, the head of such rail to lie against the web of the track rail. 

FIG. 18.-{)ROSSING. FIG. 19.-TURNTAIJLE. 

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

FIG.20. 

'P. Cars.-{)ommercial types of narrow-gage cars are made entirely of steel, 
entirely of wood, or of the two combined. For certain nses the all-steel cars are 
very good, but for work In the field, ears with wooden bodies have been found to be 
much easier to repair, and a break of any sort does not throw the car out of use for 
a long time. 

FIG. 21. 

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 tons, 18 to 36 in. gage, size of platform 
about 3 by 5 ft. to 5 by 8 rt. Other sizes made 
to order. 
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Fig. 22 shows a Oat car, capnclty from JO to 12 tons, 12 to 20 ft. long, 3.5 to 5 It. 
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. 

FIG. 22. 

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 tho gun to be run across 
the railway and moved so as to lie longitudinally along the track. Ily means of 

FIG. 23. 

ropes!thegunandltslimber are run up special ramps (outside of the rails) until they 
are h gher than the body of the car; the wheels are then chocked and the oar run 
under the gun. 1'he necessary blocking is put on the car and chocks are removed, 
whereupon the gun and Jim ber roll down the ramps and the glln settles on tho block-

FIG. 24.-LOADING A SIEGE GUN ON TRUCK. 

ing. The limber is then relensed and the gun is rea,iy for movement. 'l'he gun is 
unloaded with similar appliances. One limbc1' is sent on the llrst car to be nscd In 
unloading the guns when they arrive. 

41421°-rn-2 
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The method of mounting the armament on such a truck is illustrated in figs. 
24 and 25. • 

21!. 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. 

FIG. 25.-SIEGE GUN LOADED. 

30. Derallmcnts.-Owing to the light weight of narrow-gage cars, an empty 
car can easily be lilted back on the track ii it is derailed. With loaded cars, how­
ever, this is not always the case, and car replacerslacilitate 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. 

FIG. 26.-BUDA LIGHT-WEIGHT REPLACER. 

31. In estimatin~ for materials for combat or other railways the following rules 
and tables will lac11itate work: 

The number of long tons of rail per mile of single track is found by multi­
plying the weight per yard by','-. Thus, for 35 lbs. per yard, 1,tX35-55, the num-
ber of long tons per mile. . 
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TABLE II.--Number of crossties for I mile of track. 

Distancec.toc ............ ft .. i
1

•_ 1.511.75. 2.0_·1•2.25 2.5 i2.75 3.0 
----- .. __ I ___ I ____ --- ___ -___ ---

Number of ties required ....... ! 3,52013,018 ! 2,640 f 2,346 2,112 I 1,920 1,760 , 

'!'ABLE III. ---Kumber of Joints for I mile of track. 

Length of rail. 

30ft .......................... . 

Standard practice (OO<Jo 30 ft., 
10'7o short). 1 24ft .......................... . 

15 ft .......................... ·1 

Number I Number of bars and bolts for each 
of joints. Joint. 

352 110 to 65 l•b. rails have 2 angle bars and 
4 bolts. 

357. 5 • 70 to 100 lb. rail~ have 2 angle bars 
and 6 bolts. 

440 
704 

TABLE IV. ---1l/umber of joints to the long ton of rails . 

2.2_41 2.49 
2.80 
3.20 j 

3. 73 

2.27 
2.53 
2.84 
3.25 
3. 79 

.._; 

~ 
"" 
s{ 

I i -el 

•/ • gJ I 
,-,!~1~--

..... 
1 

50. 4.48 /' 4.55 
. ..... 40 I .5.60 5.69 
........ ,._ 30 - 7.47 7.58 
........ I 20 11-,20 11.37 

5.60 
7.00 
9.33 

14.00 
17.50 

8.96 
11.20 
14. 94 
22. 40 
28.00 1. 46 Ii rn 1 14.00 I 14.22 

-~--~--~---



20 MILITARY RAILWAYS. 

TABLE V .-Table for I mile, single track. 

i "'. Spikes (10,560 " '-'"' 
~P. Bolts and nuts. per mi.). s w :::, 

00 i: 
oe--=- ..: 0 
~oo·a 

~ ii t ;;:; 
""~ ~ .; bt .; "" ·.; ·- c:I <D ·., ·.; ·.; 
'".O"' .. " " Pl ~ al z ;::: m ~ Ii:: 

·-----

Lbs. Lbs. 
Long 

Lbs. Ins. Lbs. Ins. Lbs. tons. 
100 29,642 : ¾x4½ 2,148 1,953 I 6x% 7,040 38,635 157.14 
95 27,208 ¾x4½ 2,148 1,953 5½x·,•, 5,867 35,028 149. 29 
90 24, 701 ¾x4¾ 2,148 1,867 5½ x,h 5,867 32,435 141. 43 
85 22,911 ¾x4¾ 2,148 1,867 5½xl, 5,867 30,645 133.57 
80 21,480 ¾x4 2,148 1,790 5½xn 5,867 29,137 125. 71 
75 20,227 ¾x4 2,148 1,790 5½xh 5,867 27,884 117.86 
70 19,153 ¾x3¾ 2,148 1, 753 5½xft 5,867 26,773 110.00 
65 12, 744 ¾x3¾ 1,432 1,169 5½xft 5,867 19,780 : 102.14 
60, 11,706 ¾x3¾ 1,432 1,169 5½xn 5,867 18, 742 I 94. 29 
5" ' 10,346 ¾x3½: 1,432 1,146 5½ X "ft 5,867 11,359 I 86.43 • 0 
50; 8,628 ¾x3¾ 1,432 1,123 5½ x¼ 5,867 15,618 78.57 
45 5,942 ¾x3 1,432 1,073 . 5 X ½ 4,182 11,197 70. 71 
40 4,905 ¾ x3 1,432 1·&It 5x½ 4,182 10,160 62.86 
35 4,368 % X 2½ 1,432 4 xn 2,708 11686 55.00 
30 2,399 %x2½ 1,432 610 4 X 'iir 2,708 5,717 47.14 
25 2,041 %x2~,: 1,432 582 4 X ,¼ 2,708 5,331 39.29 
20 1,611 %x2¼ 1,432 582 3½x¾ 1,689 3,882 31.43 
16 1,325 ½x2 1,432 546 3½x¾ 1,689 3,560 25.14 

Above table is based on standard practice for length of rails, viz, 90% to be 30 ft. 
and balance of 10% to be not less than 24 It., varying by 2 It. Ties 2 It. c. to c. 

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. 

I Splice lilars I 
! or fish plat~. Bolts and nuts. 

Size. Size. 

Spikes. 

Num. 
ber. Weight.I 

Lbs. ! • • 'Lbs.• In-'1. --- Lbs. 

2
~ i 1,004 138 126 6 X % 672 448 

25
, I 1,824 144 131 5½ x I, 708 393 

1,725 150 130 5½ X f< 746 414 
27 1, 728 162 141 51/4 X f< 790 440 
28 1,680 168 140 5½ X f< 840 467 
30 1,695 X 180 150 5½ X-,'.- 896 498 

21 

Weight 
ol total 
accesso-

ries. 

Lbs. 
100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 
40 
35 
30 
25 

33 1,700 X 3~i 198 162 5½ X-,'.- 960 533 
35 1,246 X 3¾ 140 114 5½ X /• 1,034 574 : • 
38 1,243 X 3¾ 152 124 5½ Xi'. 1,120 622 

Lbs. 
2,478 
2,348 
2,269 
2,309 
2,287 
2,343 
2,461 
1,934 
1,989 
1,996 
2,000 
1,591 
1,617 
1,396 
1,212 
1,356 
1,236 
1,413 r:i 1 

41 1,185 X 3_½ 164 131 5½ X /, 1,222 680 
46 1,109 X 31/4 184 144 5½ X 1, 1,344 74 7 
51 847 x3 204 153 5x ½ 1,494 591 
57 781 i x3 228 171 'I 5x½ 1 680 665 
65 793 I x 2½ 260 111 , 4 x ft 1;920 492 
76 509 ' X 2½ 304 i 129 ' 4 X ft 2,240 574 
91 519 x 2¾ 364 I 148 4 x ft 2,688 689 

114 513 j X 2.¼; _: 456 185 •1 3½ X ¾ 3,360 538 
142 525 i X 2 I 568 I 216 3½ X ¾ 4,200 6721 

---------
Above table is ba.~ed on standard practice for length of rails, viz, 00% to be 30 ft. 

and balance of 10% to be not less than 24 ft., varying by 2 ft .. Ties 2 ft. c. to c. 
Above number of splice bars, bolts and nuts, and spikes allow for no excess. 

Size in inches. 

TABLE VIL-Table of steel spikes. 

Average 
, number 

per keg 
of 200 lbs. 

I Number required and weight I 
• per mile, single track. j 

Bas,,d on , Based on Based on 
ties 2 ft. ti8~s~t. ties 3 ft. 
c. to c. t c. to c. 
(10,560 c. o c. (7,040 

. per mi.). (S,44~) _ per ml.). perm1. .. 
------------1·····--- --·····--:----····:-~-----1 

6x 
5½ 
5x 
4x 
3½ 
2½x 

--..... -.... 
····················1 

300 
360 
505 
780 

1,_ 250 I 1,342 

Above numbers allow for no excess. 

Lbs. 
7,040 
5,867 
4,182 
2,708 
1,689 
1,575 

Lbs. Lbs. 
5,632 4,693 
4,693 3,911 
3,345 2,788 
2,166 1, 80.5 
1, 3.521 1,126 
1,260 1,050 

Rail 
weight 

per yard. 

Lbs. 
75 to 100 
45 to 80 
30 t.o 50 
20to 35 
16to 25 
12to 16 
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TABLE VIII.-Ta ble of steel bolts. 

so 
Nnmher required and weight per mile single ~ack "' "" for corresponding rail. 

,k 

"' I 0. 

Size, diam-
k ,n 

Based on Hail "'P 
eter hy P~ standard weight so Based on length "~ Based on practice, Based on portable per 

under hea(l. .:- 90% 30ft., yard. 
0 30-ft. 24-ft. lengths 

"' lengths. l0<,1/v in lengths. averagi11g Cf) lengths "' 15 ft. k down to "' ... 24 ft. 
-'1 

---

Ins_ No. Lbs. No. Llis. No. Lbs. No_ Lbs. Lbs. 
r, 4% ____ i 140 2,112 3,017 2,148 3,070 2,640 3,771 -------·--·--- 100 
'.l:i x4v---··i 220 2,112 1,920 2,148 1,953 2,G40 2,400 ....... ....... 9Sand JOO 
¾x•I¼----- 230 2,112 1,837 2,148 1,867 2,G40 2,29G ·------....... 85and 90 
¾ X4-------i 240 2,112 I, 760 2,148 1,790 2,040 2,200 ....... ······- 7Gand 80 
¾x3¾----- 24,512,112 1,724 2,148 1,753 2,640 2,155 --··-·· ·····-- 70 
~:i x3%'.-----' 245 1,408 1,149 1,432 1,Hi9 1,7GO 1,437 2,81G 2,299 noandDS 
¾ x3½----- 2,50 1,408 I 1,12(\ 1,4:12 1,14G 1,700 1,408 2,816 2,2/i:l 5& 
~4 X 3¼ ..... 255 1,408; 1,104 1,432, 1.12:l l,7GO 1,381 2J81G 2,208 50 
~i X 3 ....... ; 2G7 1,408 11,055 l,4'.l211,07:l !, 7ti0 1,318 2,81(\ 2,109 40and 45 
%x2½ ..... 470 1,408 I GOO 1,4;12 GIO I, 7GO 750 2,81ti I, 198 30and 3/J 
1/sx2¼----- 492 1,408 I 572 1,432 582 i 1,7G0 715 2,81G 1, 145 20and 25 
'1/s X 2-------1 525 1,408 j 536 1,432 54G 11,7GO 671 2,81G 1,07:l JG 

'£breads can be either Unite,! States Manufacturer's or Whitworth's standard. 
All bolts furnished with hexagon nuts unless otherwise ordered. 
Above numhers allow for no excess. 
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'!'ABLE IX.-Welghts and dimensions of American standard ra,!J sections.* 

sci 
:;; 

Section index .. I 
>'• 
t;; 
"'" <;:I 
,;;, ·z 
~ 

ci ;:; 
<r, 

Sq. 
i'll-8. 
9.8 
8.8 
7.8 
6.9 
5.9 
4. 9 
3.9 
3.0 
2.0 
1.6 

"" " "' 
" a.; 

,o.ci o-; 
,c;-
~ 
~ ... 

Axis, x-xt 

.g 
~ 

43.8 14.(l 
34.0 12.0 
26.2 10.0 
19.6 8.2 
14. 5 fl. 7 

t~I 4.9 
3.6 

3.5 2.3 
1., ,· 1.3 
1.1 0.97 

M=Max. bending moment __ . . 
S section modulrrn -stress ill extreme fiber. 

* Am. Soc. C. E. Standard Rail Sections. 

2.13 
1.97 
1.83 
1.70 
1.58 
1.42 
1. 30 
1.11 
.92 
.84 

t Axis x-x is perpendicular to web of rnil section through center of gravity. 

TAHLE X.-Maxlmum allowable wheel loads in pounds. 

Weight of rail in ponnds per yard. 
C. to c. of ti~s in ---- ---

ins. 
I 16 20 25 30 40 

20 ..... .. -. 3,550 4,970 6,390 8,340 12,780 
24 ................ ~-~3& 4,140 5,320 6,950 10,650 
30 ............ 3,310 4,260 5,560 8,520 
36. .... ·------- 1:970 2, 7(\() 3,550 4,630 7,100 
42 ................. 1,600 2,360 3,040 3,970 6,080 

I I ---

45 

---

14 
12 
9 
8 
7 

-·--

,920 
,420 
,940 
,280 
, 100 

Table IX shows the weights, dimensions, and strength of rails of standard sec• 
tions, and from this table the necessary weight of a rail can be ascertained for the 
lrn1d to he carried. A rule given by the American Locomotive Co. is that for light 
rail with properly spaced ties the maximum wheel load may be 250 lbs. for each 
r,ound weight of rail per yard under 40 lbs. and 300 lbs. for rails from 40 to 60 lbs. 
rhe 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 maximum allowable wheel loads recommended bv one large 
m,10 ufuctnrer of portable track. • 
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SUPPLY RAILWAYS. 

32. Supply railways include all railways, e~cept combat railways, that may be 
constructed or used for the supply of an army m 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 baSll; to connect permanent camps with the nearest ex­
isting railway; to form 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 
movablQ gun 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. In extreme 
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 combat railway will suffice. They are what are known as tram• 
ways. As soon as some form of mechanical traction is to be provided for the line 
becomes a " railway" in the commonly accepted meaning of the word. 

33. Regardless of the gage, the same underlying principles govern the construe• 
tion of all ,uch lines, and, having a plan for the operation and maintenance of an 
existing line of railway, It is easy to adapt it to the requirements of a temporary 
line. The principal considerations that govern in planning for such a line are, 
first, the amount of army supplies, troops, and animals that must be handled; 
second, the time that can be :r:ermitted for its construction; and third, which 
applies particularly to o~rations beyond the sea, the amount of transportation 
necessary to place the railway supplies on the work. This third condition will 
ordinarily necessitate a narrow-gago railway for a ·1way in a country 
beyond the sea. Local conditions, such as a great st dard-gage material 
and rolling stock, may render advisable the build dard-gage railway for 
opemtlons from a friendly land baoe; but where conditions extremely favorable to 
a standard-gage line do not exist, a narrow-gage railway will probably be decided 
upon in the general case of supply railways. The weight of the materials and 
rolling stock is so much smaller, the bridges can be so much llghter, and the earth• 
work is so mnch Jess than for a standard-gage road that the narrow.gage railway 
is clecidedly easier and quicker to build. 

34. On the Barsi Railway, built in India, a 2 ft. 6 in. gage was used. The weight 
of the locomotive was 58,800 lbs. In working order; it had an eight-wheel base Vii th 
a four-wheel pilot truck (bogie), 13 by 18 in. cylinders, and used a working steam 
pressure ol 150 lbs. The rigid wheel base was 8 ft. 3 ins.; total wheel base, 18 ft. 
6 ins. The weight on each of the six axles was 10,000 lbs. The sharpest curve on 
the line has a radius of 175 ft. On a level tangent this locomotive drew 1,036 tons 
at 15 miles an hour; and on a 1% grade, 9;½' curve, it hauled 291 tons at 8 miles an 
hour. 

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

35. General Sherman's army at Atlanta was composed of 100,000 men and 35,000 
an.imals, 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 snpply his army. A com­
parison of these figures shows the great possibilities of narrow-gag• railways in 
supplying troops in the field. However, In. using them it must be remembered 
that the Bars! Railway was a well built and ballasted line, running under peace 
conditions. Estimates based thereon for war conditions should be reduced enor­
monsly to provide for the necessary pac"8enger 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 ill this country give even better per­
formances than that cited in par. 34, for an eight-wheel locomotive, 14 by 18 ins., 
class D. T ., built bv the II. K. Porter Co., of Pittsburgh, weighing in working order 
!l0,000 lbs., is rated with a capacity of 1,87-5 tons on the level, 425 tons on a 1% grade, 
and 220tons on a 2%grade; while class D. T. locomotive, with 11 by 14 In.cylinders, 
weighing 36,(XJO lbs., Is rated at 1,075 tons on the level, 240 tons on a 1 % grade, and 
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120 tons on a 2% grade. The axle load in the first case is 7½ tons; the weight of 
rail necessary is 30 lbs. per yard. The axle load of the second locomotive is 4½ tons 
and only requires a 20-Jb. rail. 

The ratfng of these last two engines is based on the frictional resistance of 6½ 
lbs. per ton. This resistance may vary from 5 lbs. to lOlbs. !or 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 
latest catalogues of the prominent builders is recommended. 

37. The question of time not only enters into the question of construction of the 
road, but JS also an important factor as to the amount and kind of narrow-gage 
rolling stock that can 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, etc., 
that the manufacturers had on hand. For a narrow-gage lme of considerable 
length, say 40 to 50 miles or more, it will be absolutelv necessary to have consid­
erable notice, and the same will be especially tme if the material is to be transported 
across the sea. Under either • W:Hifirst~ully acquaint 
himself with all the plans of tain the general 
line over which the railway is to be bu:il ro a e army that will have to 
be supplied. A study of the best maps available will then show him the general 
leatures of the country through which the line is to run. On over-sea expeditions 
the list 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 to be covered, where 
such a thing is at. all possible. The engineer will, meantime, enter into communi-

i~!~it}ii~ i~0mi:;:~~~m~r~:le~fBio~yth~~!f11:1◊:it tfarl; ttn::i,~m. hv~:~i 
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 cases it will be possible to go over the route and locate the 
exact position of the whole railway before construction work commences, and in any 
case the general line ol the road will be known although the exact location may not 
be 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 locate this line on 
the ground. \Vhether this be d!lne in peace or war makes no difference in the gen­
eml principles, but the circumstances of each particular case will necessitate a judi­
cim_is determination of the proper care and accuracy that must be used in that case. 

39. Surveys.---Surveys are location surveys, and construction or final surveys. 
The instmmental location of a militarv railroad does not differ materially from 
that described for a new wagon road, bu"t greater accuracy is desirable, and a much 
more careful adjustment of curves and grades is indispensable. As with common 
roads, the grade will mainly follow the natural surface, but the line must be so 
located as to keep these grade.s within the adopted limit, which will usually be 2%, 
though In exceptional cruies and for short grades 4% is allowable. 

40. Natural drainage lines present the most regular and easiest gradients 
and In a broad sense it. may be said that every railroad location follo-ws lines o! 
drainage. When the head or sonrce of one drainage line is reached, the location 
crosses the divide to the next. With few exceptions, drainage lines have slopes 

for railroad location. The first requisite in eon­
in the mind. This 

tial point on a • e for the objective. 
Keep on th it can be done within the prescribed limits of grade and 
curvamre. Lea only when forced away from it; do not go away from 
It farther than is ahsolutely necessary, and get back to it as soon as possible. 
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41. Before the survey is started, the maximum grade and degree of curvature 
should be dedded upon, and in surveying the line the iustrnment men will know 
what their limitations are and will locate the line accordingly. This maximum 
grade shonld be the compensated grade. That is, when the grade 11ccurs on a 
curve, an allowance ol .04'\{, of grade shonld be added to the actual gmi!e for each 
degree of curvature to give the compensated gra,le. When the level man finds the 
grade muning steeper than the limiting grade, he will take a snmcient amount of 
side note.< to determine the amount of excavation or filling that will be necessary 
to keep the grade within the prescribed limits; ,mu if he finds the amonnt of ex,•a­
vation excessive, he may have to eall back the transit man and have the line relo­
cated. This should not happen frecJ!tently, as the tmnsit man sho11hl know the 
maximum allowable angle of slope and shonkl locate )Jis line accortlingly. 

42. The virtual grade is the actual grade corroded to take adrnntage of the 
velocity head dne to the speed of the train when the various grades are eneountcred. 
l ts principal applimtiou is for economieal construction, but even ,it moderate speetls 
i.t might oecasionally permit the Hse of gmdes steeper than the so-called maximum. 

4:l. A pusher grade is an isolated mse that can not he kept down to the 
gmde nor compensated for by the velocity head. Here it is best to pass at 
to nearly double the ruling grade anti provide for a rngnhlr pu;-iher eugjne for 
Rpeei::il grade. They Rhonld not occur oftener than once or twice in a division. 

44. It is pennissihle to increase the total length of the line by 1,7,,, to rednce the 
ruling grade 0.lt~,- ']'his is rm English rule and is suhject to man;tr limitations. 
It wonl<l only apply to the.division in which the gmde lay. lt UOPS not take into 
account the ui1ference between the actual proftle and the virtual pl'ofile, and it 
doe,; not contemplate the use of pusher engines on isolated heavy i:rades, It 
uppa~enUy is meant to upply where the ruling grade is used very frequently through 
the <livision .. 

45. The combination of notes of the tmnsit and level parties will show the grades 
and the curves that will be necessary, and will thns determine the prac·tkability of 
the ronte seleded. Below the limit mg grade that a Ione locomotive can nsceml, the 
working maximum grade for the line will he different in every case and there is 
no sueh thing a.s a fixed maximnm, The only g:enw·al rnle is to keep it as low as 
prnctieahle and still keep the amount of construction work within re,1so11. Par. 175 
describes the method of finding the tractive power of a locomotive. Knowing the 
available rolling stock, the amount of supplies to he transported, and the m,ture of 
the conn try, the maximum grade will always be a comprmnise between what you 
can get and what yon wo11ld like to have. Pars. 34 and 36 show that grades above 
:i<;,;; are almost prohibitive. The m:tximum degree of cnrv;itnre is not so indefinite. 
There is a railway in Colorado with 50 curves of 20°, or more, in 11 miles. The 
Baltimore ,md Ohiol until recently, had a lOO=fll curve at Harpers Ferry on its 
main line. The 175- t. rurve (par. 34) on the Earsi road eonld nn<lonbtedly be ml.Ide 
sharper and still be pra,:tieable. With these as limits, a road can wind in tind out 
throngh almost any country. Keep in mind that sharp curves are preferable to 
steep grades if it becomes a qnestion between the two. 

46. The maximum allowable degree of curvature is a function of the rigi{J 
wheel base of the locomotive and the amount of deamm:e between the inner flanges 
of the rails and of the locomotive wheels. The generous use ol curves to a void 
heavy ents or fills is economical of time in coustrudion and the relation between 
the reslstuuce due to enrvatnrn and that due to grade is shown by the compensation 
for eurrnture referred to in par. 41. • 

47. It is assumed herein that the officer in char,,:e of the work is :wquainted with 
the URe of in~truments, and so no explanation is mftde of the ini:;tnunents nor of the 
methods of ming them, , 

Upon the completion of the survey and the dlltermination of a practical ronte will 
come the location of the line of track. This m:w either be done by the prepara­
tion of a map whereon are plotted the cross sertions taken, or the pt'ofile may be 
plotted and :m.v objeetionable fe.atnres, snch as excessive grades, cuts, or fills can be 
corrected by the neceX>,ary deviation when the engineer re;,d,.,s th:,t point in the 
line in the course ufthe actual, finul location. In the firnt case, the eenter line hav-
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i ni,: been plotted, where no·cross sections have been taken, it is assumed that the 
tmck may be moved 100 ft. in either direetion 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 
appro:.imately to these points. The line along the part not cross-sectioned is then 
shifted to one side or the other to correspond. •rheoretically, this is the best way to 
locate a line of railroad· in praetice, however, railroad locating engineers become 
expert in the location of lines on the gronrnl, and cine to inaccmacies which oecur in 
all maps, it is usually found that tl1e engineer will have to change tile center line 
more or less, no matter llow carefnlly it was located 011 tlte map. 

In ordinarv pi-adke the line is actnally locate,l on the ground bv the instrument 
men at the head of the locating pa,ty, and any necessary correct'ions are ma,Je in 
tln, same way. 

48. A prolile will be made showing the elevations of the center line finally declcled 
npon, and by means of pins and threads the exact elevation and grade of the line can 
be determined for every station. ln this determination the notes taken by the 
transit party regarding the cla.ss of soil, rock, etc., should be considered. 

49. The foregoing description of the method of location sonnds cumbersome, but 
the actual 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 track up to the end of the day's work, 
or else has determined that thllt particular line will not satisfy the limiting condi­
tions of the ense in !Jand. In either case, the next morning the party is µrepared to 
continue work, or to start afresh at some point back on the line, knowing that the ~1i':fi~~'. to the point of starting lta.s thus far determined a satisfactory location for 

50. In a very rough country it may be found adYisable t.o nse a nlane table in 
the constmction of the map for determination ol the route; the advantage of this 
method is that a map of a certain area can thus be obtained with a great deal less 
labor tnan by t,1e use of the transit and level. The plane table is especially useful 
for mapping bridge sites, but for general location ha.q not boon found as prru:,tical 
as the method of transit and level. 

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

52_ Sidehill work.-ln locating the line on the side of a hill the center line 
should be rtlll 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 amount of cutting 
and filling, and will minimize the movement of material . 

.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 otlu,r 
work that mnst be done, and the time necessary to build the proposed line. T'l!e 
estimates are made, if the work is to be done by contract, to obtain a basis on which 
the contract shall be let and upon which payment will be made; but in the normal 
c,ase of a military line the work will be done by troops, or by hired labor, and tlto 
object of the estimate is to cletermine the qnantitv 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 bv the commanding general before he decides 
whether or not to construct the line, tlie entire survey and the estimates must be 
finished before this report is made. This report will be accompanied by maps and 
profiles shmving the routes considered and the linal location decided npon, and the 
reasons therefor. It will also show the approximate coot of material and of civilian 
labor, the amount and rost of rolling stock and other equipment, and will show tlte 
capacity of the line when it is completed and the time that will be necessary to com­
plete the work as desired. In 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 
pract.ieable, and the survey need not be completed before construction work begins. 
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A short section 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, since it is hardly practical for the 
construction party to average over 1 mile a dav if conditions as to weight of track 
number of bridges, and amount of excavation are not peculiarly advantageous. 
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 tbis and will be able to keep ahead of the construction parties. 
(However, see par. 115.) It took 173 days to build 190milesof the a ft. 6 in. railway 
from Wadallalfu to Abu Hamed in 1897, on thelatterpart of which"'~ much as,51300 
yards of l\l)C was built in a day. This road wns built by Lieut. (now Col. Sir.) 
E. P. C. Girouard, R. E., British Army. 

54. A line ol railway is made up of curved and straight lengths; the former are 
called curves and the latter tangents. Railroad curves are nsually arcs of circles. 
They may be either simple, componnd, 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 radii cnrving in the same direction and having a common 
tangent at th~ir point of meetin_g. A reverse curve is composed of two simple 
cnrves curving in opposite directions and having a common tangent at their _point 
of meeting. The name is also commonly applied to two simple cnrves curvmg in 
opposite directions, which are joined by a tangent shorter than the usnal length of 
trains running on the line. 

A transition or easement curve is a compound curve, or spiral, used at 
ends of a sharp cur,·e to lead gradually from the tangent to the main cnn·e. 

56. A curve with aradinsofless than 500ft. is commonly referred to by its radius; 
as, a c11rve with 150 ft. radius, or a 150-lt. curve. C11rves with md ii longer than 
500 ft. are usm,lly designated by the n11mher of degrees of arc that a chord H~l ft. in 
length snbtends from the center of the circle. Thns, a 5° cnrve means that a 100--ft. 
chord subtends an angle of five degrees (5°) from the center of the circle. 'rhere 
are other means used to designate curves of yery short radii, lmt they are more or 
less misleading; as, for instance, 8°25, whieh signifies that a chord of 25 ft. on the 
cireumlerence subtends an angle of 8° at the center. A curve is measured along 
its clH>rds, and snch length of chord should be assumed that the ratio of the arc to 
the corresponding chord is practically unity. The number of subtending chords 

multiplied by the length of snch chords equals the length of the curve L. L=[il, 

where 6=centml angle, D=degree of cnrvatlire, !=length of cbords used. 

A I O curve is considered as the basic cnrve and its elements are shown in ·Table 
XIX for use in computing dal.a for canes of other radii. Its radius is 5,729.6.1 ft. 
and a 100-ft. arc of such a curve snhtends 1° at the center of the circle. The cor­
responding f1mctions or elements of any two m1rYes are proportional to their radii 
and therefore those for a cnn-e of 5° are found hy dividmg the corresponding ele­
ments of a 1 ° cm,·e for the same central angle, by 5. '1'his rnle holds good as long 
as the 100-ft. chord and the subtended arc are not sensibly different in length. 

57. The various parts of a curve are sbown in fig. 27. We are st1pposed to be 
moYing in the dirootion Ji'.BH. FB is one tangent joined to BH, another tangent, 
by thecnn·e ADC. T·heangle between FB, extended,and BH is called the exter• 
nal, or central, angle (L:,.). Bis the point of inter.section, nsnally designated 
PI. A is the point of curve ( P.C.). C is the point of tangent (P.T.). 0 is the 
center of the arc. AC is the long chord (C), ED is the middle ordinate (M), and 
DB is the external distance (E). AB and BC are called the tangent distances 
(T). AO is the radius (R). 'J'he degree of curvature is D. 

The relations between the var ions angles and lines can be seen from the fignre. 
Variousformulre showing the relation of the different parts to one another are given 
in 'J'able XVII. 
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58. Method of laying out curves.-These methods vary. greatly, and each 
depends largely npon the loc,al accidents of the terrain. A few of the simplest are 
given here. In running a tangent along the line FB (fig. 27), the point Bis reached 
where the direction of the line changes ·10 BIL 'l'he exterior angle 6 is measured, 
and it is desired t-0 put in a curve connecting the tangent FB with the tangent BH. 
Eithnr the radius or the degree of 
curvature must be assumed before 
the points of tangency can be located. 
If the ground lnclosed In the triangle 
ABC is clear and open, practically 
any curve can be run between the 

F 

ih;e11~g:~:e c~~1
cl1it~

0i1~f a~1:~ 
mines where the curve shall lie and 
consequently what the radius of 
curvature will be. A common condi­
tion is that the point Din the curve Is 
fixed by some local condition, thereby 
fixing definitely the length of the line 
BD. A reference to Table XVII will 
show the relation of the line BD 
(1,1.qually referred to as 1<:) to the 
other parts of the diagram, and from 0, 
this table, knowing the external angle 
6, and measuring E, R can be 

E 
determined. R=ex. set,-:-½£,, FIG; 2i. 

Given R,and 6, thedistanceAB and BC pan bedetermined,since 'l'=R tan ;,ft:,,. 
Such a condition might arise in siege works, when the point D must lie in the 

bottom of a treneh already dng. 
Curves are usually laid out by nse of the transit, but for rough work or in an 

emergency they may have to be laid out without the aid of an Instrument. 
]'or such occasions the fol lowing methods am described: 

0 

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 t.he tangent A11 from the P. C. 
to the perpendicular offset from the 
extremity of any arc, Aa, is equal to R 
sin D for the first station and R sin (n D) 
for any succeeding station ( n being the 
number of the station from the P, C.); and 
any offset, as ya, from the tangent to the 
extremity of any arc is equal to R vers 
(n D). Makeup a two-column table, in one 
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 points In the curve. 
Having the tangent distances correspond­
ing to the consecutive chords for·half of the • 

Fm. 28.- curve 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 to the 
tangent the corresponding offset from the column of offsets. This locates ha\f of 
the curve. Go to the P. T. and locate the other half of the curve from that pomt. 

60. A simpler form of this same method by offsets from the tangents will be 
found by.using Table XI. Thistablegives tlle perpendicularoffset for a curve with 
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a 1-ft. radius at points one-tenth of the radlns apart, measured along the tangent 
from the P. C. It will readily be seen that for any other rad ins the table will apply 
if every figure in the table is multiplied by the radius of the desired curve. 

TABLE XI.-Table of offsets from tangent for radins of 1 ft. 

[ All measurements are in decimal parts of the rad ins.] 

Tan. Dist., ft .... .1 .2 .3 .1 .5 .6 .7 ! .8 .9 
,_ -····-

0.28591 0.400 

-

Offset, ft.-------- 0.0050 0.0202 0.0461 0.0&l5 0.1340 0.200 0.5641 

Method of use.-Having given the radins of desired curve, multiply each num­
her in the table by its radins in feet and make a new table similar to the above. 
1'he fig-ures in the lower line are then the perpendicular offsets from the tangent to 
the cnrve at points along the tangent whose distances from the P. C. are shown in 
the upper line. 

In many cases laying out half the curve from the P. C. and the other half from 
the P. 'f. will give the best results, since the perpendicular offsets will be shorter 
than when all points are located from one end. 

~1. To locate a curve by offsets from the chords produced.--Having deter­
mined R, assume some lenp:th of chord, C', equal to about 0.2 R, hnt less than JOO 
ft., and from Tallle XII find the con;esponding offset from the tangent I for this 
length of chord. -From the l'. C. as a center, strike an are acros.s the tangent pro-

duced, usin~ for a radius a chain 
whose length is C', or Aa in fig. 29. a B r'ind the point on this arc a per-

_
-~f;:::;;.,,s;;-£.d~C--:-:----, pendicnlardistance, I, from the tan­gent. This is the point a on the 

JI 

curve. As shown in fig. 29, produce 
Aa, the distance C' to b', strike the 
arc b'b, with a radius C' from a as a 
center. Strikcan arcwitharadius 
b'b=2l from b' as a center. The in­
tersection of these two arcs is b, a 
new point in the curve. Produce 
ab, a distance C', to c' and strike 
the arc c' c, with C' as a radius and 
bas a eentor. Itrom c', with 2t 
radius, strike an arc, and where 
intersects the previous arc is c, a 
new point in the curve. I'rocood 
in a similar manner unt ii a point 
is reached where the distance to P. 
T. is less than C', the chord dis­
tance used. 

Measure or compute this remain­
mg length of the curve and call it x. Establish a tangent to the curve at d, using 
.e e'~t. Lay off df'=x and locate the point[ by the same_ method by which a was 
established from the tangent AB, usingff'=/j,t- Hf is the direction of the new 

tangent. If B is not visible, lay off the ontward from d alongOd 

and a line through the resulting point and f is the new 1 angent. 
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TABLE XII.-Table showing tangent distances and offsets therefrom for certain 
lengths of chord in a curve of 1' 0" radius. All measurements are in decimal 
parts of the radius. 

I ( I I I 
LengU1 of chord. , 0.1 • 0.2_, 0.3 j 0.4 0.5 J 0.6

1 

0. i 0.8 I 0.9 1.0 

Offset. ••••••••••• r-00fi0. o~i : o. 080 0.125: 0.180 o. 2451 o. 320i o. 405 o. 50 

Tangent distance .. : 0.100 o. ~
1
,,o. 29mi'O. 3912 o. 484110. 572410-655i o. 7:13210. 8fY3710. S660 

I . : i : ----- ------------··- ------- . - -- -

The foregoing table is hardly necessary for the tangent offsets, which are always 
equal to square of the chord dkided by 2R. 

62. To locate a curve by mid• 
die ordinates.- P. C., P. 1r .1 and 
R being kno\;;n,as~ume some short 
chord, C', ,vhose ratio to tbecor~ 
rfll'pondingareispracticallvnnity. 
From sin 112 D'-C'/2Il, find D', 
the angle that this chord sub­
tends for the given radius. 'rhen 
f½,-N,thennmberof suchchords 

in the curve to be laid out. 

Lav off (rom P. C. toward center 
the distance J\g (fig. 30), equal to 
oil:::<et t,corre~-ponding toC', ta.ken 
from Table XII. Through g ex­
tend the line ga parallel to the 
tangent AJ3, and with the 1'. C. 
as a center strike an arc with a 
radius C'. The intersection of 
the:--e two lines is a point in the 
ClITYe, a. 

e' 
e,--
' \ \ 

\ 

C 

0 

From a b1yofl adist,1nec in the -:FIG. 30; 

AB 

direction oftheeenter,ah,equal to· 
t. .~:xi.end the line Ah. 11ml with ,i as a center strike an arc with C' as a radius. The 
intersection of Ah witli this are is at b, another point in the curve. 

1f 1\" is a whole numbci·, the r. T. will be one of the points found as above. If N 
ic< not a whole nt1111ber, lay off the \~hole-numherecl stations as above until a sta­
tion, e, is located, .inst liey,md the P. T. Measure Cd and Ce. l<"rom 'fahle XII 
find the offset corresponding to each of these chords. From d and e lay olf dd' 
and ee', outward from d and c along the directions dO and cO. The line d'e'should 
coincide with tlw new tangent and pass through C. This method is only applicable 
when O can be seen from all points of the curve. 

There is another method of laying oti curves without the rum of instruments, 
i. e., by offsets from the long chord of the curve, but it is not believed that this 
method woul,l be of any 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 method~ will not always locate points on the curve a fixed distance 
apart, but M rapidity of l0L>ation is de,sircd rat.her than careful notes for future 
record, these methods are suited to military railways, 

6'3. Laying out curves with a transit.-P. I. accessible.-Arriving at the 
P. I., the -exLerior angle i~ rnea.sured, and knowing eit:her the radius, or the degree 
of curvature desired, the other is determined as in par. 58. Having located the 
1'. C., the transit is set up at this point and the zeros of the plate and vernier are 
brought 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 the side to which the 
curve Is going, equal to the chord distance to the next station divided hy the dis• 
tance between stations, and multiplied by one-half the degree of curvatnre. 'l'hus 
the P. C is at station 10+40; the degree of ourvature is 4° H.; the length of stations 

used is 100ft. 'l'o locate station 11 turn off 1:x2•, or? 0 12', to the right and measure 

ilO ft. along this line. The rear chainman holds the 40-ft. point on the P. C.; the 
head chainman moves to the right of the tangent until the point of his flag, held at 
the end of the chain, is bisected by the vertical cross hair. A stake is driven at this 
point and a nail is driven in the stake and the point is verified by the instrument 
man and the head cbainman. The chainmen move out and thereafter use the 
fnll chain. The instrument man thereafter lays oll' 2°, that Is, half the degree of 
curvature, for each station until the last station in the curve ls reached. He then 
lays off the proper proportional part of the deflection angle, which should be equal 
to the difference between the sum of all the angles theretofore laid o:ff and half the 
external angle. The line of sight should t!'en intersect the tangent at the P. T. ii the 

t:,. 
work has been correctly done, and the length of the curve should be lOOnft. If 

either of these two conditions is not fulfilled on reaching the P. T ., some mistake 
has boon 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 a small angle several times. 

64. P. I. inaccessible.-When the P. I. is Inaccessible, it may be nec,issary to 
make several changes ol direction, as in fig. 31. The point V would be the P. I., but 
it is inacces;.ible. '!'he line is run along APQB, QB being the desired direction of 

the new tangent. The external angle is 
then equal to the sum of the deflection 
angles at 1' and at Q. In the triangle 
QPV, all the angles and the side PQ are 
known. Solve the triangle for QV and 
PV. Find the tangent distance VB and 
VA as in par. 58, and lay off lrom Q, QB 
equal to VB minus VQ; and from P, a 
distance equal to VA minus VP. 'fhe 
points B and A thus located are the P. 'l'. 
and P. C., respectively. The curye is 
then laid out as heretofore described. 

M. A curve requiring more than 
one setting of the lnstrument.-As 
errors will creep into the location of a 
curve If very long lines of sight are used 
in laying out the curve, It Is customary 

Fm. 31. not to lay out more than from four to six 
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. 
}laying located the curve as far as Q, in fig. 32, from the P. C., it is decided to use 
a new setting of the instrument. 1'he instnnnent Is moved to Q and set up over this 
station. The zeros having been brought together,a backslght is taken on the P. C., 
the telescope is pl11nged, and an angle is turned otI to the inside of the curve equal 

to¥ multiplied by the curve distance to Q, in foot, and divided by 100. This Is 
eql!lll to the angle VAQ. 'rhe instrument should now read the same ,1ngle that it 
did to locate Q, and the line ol sight is tangent to the curve at this point. From 
Q the curve is continued In the same manner that it was from the P. C. 
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To be general; when the lnstmmen_t is set up on any forward _st_ation of a cmve, 
backslght to anv previous s,atlon wtth the plates set at the ongmally computed 

0

for the station sighted at. l'lunge the telescope and set the plate 
efleeLion originally 

ard station 
and the line of sight will point to 
that station. 

In loc,ating curves o.n a line of 
railroad, many problems will come 
up for solution too numerous for 
description here. A knowledge 
of trigonometry and the use of 
fonnulro in Table XVII will solve 
any problem that may arise. 

66. Reverse curves.-A reverse 
curve should not be located in 
line of railway tmless it is impos• 
sible to avoid using It, and two 
curves, curving in opposite diree­
tions, should not be nearer to 
each other than at least the 
length of the longest train that it 
is expected to run over the line. 

67. Easement or transition 
curves.-A good rule for the 
length of such a curve is that it 

0 
.l!'IG. 32. 

shall be equal t-0 the rnn-off of the superelovation of the outer rail. The tran­
sition spiral is too complicated for a full description, but its application is 
fairly simple. In fig. 33, ABC is the circular curve for which a transition curve, 
EGIB', leading into a parallel circular curve A'B'C', is to be substituted. The 
form of the cubic parabola is used, and is applicable wherever ED is equal to or 

I • \ 
I \ 
l \ , 
; BA C 

,.__ ________ .----- fasl~ 

E L A KH D 

FIG. 33.-TRANSITION CURVE. 

less than 0.38 R, or to be concrete up to an 11' eurve, 5-ins. elevation to the 
outer rail run out in 200 feet. On curves sharper than a rough ea.sement curve 
can be put in by applying similar methods. The curve will not be a real cubic 
parabola, but will be better than the sudden circular curve. 

Having decided upon the elevation of the outer rail for the main curve, the length 
of the easement curve ED .may be assumed as from 400 to 600 times the proposed 
elevation, and the :R9ints E and D located equidistant from A. The corresponding 
ofl'set DB' is then (-"D) 2, divided by 6 times the radius of the curve ,\.BC, and can 
be laid ofl' 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: 

III: DB':: fe'l:P: ED'; or III=DB'~!=ED. 

Therefore AG, at the original PC is >i DB; while at the quarter points, Land R, 
the offsets are .;, DB' and U DB', respectively. A tangent to the curve at B' 
cuts the line ED- at a point K, such that KD=½ED. (The line KD in fig. 33 ls 
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'=¼ DB'= ½D'Il', whence the deflection angle 
B' A'D' can be determined, since R ver.sin 2 B'A'D'= D'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'. l<'or curves sharper than this, there is a measurable correction to lle 
applied, especially when subchords are used. In locating a very sharp curve, 
points must be located less than 100 ft. apart to properly outline the curve. In fig. 
34 it is desired to use n subchords, and to find the length, C', of the subchord AB. 
I>Js the angle AOB, subtended by subchord C'. 
ll 

l<'IG. 34. 

D=degree of curvature,.~AOC. 

Then, C' = 2R sin~; 

100 
then, as 2R=--.o• 

Sill·-
2 

.D 
100 sm 211 

C'=--.-D-·, 
em-

2
. 

d. D C' . D 
an srn 2n = 100 sm :i' 

Example,•-Required to lay off a 30° curve with short chords so that a 100-lt. 
chord will subtend 36' at the center. What is the actual chord length to be used, 
when we wish to use three short chords? 

D 36' 
Zn =71=6°=BAD. 

D 
'f=l8• 00'. 

sin 6° 10A5 
.•. C'=lOOXsin 18.= .J!i9·=33.81 ft. 

The chord 33.81' is used and 6° is turned 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. On curves, however, it has been found better to slightly widen the gage. 
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This is done on account of the rigid wheel base and the consequent wear of the 
wheels and rails. For curves less tlian 3° there is no increase in the gage of the track. 
For curves sharper than this, the increase, according to good American practice, is 
shown in Table XIII. '!'his table also shows the distance of the guard rail from 
the inner main rail. The increase in 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 

(approximately), 

in which L eqnals the le11gt.h of the rigid wheel base in feet, R is the radius of tho 
e1trve. in feet, and I is the increase in gage in inches. This is an English rule and 
agrees with U. S. practice. 1 should never exceed about one-third of the tread. 
Note in Table XIII that the guard rail is a constant distance from the outer rail. 

TABLE XIII.-Jncrease in gage oftraek on curves. 

Degree ol curve. 
Increase over 

standard 
gage. 

I Distance of 
Gage of track. ; guard rail from 

main rail. 
-·-···1------ ,--------j------

Le,-s Limn 3° ·-··· .. 
30 .............................. . 
50. - . - .......... - .. -- -... -· ~--.. 
70............. . . ·• ...... . 
90. - . - -- ·- .............. -....... . 
11' ............................ . 
13° ............................. . 
15°.. .. . . . . . . . . .. . . . . ......... . 
17°............. . . .......... . 
19°... ........... . ......... . 
21 ° ............................. . 

0 in ......... 4ft. 8½ins ...... : l¾;ins. 
,1, in........ 4 ft. 8,', ins ...... : ltt ins. 
¾¼8 1

1
:1
11
1. .• __ • •.• _ ._ •.. ·: 4 ft. 8% ins__ •••• j 1½ ins. 

~ 4 ft. 8¾ ins ....... 2 Ins. 
% in. . . . . . . . 4 ft. 8½ ins ..... ." 2¾ ins. 
½in ........ 4 ft. 9 Ins ........ , 2¼ ins. 
% in. . . . 4 ft. 9¾ ins ...... ! 2¾ ins. 
¾in ........ 4ft.9¼1ns ...... : 2½ins. 
½in. . . . . . . 4ft. 9"/s ins ..... ,; 2% ins. 
1 in .......... 4 ft. 9~ jns ...... ,

1 

2;¾ ins. 
1¾ ins...... 4 ft. 9% ms...... 2½ ins. 

'1'his table Is for a first-class road. The rigid wheel base of the locomotives Is 
a bout 12 to 15 ft. 

70. Elevation of the outer rail.~·J1'he elevation of the outer rail on a curve is 
dependent upon the radius of the curve, the speed of the train, and the gage of the 
track, and can be found from the following formula: 

in which Eis super-elevation in feet, 
g is gage in feet, 
R is radius In feet, 

gV' 
E=rs"R' 

Vis v.elocity 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 be given to the outside rail, ot the cen• 
ter line may be carried at grade and the outer rail laid 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 full difference of elevation1 and the difference of 
elevation is run out on the tangent at the rate of about 0.1 ft. in 60 ft. On a standard. 
gage milit<1ry road the speed would doubtless be low, and a good rule for elevation 
for any curve would be¾ in. for each degree of curvature, and the maximum eleva• 
tion for any curve should not excee{! 5 ins. Sharp curves and high SPC<lP do not go 
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together. On such curves the speed must he reduced, and the allowable speed 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 
run ahead of those ol the outer rail and certain corrections must be made to keep 

the joints approximately square. This difference is L-~!~!L, when R is the 
radius, g the gage, and L the length of rail. By using the short length rails on the 
curves, the joints can be kept apP.roximately square without cutting rails. (See 
Table Vas to specifications for rail lengths.) 

73. To find the degree of curvature.-The middle ordinate of a 6Ul-foot chord, 
measured in inches, gives the degree of curvature. This is only correct when the 
rails are properlv curved, and on roughly lined curves will not give accurate results. 
The average of several trials is more accurate than a single measurement. Another 
method of determining the degree of curvature is shown in fig. 35, using the gage 
of the track, a measurement that is usually accurate, as a middle ordinate. Sight 
from C to A, making AC tangent to the inner rail at B. Measure AC and DB. CB 
should equal BA, and the point A should be rnlocatetl if mt>asurements do not 
agree. 

of the curve 

FIG.35. 
7·!. Vertical curves.-On a line with i,:rades as great as 1% and 2%, vertical 

curves wm be necessary where two sharp grades come together. The cun·e is 
usually In the form of a parabola. The Ameri()an Railway Engineering Association 
recommends that for the same change of grade tbe length of vertical curve in a sag 
should be twice what it would be for the same change on a summit, while other 
engineers would make tbem of equal length .. 

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

8 
A C 

:0 
I 
I 
I 

:Jr,. o I e J 4 :, 6 1" 
.FIG. 36.-VERTICAL CURVE. 

profile draw the chord AC corresponding to this length. Half the difference be• 
tween the elevation of B and Dis approximately t.he middle ordinate of the curve, 
'Ind locates the elevation of tbecurve at the point E. Then let M be the correction 
in elevation at the point B. 

BE=M=½ elev. J\telev. C -elev. B). 
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The correction for any other point 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 correetion is negative when the curve is concave down­
ward, and is positive when the curve is concave upward. 

Vertical curves vary in lengthac,:ording to the change in grades. The A. R. E. A. 
·rule is that the length of the vertical curve, AC, equals the change of adjacent grades 
(in per cents) multiplied by 1,000 ft. for summits or 2,000 ft. for sags. These 
lengths can safely be reduced to 2,50 and 500 ft., respectively. The resulting curve 
should extend an equal distance on each side of the apex. Improvements m cou­
plers and brakes are decreasing the necessity of long vertical curves. 

Example.-A +2% grade joins a -1.5% grade. How long should the vertical 
curve be? (2+1.5) 250=875 ft.; 437½ on each slope. 

75. Drains and culverts.•-··The engineer should examine every depression 
crossed in the survey, and wHI decide whether or not ""ter will accumulate behind 
the railroad bank if no culvert is put in. If there is a • area ol any extent on 

• 'de, a culvert or drain of some sort will be he embankment 
to carry off the water. A blind drain w answer, but it is 
in a box drain or leave an opening in the embankment and put in a 

These drains should be perpendicular to the track. The area of the 
opening In square foot given by Myer's formula is: 

• {l, in flat cmmtry. 
A=C .,Jdmtuage area in acres. C= l¾, in hilly country. 

4, m rocky, mountainous country. 

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

CONSTRVCTION. 

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, burnt clay, and other materials are also 
used. The surface of the foundation on which the ballast rests ls called the 
.subgrade. 

Unless the natural ground is verv unfavorable, it will not be neeessani to use a 
separate material for ballast and the subgrnde really disappears. Even'then, the 
earth between and immediately under the ties which is dug into in surfacing the 
track is called ballast. Such roads, usually called mud roads, will be the rule in 
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 road bed for 
which the stakes are to be set. Figs. 41-47 show the dimensions of standard-gage 
roads. r'or 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 shoulder ean be red need in 
width. The dimensions of the roadbed of a 2 ft. 6 in. track would he, approxi­
mately, 11 ft. from shoulder to shoulder on a fill and 10 ft. from shoulder to shoulder 
in a cut. The dimensions for a track of3-ft. gage will be about 12 It. lrom shoulder 
to shoulder on an embankment and about 11 ft. 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 laid directly on the surface of the 
ground, and the necessary be done alter the track has boon laid. 
It must be continually kep ed is to get some sort 
of rallway connection established, and that erments to the line in slight 
changes ol grade, etc., can come afterward and not Interfere with traffic. 
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79. The track consists of the tles, the ralls, 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 
ft. long, 6 to 7 Ins. thick, and 8 to 10 ins. face, top and bottom, if hewed, and 9 ins. 
if sawed. 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 wlder, 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 F;~: · ~ ~-- space them eq!ial clear distances rather than 

~~ I Q •. .2 ~:s; l . ~ equal center distances. 
• &fa; 11 . Ralls are 30 ft. in standard length. The 

Two Tie5 Suspended 

t 

Three T •es Supported 

size of rails is reckoned by the weight per 
yard in lbs., and varies from 12 to 110 lbs., 
t.he former used ·for illdustria 1 and constrne­
tion roads and the latter·on a few of thehlgll­
est class trunk lines. Rails for military roads 
will probably nm from 60 to 80 lbs. The 
name of the mill and the weight per yard are 
rolled in raised letters on the web of eaeh rail 
at short intervals. 

80. Rall joints.-A rail joillt consists of 
a pair of fishplates, or• aqgle bars, and 
from four to six bolts. The length of angle 
bar used to-day varies from 17 to 48 ins. 'l'he 
bolts should alternate, one bead inside and 
the next bead outside of theJtrack. :Fig. 37 

F1G. 37.-TYPES OF RAIL JOINTS AND shows different classes of railfjoillts and tie 
TIE ARRANGEMENT. arrangements. 

Joints are either suspended or supported. 'l'he former are believed to be the 
most satisfactory. For size and weights of various accessories, see Tables II to VIII. 

-~~--··· •• ·- . . . ----... , .. , . 

-✓--. • 

F1G. 38. 

81. Buffers.-A buffer, or bumping post, ls an arrangement placed at the end of 
a spur track to prevent the cars from rnnning 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 wel I for a bumping post. 
One of the simplest and best means of ending a spur tracK ls to dump a plle of cln• 
ders across the end of the track for about half a car length from the end. about 3 ft. 
thick. 

82. Tle plates.-On curves and bridges, tie plates can be used adva)ltageonsly. 
These plates are usually of steel and prevent the rail from cutting into the tie (see 
fig. 39). 
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83. Spikes.-The commonest fonn of railway spike is shown in fig. 40. The 
weights of these for various sizes are shown in Table VIL The cutting edge of the 
spike Is across the grain in cross ties; If the rails are 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 olthe 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. 

'l'he men and animals must be housed and 
led as well as conditions will permit. For this 

fJ[K~esuffi%re~r;gi:~:: ir~l~t,;';tsd~~1~~~'. 
oughly handle these two important ciuties. 

85. The quartermaster or one of his assist­
ants, wil I have charge of ah tools and supplies. 
He will be responsible for getting them to the Fm. 39.-TIE PLATE. 
front when wanted, and for distribution before 
worldng 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 alter by a detail from the medical 
department, whose business it is to look 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 or veterinarians should be 
employed to take care of them. . 

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 will be moved from time to time to fill 
this requirement. II necessary for the safety of the camp and the working parties, 
a proper guard will be detailed, whose commander will report to the engmeer 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 salet,r 

of the camp and working parties. He will perform his 
duties in the manner prescribed for the outpost com­
mander in the Field Service Regulations, and will keep 
the engineer in charge lu lly 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 grubblng.-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 It. Stumps 
up to 12 ins. in diameter can be pulled by means or 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 

FIG- 40.-RAILROAD stump from 2 to 4 ft. wide and of sufficient depth to un-
SPIKE. cover the main body of the stump. A hole is bored 

under the stump with a 2-in. auger, and one or two 
½-lb. sticks of dynamite are pushed into the hole and expfoded. This small charge 
springs a large opening under the stump, into which the necessary amount of dyna-
mite or powder 1s placed and exploded. _ 

89. Earth work.-For details as to earth work, see Part III-Roads. 
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ROAD BEDS. 

EARTH BAL.LAST. 

~----1@-----tf 
Jt--1:0---iil I 

FIG. 41. 

SNOW CUT EXCAVATION 
FIG. 42.-20-FT. BASE (UNDER 4 FT. IN DEPTH). 

t+------~4'.o ____ --~ 
t,E-- - 12'.o- --)j l 
I J.E.--- ,~'.O-- -~ I 

FIG. 43.-24-FT. BASE (4 FT. AND OVER IN DEPTH). 
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ROAD BEDS. . 
STONE OR GRAVEL UALLAST, 

- - 12·.o - - - -;I 

EXCAVATION 

EXCAVATION 

FIG, 45,-CURVED LINE. 

I 
' I 
I 
I 
I 
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ROAD BEDS. 
STONE OR GRAVEL BALLAST, 

)'------ 16.f; ----f-- - lfls' ----- ➔ 
:.---•100·--"'1<'--6.s'- ... - 6.5·-+---· 13.0·---~ 

~ ·-· 7:71:·-~,, 104,. f..., --- g:~·---~ : 
I : f ;+ 
i t i ~- ~14-, I : 

~i~ !t~,at~ ,a-1$. . 1 
f"OAMATION! ~ 1 + • : 

EM6ANKMENT EXCAVATION 

J;'IG. 46.-STRAIG!{T LINE (DOUBLE TRACK). 

EMBANKMENT EXCAVATION 
FIG. 47.-CURVED LINE (DOUBLE TRACK). 

TOOLS AND APPLIANCES. 

90. Many ol the tools and appliances used in railroad work are so well known 
thut no de.scription is gi reu. 

Figs. 4~ to 71 show some of the tools am! eqllipment that will he found in use on 
nll raihrn~·s. 
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FIG. 48.-TRACK GAUGE. 

49.·•"rRACK LEVEL. 
50.-CLAW BAR. 

51.-LINING BAR. 
52.-CROWB.\.R (PINCH POINT). 

53.-CROWBAR (WEDGE 'POINT). 

fi4.---TRUCIC WRENCH. 
5.,.-1tAIL •rONGS. 

5fi.-JI'AYPING BAlt. 

FIG. 57.-PICKAX (CLAY PICK). 

.58.-'l'AMPING PICK. 

59.-lt,UL CLAllfP. 

(){!.-SPIKE ~!AUL. 

!ll.-SPIKPi MAUL (Pl'l'TSBU!Wll 

PATTERN). 
H2.·-··TRACK ClTISEL. 

63.-'l'RACK PUNCH. 
64.-TRACK PUNCH(ROUNHPOINT). 
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FIG. 65.-RAIL SAW. 

FIG. 66.-TRACK DRILL. FIG. 67.-TRACK JACK. 
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FIG. GS,-GASOLINE VELOCIPEDE. 

FIG, 69.-HAND CAR. 
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91. Fig. 71 is a Sterlingworth holding-up bar, which will he found very 
nseful in laying track, since the blow to the spike is transmitted directly to the 
rail and not to the adjacent ties, as it is when the tie being spiked is held up from 
the adjacent ties by pinch bars. , 

FIG. 70.-PORTABLE LIGHT. 

92. ~ sand blast is an appliance that will be found useful wherever ironwork 
of roll mg stock or bridges is to be cleaned for repainting. 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 ¼-in. pipe pounded flat on one end and threaded 

• 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 theory 
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 system based on certain 
openings and loadings, in accordance with 
which the chief engineer may prepare, in 
advance, certain bridges or the material 

FIG. 71.-HOLDING-UP DAR. necessary for such bridges. If 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 all railways. 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 wi 11 be provided by the chief engineer. The 
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engineer in the field, on coming to an opening where a bridge is required, will plan 
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 which the chief 
engineer is prepared to send material without delay. This classification can only 
,ipply to single openings, because with several spans it will be impossible to 
include anything general about the nec-0ssary piers. 

Only in exooptional cases will openings over 50 feet be provided· for. Large,· 
,;pans will be subdivided into spans ofless than 50 feet by temporary piers wherever 
possible. 

The bri<lge material provided for the first 75 to 100 miles of the railway will prob• 
ably not alfbe nsed on that part of the line. The stock of material will be increased 
for the next succeeding section before the end of the first section has been reached 
by the ad ,·ancing troops. 

95. In any stream the rate of the current and the amount of drift are important 
factors in determ.ining the span to be used. 1'he length of time a bridge will be in 
use is also important, as the river 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 ner,essary. 

96. '!'he strength of wooden and steel beams is shown in the tables under 
"Bridges," Engineer :Field Manual, fi.nd also in the vndous engineers' and manu­
facturers' handbooks. The loads to he pt·ovided for can be ascertained or decided 
upon beforehand. The locomotive loads are the maximum loads and can easily be 
found for any standard locomotive. 

97. On arriving at a bridge that has been destroyed, the first consider-a!ion is to 
get some sort of a Jin~ across to connect ,with the road on the other side. This can 
frequently be done by making a deviation which will carry the roadbed into the 
river bottom and up (he other bank, necessitating only a very short, low bridge. 
This work is done by the advance party, and a second party follows and constructs 
the permanent bridge at the grade of the permanent track. Sharp curves on this 
<Ii version line should be avoided,sinceste<ip 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 decidt>d upon, it is necessary to decide upon the location of the piers and 
abutments. The local conditions as to the banks and the bottom of the stream will, 
in general, determine the location and kind of abutments and piers that are to be 
used. In general terms, they will be either of piles, cribs, or trestles. A description 
or the methods and conditions that govern the use of these three, and their method 
of construct.ion, is given in the chapter on Bridges. 
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99. Unless the bottom is very muddy, a crib or trestle bridge can be built quicker 
than a pile bridge; and on this account, unless a plle bridge is necessary, one of the 
other two kinds "111 be used. The question whether cribwork or trestles will be 
built 'Aili depend upon the amount and kind of material at hand. Cribs can be 
built fa a shorter time with unskilled labor than can trestles, but the amount of 

•• ,' . .l""f">,.•:•~-. J. ,.,,~. '{." <: 

• ~-6·.:.2·3•,i.z:,•,1,.:?'61 • 
I ' I "i" 

To 20'i;, he~qni ' 
FIG. 72. 

' ... , .. ~·:: .. ~•;{,..; ...... 0. 

J<.J=o"-,.t"6;;.2·,;~;,·o'll 
' , ,' 1· I 

From ·201 to 3£Y ·in height 
FIG. 73. 

NOTE.-No bracing on bents up to 9 ft. high. Double bracing on bents over 18 
ft. high and Up to 28 ft. 

material in cribwork Is greatly in excess of that iri trestles. Cribwork occupies so 
mHch of the waterway that it is more exposed to washouts and accumulation 
of drift than are trestle or pile bridges. 

FIG. 74.-ABUTMENT WALL. 

100. i:;p to a height of 18 ft.,crib piers can be buHt more rapidly than trestles \f 
the material is at hand. Above this height, the advantage of the crib over the 
trestle rapidly decreases; and above 25 ft. the trestle has the advantage. (Experi­
ence in South Africa.) 
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/..on9ifudinol Elevafion.s 
FIG. 75. 

41421-16--4 

49 



50 MILITARY RAILWAYS. 

101. In trestlework it is lrequently advisable to fasten the uprights to the caps 
and mudsills by means of dogs or side plates, Instead ofby driftbolts, on account 
of the difficulty of drawing drift bolts out of the timber in case the trestle is dis• 
mantled for future use. 

102. On a rocky bottom, little difficulty is encountered in the foundations, as 
the bottom can be leveled off, either by cutting or by the use of concrete 1n bags. 
On a sandy bottom, two or three layers of ties make a very ~ood foundation. Care 
should be taken to prevent any scouring under the foundat10n of the trestles. 

103. Types of pile bents are shown in figs, 72, 73, 74. Table XXI gives a com­
plete list of material required for any number of 16-lt. spans of pile bridge. It 
includes everything except rails and rail fasteners. It may be improoticable to 
obtain the wooden stringers shown in the table. In such a case steel I beams may 
be obtainable, and If so, a 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 superstructure 
can be ordered from the base storehouse by a very short telegram. Work can be 
immediately begun on the piers and abutments, and knowing the height of rail 
and dimensions of ties and stringers, the piers and abutments can frequently be 
ready for the floor system when It arrives. 

7wo sp,mo 

If-13' -4 
lf.-•• :._ ,16' ·---~ 

I 

7h,-u:; or more Spans 

FIG. 76.-ARRANGEMENT 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
sible things. For instance, to ask for double lengths for a 15-lt. span would require 
timber 30 ft. in length, which is abont the limit of length that can be supplied from 
the ordinary market; and ii a longer span than 15 ft. were contemplated, it would 
not do to ask for double lengths unless it were known positively that such lengths 
could readily be obtained. 

105. Trestles.--Figs. 75 and 77 show the form of construction for trestles of various 
heights and show the ne=sary bracings. From these l!girres and from fig. 78 bills 
of materla I 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-· 
teued to the caps by drift bolts or by some other method that will keep them from 
sliding sidewise or lengthwise. Adjacent beams should be sep>irated by blocks 
of wood, or by C. I. spools. 
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107. Cross braclng.-Whether trusses or beams are used some system of floor 
bracing must be used that will make the bridge rigid under side pressure from wind 
or other causes, and will prevent lateral movement from vibration due to moving 
loads. • 

108. Floor system.--The part of a 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 v.ame. The strength ls varied by changing the 
number of stringers. 

109. Creeping.-The ties of a railway bridge should be spa<>Ald from 4 to 6 ins. 
apart, and about every sixth tie should be fastened to the stringers, either by letting 
the tie Into the stringer or by nailing a block to the stringer that completely fills the 
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 
sideways 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 I beams. 

110. Guard rails and guard timbers are necessary to prevent trains running off 
the bridges in case of derailment while crossing a bridge. On a single-tra<>k bridge, 
the guard rails extend the J:ull length of the bridge on both sides and are brought 
together at both ends after leaving the bridge. On a double track bridge, thev aro 
brought together at the end from which traffic comes and are left open beyond the 
other end of the bridge (see fig. 79). Guard rails should be from 8 to 12 ins. inside 
the main rails. Guard timbers are bolted to the ends of the ties on both sides of the 
track 1 the full length of the bridge. Thev are usually from 4 by 10 to 5 by 8 Ins. 
and he about 3 ft. outside of the rails. • 

~oTE.-No guard rails to be used on bridges having a clear span under coping of 
less than 20 ft. 

th~~~'1Ji~Tr Jgtre.Eirba~ti~eoper distance outside of rails on all bridges except 

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

Tho chief engineer will have on Ille in his office complete bills of material for 
trusses of various standard lengths. He will keep on hand a supply of all standard 
bridge materials, and can thus supply the necessary material for any of these 
trusses. 

I I b I 

112. Cableways.-lnsomeplaces 
an overhead cableway can be used 
to great advantage m erecting or 
building a bridge, or in transport­
ing supplies across a stream that 
vehicles can not cross. There are 
two classes, the ordinary cable• 
way (fig. 80) and the balanced 
cable crane (fig. 81). The first 
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 
very foot of the supports. If 
towers must be used tosnpport the 
cable, they are difficult to erect 
and the material is too heavy to FIG. 79.-GUAll,D BAILS. 

-
--

carry In a field equipment. A con· 
siderably longer span is always necessary than the actual width of the stream, 
and the load must be pulled uphlll over one-half of its journey and is only 
stable at the lowest point in the catenary. The balanced cable crane, on the other 
hand, can carry loads farther inshore than its points of support; the stress in the 
cable is constant whatever the position 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 counter­
weij;hts can not rest on the ground at the same time. The automatic rising and 
!allmg of the counterweights as the position of the load on the cableway change,i 
keeps 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
weights are the only excessively heavy parts of this cableway. They will probabl_y 
be bags of sand filled on the spot. The amount of material to be transported 1s 
comparatively small, and much of it will have other uses. 

FIG. 8().-ORDINARY CABLEWAY. 

For efficient hand operation, the cable ofeitherclass must have both ends at ap­
proximately the same elevation. 

In reconstruction work, the use ofcablewayswillbefound to facilitate the erection 
of bridges very greatly; and in cases where a ferry is not practicable, a cableway 
may be constructed for the transportation of supplies. 

Light cableways with a capacity of about 60 tons per hour for spans up to 400ft. 
are commercial articles, and from 25 to 30 tons per hour can be carried over a span 
of 1,000 ft. on a comparatively light cableway. 

J W61~r, om 

t l E,UVATI0N 

~f---------
~ .PLAN _ 

FIG. SL-BALANCED CABLE CRANE. 

TRACK LAYING. 

113. Final center llne.-As soon as the roadbed is completed, the transit party 
runs over the line and sets center stakes 100ft. apart on tangents and 50ft. apart on 
curves, and re-marks the center of the track by tacks in the head of the stakes. The 
road is then ready for the track-laying gang_. This center line must be accurate, for 
bridge and track work will begin simultaneously. 

114. Track laylng.-The track-laying party now follows, and the plans for all 
preceding work should be such that the track laying can go on continuously. The 
rapidity of track laying is governed by tbe rate of supply of material at the 
working point. Tlliscan be accelerated on 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 the line 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 that is fairly level and free from streams the first method, that of 
distributing material from wagons, is the most rapid. The following example 
gives the working force and distribution of labor used in laying an average of 4.27 
miles of track per day of 10 hours during the month of August, 1887, between Minot, 
N. Dak., and Great Falls, Mont. The force was distributed as follows: 

},fen. Horses. 
Hd'uling ties......... . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 150 

t'i:il~H:·i:i~"s".:: ::: : ::: : :: :::: :: :: :: : ::: : : :: : ::: : : ::::: iZ 
tfi'ri'~gJ!:~:::: ::: : :::::::: :::: :: ::: : : :: : : :: : ::::::::: :::: ~ 
Marking and placing joint ties ........... •........... . 4 
Unloading fiats and loading iron cars............. . . . . . . . . . 24 
Unloading iron cars and placing rails . .'.................... 13 .... 
Haulingrails............... ........................... 3 6 

~Yi~e:;.;.::: :: : : ::: • • :::: ::::: :: •• • ··:::: ::: : ::: : ::: ::.. .. . : 
~1:!1!!~i~~~~~::·:·:·:·:·:::: ::: : : :: :::::: :: ::: : :::: :: : : : : 

1! 
Total. ........... . 242 156 

Six rail cars were used, and as soon as each car was unloaded at the front it was 
run back behind the spikers and taken ofi the track. When the last of the six cars 
had been unloaded, the other five were again placed on the track and the supply 
train moved ahead. The best record made was 8.01 miles of track in 11½ hours. 
This is supposed to be the best day's work of track laying on record. 

The ties were unloaded from the construction train, placedJn wagons, and hauled 
to the front, and then thrown into place, lined, and spaced fly the first 123 men In 
the above list. The rails were unloaded from the construction train ont-0 small rail 
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 the 
track lined by the remainder of the crew. 

The method just de."Scrlbed is the most rapid that can be followed but ls more 
expensive than other methods to be described later and therefore ls not generally 
followed in commerciallines. Onll. military road, labor is plentiful and cost, often 
is not a deterrent. Where the adjacent country is rongh or swampy the llile of 
wagons becomes impracticable and the track must be built from the roadbed itsell. 

116. In the second case all the track niaterialiscarried on a train and distributed 
ahead of that train. 1'he ties, rails, etc:, can be carried by hand from the cars to 
their place on the roadbed, or nse can be made of what, is commonly called a track 
laying; machine. 

¥.'hen the track material is distributed by hand, a crew of 3 foromen, 64 men, 
and 2 teams ought to lay about l mile of track in 10 hours under average condi· 
tions. The following distribution of the erew is suggested: 

Tie carriers... . . . . . . . . . . . . . . 21 
Tie plac.ers.................. 6 
Rall placers.... . . . . . . . . . . . . . . S 
Head strappers. .. . . . . . . . . . . . . 2 
Back strappers ... ,.... 4 
Spikers....... .... .. . 12 

Nljlpers ... , ................. . 
Spike distnbutors. . . . . .. . 
Bolt distributors..... . .... . 
Water boy .................. . 
Teamsters .......... . 

6 
1 
1 
1 
2 
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'!'his table is based on the use of push cars for both rails and ties and allows but 
one man to carry a tie. Two men to a tie would probably have to be used. 

The Meru Charjul section of the Trans Caspian Railway was laid by this 
method in 1885 at the rate of 38.5 miles per month. The Sibl Rallway, in India, 
133 miles Jong, was laid at the rate o,f 40 miles per month. • 

117. Tools for laying track.-Allowinl;l 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 s~ike hammers. 
18 pmch bars. 
12 track wrenches. 
16 (>icks. 
4 pmch bars 3½ ft. long. 
2 water lmckets, 4 dippers. 
72 track shovels. 
3 adzes. 
4 chopping axes. 
2 hand axes. 
4 rail forks 
6 rail tongs. 
2 ratchet drills and bits. 
50 expansion shims, ¾ in. 
100 expansion shlms, ¼ in. 
200 ~xpansion shims, n-in. 
l grmdstone. 
3 sixteen-pound sledges. 
3 adi handles (extra). 
48 SJ?ike hammer handles (extra). 
12 pick handles (extra). 
4 ax handles (extra). 
2 track jacks. 
2 ti0-spacing poles. 
l drawshave. 
4 claw bars. 
I push car. 
3 rail cars. 
I band car. 
l keg IOd. wire nails. 
l keg 20d. wire nails. 
I keg 40d. wire nails. 
I keg 60d. wfre nails. 
3 oilers. 
4 gallons black oil. 
4 whlte lanterns. 

2 red lanterns, 2 red flags. 
Extra white and red lantern globes. 
3 monkey wrenches, 6, S, and 12 in. 
2 nail claw hammers. 
I steel tape 100 ft. long. • 
I linen tape 50 ft. long. 
6 track gages. 
2 crosscut saws. 
:!hand saws. 
1 water barrels. 
2 tie squares. 
l rail curver. 
l rail bender (jim-crow). 
2 curving hooks. 
2 track levers. 
l tie line, 1,000 ft. long. 
Flat, round, quart~r-round, eighth• 

round, and thre0-cornered files, three 
or four sizes of each. 

4 horses or mules, with harness for hitch-
ing double, single, or in tandem. 

2 lumber wagons. 
2 large tool boxes. 
2 thermometers. 
l rail car clamp gage. 
24 track chlsels. 
3 I-inch ropes for rail cars, ring and hook 

oneach. • 
l chalk line. 
l track level 
6 cold chisels. 
6 switch locks. 
4 doz. torpedoes. 
I tool car. 
I brace and 6 bits. 
l 2-inch auger. 

In case it ls Intended to turn the crew to surfacing and ballasting, in addition to 
the above, there would be needed l level board, 2track jacks, and 32 tamping picks 
where broken or crushed stone ballast is used. 

118. The organization and plant required for rapid track laying by means of 
a track•laylng machine will bear description, and apply not only to new work 
but also to the repair of breaks where a roadbed has been torn up by the enemy. 

The party consists of l foreman, 3 subforemen, and from 80 to 100 laborers. 
The materials are carried on cars that are pushed to the railhead by a locomotive. 
Fig. 82 illustrates the arrangement of such a train, loaded with about l mile of rail­
way material. The amount ol material in such a train depends directly upon the 
weight of the rail and the size of the ties. On a standard~gage road a 40-ft. flat wil I 
carry about 1,100 ties or 125 to 150 rails (70-lb. ). These loads are in excess ol the 
rated carrying ca11acity of the cars, but the train moves very slowly, and the loads 
can be safely earned. 
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119. A train should be made up to carrv either a half day's or a whole day's sup­
ply of materijil, in order that no time shafl be lost in goin11, to the rear for new mate• 
rial during working hours. The first two cars are loaded with rails and the necessary 
angle bars, or fisnplates, and bolts. The next two cars are loaded with ties. There 
.-ill be one or two cars for the transportation of the working gang and for storing 
tools, spikes, and other supplies. 

120. The ties and rails are supplied to the front by means of chutes that extend 
along the sides of the train. The dimensions and details of these chutes are shown 
in figs.83,84. They are supported by iron brackets, shown In figs. 85, 86, which are 

=~··:~:-;] . :;-. . . : ._,. 

••• 4 U' 
FIG. 85. FIG.86. 

set In the pockets along the sides ol the flat cars. These brackets are adjustable, 
and are set at such an elevation as to give the chutes a slope of about 6 ins. in each 
car len~h. The ties come down the left-hand side and tbe rails down the right­
hand side of the train. The tie chuteextendsabout30 ft. in front of the forward 
car and is supported bv guy ropes, as shown in fig. 82. The ties are thrown onto 
the chute br four men on the front tie cars, and they are pulled along the chute 
by mOOl'ls o boat ]:looks (fig. 88). Alter the ties are in the chute, one man per car 

: • IIRIDLe 

b -FIG. 87. 

can keep I.hem moving to the front. 'rhe ties are received at the end of the chute by 
a gang of nine laborers, who place the ties on the roadbed one rail length in advance 
of the chute. Two men see to the proper centering and spacing of the ties. For 
each 30-ft. rail, on a standard-gage road, 18 ties will be used. 

121. In the meantime, the necessary fishplates, or angle bars, have been bolted to 
the lorward ends of two rails, and these rails have been dumped into the rail chute. 
As soon as a rail length ol ties has been placed on the ground, the rails are pulled 
out of the chute and are placed in position on the ties, the rear ends going between 
the angle bars at the ends of the last rails laid. The rear rail man on each rail takes 

• " BOAT H()(IK , 
:.• ...... ===-a:i.;;::::==---====i====--==-it. :::"'· 
.-.......... - ... ~~~.---"' - - - - - -◄ 

}'IG.88. 
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a track bolt and nut and wrench from the box on the head of the rail car and loosely 
bolts up one track bolt at each joint. Meantime the track is temporarily spaced 
with four bridles of the kind shown in fig. 87. These bridles are put in place and 

==~---­' RA/L HANDLER I 
•• , --~-· r-'~.. 3--tl .. ..J 

FIG.89. 

·~ij, •.•.•---•~•:<l•A•rl.•_..,.'"H.'"·~•:•"•. -•.•--.•'o!i,I ,_.; 
FIG. 90. 

fastened by the rail men after depositing the rail on the ties, and are brought up 
after the construction train passes over them, to be used again. 

The train then moves forward one rail length 1 that is, till the head of the forward 
car is within a few feet of the railhead. Then the operation is repeated. 

122. A derrick sometimes is rigged on the forward end of certain track-laying 
machines, and when the rails reach the end of the rail chute, which fn this case 
extends a half rail length beyond the end of the car, a clamp is fastened to the mid­
dle of the rail and the rail is swung by means of the derrick to its place on the ties. 
The advantage of this machine is that it decreases the number of laborers necessary 
to handle the rails, and this reduces the number of men working at the immediate 
head of the train. The tools used by the men on the rail car are shown in figs. 89, 90. 
These tools facilitate handling the rails and prevent the men from injuring their 
hands. With a machine like the one described, about 2 miles of track can be laid 
in a day of 10 hours. 

123. The composition of the party ahead of the train on this work is about as 
follows, for 70-lb. rail, standard-gage ties: For handling ties, 18 men ( 4 on tie cars, 
2 moving ties in chute, 2 spacing ;md centering, 9 carrying, and 1 subforeman); 
handling rails, 24 men (3 on rail car, 12 rail carriers, 4 clip carriers, 4 spike and 
angle carriers, and 1 foreman). In addition to these, there is 1 conductor, 1 brake­
man, 1 engineman, 1 fireman, and 1 head foreman of the gang, making a total of 
47 men. 

124. Behind the train is a gang that spikes the rails to the ties and tightens all 
the track bolts. Following this gan1; is a g:;tng that aligns the track to the stakes 
previously set. In the rear of these 1s another gang that surfaces the track. 

These last three gangs are in charge of one subforeman, and are made up as 
follows: Bolting gang, back strappers, 4 men; spiking gang, 4 spacers, lG strikers, 
and 8 bar men; alignmg gang, 8 men. The number of men in the surfacing gang 
will depend entirely upon the amount of work to be done in leveling the track, 
throwing in the earth ballast, and tamping the same. 

125. Iu order to lay track rapidly by this last method, the joints must be opposite 
each other (square). or practically so; and on a temporary line this is the best 
method of laymg track, as with earth ballast the joints will be pounded down by 
the traffic, and there is less danger where the low joints are opposite each other 
than there is with the low joints on one side opposite the middle of the rail on the 
other. • 

Rails are usually bought under specifications that 90% of the rails shall be 30 ft. 
long and the other 10% may vary by 2-ft. lengths from 24 ft. to 30ft. These short 
rails can be used on curves, and thus keep the rail joints nearly opposite each other. 

126. Expansion.~In laying track, l}llowance must be made for expansion. A 
30-ft. rail changes its length 0.252 in. for 100° change in temperature. Knowing 
the maximum and minimum temperatures of the place, thin plates, called expan­
sion shims, can be made for use when laying steel at the various temperatures. For 
track laying before 10 a. m., use expansion shim for 10° lower than indicated by 
thermometer. From 10 a. m. to 4 p. m. use same shim as indicated by thermometer. 
After 4 p. m. use shim for 10° higher than indicated by thermometer. The ther­
mometer should have the same exposure to the sun that the rail has. 
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TURNOUTS AND CROSSOVERS. 

127. Turnouts and crossovers.-A turnout is a curved track by means of 
which cars are moved from one track to another. The special parts of a turnout are 
the frog (fig. 9) and the swftch (fig. 10), and the guard rails. The term "switch" 
is frequently applied to the part of a turnout from thepointof switch toincludethe 
frog. The switch proper may be either a stub or a split switch .. The latter is 
the form now generally used.. Stub switches are only used on unimportant lines or 
in yards. In a stub switch, EAD, fig. 91, is a single rail, free to move from A to D, 
but spiked to ties from E to A. The same is true of the rail BIL The switch rails 
are fastened together by connecting rods between point and heel. 'l'he head block 
and switch stand are at the free end, D, of the switch rails. The arrangement of 
the switch rails of a split switch is shown in fig. 95. 

'l'he point, B, fig. 91, is the theoretical point of switch, but is not the actual 
point on account of the extreme thinness that would be necessary at the end ol the 
switch rail and the great length of switch rail that would be required. The toe of 
the switch is the free end of the switch rail. The heel of the switch is the fixed 
end ofthe ·switch rail. The throw or clearance is the distance D K. For stub 
sV11tches, this throw is the distance between gage lines at the toe. For split switches 
it is the distance between the adjacent faces of the switch rail and the main rail. 

FIG. 91. 

Reference to Tables XIV and XV will show that the length of switch mil required 
for a frog above No. 7 is over 20 ft. Twenty feet is about the greatest length of r~il 
that can safely be left free from the ties, and for each frog number above 6 a certam 
length of switch rail, called the " point," Is usually prescribed on each road. The 
point of sufficient clearance, H;is fixed, and then the P. C. of the switch falls where­
ever the arbitrary length of the "point" requires. See columns 5 and 6, table, 
fig. 97, for the practice on the Chicago and Northwestern Railway. 

Frogs are usually designated by number, and this number, n, equals½ cot ½ F. 
Sometimes special frogs are referred to by the frog angle in degrees and minutes. 
Tables XIV and XV give all the data necessary to Jay out various standard turn• 
outs from a tangent, for the gage, and clearance, indicated at the head of each table. 
For other gage, or clearance, the engineer can readily construct a similar table to 
meet his case. 
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The distance from the actual toe of the switch to the point of fro~ is sometimes 
called the practical lead. The distance, in Inches, from the theoretical to the real 
nose of the frog is 0.5 n. 

H D -~oe of stub switch. 
or 1 Heel of split switch. 

B or Ai Heel of stub switch. 
Toe of split switch. 

DK is the throw of the switch. 
BF is the theoretical lead or "total lead." 
HF is the practical lead or "lead" for a stub 

switch. 
BF and AF are the lead rails. 

In the following diooussion the general case ls assumed to be the turnout from a 
curve whose radius is greater than the radius of the turnout, both centers lying on 
the same side. On this assumption there are three other cases which may be 
considered special: First, when the radius of a turnout curve is greater than the 
radius of the mainline curve, but its center is on the same side of the main line as 
the center of the main-line curve; second, when the center of the turnout curve is on 
the opposite side to that of the main-line curve; and third, when the main line ls a 
tangent, i. e., its radius is infinite. 

128. Fig. 92 illustrates the general case considered. 

R= Oa= radius of the main-line curve. 
r=Ca=radius of turnout. 
9= angle of main-line curve snbtended by BF. 
F=CFO=angle of frog. 

1 1 
'll=No. offrog= 2 cot2-F. 

At the point G, the line AF, produced, cuts the other rail of the main line. 

FIG. 92. 

l r, 1 r,• 
Then, tan-29= 2RcoiiF= R • 

1 ( 1 ) sin9 
r+-2 r,= R-2g sin (F +9)' 

and BF=2 ( R-½r1 ) sin½ 9, 

and af= 2r sin½(J;' +e). 
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When R is greater than 500 ft. and 11 is a standard frog number, the degree of 
curvature of the turnout -..ill be equal to the sum of the degree ol curvature of the 
r.;a~~r¥;br::i.~rr1·rr':.H.k~urvature for the turnout from a tangent corresponding 

AD-✓10000 ,DK (approx.), fig. 91, t and t' are the offsets from the tangent for 
t-t 

100 It. on curves with R and r, resJ>ectively, as radii (see par. 61). Therefore, 
knowing radius olcurvature of main lme and of turnout and the throw olthe switch, 
the switch length, AD, can readily be found. • 

In deducing the foregoing formulre, R, r, 8, t', and F have been considered posi• 
tive. 

129. Plrst special case.-R<r, t' positive, and F negative (fig. 93). 

Then, BF=2 (R+½ g) sin½ 8 (sign not considered). 

af=2r sin½ (8-F) (numerically). 

✓·iooooDK 
AD= ~ • 

l (R l ) sin 8. 
r- 2 11= +2 g irui{F-Ff 

130. Second special case.-0 and F opposite signs, t' negative (fig. 94). 

8=FOA; F=FOG; F-8=FCA. 

Then, BF=2(R+½ g) sin½ 8 (sign not considered). 

af=2r sin½ (F..,-8) (sign not considered). 

AD=✓roooo DK. 
l+t' 

r+¥- ( R+{ g) slns~~O) (sign not considered). 

', ........ ...... ............ 

:na. 114. 
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131. Third special case.-R=infinity, 0=O,t=O (fig. 91). 

Then, BF=g cot F- 2gn. 
af=2r sin a F. 

/foooo DK 
AD=-v-- 1-· 

✓DK ✓DK --AD=lOO -
1

-=BF AB=,,,12rDK. 

r+l __ g __ 
:P'-vers F 

63 

132. To lay out a turnout.----In laying out a turnout, the first, thing to be deter• 
mined is the point from which the turnout is to start, or else the location of the 
point offrog (P. F.). Having decided on one of these, and upon the number of the 
frog, the other may be found by laying off the distance BJ<' ('!'able XIV). 

FIG. 95.-STANDARD SPLIT SWITCH. 

133. For a spilt switch, locate F so that the end of the main point of the frog 
willbeatarailjointand lay off the distance to H, equal to (BF-AD), (Table XIV). 
From H lay off a distance equal to the length of the switeh point (15 to 20 feet) pins 
about 1.25 ft. (see fig. 95). This is the actual P. C. of the switch where the rail 
be~ins to bend. From F and B, a and fcau be located and the center tin" of the 
switch laid out. A quicker way is to locate the quarter points of the theoretical 
lood BF from F along the main rail; call these quarter points 1, 2, and 3, respec· 
tively, from F and mark them on the rail. The lead rail,AF,having been curved 
by use of the ordinates of Table XX, can then be laid, the inner side of the head of 

the rail being}~, \
2f, and (g-DK-width of rail head), from points 1, 2, and H, 

respectively. These gage distances must be measured very carefully. The head 
block and switch stand should be about l ft. from the toe of the switch, toward F. 
Remember that F is not the actual nose of the frog. 
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134. For a stub switch, fix H at a rail joint, then locate F by measnrlng a 
distance (BF-AD) from H. Then mark the quarter points and proceed as for a 
split switch. If the joints are square, this saves cutting one rail. 1:f_the joints are 
not square, either H or F may be located first. The head block and switch stand 
should be about 1 ft. from the toe of the switch away from F. In case the throw 
of the switch is not that shown !n the tables, the length of AD can readily be figured 
from the formulm and will not affect the method. Be sure to leave room at HD 
for expansion of rails. 

FIG. 96.-STUB SWITCH. 

TABLE XIV.-Swltch leads and distances (circular throughout). 

Gage, 4 ft. 8½ ins.=4.708 ft. Throw, 5 ins.=0.417 ft. 

~ 
Distance) C~or;~ 

-··- --------

A':lf.le; Switch, Radius, Degree of 
BF. af. AD. T • curve£ . 

--~-. ' " . ' " 4 ... ............. 1 14 15 00 37.664 37.373 11.209 150.666 38 45 57 
4½,•-···········112 40 49 42.372 42.113 12. 610 190.674 30 24 09 
5. ···············- 11 25 16 47.080 46.846 14.012 235.400 24 31 36 
5½ .............. i 10 23 20 51. 788 51.575 15. 413 284.834 20 13 13 
6 •• ··············i 9 31 39 56.496 56.301 16.814 338.976 16 57 52 

47 51 61.204 61.024 18.215 397.826 14 26 25 

t::::::::::::::1 i 10 16 66. 912 65. 744 19. 616 461. 384 12 26 34 
37 41 70.620 70. 464 21.017 529. 650 10 50 02 

~::::::::::::::I 7 09 10 75.328 75.181 22.418 602. 624 9 31 07 
6 43 59 80.036 79.&98 23.820 680. 306 8 25 47 

9 •• ··············1· 6 21 35 84. 744 84. 613 25.221 762.696 7 31 04 
9½ .............. 6 01 32 89.452 89.328 26.622 849.794 6 44 46 
10 ...........•... 5 43 29 94.160 94.043 28.023 941. 600 6 05 16 
10½ •••••••••••• ·1 5 27 09 98.868 98. 756 29.424 1,038.114 5 31 17 

11 •• ••••••••••••• 5 12 18 103.576 103.469 30.825 1,139.336 5 01 50 
11½ ............. 4 58 45 108.284 108.182 32.227 1,245.266 4 36 08 
12 ............... i 4 46 19 112.992 112.894 33.628 1,355.904 4 13 36 
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Gage, 3 ft. Throw, 4 lnsP0.333 ft. 

No., An?le, 
. I 

Switch,I Radius, Distance,' Chord, Degree of 
n. F. BF. • a/. AD. I r. cnrve. 

--···- ·--j 

4 ................ 14 15 00 24 • 23.815 8 96.0 62 46 34 
4½ ... 12 40 49 27 26.835 9 121.5 48 36 04 
5 ••••••• ••••••••• 11 25 16 30 29.851 10 150.0 38 56 33 
5½ .............. 10 23 20 33 32.865 11 181.5 31 58 56 
6 ................ 9 31 39 36 i 35.876 12 216.0 26 46 07 
6½ .............. 8 47 51 39 1 38. 885 13 253.5 22 45 04 
7 ................ 8 10 16 42, 41. 893 14 294.0 19 35 01 
7½ .............. 7 37 41 45 i 44.900 15 337.5 17 02 21 
8 ................ 7 09 10 48 : 47. 906 16 384.0 14 57 48 
8½ .............. 6 43 59 51 . 50.912 17 433.5 13 14 47 
9 ......... '. ...... 6 21 35 ~ 1· 

53. 917 18 486.0 11 48 37 
9½ .............. 6 01 32 56. 921 19 541. 5 10 35 46 
10 •••• ······'···· 5 43 29 60 59.925 20 600.0 9 33 38 
10½ ............. 5 27 09 63 . 62.929 21 661.5 8 40 12 
11. .............. 5 12 18 ~I • 65.932 22 726.0 7 53 54 
11½ ............. 4 58 45 68. 935 23 793.5 7 13 32 
12 ............... 4 46 19 71. 938 24 864.0 6 38 60 

Angle and distance of middle frog, F". 

Distanc.e, a.fl'''~ j Distance, aF"'. 

No., No., A~fze, Gage, 
No., No., AjiJ,:e, n. nl'. Gage, n. n". ~e. Gage, 4ft. 

8½ins. 3 ft. 8½ins. 3 ft. 

-- ~-- --- --- --··~ -- --·- --- --- --
0 I II . I II 

4 ..... : 2.817 20 07 36 26. 736 17.037 8½ .. 6.005 • 9 31 08 56. 643 36. 094 
4½ ••• ,· 3.172 17 54 52 30.054 19.151 9 .... 6.3.59 8 59 30 59.969 38. 213 
5 ..... 3.527 1608191 33.374 21.266 9½ .. 6.713 8 31 10 63.296 40.333 
5½. .. 3. 881 14 40 58 36.695 23.383 10 ... 7.067 8 05 4(1 66. 623 42. 453 
6 ... ··I 4. 235 13 27 57 40.018 25.500 10½. 7.420 7 42 35 . 69.950 44.573 
6!,oi ... : 4.589 122607, 43.342 27.618 11 ... 7. 774 7 21 36 73.277 46.693 
7 ••••• 14.943 1133041 46. 666 29. 736 11½. 8.128 7 02 261' 76.605 48.813 
7½ ... 5.297 10 47 02 49.991 31.855 12 ... 8.482 6 44 51 79. 932 50. 934 
8 ..... 5.651 10 06 44 53.317 33.974 

41421°-16---5 
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TABLE XV.-Switch leads and distances (circular throughout). 

Gage, 2 ft. 6 ins. Throw, 4 ins.= 0.333 ft. 

1 Dis- I S;;itch Loga• Degree of Frog No. Frog angle.: tance, Chord , Radins. 
IBF •• ~ length. rithm. curve, 

I-·· 

0 , ,, 
Ft. Ft. Ft. Ft. 0 , ,, 

4 ............. 14 15 00 20.0 19.85 7.30 80.00 l. 00309 77 20 00 
4½ ........... 12 40 49 22.5 · 22.35 8.21 101.25 2.00539 59 11 12 
5 ............. 11 25 16 25.0 24.88 9.12 12.5.00 2.09691 47 09 28 
5½ ........... 10 23 20 27.5 : 27.38 10.03 1.51.2.5 2.18256 38 20 38 
6 ............. 9 31 39 30.0 29.89 10.94 180.00 2. 25527 , 32 15 20 
6½ ........... 8 47 51 32.5 32.40 11.86 211.25 2. 32480 j 27 21 56 
7 ............. 8 10 16 35.0 34.91 12. 77 245.00 2. 38917 23 33 06 
7½ ........... 7 37 41 37.5 37.42 13.68 281. 25 2. 44910 20 28 48 
8 ............. 7 09 10 40.0 39.92 14.59 320.00 2.50515 17 48 44 
8½ ........... 6 43 59 42.5 42.43 15.50 361. 25 2.55781 15 54 40 
9 ............. 6 21 35 1 45.0 44.93 16.42 405.00 2. 60746 14 11 00 
9½ ........... 6 01 ~I 47. 5 47.43 17. 33 451. 25 2. 65442 12 43 22 
10 ............ 5 43 50.0 49.94 18.24 500.00 

~: ~~f~~ I ~i 28 42 
10½ .......... 5 27 09 52.5 52.44 19.16 fi51.2.5 24 28 
11. ........... 5 12 

181 
55.0 54.94 20. 07 i 605. 00 2. 78176 9 28 52 

11½ .......... 4 58 45 57.5 57.44 20. 99 I soi. 2.5 2.820:Ji 8 40 24 
12 ............ 4 46 19 60.0 

I 
59.94 21. 00 720. 00 2.85733 7 57 50 

I 

135. On curves, where Rand rare both over 500 ft., very little error is made in 
taking B ~• and AD from the corresponding table for tangents; but where they are 
both under 500 ft. there will be considerable error and the values should be com• 
puted from the formula,. These formula, are also given on account of the great 
variety of existing gages in tracks in various parts of the world, and the imJ?raCti• 
cability of making up a table for every such gage, or throw. Turnouts to the mside 
of sharp curves should be avoided. 

136. Having located the point of frog and point of switch, the center of the turn­
out opposite eaeh of these points may also be fixed by laying oll' ½ g along the 
radius r. This locates the points/ and a, fig. 91. Having located these two points, 
the center line of the turnout can be located by laying off from the middle of af, 
a distance equal to ¼ g, perpendicular to af, and from the quarter points of af a 
distance equal to,\-g. The distance AD, taken from Table XIV or XV is laidoll', 
locating the point D. At this point the distance from center to center of rails must 
he equal to d, the throw. Having located this point, and knowing the dimensions 
of the frog to he used, the rails will be cut, the frog put in, the remaining fixed rails 
spiked in place, and the rnitch proper is then put in. The first method, described 
in par. 133, is the better of the two. The guard rails are located well in advance 
of the point of frog so as to protect it from the wheels, the flanges of the rails being 
cut away, if necessary, to place them close enough together. 

137. For each special case, the turnout should be so located as to require the 
least amour,t of rail cutting. Fig. 97 shows the dimensions of certain standard 
frogs used on the Chic.ago & North Western Railway. '£hese are built to such 
dimensions that standard lengths of rail, as shown in the last col nmn of the table 
in thefigure,can be kept on hand, and thnsa turnout can be put in without cutting 
rails at the time. 

A similar table should ho prepared for any milito.ry railroad and a stock of spe• 
cially cut rails kept on hand. 
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138. The main-line rail, on the side toward which the turnout leads, is not 
curved from the theoretical point ol switch hut the bend begins at a point slightly 
in front ol the toe ol switch as determined by the length ol the switch rail from the 
point D (see figs. 91 and 95). The actual turnout as laid out will not be the theo­
retical one herein described, since the switch rail is straight and Is usuallv fixer! 
at 15 It. ill length, aud the lrog rail is also straight. This discussion will, how­
ever, answer for all military purposes. Most turnouts, ill fa.ct, are laid out as 
herein described and lrom tables similar to Tables XIV and XV. 

139. Alter passing the lrog, the turnout will be located Jnst as any other line is 
located, but som~times eertain conditions are placed upon a turnout, as in fig. 9K 
The condition here Is that the turnout shall rrm parallel to the main line at a 
distance p from center to center. Such a siding is then composed of the curve lead, 
a short tangent, and another curve in the opposite direction leading Into the tangent 
of the siding. (The short tangent/mis sometimes omitted.) 

FIG. 99. 

140. As a general rule, the second curve of this reverse curve is similar, but oppo­
site in direction, to the first curve, although this is not necessary. 

The length of the tangent 8, fig. 98, is - ta! F, and Fx, on the main 

line, is (p-g) cot Lay off this distance, 8, lrom/, fig. 98, tom, making 

an angle, F, with the main line. This point, m, liesadistance(·IJ- the center 
of the main line, and a distance g lrom the c,enter ol the proposed si This point, 
m, can be loc.ated without an instmment by laying off Fx from the F. along the 
center ol main line tom', and. at m', laying off (p-g) perpendicular to the main 
line tom. 

From m' lay off a rlistanc,e m' Non the main line equal to BF, fig. 98, and from N 
lay off a distance p lrom the center of the main line and perpendicular to it. This 
locates the point, o, which is the P. T. ol the curve leading to the siding. 

The line mo corresponds to the line af, fig. 91, and the center line of the curve 
can be laid out in the same manner that the first curve lead was laid out. 

141. The short tangent S may be omitted and the siding and main line may be 
connected by a reverse curve (fig. 99), r' being the radius of the second curve. 

Then, p-g= (r'-½ g )vers F, or r•-½g -:C~gF' 

and FN= (r•-nsin F. 
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142. Another special case is where the turnout leads into another track. This 
is called a crossover (fig. HJO). In case the lines to be connected are pamllel, and 
p l, the distance from center to center, the length of the tangent joining the two 
clll'Ve leads is found, as in par. 140. • 

The point in the siding opposite to point N Is the P. F. of the tt1Ino11t of the second 
track. 

FIG. 100. 

14.1. As in the case of a siding (par. 141), the tangent S may be replaced by a 
reverse curve (fig.101), in which case, if both frogs are alike, 

cos 

PL=r sin C=PL'. 

The distance between points of frog measured along the main line is FN. 

FN=2 (PL-BF). 

Fm.101. 

If the frogs are different, vers C=c,!r•ji and LL'L'-(r+r') sin C. 
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144. To connect two parallel curved llnes.-It will be seen from fig. 102, in 
which O is the eenter of the main-line curve, C and C' the centers of the reverse 
curves of the crossover, that the three sides of the triangle COC' are known and that 
the solution depends upon the value of the angle COC'. 

T1et r=radb1s aC, 
r'=radit1s a' C', 

FIG.102. 

p~distance between track centers, 
R=radlusaO, 
a=COC'. 

p(r+r'-½ p) 
Then, versa= (R+r) (R+p-r')" 

The arc BN= lOOTI It., in which D=degree of curvature of the main line. 

vers C' CO= p(Il_-:::i:'+½J:>) 
(R+r') (r+r')" 

The angle CC'A'=a+C' C'O. 

Knowing C'CO and CC' A', the lengths o!the arcs aP mid Pa' can be found as BN 
was found above. 

Knowing the frogs to be used, r and r' can be found from pars 130 and 128 respec• 
tively, as can also HF and B'F', remembering that the R of this paragraph must 
be increased by p when used in par. 128. 

145. Another special ca.se is found In laying out a yard where one distributing 
track leads from the main line and branches into several parallel sidetracks (see 
fig.103). This is called a yard lead, or a ladder track. In this figure the distance 
p and the nngle ,p t,etween the sidings and the distributing trnck: determine the dis­
tance between points of frogs on the distributing trnck where the same nnmbernd 
frogs are used throughout. 

FF'=li"'F"= _]!__ 
sin"' 

This distant-e FF' must he greater than the half length of the frog used plus the 
length of curve lead (BF, fig. 91). 

146. "Y."-Fig. 104 shows the layout for a y. This form is most economical of 
space, though one side of they Is frequently a tan!(ent (fig. 105). A y consists of a 
combination of tnrnout and curves, and from the :figures can be laid out by an 
application of the principles heretofore given for curves and turnouts. Figs. 104 
and 105 are two of the simplest forms. There are several other combinations, but 
all ol them present simple trigonometrical problems. 
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FIG.104. 

Fm.105. 

FIG. 106. 

147. A double turnout is one where two tracks diverge from the main line, 
either on the same side or on opposite sides (see figs. 100, 107, 108). In fig. 100 the 
various distances for the first turnout are figured as Ju par. 131. 
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• 
Ordinarily the frog F' will be the same as F, and oppositetolt. From the figure, 

then, 

vers F,,= __ u_ .. 
r'+½u· 

BF"=(r'+Y2!1) sin 'J!'"='l<Jn"=U cot½ F". 

af"=2r'sin½F"= ../ 

af'=2r' sin F. 

2r' 

The throw of the second switch is double that of the first. 
148. When the turnouts are on opposite sides of the tangent, as before, E 

usually equals F'. Then, from fig. 108, 

vers _!_F,, =--fl ___ , 

2 2(,+·0 
andaF"= ( r +f) sin½ F"; 

n"= .; 2--0.707In (approx.) 

For n" use nearest numbered frog, Table XIV or XV. 

Swiu,,hes for double turnouts are commonly called "three throw switches." 

149. The data in regard to three tJJrow switches apply mainly to stub switches. 
Owing to the sharp change in direction due to the large throw of the second switch 
and the short straight switch ~Int, three throw switches usually occur only where 
the turnouts are on opposite sides of the main line. 

Strictly speaking, there is no such thing as a three throw split switch. The 
name is applied. when the points of two split switches are only a few feet apart. 
Each has its own head block and switch stand. They should be avoided if possi­
sible. A rough rule for determining n" is to divide n+n' by three, using the nearest 
whole number. 

150. Compar~· the two values ofF" as found In pars.147 and 148, it is seen, by as• 
suming the vers ·i F"=¼ vers F", which Is practically true for ordinary values of 
F", '·that a set o frogs (F;.F•, and F") whicli is adapted to a double turnout in op­
posite directions from a straight line ( as in fl!;. 108) is also adaptable to a double tum• 
out on one side (fig. 106), the curves being sunple curves in both cases. This being 
true, the set is also adapted to a double turnout in opposite dirootions from any 
curved track, the radius of which is not less than r as given for 'J!', since any such 
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case is intermediate between the two cases named."* Therefore, having adopted a 
frog number, n, for general use in double turnouts,another frog number, n",should 
be adopted equal to O. 7071n for use as a secondary frog, F", known as the crotch frog. 

f' ---
F'~ 

~ 

FIG. 107.-DOUBLE TtrRNOUTS, SHOWING FROGS AND GUAR.DRAILS. 

151. Progs.-The frog in general use for a crossover 
track is No. 10. The frogs commonly used for leads to 

• FIG. 108, 

standard-gage .Jouble 
are .!'<os. 6, 7, and 8 . 

The V's in a frog and the openings at the ends of the wing rails should have blocks 
of wood driven into them. If left without such blocks, they are a great source of 
danger to switchmen running to throw a swit~h. 

* Searle's Field Engineering, p. 155. 
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BILL OF MATERIAL 
1WO OAl<TI/;$ 6'•8~.IS'' H£AO&OCII 
EIGHT • 15'•8'•8' 
TEN 6""8•9' 
.:JJX • 6':.8•10' 
rouR • 6'•8~tr 
THREE • 6'•8'•12' 
FOUR • 6•8•13' 
7WO 6'•8"<14' 
ON£ Rl!IR l5'SPU-T li'Atl,S 
ONESIITSTAN/14fl0Tlf ROIJ,5Wl1)1CL/R5 
7WQHEEI..PI.ATES,;!CASTFlll£R5.8H££L80I..TS8NtlTLOCKS 
ONE SET .S"!;IWQARO SLID£ PlATES 
tNJrf:ffJ:!}J[t':/llVJll/ifffECTING ROO· s· THROW 
ONE SrANDARl)•FROG. ANGLE 9'00'(RIGHT o,rlEFT HAN/J) 
7WOG.f!A17D RAIi..$ IS''Lt}N6 .. 

F..: .. r~-. ::::.:;t,'." ·-----.-.s,i.!?,. -..,..,..,.,,._,.,,.~_,,,._--,.,,-~~ 

I. 
FIG, 109,:-,\RRANGEMENT OF TIES IN A TURNOUT, 
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152. Rigid frogs can be used for a turnout either to the right or left.· When 
!FcfJiferf~~~~}fl!:'~s~sed, care should be taken to state in the requisition to which 

153. Location of turnouts.-It has been stated in various places that in turn• 
outs from curves having a large radius, the dimensions given in Tables XIV and• 
XV for turnouts from a tangent can be used with little error. Howe¥er, in a turn­
out from a curve, the curvature of the turnout for a given frog ls different from the 
curve of turnout from a tangent, and is equal to the curve of the main line plus 
the curve of the turnout from a tangent for a corresponding frog. The lengths of 
rail would not be exactly the same on the turnout from a curve as they would be 
on a turnout from a tangent. On account of this, and because of the desirability of 
having a number of turnouts ready for use at any time, it is best to locate all turn• 
outs on tangents, where practicable. These ready-made turnouts should include 
all material for the turnout, as shown In bill of material, in fig. 100, so that by Jeav• 
ing out an exact number of 30•ft. rails the track laying can be contmued;_ and when 
the turnout is put in place the opening left will be exactly filled. Jc-rogs and 
switches can either be bought outright from equipment companies or can be made 
in the shops. 

154. Compound curved turnouts.-The curves used in laying out turnouts 
and crossovers are ordinarily arcs of circles and are usually simple curves. It may 
happen that no frog is at hand, in laying out a double turnout, that will permit a 
simple curve to be run from the heel of the switch to beyond the farthest frog. In 
this cas!\, use the frog that will require the sharpest curve as the crotch frog, allow­
ing the natter curve to lie between the two frogs. F" must not be greater than 2 F. 

a 
WESTcBOUND SIDING 

'-.: ?::_::;,. 
---E-,A..,S"'T,.._-8_0_U_N_D_S_ID_I_N_G_ 

MAIN LINE ~ 

MAIN LINE 

D 

WEST-BOUND SIDING 
::,, 

MAIN LINE "'-----::-:-::-::~~ 

MAIN LINE 

CAST-BOU NO SIDll)IG 

Fm.no. 

,( ,. 

.! _____,-

155. Facing and trailing l)Oints.-These terms apply particularly to the 
switches of crossovers on a donbl&-track line. A trailing point is one which the 
trains move over from the point of frog to the point of switch; and a facing point is 
one which the trains move over from the point of switch to the point of frog. A 
consideration of fig. 110 will show the advanta~e of trailing points, in that if the 
switch is b~\ia'J::f~'.! ~ will run through 1tt forcing the switch points aside. 
This will train will not oe damaged. On some roads the 
policy is to have all hes trailing points, and although this requires 
a little more time in switching cars or going into a siding, it is safer. 

156. Switch stands.-A switch stand is a mechanism by means of which the 
switch points are moved. Types of these are shown in figs. 111, 112. The largest 
kind is more readilv seen than the smallest one, and would be used in cases where 
the engineman must be able to note a missetting of the switch. The smallest kind 
is the kind used in the interlocking plantJ where it is next to impossible for a switch 
to be set wrong and the engineman not oe notified of it Jong before he reaches the 
switch. The middle type is one that is commonly used in yards. Economy of 
space and weight might dictate the use of the smallest switch in all cases on a supply 
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road. 'For stub switches these stands should be on the engineman's side ap• 
proaching in a facing direction. For split switches they should be on the side of 
the turnout. Fig. 113 shows a simple form of a three•throw, ground-lever switch 
stand. 

re, ROAO/"f.AS7ER$ 
/llt.At:r 7WC ,TANO SO CRANK WFLL II 
,_NlilOX,~TELY ,N UN£ w,,,W ~r,n 
ROD, ANO ,rRAIN WII.L NOT t:DM8 OW 4NNf 
llot.TS WHCN ,w,TCH ,., ,1tr """ 
IW,IUN T.ltA&K. T,w,I Ill'~ IJll1'N~ /114¥,IN() 
#t(JC (V' T.AILr T()WA/110 Jr/IN)# FOR Rt~HT 
~O TVANOVrJ, ANO PLAT $IN' ""1" T""6J.ie' 
nJWARO J'ROt; ,OR LEFT H,,tJN() h.tlfNOIIT'­
.ITANO JH()VL() J!IE ,-LAel0.40 THA'I" 
CC!NNEC'TtN& 11100 .VtLL Ill tlV TlkNillPN 
WHEN ,wrrc-H ,., SET ,011 ~,v TRAClt. 

S/'f/P W/T/'f CACM S1"ANI) 
8(Jll"ILET PD,NTJUJ LA~ .Jrw1w:, .-,-;,,· 
t STANDARD t:ONNZ'CTtitl{JJ A'O/il ,.,,,,,.,,..,,,,, .. ,.,,,,.,. 

C.&N-W.RY 
RIGID SWITCH STANO 

fig.fl I 

FIG. 111. 

157. Crosslngs.-When one track crosses another, a special piece of track con­
stx:nctlon, called a crossing, is put in. The best results are obtained when both 
tracks of the crossing and the rails for a foot or so on each side are in one piece, 



:MILITARY RAILWAYS. 77 

rigidly fastened together. This lessens the settlement, and what settlement there 
may be will be the same for the whole crossing. (For methods of measuring the 
angle of crossing, etc., see par. 25.) 

158. When a crossing is very oblique, itis sometimes called a diamond crossing. 
When one or two turnouts connect the tracks at this point and each entire turnout 

FIG. 112. 

lies within the limits of the longer axis of the diamond, it is called a single, or 
double, slip switch (see fig. 114). The latter is sometimes referred to as a puzzle 
switch. The switch rods for throwing these switch rails are quite complicated 
and are not shown in the figure. 

FJG.113.-GROUND-THROW STAND FOR THREE-THROW STUB SWITCH. 

< 
FIG. 114.-DOUilLE SLIP SWITCH. 
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159. Wben a turnout from one ol two adjacent tracks must cross the other track, 
the line of the turnout Is run until it erooses the center line of the second track. 
The common point of center is found and the angle ol the crossing is determined as 
heretofore described. 

STATIONS AND*STRUCTURES. 

160. Mileposts.-Every mile along the track should be marked with a conspicu­
ous milepost, showing the distance to and from the division terminals or other Im­
portant points. These are valuable in definitely locating points alor'lg the line, in 
making reports of engagements, accidents, etc. Telegraph poles should be simi­
larly numbered, showing mile and pole number. 

161. Stations. The number of stations, or sidings, that will be necessary de­
pends upon the number of trains that must be run to supply the army and the speed 
at which such trains can move. This distance he tween stations will vary according 
to the grades, but having the profile in hand and knowing the speed of the locomo­
tives in miles per hour for certain grades and loads the distance apart of sidings can 
be determined, apyroxlmately, as follows: N ls the total number of trains necessary 
to pass over the !me in a day; T ls the time in hours necessary for a train to pass 

• h • 24 • 1 ha I • from anystat10n tot e next one, and retum; 1hr1s esst n N or any twostat10ns 
some measure must be taken to decrease this maximum value of T. This can be 
done by putting in an intermediate siding or by installini: a pusher service. On 
civil railroads, the next alternative is double tracking. Stations should be space,J• 
so that the time required for a train to cover the interval both ways between all 
adjacent stations will be approximately eqnal. 

Four miles is abont the minimum allowable distance between stations, except 
under rare special conditions. 

The amount of construction work that must be done at any station depends upon 
the location of the station, the number of buildings, and the length of auxiliary 
track that will be needed at that station to snit the local conditions. The questions 
of water supply and storage room at a station must be especially considered and 
are taken up later. 

The location of stations may be determined by any number of military canses 
beyond the control of the locating engineer, hn t where snch conditions do not fix the 
station, and the geography of the ground docs not compel the location at any certain 
point, a study of the grades will be made as indicated In pars. 175, 176, and the sta­
tions located as above. The amount of siding, or passing tracks, that will be neces­
sary at a station will have to be figured in each special case, and the minimnm 
amount should be about two and one-halftimes the maximum train length contem­
plated on that division. The passing tracks are nsually parallel to the main line 
(see par. 172, Lap sidings). 

The station sites shonld be as level as practicable, and if possible,located so that 
the yards can be seen by trains approaching from either direction. 

An open space shonld be left near the tracks to facilitate the loading and unload­
ing of troops, by allowing a systematic and orde:t!y arrangement of the troops and 
their baggage in the immediate neighborhood of the station. 

162. Storage tracks.~The number and length of these tracks depend npon the 
importance of the station, the number of troops that wlll be stationed there, the 
number of depot storehouses that may be located at that point, etc. A study of 
these items shows that each must be dealt with aslt arises, and asltislmpossibleto 
tell how important a station may become at any future time, available track room 
will be left for additional loading platforms and storage tracks. In locating the 
storage tracks room should be left between the various tracks so that at least one 
and preferably two 11 es of wagons can drive in and receive freight from cars on the 
storage tracks. 

163. Water supply.-11:he question of a good water supply is Important for the 
troops that will he located at the station, as well as for railway purposes. This water 
supply will be obtained by means of hand pumps, steam pumps, or windmills. 
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These pumps of various kinds are commercial articles, and their pumping capacity 
can be obtained from the various manufacturers. 

A steam pump which apparently has great possibilities for fie.Id use is the put• 
someter, and by means of it the locomotives can water themselves from streams, 
where the water can be used direct from the stream without having to allow it to 
settle. 

The amount of water required for railway purposes varies too widely under 
different conditions to permit any general rule. Locomotive tanks carry from 
3,000 to 7,000 gallons. The amount of water used per mile depends on the loads, 
~ades and condition of track and rolling stock. On down grades it may be noth­
mg, while on steep ascents it may run as high as 1.50 gallons per mile1 although 75 
gallons is a more usual figure. To allow for accidents there shoulu be a water 
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supply for each 10 miles of track. Wooden and metal tanks are commercial 
articles readily obtainable. They are shipped knocked down and can quickly be 
ai,sembled when needed. There should always be one day's supply in the tank if 
practicable. A very common size tank is 24 ft. in diameter, 16 ft. high, holding 
50,000 gallons. The bottom of the tank should be 12 ft. above the rails. 

For a movable water supplv, tank cars, such as are used for the shipment of oil 
in this country, can be taken with the locomotive. This applies particularly to 
construction trains. 

164. A bill of materials for a windmill tower is given in fig. 115. This is made 
up of small stock material and, on account of the lightness of the materiali:,the tower 
can be easily built. Such a tower would be useful as a signal tower or o servation 
station. 

165. Platforms.-On every train length of siding there should be a platform at 
least 12 ft. wide and long enough to load three or four standard cars at one time. 
The tops of these platforms should be on a level with the bottoms of the car floors, 
and the platforms should have ramps leading to the ground at both ends and one 
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in the middle, If the other tracks permit. These platforms are particularly usefu I 
In IO!ld!ng and unloading animals and vehicles and facilitate the handling of freight. 
Fig. 116 shows the platform and gives bills of materials for the whole platform and 
for each extra length of 16 ft. 

16&. Stockyards.-At each station a stockvard should be constructed, and 
this should be connected with the side ramp of one of the loading platforms by a 

E 
0 

FIG. 117. 

movable fence that can be thrown out of the way when the platform is desired for 
other purposes (fig. 117). 

167. Coal statlons.-The rapid and ea.sy coaling of locomotives • es a 
gravitv supply. This ls obtained by raising the coal eit:b.~r b~r h,oist t int, 
pockets or by running tb.e coal cars up an Incline and dumping to blDI!. 
One coal station should be located In about each 00 to 70 miles of track and at 
di vision terminals. 

41421 °-16--6 
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FIG. 118.-ROUNDHOUSE AND TRACKS. 

Cont consumption.-The amount of coal required Is dependent upon the same factors that determine that of water supply. On the 
average about l lb. of coal Is consumed on a locomotive In evaporating 6 to 9 lbs. of water (U. S. gallon, 8.3 lbs.; English gallon, 10 lbs.). 
Each locomotive carries from 5 to IO tons or coal. 
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168. Bulldings,-The buildings at the stations may be constructed after the 
line has been finished. Tents can be used temporarily and will answer nearly 
every purpose. 

The railway staff officer in charge of each station must see that there is sufficient 
storage room for all railway purposes, so that under the most adverse circumstances 
there will be no excuse for leaving material stored in cars. Tents should be 
supplied for this pn:rpose when buildings are not available or convenient . 

..WEf"== 
lrA$T ./IQ. $/0/Nfl II STIIJrlON 

FIG. 121.-PLAIN LAP SIDING ON STRAIGHT TRACK. 

Roundhouses.-At division terminals temporary roundhouses will be con­
sttucted, or storage tracks will be laid, for the proper cleaning and repairing of 
engines. The plan of such a roundhouse is shown in fig. 118. A turntable (ftg. 
119) is desirable at such points, but if the number of engines is not great, and no 
roundhouse is available, a few parallel tracks and a Y (fig. 104) for turning engines 
v.ill answer the purpose of a roundhouse 1'1th a turntable. Simplifications of the 

A - Rt1et11Y1n9. frtu:/rs. rqr 1u1.# 6,nmd. ettr$.• 
B-O,sfr/J11,ifin~ "' • • ,. £ \" 1" ( 
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FIG, 122.-DIVISIONAL TERMINAL YARD, 

elaborate turntable shown in fig. 119 will suggest themselves to the engineer, but 
a good turntable for heavy locomotives must be a very permanent structure. 

169. Shops.-At these same terminals would be located machine shops large 
enough to keep in repair all the locomotives that would be stabled In the round­
house, and car repa;tr shops large enough to make al I necessary repairs to cars dam• 
aged on that division. 

C11.61}(Jtfffl 
f.sh ,-,•,-

t 
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}'IG. 123.-DIVISIONAL TERMINAL YARD. 

170. Yards and termlnals,-At division terminals and at other large stations 
yards must be constructed large enough to receive all the cars entering the station 
and still allow room for the switching that is necessarv In making up trains and in 
moving cars to and from the storage tracks. In addition, there will be the neces­
sary number of passing tracks. 
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A yard is a number of sidings and spurs, usually parallel to eaoh other, although 
often not parallel to the main track. These auxiliary tracks must be sufficient in 
number to permit the convenient and raµid breaking up of trains, classification of 

by contents, destination, or otherwise, and making them into new trains 
accordance with the new requirements. Yard tracks are di roups, 

according to their purpose. A certain number near the mainlin of the 
yard are called receiving tracks, and trains arriving pull in on them. In con­
venient pro xi mi ty is a caboose track, where cabooses are stored when not in 
trains. A group of repair tracks are convenient to the shops and the engine 
track leads t.o the engine honse, near which should be the coa\ing and watering 
stations and the ash pit. 

The train on the receiving track is broken up and its cars switched onto the 
distribution tracks, selected so that those on each of these tracks v.ill belong In 
the same outgoing train, There should be enough distribution tracks to permit the 
convenient classification offreight cars according to their contents and destination, 
and of passenger cars according to character, as ba!(gage, express, coaches, tourist 
and standard sleepers, In most cases, outgoing trams are completed on the distri­
bution tracks and pulled from them onto the main track, when authorized by ol'der 
to do so. It is better, when possible, to have a third group of tracks at the other 
end of the yard, which may be called the departure tracks. When a train is com­
pleted on a distribution track It may be pulled out onto a departure track, Where 
a caboose and engine are added, the designated crew takes charge, and the train is 
ready, on the receipt of orders, to pullout on the main line without delay, and with­
out crossing or interfering with any of the yard traffic. Departure tracks permit 
the distributing tracks to be fewer and somewhat shorter. If there are departure 
tracks, they and the receiving tracks should be divided into two groups designated 
for traffic In opposite directions. Trains which go through or return wi thoutchange 

direct from the receiving tracks to a db'tribution or departure track, the return­
trains through a loop or Y to turn them around, 

All yard tracks, except repair and team tracks, should be open at both ends, so 
that all traffic over them may be in the same direction. This permits all traffic 
through the yard to be In one direction, which saves much confusion and delay, 
The standard method of arranging yard tracks for greatest convenience and c,:,m­
pactness is by the use of ladder tracks, fig, 103, which are oblique tracks at th& 
proper distance apart to accommodate the other tracks between them. Each 
receiving, distribution, and departure tra.:k connects with a ladder track at each 
end by the ordinary switch, The dead end of each spur track should be provided 
with an obstacle, to prevent cars running off. 

G 
H 

FIG. 124,-Conventionaliz.ed terminal layout. 

17L Gravity or "Hump" yards will not be rnmsidered since there is no chance 
of having to.construct them on a military railway. 'fhey are simply yards on a 
down grade 1n whichthe cars are started by a locomotive and then run by force or 
gravity to their desired position. Theoretical!y the movement of all cars through a 
yard should be fonvard, but this condition would require a layout somewhat like 
fig. 124. The lead "A" runs into a receiving yard "B.'' 'l'he train is broken up 
and cars are classified as to destination, etc., on the tracks of the yard, C, The cars 
are grouped into trains in yard D, The train is sorted and arranged In station 
order, or as required by regulations in yards E and F and Is then run out into yard 
G ready to proceed. Such a yard layout is not practical, but an understanding of 
the uses of each part of this layout may assist in planning other yards. Yards at 
intermediate stations can readily be elaborated from the paSRing tracks shown in 
figs. 110 and 121. 

172. Permanent yards seldom form a part of military construction. For field 
terminals, which are temporary, the arrangement of auxiliary tracks will be much 
less regular and .more open. Sidings will be provided wherever it is necessary to 
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unload cars. Stores consigned to organizations present will ordinarily not pass 
thronghstorehouses, but will beunlo.aded from the trains onto the ground, or, so far 
as possible, directly into wagons. 

Stores consigned to the supply departments will usually go into storehouses or 
into compact piles at designated points for temporary cover, pending issue. Plat• 
forms will be used to the degree to which time and mat,;rials at hand permit, but 
the main reliance for discharging cars will be ramps of suitable form to lead 
from the car floor to the ground, which should be provlde<l. In profusion and so dis­
tributed that it will be next toimposslbleto set ont a car at a time orpla,:;ewhere a 
ramp can not be procured within easy carrying distance. 

Figs. 141 and 142 show convenient forms of ramps, which may be carried on the 
car or used otherwise. 

Storehouses should be narrow and long enough to permit all the cars of a train 
to discharge simultaneously. If I.here are no houses, the ground occupied by the 
supply departments for storage should be of similar snape for the same purposes. 

A very complete type of terminal yard is shown in fig. 120. Types of division 
terminal yards are shown in figs. 122, 123. 

Local conditions will govern the exact location of yards and special trackll, and 
only general rules can be made in reference thereto. 

A good and convenient form of siding, known as a "lap siding," is shown in 
fig. 121. When two sidings are neeessary and the space is available, this form is an 
excellent one; whichever train is waiting, or if two are waiting, theiocomotives are 
both within a few steps of the station. Signals are given and orders are transmitted 
with more convenience and certainty and less time is lost than if the two sidings 
were adjacent. 

ROLLING STOCK. 

173. Rolling stock.~The rolling stock of a road consists of the locomotives 
and cars. Unless notice is given in advance of the proposed construction of a rail• 
road, the rolling stock then on the market or procurable from other railroads will 
have to be used, and whatever disadvantages are met with will have to be over• 
come in the best manner possible. If due notice be given, however, of the proposed 
construction of a road, an equipment can be ordered that will be suited to the loca.l 
conditions. 

Iftheplanscontemplatethe use of a railway In a hostile country, plans should be 
made, well in advance, to obtain a sufficient snpplv of rolling stock suited to the 
road, since it wlllnot be safe to count on capturing rolling stock in usable condition 
rom the enemy. 

A study of the grades and the working time tables will permit an estimate of the 
necessary amount of rolling stock that will be required. A large allowance for acci• 
dents should be made. 

174. Composition and distribution of traffic from bases.-The amount of 
traffic originating from the base of an army can be roughly calculated from the fol• 
lowing data: From October 1, 1899, to October 31, 1900, there were trallilported from 
the three port,_s,-Cape Town, East London, and Port Elizabeth, South Africa, ap­
proximatelv .ruu,000 men; for each thousand of these men, during this time, 
there were also transporte<l. 41 officers, 765 animals, 2 guns, 15 vehicles, and 1,406 
long tons of stores and supplies. 

A compilation for a longer length of time shows that from October, 1899, until 
June, 1001, from the same three ports, 287,571 men were moved, and that for each 
thousand men there were also transported 44 officers, G72 ammals 1.5 guns, .14.5 
wagons, and 1,900 long tons of supplies and stores. From the port of Durban, Sll,399 
men were transported to the front from September 20, 1899, to June 30, 1901; for 
each thousand of thfe men, during this time, there were also transported 34. 7 
officers, 855 animals, 1. guns, 7 .8 vehicles, and 3,624 long tons of stores and sup­
plies. In addition to. this and to the civil traffic that was permitted, from Novem­
ber, 1899, until June, 1901, the railroads moved 941,764 soldiers, 346,965 animals, 
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10,494 vehicles, and 389,066 long tons of stores and supplies, for which no average 
length of haul is given. The percentages. of carloads of the various supplies 
originating at the bases were as follows: Supplies, 48.5%; ordnance and engineers' 
stores, 9%; troops, including animals and baggage, 25%; raihvny stores and labor, 
1.5%; remounts, 14.5%; hospital trains and stores, 1.5%. 

Based on verv scanty data, an estimate of the desired train tonnage for the 
supply of an army seems to be about 35 to 50 lbs per day P.er man plus the passen­
ger service plus the service to care for the necessary civil traffic. This includes 
supplies for animals, guns, etc. 

175. Locomotlves.-On supply lines, the sharpest curve allowed would deter­
mine, in a measure, the gage to be used, as sharper curves can be used on a narrow­
gage road than on a stanilard or broad-gage road, probably because the rigid wheel 
base is shorter on the lighter locomotive, since the maximum curvature is theoret­
ically dependent only on the length of the rigid wheel base. 

Having decided upon the gage to be used, the first thing to be considered is the 
tractive power desired in the locomotives. A reference to the catalogues of the 
various firms that build locomotives will give all the data in reference to the ones 
built by those firms. The tractive power, T, is usually given in pounds and repre­
sents the pulling power of the locomotives on a clean, level track. Other conditions 
being equal, the tractive power of locomotives varies directly with the working 
steam pressure, the area of the piston, the length of the stroke, and inversely as the 
circumference of the drivers. It is limited to about½ of the weight on the drivers, 
under !avorabie conditions, and to as low as I/1 of that weight on slippery track. 

T (diam. piston)'Xave. steal? pressurexstroke (ins. and lbs.). 
diameter ol drivers 

Not more than 80% of the theoretical tractive power should be counted upon In 
working a locomotive, as it has been found in railway practice that this is about the 
economicalrercentage to be used. The length of the rigid wheel base and the shape 
of the whee should be noted to make sure that the engine can take the maximum 
curve of the road. The maximum weight on a single axle will determine the! ightest 
rail that can be used for that locomotive (Table IX or X). 

The average steam pressure, or mean effective pressure in the formula falls off 
rapidly with the speed of piston travel. It is about 85% ol the boiler pressure up to 
a piston speed ol 2-50 feet per minute, and falls off, at practically a uniform rate, to 
42.5% at a piston speed ol 750 ft. per min.; at higher speeds the rate ol decrease in 
mean effective pressure slowly decrease to 30')"0 at 1,075 It. per min. and 22% at 1,500 
ft. per min. 

The kind of grate will depend on whether wood or coal ls to be used as fuel; only 
ln exceptional circumstances would a wood burner be counted upon at the present 
day. 

All locomotives should be equipped with the modern air brake. 
Where the locomotives are to be built to order, the specifications sho!lld require 

that the boiler, water tank, cab, and other vulnerable parts should be bullet•proof. 
The speed of the locomotive, under certain loads and grades, must be com­

puted, and a freight locomotive should be required to have an average speed of 
about 15 miles per hour when hauling 80%! of its maximum load. The speed of a 
locomotive and the hauling capacity shoula be considered together, for it is evident 
that a locomotive that will move 500 tons at 15 miles per hour can handle more 
freight than a locomotive that moves 600 tons at 10 miles per hour on the same 
grade. . 

sh!iftt:~:,f.er service a locomotive with larger driving wheels and higher speed 

176. With good cars and a good track 1 ton (2,000 lbs. can be moved by about 
t½ lbs. pull. It is probable that on a s11pply railwav the tractive resistance per 
ton, F, would be considerably more than this; probably from 10 to 15 lbs. per ton. 
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This, however, would depend upon the condition of the track and the condition of 
the rolling stock, and is given approximately by the following formuloo: 

En,:ineering News formula, F-2+i, 

American Locomotive Co. formula} V 
Baldwin Locomotive Co. formula F =3+6' 

in which F= tractive resistance in pounds per ton at a speed of V miles per hour 
on a straight level track. 

Up to 40 miles an hour the average of these twoformuloo is a conservative estimate. 
The hauling capacity of a locomotive is rapidly cut down by grades, and on this 

account the ruling grade should be kept as small as the conditions of construction 
will permit. • 

The total force, 'l', in pmmds required to move W tons up a grade where the 
grade resistance is G lbs. per ton, and the force required to move 1 ton on the 
same track on the level is F Ibs. per ton, is given by the formula 

T= W (G+F) (G is not affected by speed), 

in which G=2000 tan e, when B=angle of compensated slope (see par. 41). (Prac• 
tically, G=20 times the percentage of grade.) The weight of locomotive must be 
included In the train load in above formula. Inertia and wind resistance are not 
included in T. 

Having decided upon the locomotives to be purchased, a table should be made 
showing their hauling capacity on various grades, and from this table and the 
division profiles can be determined what is known as the tonnage rating of the 
locomotive; that is, the number of tons that the locomotive will haul over the grades 
on the division where It is to be used. If different types of locomotives are used on 
the same division, the tonnage rating of each class should be determined and given 
to the chief dispatcher, in order that he may know the maximum load that should 
be required with each locomotive. 

177. The tonnage rating depends upon the train resistance and the tractive 
power of the locomotive. The train resistance increases with the speed while the 
tractive power decreases and a consideration of these two factors for each speed 
fixes the allowable tonnage for that speed. A further consideration of tonnage and 
speed gives the comparative number of ton miles for the dtilerent speeds. The 
maximum seems to correspond to a speed of from 12 to 15 miles per hour. 

178. Due to the various other car resistances than those produced by weight 
alone a locomotive can not haul the same tonnage in empty or half loaded cars that 
It can in cars loaded to their full capacity. 

This gives rise to what is known as adjusted weight in trains and adjusted 
tonnage rating in locomotives. 

is found that a locomotive will haul, under exactly the same con­
ing 1,200 tons or 50 empty cars weigh• 
180 tons. Then the resistances other 

than those due to weight, amount for each car to the resistance yroduced by a 
weight of 6 tons. Add this adjusted weight to each car of each tram and we have 
1,320 tons ln each case. 

(50X6)+ 1020= 1320 
(20X6)+ 1200= 1320 

The adjusted weight of the two trains is therefore equal. For any other case for 
this same rolling stock, use this adjusted tonnage as the tonnage rating of the 
locomotive. Suppose that, the yardmaster finds that he bas about 35 cars loaded 
and empty actually weighing 1,050 tons to send in a train using this same locomo­
tive. Then (35X6}+1,050=1,260 is the adjusted tonnage of the train. One more 
car wei~hing 54 tons can be added to the train, making the adjusted tonnage 1,320 
tons. The adjusted weight for cars can be found by a similar experiment on any 
line. 



I. Boller. 
2. Fire box. 
3. Smoke box. 
4. Steam chest. 
5. Cylinder. 
6. Crosshead. 
7. Guides. 

FIG. 125. 

NOMENCLATURE OF PARTS OF LOCOMOTIVE. 

8. Piston rod. 15. Eccentric rod. 22. Steam drum. 
9. Valve stem. 

10. "Link. 
II. Reverse lever. 
12. Reach rod. 
13. Tumbling shalt. 
14. Rocker arm. 

16. Frame. 
17. Equalizing bars. 
18. Springs. 
19. Pedestals. 
20. Injector. 
21. Boiler check. 

23. Fllling runnel. 
24. Sand box. 
25. Cab. 
26. Air pump. 
27. Footboard. 
28. Handrail. 

29. Pllot truck. 
30. Trailing truck. 
:n. Drivers. 
32. Main rod. 
3.1. Side rods. 
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179. Tenders.~'l'becapacity ofthetenderinfuel and water is determined by the 
local conditions, and since the establishment of pumping and coaling plants entails 
considerable time and labor, the tender should carry more fnel and water than 
would be desirable under commercial conditions. 

On standard gage railways, tenders usually carry from 3,000 to 7,000 gallons of 
water and from 5 to 10 tons of coal. . 

180. Number of locomotlves.~Knowing the amount of supplies to be carried 
by the railroad and the amount that can be handled in one train, the number of 
locomotives can be easily computed; but in providing locomotives provision must 
be IUade for a great many accidents, and the number of locomotives ordered should 
be about one and one-half times the m1mber that it is expected to use at one time, 
,thus allowing one-third of the whole number to be in the repair shop at one time. 

LO Q Q Q LO OOo 
AMERICAN 4-4-0 COLUMBIA 2-4-2 

LOO Q O 0 LQ 000 
ALANTIC 4-4-2 MOGUL Z-6-0 

LOO 0 0 0 LO 0000 
TEN WHEEL 4-6-0 CONSOLIDATION 2-13-0 

LOO 0000 LO 00000 
MASTODON 4-13-o OECAPOO 2-10-0 

Lo O 000 Q LO 00000 
PACIFIC 4-6-2 MIKADO 2-8-2 

FIG. 126. 

181. Interchangeable parts.--Whatever kind of locomotive is purchased, the 
specifications should require that all the parts should be interchangeable in all loco­
motives of the same class. 

Fig. 12,5 shows a locomotive with all parts numbered and named. 

182. Locomotives are classed by the number and disposition of their wheels. 
The most common types and the names by which they are known are illustrated in 
Fig. 126, in which the larger circles represent drivers and the smaller ones truck 
wheels, the direction of forward motion being indicated by the cowcatcher. 

A better system, rapidly coming into use, is to describe the running gear by 
giving the no. of wheels in the three following groups in the order named: (1) For• 
ward non-drivers, (2) drivers, and (3) rear non•drivers. Thus an engine with 
2forward truck wheels, 4drivers, and 2rear truck wheels is indicated by 2-4-2,etc. 

By this system the Atlantic type becomes 4-4-2; the Columbia, 2-4-2, etc. 
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Locomotives are also classed as passenger and freight, the former having large 
drivers and other proportions adapted to high speed. 

183. Cars.-In deciding upon the cars to be used on a supply Failway, the gage of 
the track will almost entirely govern the kind of cars to be used. There is one rule 
that should be followed in purchasing or designing an equipment for such a road; 
that is, to have the axle load for loaded cars the same as that for locomotives when• 
ever practicable. This will not be diffieult for narrow-gage equipment, but on 
standard..gage roads the weight of some of the engines is so great that it is not 
economical to have the axle load of the cars equal to the axle load of the locomotives. 
If all axle loads were the same, there would be considerable economy in cars1 and the 
track would then be utilized to its greatest working value by every wheel mat went 
over it. 

184. J>assenger equlpment.-Passenger cars may be divided into day coaches. 
standard sleepers1 tourist sleepers, dining cars, baggage cars, and kitchen cars. It 
will be impossib1e to obtain a narrow-gage passenger equipment in this countrv, 
except by special order with plenty of time for building the new equipment. 

The narrow-gage equipment of the Bars! Railway in India Is for a 2 ft. 6 in. gage. 
These cars are compartment cars with side entrances. Their length is 40 ft. 6 ins.; 
width, 6 ft. 2 ins. inside; weight, about 20 tons. 

The second-class cars "ill carry, crowded, 64 passeniiers: the first-class cars will 
carry about 24 passengers. One train on this road earned comfortably 30 first-class 
and 736 second-class paS&engers In 13 cars. (Distance not stated, but less than 21 
miles.) 

The baggage cars would not differ materially, except in size, from the standard 
baggage car. 

Passenger equipment for a standard-gage road would not be difficult to obtain 
from the various roads in this country, and in a foreign country such cars could be 
shipped from this country, or purchased from some neutral,.or captured from the 
enemy. 

185. Day coaches.-A standard day coach will carry about 00 persons, seating 
two In a seat. Unless there were an emergency, only three men would be put in a 
double seat, leaving the remaining room for the soldiers' equipment. About 45 
men per car can be counted on by this arrangement. Whatever kind of coach Is 
decided upon, the toilet arrangements and drinking supply should oo ample for toe 
car when fully loaded. 

In an emergency about 30 persons can stand in the aisles. By running a detail on 
the seats, 90 persons per car can be carried for a daylight trip with no hardship.a. 

186. Sleeping cars.~A standard sleeper has about 15 sections count.ing the 
drawing room, and will carry, crowded, about 4.5 people. A tourist sleeper is simi­
lar to a standard sleeper, except in its appointments, and will carrv about the same 
number of people. The remarks as to water supply and toilet arrangements with 
reference to coaches apply equally to sleepers. 

187. Baggage cars.-Baggage cars carry about 2,500 cu. ft. of baggage. Tnis 
gives about 150 lbs. in 13 cu. ft. for about 103 passengers. This will allow for rations 
for the men, as well as for their Juggajl<l, These cars should have end doors for com• 
municatlon while the train is in motmn. Kitchen cars are baggage cars equipped 
lor cooking. • 

188. Freight equipment.-The freight equipment of a road ls or first imfor­
tance, and in an emergency the troops can be moved in the freight eq uipmen by 
arranging benches in the box cars, stock cars, and flat cars. 
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FIG.127. 
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movement of the train. Standard-gage stock cars carry from 16 to 20 animals. 
Some stock cars are fitted for feeding and watering en route, but the ordinarv ones 
have no fooding arrangements, except for hay (see fig. 128). • 

FIG. 129. 
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191. Flat cars are used tor carrying heavy and bulky articles that will not be 
injured by exposure to the weather. Thecapacitv of these cars varies from 15 or 20 
tons on a 2 ft. 6 ln. road to 50 tons on a standard-gage road. The average capacity 
of a standard-gage flat car is about 70,000 lbs. (see fig. 129). 

By means oi the platforms or ramps, guns and vehicles can easily be loaded on 
these cars. By removing the tongues and chocking the wheels, the vehicle is ready 
for shipment. Empty wagons and other vehicles should have both wheels and 

J'f ~. fw 
} t I 

I 1 . • I IJ'.LL1;._-.0:"-'~-•:: 
11 y,----WhH/8,u,.J't)-t) ----I I 1.-~9'-¥-..i 
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;;:;1;.Z, • .,,..:'" ~.,.. -;t-::-_:_;. GONDOLA CAR 
H1-'~h,J, "' • S'-7"' 
(;ul>•c ff. c•poc:f.Jf /,:JS(h 6000Qlbs.Cap. s.1! q,f' .f4lUnol.r ,;t,;r,,/',¥6'' 
i.•1hl- ,,,.,,,M s,:;400 

F1G. 130. 

tongues removed for shipment in order to allow a greater number to be shipped 
on one car. 

192. Oondolas.-A gondola ill a flat car with sides.and ends from 2 ft. to 3 ft. 
6 ins. in height. The remarks about flat cars applv to gondolas (see fig. 130). 

193. Cabooses or way cars are cars for use with freight trains for the accommo­
dation of the train crew (see fig. 131). 
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CABOOSE 

• In addition to the freight equipment mentioned above, there are refrigerator 
care, furniture cars, vehicle cars, and special ballast cars, all of Which would be 
made use of under special conditions. 

Refrigerator cars would be especially useful in the supplv of an army, and should 
form a part of the original equipment. 

Furniture cars and vehicle cars are extra large box cars for carrying freight of 
the names specified. 'fhey will be useful for hay, camp equipage, and other l!ght, 
bulky freight. 
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194. Interchangeable parts.-Whatever equipment is purchased, care should 
be taken to have wheels. trucks, and all otiler parts the same, as far as is practicable, 
for all klnds of cars. This facilitates repairs both in time and money. 

195. In addition to the cars above referred to, there are certain smaller cars used 
for maintenance and Inspection purposes. These are the velocipede motor 
car, and hand car, which are illustrated in figs. 68, 70. All of these cars are now 
made equipped with gasoline motors, and for speed are preferable to the old type. 
Special cars for transportation and service of heavy field artillery will doubtless be 
provided in the future. 

196. Track capacity.-In figuring on the length of sidings, the lenglh of the 
cars and locomotives must be known. These lengths for a 2 ft. 6 in. gage may be 
taken about as follows: 

Locomotives, 50 ft. 
Box cars, 30 ,t. 
Flat cars, 30 ft. 
Passenger equipment, 45 ft. 
Stock cars, 34 ft. 

The length for a standard-gage road may he taken about as follows: 
Locomotives, 65 ft. 
Day coach, 60 ft. 
Sleepers, 75 ft. 
Baggage cars! 50 ft. 
Box cars, 37 t. 
Furniture cars, 50 ft. 
Flat cars, 44 ft. 
Gondolas, 40 ft. 
Refrigerator cars, 40 ft. 
Cabooses, 40 ft. 
Stock cars, 40 ft. 

Certain special cars will be longer than these lengths given; but in the general 
run of a train, taking all cars as tbey come, these lengths will give a fair estimate of 
the length of a train. (See Table XVI for exact data.) 

197. Capacity of a 36=ft. open car. 
Heavy bridge equipage: 

1 ponton or trestle wagon loaded, or 
2 chess wagons, or 2 company tool wagons, or 2 field wagons. 

Light bridge equipaae: . 
1 ponton or trest1e wagon, loaded, or 
2 company tool wagons or 2 chess wagons. 

Light artillery am! horse artillery material: 
1 gun and limber and 2 caissons and limbers, or 
2 caissons and limbers and 1 store or battery wagon, or 
2 field wagons, or 3 reel carts. 

4.7" gun materiel: 
14.7" gun, carriage and limber; 2 4.7" limbers, and 14.7" caisson. 
A 4.7" gun, battery wagon and forge limber, or its store wagon and store limber 

takes same space as the 4.7" gun carriage limber. 
4.7" howitzer materiel: 

1 4.7" howitzer and carriai;e, 2 4.7" hov;itzer caissons, 2 4.7" howitzer limbers, 
and I 4.7" howitzer carnage Umber, or 

1 4.7" howitzer b~ttery wagon and 1 forge limber, and 2 4.7" howitzer caissons, 
and 2 4.7" ho.,,,,tzer limbers. 

A 4.7" howitzer store wagon and store limj,er require the same space as a bat­
tery wagon and forge limber. 

6" howitzer materiel: 
Same as for a 4.7" gun battery, substituting 6" howitzer for 4.7" gun. 

Signal Corps materiel: 
2 instrument wagons and 1 kit wagon; or 
4 wire carts or 2 field wagons; or 
1 repair and 2 telephone or telegraph wagons. 
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198. Capacity of a 411-ft, open car. 1 
Heavy bridge equipage: 

1 ponton or trestle wagon, loaded, and 1 chess, or company tool, or field wagon; or 
3 chess, company tool, or field wagons. 

Light bridge equipage: 

MILITARY BAILWAYl9. 

2 ponton or trestle wagons, loaded; or 
3 company tool or chess wagons. 

Light artillery and horse artillery materiel: 
1 gun and limber and 3 caissons with limbers, or 
2 caissons and limbers and 1 store or battery wagon; or 
3 field wagons or reel carts. 

4. 7" gun, 4. 7" howitzer, and 6" howitzer materiel: 
Same as for a 36-ft. car, but one more limber or one more caisson can be added. 

Signal Corps materiel: 
3 field wagons, or 2 instrument and 1 kit wagons; or 
2 lance trucks and 1 field or repair wagon. 

OPERATION AND MAINTENANCE. 

(For general regulations concerning the Service of Military Railways, see Army 
Regulations and Field Service Regulations.) 

199. Whether a road is constructed or merely taken over for military purposes 
makes no difference in the operation and maintenance of the line. 

The unit of organization is the division; such a division is a section of line 
from 150 to 300 miles in length, and is self-contained. As to operation and main­
tenance, the general principles and rules are laid down by the higher authorities, 
but the details are left to the Division Superintendent to work out as he thinks best. 
The results show in the economy and efficiency of his division, which are the tests of 
the soundness of his methods. 

200. Organization and duties.-The persons in charge of a military railw.ay 
can be divided into two classes: Military controlling staff and civilian officials, 
The military controlling staff will be chosen from engineer officers and others who 
have had railway experience, and their function is to make known the military 
desires and to see that the roads are operated so as to attain these ends. Having 
given their instructions, they allow the civilian officials and employees to work out 
tbe technical details in the manner dictated by their railway experience; the mili­
tary staff will only interfere in cases where they believe that the civil officials are not 
endeavoring to carry out the military plans, or are not succeeding In doing so. 

The organization and line of responsibility are shown in fig. 132. 

The relation of the military controlling staft to the civilian officials is shown in 
that figure. 

The presence of civilian employees on a military railroad, particularly in the lower 
grades, is likely to prove a source of friction with the personnel of the service of 
defense, with the railroad troops, and with troops of all kinds traveling on the line. 
Furthermore, the lack of military discipline is prone to cause difficulty in strikes, 
disa/lfeements as to pay and promotion, and individual insubordination and de­
sert10n. It will seldom if ever be practicable in the United States to secure a pmely 
military organization, but in the case of railroads operated in occupied foreign tern­
tory effort should be made to secure a military organization with fixed military 
rank, pay, and allowances for all employees, if possi6le, and in any case for all train 
crews, dispatchers, yard operatives, and the higher officials. It will seldom be 
practicable to include laborers or mechanics of construction and repair gangs or 
those employed in shops, roundhouses, warehouses, etc. 
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No organization has been provided for railway troops in the United States ~­
"Army. The war organization of th& pioneer regiment, which is outlined below, 
Olay be adapted to railway troops, special designations, such as wagoner, being 
mamtained In order to facilitate rating as to pay and allowances. 
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REGIMENT OF ENGINEER TROOPS. 

Commissioned: 
I colonel. 
I lieutenant colonel. 
I captain, adjutant. 
I captain, quartermaster. 
I captain, engineer. 

And two battalions. 
Tot3l: 33 commissioned; 1,036 enlisted. 

Enlisted: 
4 master engineers, senior grade. 
1 sergeant major. 
2 supply sergeants. 
2 color sergeants. 
1 sergeant bugler. 
2 sergeants. 
1 cook. 
25 wagoners. 

BATTALION OF ENGINEER TROOPS. 

Commissioned: 
1 major. 
1 captain, adjutant. 

And three companies. 
'rot3l: 14 commissioned; 499 enlisted. 

Enlisted: 
1 sergeant. major. 
6 master engineers, junior grade. 

COMPANY OF ENGINEER TROOPS. 

Commissioned: 
1 captain. 
2 first lieutenants. 
1 second lieutenant. 

'l'otal: 4 commissioned; 164 enllst<id. 

Enlisted: 
1 first sergeant. 
3 sergeants, first class. 
1 mess sergeant. 
1 supply sergeant. 
I stable sergeant. 
8 sergeants. 
18 corporals. 
1 horseshoer. 
2 buglers. 
1 saddler. 
3 cooks. 
31 privates, first class. 
93 privates. 

A regiment of railway troops if organized in time of war from volunteer troops 
should secure a personnel as follows: 

Colonel and three other officers from the Corps of Engineers of the Regular Army; 
remaining officers should be appointed from men actively engaged In railway work 
and holding some of the higher positions; e. g., general manager, general superin­
tendent, division superintendent, assistant superintendent, chief engineer, division 
engineer, signal engineer, engineer maintenance of way, superintendent motive 
power and rolling stock, master mechanic, general freight agent, general passenger 
agent, road foreman of engines, train master, road master, superintendent bridges 
and buildings, car service agent, general storekeeper. 

The noncommissioned stafl'., regimental and battalion, should be selected from 
such positions as chief clerk, sterekeeper, and special foreman. For the enlisted 
personnel of companies the following classes and approximate numbers of men are 
suggested as advisable In so far as practicable: 
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~ Conductors..... . . . . . ............ . 
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Brakemen ......................... . 
Enginemen (locomotive)... . .... . 
Enginemen (stationary) ........... . 
Foremen............. . .......... . 
Switchmen..... -····•···•· 
Oilers ........... ····-·-·· .. - .... . 
Machinists ........... - ........ . 
Operators ......................... . 
Station agents ..................... . 
Freight agents ............. _.. . .. 
Dispatchers ....................... . 
Yardmasters ...................... . 
Trackmen ......................... . 
Bridge carpenters ................. . 
Bridge builders (steel) ............. . 
Pumpmen .............. .. 
Linemen ...................... . 

8 Electricians .... , . . . . . .. . . . . . . . . .. .. 4 
14 Gas enginemen............ . ..... • 2 
10 Stenographers............ .. . . . . . . . . :l 
4 Draftsmen.. . . . . . .. . . . . . . . . . . . . .. 2 

i~ grer}~;~!~er~:::::::::>:::::::::: i 
1! ~lfE~t::~:::::::::::::::::::: 1

~ 
4 PiJ.e..drivermen..... .. . .. . . . . . . . . 3 
4 Plumbers.......................... 2 
2 Horseshoer. . . .. . .. . . . . . . . . . . . . . . .. . l 
8 Farrier....................... I 

10 Cooks.................. ........... 4 
s· 
;1 Total ......................... 164 

This organization contains 108 men who may easily be utilized as laborers; if 
more are required they may be obtained by a.dditional enlistment of laborers en­
larging the company, or by detail of troops from other branches. 

1'he transportation and equipment of railway troops should be that provided 
for an engineer regiment in so far a.s relates to supply, shelter, and administration; 
technical equipment with its necessary transportation will be furnished as deemed 
necessary from the base by the director of railways. Sanitary personnel and equip­
ment should be the same as provided for an engineer regiment. 

201. Duties of the director of railways and his staff.-The duties of the 
director of railways of an armv and his staff are, to operate the railroads so as to 
promote the plans of the commanding general, to supply the military knowledge 
not possessed by the technical railway staff, and to shield the railway operatives 
and officials from unauthorized military interference. 

In any large theater of operations there will be one or more independent lines of 
railway. For mllitarv purposes all such lines ~hould be operated as a single sys­
tem under the director of railways. If only one line exists, the director of railways 
will act as the military executiveoftheline. If more than one line exists, he will act 
as military executor of the system composed of all the lines, and assign an assistant 
director of railways t-0 each separate line to act as military executive of that line. 
In the description of duties, etc., that follows it will be assumed that. more than one 
line of railway exists. If two or more lines of communications exist In one theater 
of operations, they might be operated as separate systems under separate heads 
if they were entirely separate lines physically; but if at any point they come 
together, thev should be operated under a single director of railwavs. Such a .Clll'le 
would be out of the ordinary, but if it did occtirl the director of railways should be 
on the staff of the commanding general of the fie d forces, and the assistant director 
of railways in each Une of communications would be on the staff of the general 
commanding the line of commtmications. 

202. Duties of the director of railways.---Thls offic,ir is responsible to his com­
manding ofiic,ir for the successful operation and cooperation of all the railroads in 
his charge. He receives his orders from the chief of staff, and takes the necessary 
steps to have them executed by his subordinates. Be must keep in close touch 
with his assistant directors a.nd with the higher civil officials of all his railroads. 
He must make arrangements at home for the prompt and accurate filling of requisi­
tions. He keeps in close touch with the general defense and the armored-train 
defense of the railways, but the direct control of that defense is under the com­
mander of the district of the line of communications in which the armored trains 
are operating. He will hav,i such assistants, both military and civil, a,i efficient 
operation and maintenance require. • . 

The work on ell.ell line will usually be divided into two classes, the reconstruc• 
tlon of the line in rear of the army and the operation and maintenance of the 
reconstructed line. 
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The reconstruction work at the head of each line of railway will be In charge of 

an assistant director of railways of reconstructlon 1 who is Immediately responsible 
to the assistant director of railways in charge of tnat particular line of railway, or 
to the director ofrailways if onlV one line exists. Reconstructed line will be turned 
over to the operating department as rapidly as It is made fit for trains. The reoon­
struction work will be more or less of a temporary character, suited to passing a 
few trains at low speed, and will be done by railway troops with such civil or other 
military assistance as may be available. The more permanent work of reconstruc­
tion w!ll be done by the maintenance department in the zone of the line of commu­
nications, using such laqor, civil or military, as conditions require. 

No organization has yet been provided In the United States service for railroad 
troops. If sudden need· for th err organization arises models mav be taken from 
the organization of foreign armies. In any case they ;ifu;uJd be armed and equipped 
as infantry, and lacking other means of raising such troops, infantry companies 
may be detailed for the duty, transferring thereto as many officers and men who 
are familiar with railroad work as may be available. 

203. The assistant director of railways may be called the military manager 
of the road to which he is assigned, the civil manager being his close adviser, and 
the person through whom he controls his civil employees. He is charged with the 
effiment operation of the line to which he is assigned, mcluding its operation, main· 
tenance, and supply,and he advises the director of railways as to its requirements 
for defense. He has charge of the special railway police on his line. 

The military controlling staff will decide what atfairs will be left entirely to 
the civilian officials and what ones must be referred to the coordinate military officer 
for final decision. The assistant director of railways will decide the above points 
usually after consultation with his military and civilian assista.nts. 

As regards his own Immediate line, his duties are similar to those of the director 
of railways for the entire system, being limited only by the questions that he must 
submit to the director of railways for decision. 

204. Civil trafflc.-The assistant director of railways of each line, after consulta­
tion with his assistants and with the approval of the drreetor of railways, will recom­
mend such civil traffic on his line as will not interfere unduly with the military 
traffic. Regulations governing such civil traffic will be issued for the ditferent 
lines by the commander of line of communications and only such traffic will be 
allowed as the orders permit. 

205. Military assistants may be 88Signed to one or more divisions of the line, 
depending UJ.?on the road, and they may be termed the military superintendents 
of such divis10ns. The civil superintendents are their close adv1Sers. They are 
r<!!'pollilible to the assistant director of railways for the efficient handllng of their 
divisions. They snpervise the personnel of their divisions, and must be thoroughly 
conversant with the possibilities and needs of such divisions. They must keep 
traek, through the car distributor, of all rolling stock, and if cars are not promptly 
unloaded and released, will call the proper persons at the detaining station to 
account for it. They must correct all weaknesses in their diviBions, or call upon 
higher authOrity to do so. They are responsible for the maintenance and the 
regular military police of their divisions, and for the transportation of troops and 
supplies within the limits of their diviBions. They are responsible that the various 
stations have the proper sidings, platforms, ramps, stockyards, and watering 
facilities to fill the military requirements. 

206. Railway staff offlcers.-A teach Important station there will be detailed 
a railway statf officer who will be independent of the commanding officer of any 
trooP'! that may be stationed at that point and will be on the stat{ of the military 
supermtendent. 

The railway staff officers of stations look after the loading and unloading of troops 
and supplies at their stations. They-keep the military superintendent fullv m­
formed as to all the station requirements. They are in charge of all railway 
employees while at that station, and will execute such authority, as a general rule, 
through the local station agent. They issrn,, on proper authority, all transporta• 
tion from their stations, and forward with their indorsement all communica• 



~ tlons from the local officers to the railway offivJals. They are respollllible that all 
cars are promptly unloaded ,and released and that no empty cars are asked to be 
sent to their stations before!the cargo wln be ready for loading. They make ar­
rangements for food and hot coffee for troope en route threugh their station, 
upon notillcation from proper authority. 
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The railway staff officer reports daily, to the military superintendent of his 
division, the organlzatioilS or parts of organlzatioDS that depart from or arrive at 
his station, and includes the following data: Destination, or starting point; the 
number of officers, men, guns, horses, vehicles, and the amount of supplies in each 
train; the number of the train, and the time of its departure or arrival. 

The military superintendent consolidates all these reports for each week, and 
renders this consolidated report to the assistant director of railways, with such 
other information with reference to the movements as may be desired. 

At the base the duties of this officer become very great and important because the 
greater part of all shipments originate or end at that place. The railway staff 
officer at the destination should always be promptly notified or the probable 
arrival of troops or animals in any large nwnbers or supplies in large quantities. 

Therailwaysta:lf officer is responsible that no railway buildings or property are 
used by the troops at the station, when necessary for railway use; and before per­
mission Is given for such military use, authority will be obtained from the military 
superintendent. 

Upon the arrival of troop trains, the railway staff officer will be present and give 
the commanding officer on tne train all information and proper assistance that he is 
able to give. 

The railway staff officer will pay particular attention to the daily telegraphic car 
reports. (See par. 234.} 

207. Civil offlclals.-On a road operated for military purposes, the head official 
is the general manager. The president, vice president, etc., are temporarily 
replaced by the higher military officers. The general manager is responsible for 
the entire working of the ro!ad and for all maintenance and construction thereon. 
He has the nwnber of assistants necessary to relieve him of all minor details and 
leave him free to keep a keen oversight of the entire working of the road. 

Fig. 132 shows the various other officials who report to him. Their duties are 
explained in the following paragraphs: 

208. The general solicitor of the road is the legal adviser of the general mana­
ger, and even In time of war there would be many occasions on which this official 
would be necessary. He has the necessary number of assistants, and all local 
attorneys for the road report to him. 

209. The general claim agent has charge of au claims made against the road 
for damages. He investigates all such claims, procures all available information and 
witnesses to defend the case, and recommends the action to be taken. His function 
will be very Important on a e-0mmercial line taken for military purposes, as claims 
against the Government will arise and agreement as to facts at the time of occur­
rence will save litigation at a later period. 

210. The general passenger agent in time of peace is charged with the duty of 
procuring all passenger business that he can for the road. In time of war this 
duty would lapse, but he would be utilized in connection with the shipment of 
troops and the handliµg of passenger traffic generally. 

211. The general storekeeper has charge ofand issues all stores from the central 
storehouse. He keeps a supnly or stores that will meet all possible needs of the 
road. The storekeepers at various points on the railroad ma:tie requisitions on him 
through the general manager and render their returns to him. 

212. The chief engineer <If the road is the engineer adviser to .the general mana­
ger. He plans and Ms cllarte of all new construction,'and he keeps a general over• 
sight of the division engineers and the signal engineer. He has no e-0ntrol over the 
assistant director of railways of reconstruction. 
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213. The superintendent of motive power and equipment has charge of all 
the rolling stock belonging to the road. He is charged with all repairs to locomo­
tives, machinery, cars, and other equipment. He Investigates all failures of 
engines. He keeps complete records of performances of lor,omotives and cars. 
He has charge of the discipline of all his employees, except englnemen and firemen 
who may violate operating department rules while on the road. 

214. 'rhe purchasing agent of the road buys all supplies, equipment, etc., that 
may be used on the road, upon authorization of the general manager. 

The treasurer is responsible for all funds received for operating the road and for 
the disbursement ol all moneys, 

215. The comptroller has the final decision as to the correctness of expenditures 
and accounts, and he allows or disallows accounts according to their merits and the 
rules of the road. The treasm·er and comptroller would be used to keep the accotmt 
between the railway and the Government while the road is under military control. 

216. 'The general freight agent of the road in time of war would have few of 
the duties that this official has in time of peace, but he will be useful to the general 
manager in the handling of mllltary freight. 

217. The signal engineer ls under the chief engineer. He has charge of con­
struction and maintenance of all signals and telegraphs and other work requiring 
electrical know ledge. 

218. The car•servlce agent is charged _with the proper distribution of rolling 
stock to the various parts ol the road. He keeps track ol all cars sent to foreign 
roads, the mileage of all cars on the road, and the length of time that foreign cars 
are held on the road. 

219. In the operating department, the next official in rank to the general manager 
and his assistants Is the general superintendent, who has charge of the operation, 
maintenance, and discipline of the road, the arrangement of time schedules, the dis• 
tributlonof motive power, and such other duties as may be assigned to hlm by the 
general manager. He has such assistants as may be necessary. The officials that 
report to him are shown In fig. 132. His control is through the various division 
superintendents. 

220. Duties of division superintendents.-The road will be divided into divi­
sions, and each division is in general charge of a division .superintendent. These 
superintendents are directly under the general superintendent and his assistants. 
·rhey have complete charge of their divisions, and are responsible to the general 
superintendent and general manager for the proper operation and maintenance of 
their divisions. Matters of construction that come under the division engineer 
are not under the division superinhmdent, and the subject of repairs to rolling 
stock and equipment is handled by the master mechanic direct with the superin­
tendent of motive power and equipment and ls not under the division super-
intendent. • 

While a division, from an operating standpoint, should be from 150 to 300 miles 
in length, the economic length of run with a single tr11.in e,-rew for freight trains is 
from 90to 140 miles, and for passenger trains about 150 to 200miles. The length is 
largely fixed bv the time consumed by the trains in running over it. Long divi­
sions must therefore be subdivided into lesser units for train crews, but the di­
vision is the smallest sell-contained unit on a railway. 

The division superintendent Is assisted in his work by one or more assistant 
superintendents, division engineers, and master mechanics. 

2'21. Each assistant superintendent is charged witn such duties as the super­
intendent may assign to him. In general, the division will be divided and each 
assistant superintendent will nave charge of one such subdivision. He handles all 
train movements and has charge of trainmen, agents and opera tors. He is charged 
with the discipline of these men and with that of employees In the master me­
chanic's department for the violation of operating-department rules. 
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222. Each division engineer is charged with all maintenance and construction 
work on his division. For maintenance he is responsible to the superintendent, 
and for construction work to the chief engineer of the road. 

The division engineer has the necessary number of assistants, and in general, the 
work under his office will be subdivided into bridges and buildings, track work, 
masonry work, and water supply. Each of these departments will be under a 
competent foreman, who will have charge of the tools and supplies necessary to 
carry out his work on the division. A fuller description of his department will be 
foimd under "Maintenance of Way," par. 494 et seq. 

223. Each master mechanic Is charged with the Inspection and repair of all 
rolling stock. In all matters aside from the operating-department rules, the engine­
men and firemen are directly under him. He has charge of the inspection depart• 
ment and of all roundhouses, machine shops, car shops, storehouses, etc., and the 
employees therein are under his orders. For all subjects that arise in bis depart­
ment on the road, he is responsible to tne superintendent. Aside from this, be is 
under the direct supervision of the superintendent of motive power and equipment. 
Heis responsible that all locomotives are in condition to haul their tonnage rating 
(par. 175). 

The master mechanic is assisted in his work by one or more traveling engineers, 
or road foremen of engines, who look after the proper handling of the locomotives 
on his division and Investigate accidents and failures that occur on the road. 

Each roundhouse and shop is in charge of a foreman, who is responsible for the 
discipline of the Shop and the employment of the necessary workmen, etc. 

224. The storekeepers at various points are under the master mechanic. They 
issue supplies on requisitions signed by any division officer, and in an emergency 
will issue supplies direct, without the necessary approval, taking the proper re• 
ceipts for the same. 

225. The assistant superintendents are assisted by the necessary number of 
train mastel'S and dispatchers. The train masters travel over their divisions 
and look after the movement of trains and the actions of trainmen and yardmen. 
They accompany all Important shipments or movements of freight or troops over 
their divisions, and see that the movements take place promptly and properly. 
They recommend any discipline that may be and can issue orders for 
trains when they think necessary. They are • er the assistant superin-

, tendent but can receive orders from any higher They give special atten• 
tion to the prompt and regular movement" of traffic and see that the full number of 
cars are moved by each locomotive, and that no more trains are run than are neces­
sary. They inspect and report on the cleanliness of the passen'1er trains, and 
investigate delays in trains, as well as delays in loading and unloading of cars. In 
case of an accident, they proceed to the scene of the accident and take general 
charge in clearing up the road and {'rotecting the wrecked property. They per­
form such other duties as may be assigned to them by the proper authority. 

226. The chief dispatcher has entire charge of the movement of trains Qver his 
division, unless the train master interferes for some special reason. He dfstrlbutes 
the cars and motive power; he places and displaces operators and subordinate dis­
patchers, subject to the approval of the division superintendent and of the signal 
engineer. He has charge bf all telegraph matters and movement of trains by tele· 
graph over bis division. He sees that all train orders are issued acr.ordlng to pre­
scribed forms, and gives special attention to thec.ondition of the telegraph equip• 
ment on his division. He sees that only one person issues train orders over any 
territory at one time. He is responsible that all locomotives are worked up to their 
full tonna 6e ra_ting. 

2'1:7. Train dispatchers receive their instructions from the chief train dispatcher. 
They are assigned to certain subdivisions and issue orders governing the movement 
of trains over such subdivisions. They see that such orders are properly trans• 
mitted and recorded. They keep a record of the movement of all trains, or locomo­
tives, over their subdivisions. They order the necessary number of locomotives 
in time to be ready to move when the train is made up. 'Train orders and loco• 
motive orders are kept separate. One dispatcher keep~ a book showing the 
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telegraphic address of every official and lineman that may be out of Ws office 
working along the division, so that they may be found If needed. On double• 
track work, the dispatcher's main duty Is to see that the trains are kept moving 
and that no unnec=ary delays occur. On single•track work, the position of 
train dispatcher ls much more important than on double-track work, on account of 
the c-0nstant danger from collision in case of carelessness. He arranges the proper 
meeting and _passing places for all trains, and in case one train Is late, changes 
the meeting places to correspond. On going o:tf duty, he makes a transfer of all 
orders that have not been fully executed, and llees that sll!'h orders are understood 
by his successor. 

228. Car distributor .-One operator in the chief dispatcher's office ls assigned 
the duty of distributing r,ars. He receives the dally telegraph report from each 
station (par. 234), and arranf$e8 the information for the chief dispatcher for use as 
described in par. 452. In this distribution of cars, due attention should be given 
to empties; otherwise a car famine may exist at one point on the line, while the 
road may be blocked with empties at another point. To avoid this and keep the 
entire line properly provided with the kind of cars needed, the chief dispatclli/1" 
makes a daily report to the car-service agent at headquarters, similar to the one 
described in par. 234. CaMervlce agents at headquarters, on receiving these tele­
graph reports from the various chief dispatchers, distribute oars over the entire line 
Just as the chief dispatcher distributes cars over his division. 'J'his report includes 
passenger as well BS freight equipment. 

229. Station agents are directly under the assistant superintendent and train 
masters. They have general charge of all station work. They are responsible for 
the condition of the station, the prompt placing of cars for loading and unloading, 
and for the proper arrangements for safety and comfort at the stations. They see 
that the ticket office is kept open at the proper time and that tickets are issued only 
on proper authority and to proper persons. They are responsible that the necessary 
signals are displayed. They are responsible that the track within the limits of 
their station Is in good condition and that the proper switch signals are set. They 
see that the correct time, time-tables, and official notices are displayed In the depot. 
They inspect loaded cars, and when satisfied that they are loaded as mdiccated, they 
seal the car for shipment. 'J'hey see that cars are not overloaded and that they are 
properly loaded. Wl).en cars are r_e,iei,,edl, the: otlly the persons to 
whom they are billed, and see that the cars are p ced for unloading. 
They will not allow any unauthorized persons t, the station nor near 
the telegraph office and they will see that all station employees do their duty 
properly. They wi1lcomply with allinstmctions from the railway staff officer of the 
station. 

230. Wbere there Is no railway staff officer the station agent performs the rail• 
way duties of that officer, and the commanding officer of the troops at that station 
performs his military duties. At larger stations, the station agent is assisted by a 
station master in charge of the station and grounds, and by a ticket agent and such 
other employoos as may be necessary. 

231. At terminals and at large stations the yard work Is In charge of a yard• 
master. Yardmasters esponsible to the station agents and to the 
train master. ardmen, the movement or 
trains and e under their charge. 
They see that all trainmen are called for duty on tinle, and that they report In con­
dition for work. Thev have charge or the making up of all trains and the dlstribu• 
tion of cars in the yard's to facilitate the making up o! trains. They are responsible 
that the trains leave on time and that the proper sfips, or waybllls, accompany each 
car. They see that all cars are properly secured and keep a reooru of the car seals. 
They keep a record of the cars received and delivered to other lines, they see that 
cars are properly placed for loading and unloading, and that all cars needing repairs 
are sent to the repair tracks or to the shops. 

232. Duties of subordinate employees.-The duties or employees subordinate 
to those heretofore mentioned are covered very minutely In the rules and regula. 
tlons of the operating department Issued by all roads. The set Issued by the par­
ticular road under military operation will probably bi found best suited to Its 
requirements. They will be changed when necessary to meet the military require-
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mentsorwhere a betterrule can be substituted. The Standard Code1)fTrain Rules 
of the American Railwav Association are used by practioolly a.II railways in the 
United States and form· a standard for any necessary changes. Changes in the 
standard code should be made with caution. 

233. Proportions of operatlves.-Based Uj/On 1,017,653 employees on about 
190,000 miles of railway in the United States 1nvol t of about 
140,000 ton-miles per employee, the following table show I distribu-
tion of employees In 18 different cl88Se8. (U. 8. Dept. La etin 37-1901.) 

Classified employees cm railways of the United States. 

Num- Num-
berger Per ber per Per Class. 10 Class. 100 
miles cent. miles cent. 

ofline. of line. 

General officers ....... 3 0.5 Section foremen ....... 17 3.3 
Other officers ......... 2 .4 Other trackmen ....... 118 22.0 
General office clerks ... 17 3.2 Switchmen flagmen, 
Station agents ........ 16 3,1 and watchmen ...... 26 5.0 
Other statlorl men .... 47 9.0 Telegraph ogerators 
Enginemen ........... 22 4.3 and dispatc ers ..... 13 2.5 
Firemen .............. 23 4.4 Employees on floating 
Conductors ........... 16 3.1 ofJ:~tni:i,i~;:ees aiiJ. • 4 .7 
Other trainmen ....... 39 7.4 
Machinists ............ 17 3.2 laborers ............. 65 12.4 
Carpenters ............ 24 4.6 
Other shopmen ....... 60 11.0 Total. .......... 529 100 

The foregoing table gives an idea of the number of men in different grades and 
classes necessary to operate a railway under peace conditions. The proportions 
would not hold on a line that had to be reconstructed ·a.tter destruction by tin 
enemy, but as a guide for preliminary preparation it has a certain value. In France 
the number of employees per 100 miles is about 2.5 times that shown for the United 
States; in Germany It ls about 3.5 times as many. 

234. Dally telegraphic car report.-Before 8 o'clock in the morning the agent 
at each station shall report, dally, to the chief dispatcher the following information 
with reference to freight equipment: 

Local cars: 
(1) Number o wanted during next s4 lun.1tts. State kind and size, desti• 

nation, and when wanted. • 

!2) Number on hand. State kind and size. 
3) Cara to unloa . State kind and size (0. H. 24 hours or less). 
4) Oars to unload. State kind and size (0. H. 24 to 48 hours). 
Special report for all cars 0. H. loaded over 48 hours.) 

Foreign cars, 
(1) Number of cars wanted. State kind, size, destination, and when wanted. 
(2) Number of emptie» on hand. State kind, initials, number and size. 
(3) Oirs w unload. State kind, initials, number and size (0. H. 24 hours or 

less). 
(4) Cars to unload. State kind,inltlals, number,ands.ize(O. H. 24to48hours). 
(Special report for any car 0. H. Ioaded over 48 hours.) 
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Ca.rs ready to move: 
(1) State number of loads and emptit11. 
(2) O/lr8 reaa1r10 move over 1/4 M/1,TB. State number of loads and empties. 

The weather report, amount of water in tank, and coal report will be sent in at 
the same time. 

This daily telegraphic car report will be formed into a large blank. The various 
headings and subheadings across the top will he numbered or lettered, soas to form 
a code that the operators can use in making this report. 

An alphabetic code necessitates the use of only two letters, and hence is quicker. 
The list of stations is printed down the side of the blank. 

On receipt of this information from all points on his division, the chief dispatcher 
is able t-0 distribute the required empties and arrange t-0 pick up all loaded cars. 

A summary of the consolidated report showing the car situation on each division 
is promptly telegraphed to the car-service agent, who distributes cars among the 
divisions. 

23.5. Detaining cars.-The history of the Cl'l'il War and the war in South 
Africa both emphasize strongly the necessity for the most stringent orders with 
reference to the prompt unloading of cars. The R. S. 0. is authorized to call 
on the C. 0. of the station for the necessary details to unload the cars immedi• 
ately upon their arrival. If for any reason he can not get such details, or can not 
unload the cars inside of 24 hours, he will report the facts to the military superin­
tendent by telegraph. 

236. Troop movements.-When an order for the movement of troops from any 
station is received at the station, the R. S. 0. will immediately find out the fol• 
lowing points with reference to the proposed movement from his station: 

(l) The number of men and officers. 
(2) The number of animals. 
(3) 'l'he number ot wagons, guns, etc. 
(4) The amount of supplies that will be carried with the troops. 
(5) The destination of such troops. 
(~) The time of departure. 

He will immediately forward this information by telegraph to the military super­
intendent with such other information with reference to the movement as he may 
think necessary. 

237. Inspection of rolling stock.-The inspection department is directly under 
the master mechanic; and is dividedinto two parts-inspection of carsandinspection 
of locomotives. Certain points along the Une are indicated as inspection points 
for cars, and all cars entering such stations are inspected to see that all parts are in. 
proper condition. The wheels are testoo by a bfow ·with a hammer to discover 
defects. At these inspection points cars are marked" o. K." ifin good shape, and 
"B. 0." !fin bad order, a.nd the initials of the inspector are written below to show 
who made tlle inspection. "Bad-order" cars are forwarded to the nearest car­
repair station, if practicable; if not, they are set out (their loads may be trans­
ferred) and car repairers sent to repair them at that point. 

These car inspectors are usuallv also oilers, and they see that the boxes are prop• 
erly filled with waste and properly oiled. 

In outng cars, the oiler should be careful to get the waste packed well under the 
Journal and In contact with the bottom of the Journal. They must not get the 
boxes too lull, as this ls a fruitful source of hot boxes .. 

23S. Locomotives are Inspected on their arrival at the roundhouse by regular 
locomotive inspectors. They go over the locomotive thoroughly and submit a 
separate report on each. This report is compared with the report made by the 
engineman on the completion of his run. and each is held respon&ible for a defect 
reported by the other that is not shown in his report. 
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This method of inspection of locomotives is especially necessary when the power 
is pooled. Power ls known as "pooled" when no certain loc-0motive Is assigned 
to one engineman, but the locomotives are run out of the roundhouse in the order 
of their coming in. An engineman needs from eight to ten hours' rest after a run, 
whereas a locomotive, if in good order, can be made ready for another run inside of a 
conple of hours. In addition to this saving of power, it has been found that the loco­
motives are in better shape on account of the report required by the engineman and 
the check report made bv the locomotive inspector. This pooli~ of power brings 
bad results except when ttsed in connection voith a double tnspect1on and separate 
reports. 

Any defect reported on a locomotive by either engineman or inspector is promptly 
repaired in the roundhouse ii possible; if not, the locomotive is sent to the shops 

Power is known as assigned when each locomotive ls assil(lled to a single engine­
man and used by him alone. The advantage of thi!I method is that the engineman 
takes special pride In his own locomotive and may give it greater care than he will 
if the locomotive will be out under several other englnemen before he again has 
occasion to run it. The disadvantage is that the locomotive must lie np unneces­
sarily long waiting for the crew to rest. 

A combination of the two methods combines the advantages of both and prac­
tically eliminates the disadvantages. This is attained by assigning two locomo­
tives to three crews; under this method, as under the pooling method, cross-inspec­
tion by enginemen and locomotive inspectors is imperative for good results. 

239. Operators and dispatchers are authorized to use the following calls and 
abbreviations: 

L ..... Wait a minute. 
3 ... _ .. Give me correct time. 
4 .. __ .. Where shall I repeat from? 
5 .. -- .. Close your key; vou are breaking. 
7 ...... I have business;-are you ready? 
8 ...... Busy on other wire. 
9 ...... To clear the line for train orders, and for operat-0rs t-0 ask for train orders; 

on division, wire will have preference over all signals excepting "21." 
12 ... _ .. Do you acknowledge reoolpt ol this order, and do you fully understand it? 
13 ..... _! hereby acknowledge the receipt of order, and state that I fully nnder• 

stand and will execute the same. 
14 ...... What is the weather? 
15 ...... Have you any orders? 
16 ... , .. Dispatcher's freight. report. 
17 ...... Daily weather report. 
18 ... ___ What is the matter? 
19 ... __ . Train order, as provided in par. 334; or call for same. 
21. . .. Extreme emergency; on division wire this must have preference over all 

other business; on throngh wire will have preference over signals "25" 
and "34." 

23 ..... .'rhe follovoing is for you and others. 
24 ...... Repeat this back, . 
25 .. ... _ Time reports of passenger and troop trains to general superintendent (used 

on through wire); preference of circuft over ordinary and "34 "business. 
28 .. __ .. Do you get my writing? 
29 ...... This ls private and must be delivered in sealed envelopes. 
31. ..... Train order as provided in par. 334; or call for same. 
34 .... ,. This message is of great importance. 
39 ...... This must have preference over all other busines.~ on all wires, and will 

be used only by the G. C. and C. of S. of army or of L. o!C., theD. R., 
D.D.R.,andA.D.R. 

41 .... , , This will have preference over all calls on through wires except 39, and 
will be used only by general manager, general superint.endent, and chief 
engineer. 

92 ...... This message should be copied in ink. 
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Operators must not make use of any signals for busln8911 other than that to which 
such signals a.re assigned. In other words, signals must not be 1\tlVen falsely; 
as, for in.stance, making use of "39" for "34" business In order to obtain the wire. 

C. & E .. Conductorand engineman. 
X ....... I have displayed my train order signal, and train will be held until order 

is made complete. 
H. R .... I wish to hold the circuit. 
S. D ..... Stop displayed. 
Usual abbreviations for months and stations. 
Initials for signatures of division officials, office calls, and other signals author­

ized by chief dispatcher. 
240. Signals.-On every road a system of signals is used to convey certain fixed 

orders or information. Thefollowlrig, while not universal, are in very conimon use. 
Flags of the prescribed color aI'll used by day and lantern• or lamps at night. 

241. Color signals. 

Color. Indication. 

(a) Red .................. Stop. 
(b) Green................ Proceed, and for other uses prescribed by the mies. 
(c) Green and red........ Proceed with caution, and tor other uses prescribed by 

I

, the rules. 
(d) Green and white..... Flag stop (see par. 263), and for other uses prescribed 

by the rules. 
(e) Blue .................. I Men working under or about cars on that track. 

Uthe light system ofa road taken over for military use differs from above, these 
rules must be changed to correspond to adopted system. 

A fusee on or near the track burning red must not be passed unti I burned out. 
242. Hapd, llag, and tamp signals. 

Manner of using. Indication. 

(a) Swung across the track....................... . ... Stop. 
(b) Raised and lowered vertically. . . . . . . . . . . . . . . . . . . . . . Proceed. 
(c) Swung vertically in a small circle across the track Baek. 

when the train ls standing. 
(d) Swung vertically in a circle at arm's length aoross Train has parted. 

the track when the train is running. 
(e) Swung horizontally back and forth above the head Apply air brakes. 

when the train is standing. • <n Held at arm's length above the 4ead when the train Release air brakes. 
is standing. 

Any object waved violently by anyone on or near the track is a signal to stop, 
tmless the engineer has.reason to believe it to be a ruse to induce him to stop the 
train, when he will proceed with caution. 
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Audible signals. 

243. Locomotive whistle sighals ("O" indicates short blast; "--" indi• 
cates long blast). 

Sound. 

(a) Q ................... . 
(b) ........ . 
(c)--OOQ ....... . 
(d)-- .......... . 
(e) ----- ........ . 
(j) -::-- .............. . 

(g) go················· 
(h) 00 ........ . 

(1)----00 .... 
(m)------

Stop. Apply brakes. 
Release brakes. 

Indication. 

l!1agman go back and protect rear of train. 
Flagman return from west or south. 
Flagman return from east or north. 
When running train parted; to be repeated until an• 

swered by the signal prescribed ,by par. 242 (tl). 
Answer to sig'!al I!rescribed in par. 242 (tl). 

Answer to any signal not otherwise provided for. 
When train 1s •Standing, back. Answer to signal pre• 

scribed in pars. 242 (c) and 247 (c). 
Call for signals. 
To call the attention ol tmins of the same or Inferior 

class to signals displayed for a following section. 
Approaching public crossings at grade. 
Approaching stations, junctions, and railroad crossings 

at grade. . 

244. Should a train fail to answer signal 243 (k), the train displaying the sig• 
nals must stop at once and not proceed until they are acknowledged. On double 
track, signal ('tc.) will only be used when passing trains. 

24/i. A succession of short sounds of the whistle is an alarm for persons or 
cattle on the track, and calls the attention of txainmen to danger ahead. 

246. The explosion of one torpedo is a signal to stop; tlie explosion of two not 
more than 200 ft. apart is a signal to reduce speed and look out !or a stop signal. 

Torpedoes must not be placed near stations or road crossings where persons 
are liable to be injured by them. 

247. Air-whistle or bell-cord signals. 

Sound. Indication. 

(a) Two ................. When train is standing, start. 
(o) Two ................. When train ls running, stop at once. , 
(c) Three................ When train is standing, back the train. 
(d) Three ................ When train Is running,stop at next station. To be an• 

swered as per par. 243 (g). : 
(e) Four ...... ,.... . . When train lss.tandlng, apply or releas.e air brakes. 
(f) Four...... .. . ... 

1 

When train is run.ning, reduc,, speed. 
(g) Five........ . . . . . . . When train is standing, call in flagman. 
(h) Five ................. When train is running, Increase speed. 
(j ) Six. . . . . . . . . . . . . . . . . . . When train ls rnnn!ng, increase steam heat. 

248. The headlight will be displayed to the front of every train by night, but 
must be concealed when a train turns out to meet another and has stopped clear 
>f main track, or is standing to meet trains at end of double track or at junction. 
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249. Yard locomotives will display the headlight to the front and rear by night. 
When not provided with a headlight at the rear, two whitelights must be displayed, 
with a red light between them. Yard locomotives will not display markers. 

250. The following signals will be displayed, one on each side of the rear of 
every train, as markers, to indicate the rear of the train: By day, a green flag; by 
night, a green light to the front and side and a red light to the rear, except when 
the train turns out to be passed by another, and ls clear of main track, when a green 
light must be displayed to the side and rear. 

251. By night, passenger and freight trains, while upon main track, will display 
a red light to the rear In addition to the markers, and freight trains, when 
practieable, will display a white light to the front from the top of caboose. 

252. All sections of a train, except the last, will display two green flags, and 
in addition two green lights by night, in the places provided for that purpose on the 
front of the engine. . 

253. Extra trains wlll display two white flags, and in addition two white lights 
by night, in the places provided for that purpose on the front of the engine. 

254. When two or more locomotives are coupled to the head of a train, the 
leading one only shall display the signals prescribed by pars. 252 and 253. 

255. When cars are pushed by a locomotive (except when shifting or making 
up trains in yards), a white light must he displayed on the front of the leading car 
by night. 

256. Each car on a passenger train must be connected with the locomotive by a 
communicating signal appliance. 

257. A blue ffag by day and a blue light by night displayed at one or both ends 
of a locomotive, car, or train, indicates that workmen are under or•about It. When 
thus protectedit must not be coupled to or moved. Workmen will display·the l1lue 
signals and the same workmen are alone authorized to remove them. Other cars 
mmt not be placed on the same track so as to intercept the view of the blue signals, 
without llrst notifying the workmen. 

258. A green and red ffag by day, and in addition a ~en and. red light by 
night, placed beside the track on the engineman'sside, indicates that the track 3,000 
ft. distant is in condition forspoodofbut 6 miles per hour and the speed of a train 
will be controlled accordingly. 

::59. A green ffag by day, and In addition a green light by night, placed on the 
engineman's side at a point beyond the slow track, indicates-that full speed may 
beresnmed. • 

200. Maln•track switch targets will show green when the switch is set for the 
main track, and red when set for sidings, crossings, or Junction tracks. All other 
switch targets will show white or green. 

261. A slow board placed alongside the track, reading "Reduce speed to 
miles per hour," will indicate the rate of speed at which the track may be used at a 
point 3,000 ft. distant from such slow board. 'l'he rate of speed indicated on the 
slow board must not be exceeded. Beyond the point to be protected will be placed 
a sign reading "Resume ft11I speed." A green and red light and a green light, 
respectively, will be slJSpended from these boards at night. 

26j;. A signal Imperfectly displayed, or the absence of a signal at a place where 
a signal is usually shown, must be regarded as a stop signal and the fact reported 
to the assistant superintendent. 

26.3. The combined green and white signal is to be used to 8top a train only at 
the flag stations indicated on the schedule of that train. When it is necessary to 
stop a train at a point that is not a flag station for that train, a red signal must be 
med. • 
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, TIME. 

264. Trains will be operated on standard time, when standard time is available. 
Otherwise, a certain clock will be used, and its time used as a standard. 

The clocks and watches used in the operation of the road must conform to the 
adopted time, 

The time will be sent over the road at least once daily. 
265, All watches of employees will be examined and certified to by some 

officer or watch inspector, who will certify to the condition and kind of watch car• 
rled by each employee. 

OPERA'l'IONS OF TRAINS, 

266. Trains are operated so as to keep them a certain distance apart for safety. 
This distance is measured either by a time interval or a space interval. 'l'he 
various systems receive their names from the kind of Interval used and the method 
of malntain.ing them. 'fhe following are the best-known systems: 
Time interval{Telegrap~ic orders. 

Telephomc orders. 
S • t 1 • bl k ••A'"' {Absolute. pace m erva , 1. e., oc sys~~ Permissive. 

Manual block system. 
Simple manual block system. 
Controlled manual block system. 

Lock and block form. 
Simple communication between stations. 
Communication between stations and partial electrical track pro• 

tection. 
Communication between stations and complete electrical track 

protection. 
Staff form. 

Single staff. 
Hall and half. 

Automatic block system. 
267. Time interval.-Operating trains upon this metbod involves train dis• 

patching and is usually known as the train order method. These orders govern 
the train movement from one station to another where orders for further movement 
are recei • • trains. The 

• ig.th1;·.;1:,erat<ir"iit that 
certain distance apart 

forming the time interval. The system is inadequate and unsafe under fast and 
heavy traffic conditions. The orders are issued by telegraph or telephone. 'fhe 
former is the older and wa.s universal until a few years ago, but the telephone has 
to-day largely displaced the telegraph owing to the greater facilit:y and speed and 
safety in the transmission of orders. This system has become efficient through the 
selective method of signaling to one -0r more operators whereby there is no time 
lost in ringing up the one or more persons desired. The same forms of train orders 
are used with both the telephone and telegraph . 

To obviate the issuance of train orders for trains which run regularly every day, a 
time table Is made up covering the regular movements. A train included therein 
will operate habitually on this schedule and hence re!{uire train orders only to assist 
it when it or others can not meet the schedule conditions or to provide for move• 
ments of other trains not included in the time table. 

268. Space interval.-As the name implies, the interval between trains in this 
method of operation is measured bv distanml instead of time. The road is divided 
into sections or blocks, into which only one train is allowed full rights at a time 
Others may be admitted going in the same direction. but they are limited bv the 
presence of the other trains in front of them. • 

The method is applicable to both single and double track lines and for traiWI 
going in the same direction there are two methods, the absolute and the permls• 
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sive systems. In the former only one train is allowed in a block at one time; in the 
latter, one or more trains, with certain time intervals, may be allowed in tbe same 
block under a caution card or clearance card warning them of the otber train 
ahead in tbe block. The length of the blocks varies from one mile to five or six 
miles. 

269. Simple manual block system.-In this system the operator at station 
C ascertains if the block CD is clear, and if so, he admits the train Into CD, 
notifying operator at D that he is doing so. D ascertains if DE is clear, and if so. 
lowers his signal and allows the train to pass. If not clear, he holds his signal 
against the train, which can not proceed until the block is clear. The method is 
controlled by telegraph or telephone communication. There is no lock system. 
The system 1s only a step in the right direction. 

270. Controlled manual block system-Lock and block.-In this system 
there is electrical communication between the block signals at stations B and C 
and at C and D. as well as between the operators. By agreement between C and D, 
operator C opens his block and allows the train to pass C; the block at C then auto­
matically locks at danger and remains there untifthe train passes the block at D. 
Permissive blocking will allow another train to follow, with a caution card, after a 
certain time interval. 

271. Staff system.-In its simplest form this consists in the operator at C giving 
a staff to the conductor of one train, who carries lt to the next station, D, turns it 
over to the operator there, who delivers it to the next train in the opposite direction, 
as authority to proceed back to C. The objections and delay in this are obvious. 
The electrical staff system consists of instruments at each station, each electrically 
connected to the next station on each side. When a train at C desires to go to D, 
the operator at C, by 311reement with the one at D and mutual action, is able to 
remove a staff from his mstrument. He gives this to the conductor, who proceeds 
to D. Meantime the staff instruments at both C and Dare locked, and no staff can 
be taken out until the staff is delivered at D and placed in that instrument. Either 
one of the operators can then again release the other's instrument for another train 
movement. 

A jointed staff of two parts for both conductor and engineman is a guard against 
the dangers arising from a train breaking in two. A many-jointed staff is used in 
the permissive blocking, a part being given to each train in the block. The blocks 
at C and D remain locked until the complete rejointed staff has been returned to 
the instrument at D. An adaptation permits the staff to be received or delivered 
while the train is in motion as trains catch mail sacks. 

272. Automatic block system.-This system is especially applicable to a 
double-track line but can be applied to single track also. The towers of the signals 
carrying the arms are at convenient distances apart. As soon as the rails are cross 
connected beyond the tower the arm is moved to the danger position and stays 
there till the last wheels leave that block .• Usually they also affect the second 
signal in rear, moving its arm to the caution position. This system is necessarily 
a permissive one as a signal may be out of order and a train can proceed with caution 
after waiting a prescribed time for the signal to clear the line. On a single-track 
line this system must protect the train from the front as well as Iron: the rear and 
must also give that protection at the next siding so that an opposing train can take 
the siding and get out of the way. This system is not usual on single-track lines, 
but by using automatic blocks between stations with the manual system at sta­
tions the capacity of a single-track line has been estimated to have increased 30%. 

273. Movements of trains.-Freight and passenger trains are usually divided 
into classes, and each class has certain rights over inferior classes; one direction is 
also made superior to the other. 

Trains of any class going In the superior direction are superior to trains of the 
same class going In the inferior direction. 

First-class trains are usually regular passenger trains; second-class trains are 
usually quick-dispatch, or time, freights, third-classtrains are usually dead freights, 
empties,or local freights. Extra trains will be given such rights, by train orders, 
as the chief dispatcher or his superiors may direct. Some of the more general 

'regulations governing train movements are given in the following paragraphs, 

___J 
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Complete sets can readily be prepared from those now in use by any of two or three 
of the leading railways. They all follow very closely the Amerfoan Railway .Asso­
cia tions Standard Code previously referred to. 

274. A train must not leave its initial station on any division (or district), or a 
junction, or pass from double to single track, until it has been ascertained whether 
all trains due, which are superior or of the same class, have arrived or left. 

275. A train leaving its initial station on each division, when a train of the same 
class in the same direction is overdue, will proceed on its o:wn schedule and the 
overdue train will follow at least 10 minutes later. 

276. An Inferior train must keep out of the way of a superior train by the 
amount of time indicated in the time-table. A train failing to c in track 
in the time required in the time-table must protect Itself by a , who will 
go back a sufficient distance to insure protection. When recal return to 
his train, first complying with par. 322 when the conditions require it. 

277. When a train stops or Is delayed on the main line, similar precaution 
will be taken;- and if danger exists from the front, a flagman will be sent out in that 
direction. 

278. At meeting points of trains o: the same class, the Inferior train must clear 
the main track 5 minutes before the leaving time of the superior train. If neces­
sary to back into siding, it will protect itself as hereinbefore provided. 

279. When extra trains meet, the train of the superior direction will hold the 
main line unless otherwise directed. The train holding the main line will adjust 
the switch for the opposing train. At meeting points between trains of different 
classes, the inferior train must take the siding and clear the main line at least 
5 minutes ahead of the other's time. 

280. An Inferior train must keep at least 10 minutes off the time of a superior 
train in the same direction. I 

281. Trains must stop at schedule meeting or passingstatiions ii the train to be 
met or passed is of the same class, unless the switches are right and the track clear. 

282. Trains should stop clear of the switch used by th:
1 
train to be met, or 

passed, in going on the siding. 

283. When the expected trainofthesameclass is not found t the schedule meet­
or passing station, the superior train must approach al sidings prepared to 
until the expected train is met or passed. 

284. When trains meet by special oriier or time-table regul tlon, the conductors 
and enginemen will inform each other what train they are b word of mouth. 

285. Unless some form of block signal is used, trains in the same direction must 
keep at least 10 minutes apart, except in closing up at stations. 

286. A train must not arrive at nor leave a station in advance of Its scheduled 
time. At schedule passing stations between trains of the same class, the train to 
be passed, unless othen,ise directed by special order, will remain at that point until 
the expected train has p!l5Sed. 

287. A train which overtakes a superior train, or train of the same class, so 
disabled that it can not proceed, will pass it if practicable~ a.nd if necessary will 
assume the schedule and take the train orders of the disablea train, proceed to the 
next open telegraJ?h office, and there report to the assist.ant superintendent. The 
disabled train will assume the schedule and take the train orders of the last train 
with which it has exchanged, and will, when able, proceed to and report from Ille 
nextopen telegraph office. 

288. A train must not display signals for a following section nor an extra train be 
run without orders from the chief dispatcher. 

289. Trains must approach the end of the double track, Junctions, railroad cross. 
ings at grade, and drawbridges prepared to stop, unless the switches and signals are 
right and the track is clear. 

41421 °-16---8 
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290. All trains must stop not less than 200 ft. nor more than 800 ft. hefore 
crossing any rai !road at grade, except where Interlocking signals are in use. 

291. Both engineman and fireman must see signals at block stations, railroad 
crossings, drawbridges, and junctions, and communicate with each other the posi­
tion of the signals. 

292. When a train is to back out of a siding, the flagman must go a sufficient 
distance to the rear to insure fall protection. ' 

293. Before a train crosses over to or obstructs another main track, unless other• 
wise provided, it must be protected on that track. 

294. When a flagman goes back to protect the rear of a train, the conductor 
can assign any one of the trainmen to perform nis duties until he returns. 

295. In case a passenger train Is due within 10 minutes, or an approaching 
train is within sight or hearing, the flagman must remain out until it arrives. 

296. If a train should part while in motion, trainmen must, if possible pre­
vent damage to the detached portions. The signals prescribed by :pars. 242(/l} and 
243(/) must be given, and the front portion of the train kept in motion until the 
detached portion Is stopped. 

297. The front portion will then go back to recover the detached portion, run­
ning with caution and following a flagman. The detached portion must not be 
moved or passed until the front portion comes back. 

298. Messages or orders respecting the movement of trains or the condition of 
track or bridges must be in writing and in train-order form. 

299. Switches must be left set and locked for the main track after having been 
used. 

300. Conductors are responsible for the position of the s'l\itches used by them 
and their trainmen, except where sv.itch tenders are stationed. 

301. A S\\itch must not be left open for a follo\\ing train, unless in charge of a 
trainman of such train. 

302. When a train backs in on a siding to meet or be passed by anothet train, 
the engineman, when his locomotive is in the clear, must also see that the switch is 
properly set for the main track. 

30.'l. Enginemen must know that switches are properly set before they pull into 
or out of sidings or other tracks. 

304. Tr>l,,inmen or other employees must not unlock mai11-track switches nor 
stand within 20 It. of such switch on the approach of or during the passing of any 
train, and when practicable, ,on single track, he will stand on the opposite side of 
the track from the switch lever. 

305. No attempt should be made to close the switch nntil the last wheels are off 
the switch rails. 'l'he person who locks the switch must grasp the chain and pull 
the look to see tnat it is securely fastened, and after having done so, must look at 
the switch rails and know that they are in their proper position. 

300. Both switches to a crossover between main tracks must be locked for the 
main tracks during the passing of any train on the opposite track, and must not be 
unlocked or opened until the train is ready to use the crossover. 

307. If any on the main track is found to be defective, or to have a 
defective loc be seeured and reported at once by telegraph to the 

have 
by the conductor, engineman, or other person who may 

308. Both conductor and engineman are responsible for the safety of their trains, 
and under conditions not provided for by the rules, must take every precaution for 
their protection. 
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309. In all cases of doubt or uncertainty, the safe course must be 
taken. 

310. Where yard limits are defined by limit boards, no locomotive or train is 
permitted to occupy main I ine in the time of regular trains without protection. At 
such points extra trains must approach at reduced speed, prepared to stop within 
their vision. 

311. It must be understood that a train is officially due to arrive at a station 
upon its schedule departing time from the preceding station. 

312. When slii;nals displayed for a section are taken down at any point before 
that section arrives, the conductor will, if there be no other provision, notify the 
operator or agent in w:rltlng, who will immediately display the train-order signal 
and keep it in danger position for the benefit of opposing trains until the arrival of 
the train so flagged, and he must personally see that opposing trains are lully 
notified. 

313. If the signals displayed for a section are taken down where there ls no oper­
ator or agent, a flagman must be left for the purpose of notlfving all O{'posing trains 
of the same or inferior class leaving such points that thesectfon !or which the signals 
were displayed has not arrived. 

314. Conductors and enginemen taking down signals for a following section, as 
above, must not rely solely on notice being given at said station, but must them• 
selves notify other trains met until they arrive and register at the next registering 
station. 

315. Work extras will be assigned working limits by train order dally. In 
case orders should be given to a point outside of the working limits for water, fuel, 
or any other eause, the" working order" is thereby canceled,llllless the subsequent 
order expressly states the contrary. 

316. Conductors or work extras must know that all trains due have arrived 
before they start out with the work train. 'fhey must also leave a memorandum 
every evening with the nearest telegraph o_perator, stating where the train will be 
at work during the following day, and this memorandum must be forwarded by 
telegraph to the chief dispatcher. 

317. Work extras will be assigned working limits, and when operating upon 
double track must move, within these limits, with the current of traffic, unless 
train orders otherwise direct. 

318. No freight train shall pru;s an open telegraph office not controlled by tele­
graph block system, except as provided by division time-tables, whether or not 
train-order signal be displayed, until the conductor and engineman have received 
orders from the train dispatcher, or a release or clearance, as the case may require, 
from the operator. Conuuctors and enginemen of pru;senger trains will observe the 
same rule at such telegraph offices as are regular stops for their trains. Extra 
freight trains will observe the same rule as regular freight trains, but extra passenger 
trains are not required to make stops solely for this purpose. '!'hey will be ~OV• 
erned in this respect the same as regular pa.ssenger trains. This does not relieve 
operators from promptly displaying red signals whenever they have orders, or mak­
ing other necessary efforts to stop trains. 

319. A "clearance" (see par. 385} will be properly filled out and given, in 
duplicate, to the conductor and engincman of the train in all cases where the rules 
governing the movement of trains require conductors to ask for orders, provided the 
train-order signal is not displayed and no orders have been received for their train. 

A clearance should be given in cases where trainmen are required to ask for orders 
and the train-order signal is not displayed, except as may be provided for by division 
time-tables. 

320. If the train-order signal be displayed, but for another train, a release must 
be given instead of a clearance. 
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321. A "release" (see par. 383) will be properly filled out and given, in dupli­
cate, to the conductor and engineman of a train when held by the train-order sif¥!al, 
in case no order ha.s been received for their train, except a.s provided for by divll!ion 
time-tables. 

322. In case of stoppage between stations, the flagman must immediately go 
back with not less than two torpedoes, and a red flag by day or a red and a white 
lantern and two red fusees by night, and at night place a lighted red fusee in the 
center of the track 500 ft. behind the rear of the train, proceeding by day or night 
to a point not less than¾ mile distant from rear of tram until he reaches a point 
where the danger signal can be seen not less than.¼ mile by the engineman of any 
approaching train. The flagman will at once place one torpedo on the rail on the 
engineman's side, and will remain at such point until the train has arrived, or until 
he is recalled. Tl.1e engineman of approaching train, on seeing the flagman's signal, 
will immediately call for brakes, as evidence that the signal has been seen. When 
the flagman has been recalled, and no approaching train has arrived, he will place a 
second torpedo on the rail 200 ft. nearer his train than the first and return with 
all possible dispatch to his train. On exploding one torpedo, only, the approaching 
tram will be brought to a full stop, and thereafter proceed with extreme caution, 
expecting to find some obstruction on the track. When a second torpedo is ex­
ploded, the engineman will know that the flagman has been recalled, and will pro­
ceed cautiously, keeping a sharp lookout for the train ahead. Immediately on the 
sound of the whistle recalling flagman, if there ls not a clear view to the rear for )4 
mile from the rear of train the train should be moved ahead at a speed of not less 
than 6 miles per hour until a point is reached where the track Is straight for¼ mile 
in the rear of train, always bearing in mind that the time of the flagman's return is 
the period of greatest risk. When the character of the road or weather makes 
it necessary, the flagman shall go a greater distance with the signals, so as to insure 
absolute safety. It must be distinctly underst-00d that the conductor of the train, or 
the. engineman of a locomotive running light, Is held responsible for the saf~ty of h_is 
tram or locomotive. When any train has been stopped by a precedmg tram 
in the manner above mentioned, the conductor of the last train must use the same 
precautions with regard to any following trains as those heretofore described. 
When it is neeessary to protect the front of a train, the same precaution shall be 
observed by the front brakeman or fireman. Conductors are held responsible for 
the proper protection of their trains under all circumstances. 

323. A train must not be allowed to stand on a curve between stations, if 
practicable to avoid it. 

324. In addition to the above protection, a red fusee will be considered an 
extra precaution, and will be used under circumstances requiring the same. Should 
a train, for any cause, be required to reduce its speed betv,eenstations, or at unusual 
points, a red fusee must be lighted and placed upon the track as an additional pro­
tection for the following trains, to insure a time limit between trains of not less than 
5 minutes. 

325 . .If a conductor or engineman discovers anything wrong with the track, 
bridges, or culverts which would be likely to cause an accident to a followinitrain, 
~~r~ust leave a flagman, call the section men, and notify the train dispatc er by 

RULES FOR TRAIN MOVEMENT BY ORDERS. 

a26. If all trains run on a division were regular trains, and all such trains were 
always on time, trains could be run on the time-table without any assistance or 
intervention of the train dispatcher. This is manifestly impossible, and a system 
of telegraphic controlis used on all roads to control the movement of trains. Any 
train movement not covered by the time-table or by some rule of the road must 
be ordered by the train dispatcher. Each train leaves the terminal with orders 
to go to a certain point, where further orders v.-ill be received. The-train proceeds 
t-0 that point, unless sooner stopped by signal at some intervening point for different 
orders. Upon reaching the designated station, or if stopped (by signal) at some 
intermediate point, it receives orders that cover its move over another short section 
ofline. 
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Whenever a regular train is late and can not run on its schedule, other trains are 
helped along by train orders which change the meeting or passing points of the 
respective trains for that particular trip. 

327. Trains meet each other when moving in opposite directions, and they pass 
each other when moving in the same direction. 

328. For movements not provided for by time-table, train orders will be issued by 
authority, and over the signature, of the chief train dl9patcher. They must be 
brief and clear,in the prescribed form when applicable, and without erasure, 
alteration, or interlineat10n. 

. 329. Each train order must be given in the same words to all persons or trains 
1 aiidressed. 

330. Train orders will be numbered consecutively each day, beginning at mid­
night. 

331. Train orders must be addressed to those who are to execute them, naming 
the place at which each is to receive his copy. '!'hose for a train must be addressed 
to the conductor and engineman, and also to anyone who acts as pilot. A copy for 
each person addressed must be supplied by the operator. 

332. Each train order must be written In full in a book provided for the purpose 
at the office of the chiel train dispatcher, and with it re~,orded the names of those 
who have signed for the order, the time and the signals which show when and from 
what offices the order was repeated and the responses transmitted, and the traln 
dispatcher's initials. These records must be made at once, and never from memory 
or memoranda. 

333. Regular trains will be deslgnat.ed In train orders by their train numbers 
(written in words and figures), engine numbers, and conductors' names, as "tit 
No. Ten 10 Eng. 504, Smith:" extra trains, by engine numbers and conductors' 
names, as "Extra 198, White," with the direction as North, South, East, or West. 
Time In body of the orders must be written in words and duplicated in figures. 
Figures must not be surrounded by brackets, circles, or other characters, but appear 
plainly without accompanying marks. 

334. To transmit a train order, the al "31" or "19" must be given to 
each office addressed, the number of cop eing stated, thus: "31 copy 5;" "19 
copy 2." A "31" order is not comp ·1 after signed by conductor and 
operator. A "19" order is completed on signature of operator. 

335. A train order to be sent to two or more offices must be transmitted simul• 
taneously to as many of them as practicable. The several addresses must be 
in the order of superiority of trains, each office taking its proper address. When not 
sent simultaneously to all the order must be sent first to the superior train. 

336. When a meeting point is to be made between two trains at a certain station, 
the order, when practicable, should be sent for said trains to stations at either side 
of the actual meeting point; also to the operator at the actual meeting point; if a 
telegraph o!Iice. 

337. Operators receiving train orders must write them in manifold during trans­
mission, and ii they can not at one writing make the requisite number of e-0pies, 
must trace others from one of the copies first made. 

Operators required to make new or additional copies of an order will, in every 
instance, repeat these copies the same as the original order. 

338. When a train order has been transmitted, operators must first set their 
, and (unless otherwise directed) 

!fold COJ1Y in the succession in which the several 
e been addressed, and then write the time of repetition on the order. 

339. Each operator receiving the order should observe whether the others repeat 
corrootly. 
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340. Those to whom the "31" order is addressed, except enginemen, must 
read It aloud, then sign it, and the operator will send their signatures, preceded by 
the number of the order, to the train dispatcher. The response "0. K." and the 
time, with his initials, will then be given by the train dispatcher. Each operator 
receiving this response will then write on eacb copy "0. K.," the time, train 
dispatcher's initials, and his own last name in full, and then deliver a copy to each 
person addressed, except enginemen. 'l'he copy for each engineman must be 
delivered to him personally by the conductor, and the enginemanmustread it alond 
to the conductor before proceeding. 

341. When a "I 9" order is received at actual meeting point as per last clause of 
P:lr. 336 the operator will set his signal, give'· X" response, repeat the order, sign 
his name, and receive "0. K." to same, and after receiving the signature of tlw 
conductor will dell,·er two copies of the order to the conductor of the train l:lrsl 
arriving. This rule applies to time and positive meet orders. On a single-track 
road a '' 19'' order is used only to confer a right upon a train, and not to restrict 
the rights or the superiority ol a train. 

Some roads do not nse the "19" order form. The sale use of this form requires 
a highly trained personnel and, in view of tllis !act, it is probable that form "31" 
wot1ld be the only form used on a military railway. 

342. Conductors must show their orders to rear brakeman or flagman, and the 
engineman to the fireman, and (in case of a freight train) to the head brakeman, 
who are required to read them. 

34:l. A train order must be acknowledged by tbe operator responding: ''X; 
( number of train order) to (train number)," with the o~rator's initials and office 
signal. The operator must then write on the order his mitials and the time. 

314. "O. K." must not be given to a train order for delivery to an inferior train 
until the "X" re,ponse has been sent by the pperator who receives the order for 
the superior tmin. 

345. When the "X" response is given to a train order and before the "0. K.'' has 
been reeelved, an order must be treated as a holding order !or the train addroosed, 
a!1d must not be delivered until it has been repeated and the "0. K." has been 
given. 

346. If the line falls before an office has sent the" X" response, the order at that 
office is of no efl'ect and must be there treated as II it had not been sent. 

347. The operator who receives and delivers a train order must preserve the 
lowest copy, • 

348. For train orders delivered by the train dispatcher, the requirements as to the 
record and delivery are the same as at other points. 

Snch orders shall be first written in manifold so as to leave an impression in the 
record book, from which transmission shall be made. 

349. A train order to be defrvered toa train at a point not a telegraph station, 
or at one at which the telegraph office is closed, must be addressed to: 

"G &, E . ...... at ...... , care of ...... ," and forwarded and delivered by the 
conductor or other person in whose care it Is addressed. In such cases the "0. K." 
will be given ttpon the signature of the person by whom the order is to be delivered, 
who must be sttpplied with copies for the condnctor and engineman addressed, ano 
a copy upon which he shall take their signatures. This copy he mnst deliver to the 
first operator accessible, who must preserve it and at once transmit the signatures of 
the conductor and engineman to the train dispatcher. 

Orders so delivered must be acted on as if "0. K." had been given in the usual 
way. 

For orders which are sent in the manner herein provided, to a train, the supe­
riority of which ls thereby restricted, "0. K.'' must not be given to an inferior train 
until the signature ol the conductor and engineman of the superior train has been 
received by the train dispatcher. 
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350, When a train is named in a train order, all its sections are included unless 
particular sections are specifier!, and each section included must have copies ad­
dressed and delivered to it, 

351. An operator must not give the "X" response to a train order for a train 
the locomotive of wh.ich has passed his train-order signal, until he has ascertained 
that the conductor and engineman have been notifier! that he has orders for them. 

352. Train orders once In effect continue so until fulfilled, superseded, or an­
nulled. Any part of an order specifying a particular movement may be either 
superseded or annulled. 

353, When a conductor or englneman relieves anotb.er before completion ofa trip, 
they exchange orders, and before proceeding conductor must compare orders with 
the new engineman, 

354. A train must not leave a terminal without a clearance, release, or train order. 
355, A fixed signal must be used at each train•order office, which shall indicate 

"stop" wb.en trains are to be stopped for train orders. When there are no orders, 
the Signal must indicate "proceed," except when used to keep trains a required dis­
tance apart. 

356. When an operator receives an order for a train, before acknowledging by 
the "X" respmse to tbe train dispatcher the receipt of same he will display his 
train-order signal at "stop" position; and until the orders have been delivered or 
annulled, the signal must not be restored to "proceed." • 

While "stop" is indicated, trains must not proceed without a r~lcase (par. 3S:l), 

357. Operators must bave the proper appliances for hand signaling ready for im• 
mediate use if the fixed signal sboulrl fail to work properly, 

358. If a signal is not displayed at a night office, even a train whld1 has not been 
notified must stop and ascertain the cause, and report the facts to the train dis­
patcher from the next open telegraph office. 

359, When a semaphore is used, the arm indicates "stop" when horizontal, 
and "proceed" when In an Inclined position. 

360, Operators will promptly record and report to the train dispatcher the time of 
departure of all trains and the direction of extra trains. They ~111 record the time 
of arrival of trains and report it when so directed. • 

FORMS OF TRAIN ORDERS, 

361. The following are the standard forms :prescribed by the American Rall• 
way Association. They are applicable to military railway conditions and should 
be followed literally. 

362. Form A.-Fixlng meeting points for opposing trains: 
(1) ...... will meet ...... at ...... . 

(2) ...... will meet ...... at ...... , ...... at ...... (and so on). 

Examples. 

Si~1/n.No. Three /I E'll{l, 96, Jones, will meet Second No. Four 4 E'll{l, 105, Lane, at 

(1) No. Five Ii En(I. 176, White, will meet Extra 95 West, Phillips, at Hongko'll{l, 

(1) Extra 65£ North, Williams, will meet Extra 231 South, Yates, at Yokohama. 

(2) No. One I Eng, 8/J King, will meet No, Two 2 Eng, 1001 YilM, at Bombay 
Second No. Four 4 E'll,{I. 85, Peat, at Siam, and Extra 95 West, Phillips, at IIongkong, 

Trains receiving these orders will run with respect to each other to the designated 
points, and there meet, in the manner provided by the rules, 
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363. Form B.-Dlrectlng a train to pass or run ahead of another train: 
(1) ...... will pass ...... at ...... . 
(2) ...... will run ahead of ............ to ..... . 
(3) ...... will pass ...... at ...... and run ahead of .. , ......... to ...... . 

Examples. 

(1) No. One 1 Eng. 67, Palmer, will pass No. Three S Eng.105,Seton, at Khartoom. 

(2) Extra 694 East, Potter, will run aheail of No. Six 6 Eng. 1015, King, Bengal to 
Madras. 

(3) No. One 1 Eng. 67, Palmer, will pass No. Three I:/ E'fl{l. 105, Seton, at Khartoum 
and mn ahead of No. Seven 7 Eng. 415, Asker, ,Vadras to Bengal. 

When under (1) a train is to pass another, both trains will run according to rule 
to the designated point and there arrange for the rear train to pass promptly. 

Under (2) the second-named train must not exceed tl1e speed of the first.named 
train between the points designated. 

364. Form C.--Olvlng a train the right over an opposing train: 
(1) ...... has rlg~t over ...... , ...... to ...... . 

Examples. 

(1) No. One 1 Eng. 67, Palmer, has right over No. Two I Eng. 85, BauJs, Mecca to 
llirbat. . 

(2) Extra S7 South, Engle, has right over No. Three 3 Eng. 105, Seton, Natal to 
Ratlam. 

This order glve3 the traln first named the right over the other train between the 
points named. 

If the trains meet at either of the designated point.s1 the ftrst•named train 
must. take the siding, unless the order otherwise prescrioes. 

365. Under (1), if the second-named train reaches the point last named before the 
other arrives, 1t may proceed, keeping clear of the opposing train as many minutes 
as such train was before reqwred to clear it under the rules. 

If the second•named trainh before meeting, reaches a point within or beyond the =~~Ii: ~ i:r1~: e conductor must stop the other train where it is met 

Under (2), the regula.r train must not go beyond the point last named until the 
extra train has arrived. 

When the extra has reached the point last named, the order is fulfilled. 
366. The follow~g modification of th.ls fQrm of order will be applicable for giving 

a work extra the rl.gllt over all trains in case of emergency: 
(3) Work extra ...... has right overall trains between ...... and ...... from 

...... m. to ...... m. 

E>:ample. 

Work tr.Ira no1.. Smith, lias right over all tralm between Manaa and Honolulu from 
8e'llffl 7 p. m. to rwelN ti midnight. 

This gives the work extra the exclusive right between the points desJgnated be­
tween the t!mes named. 
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367. Form E.-Time orders: 
(1) •.•••• will run ...... late ...... to ...... . 
(2) ...... will run ....•• late ...... to ...... and ...... late ...... to 

...... , etc. 
(3) •••... w.m wait at ...... 'llD.til ••••.. for ...... . 

Examples. 

(1) No. One 1 Eng. 67, Palmer, witl rwn twtm1120 mtm. late, Joppa to Matnz. 

(2) No. One 1 Eng. 671 Palmer, will run twentr, 20 mim. late, Joppa to Mainz, and 
fifteen 15 mtm. late, Mainz to Muscat, e!c. 

(3) No. One 1 Eng. 67, Palmer, will wait at M'll,(jcatuntfJ T,m,t0 a.m.for No.Two 
S Eng. 89, Wtllits. 

368. (1) and (2) make the schedule time of the train named, between the points 
mentioned, as much later as stated in the order, and an_y other train receiving the 
order Is required to run with respect to this later time as before required to run with 
res~t to the regular schedule time. The time in order should be such as can be 
easily added to the schedule time. 

Under (8) the train first named must not pass the designated point before the 
time given unless the other train has arrived. The train last named is required to 
run with respect to the time specified as before required to run with respect to the 
regular schedule time of the train first named. 

369. Form F.-For sections: 

(1) ...... will display signals ....•• to ...... for ...... . 

Examples. 

Eng. f!O, Smith, will diliplay sig'lllil8 and rwn aa First No. One 1 L<milon to Parts. 

No. One 1 Eng. 67, Palmer, w11! display slgruil8 London to Dover for Eng. 85, King. 
Second No. One 1 Eng. HM, Ktng, wtU dtsplay signal$ London to Dover for Eng. 

f!O, Robert/I. 

370. This form may be modified as follows: 
Engs. ro, Creighton, 85, Ktng, and 90, K-, wtu run London to Dover a, First, 

Second, and Third No. One 1 respe1:ttvel11. , 
Under these examples, the engine last named will not display signals. 

371. To annul a section for which signals have been displayed over a division 
or any part thereof when no train Is to follow the signals, Form K must be used. 

872. Form 0.-Extra trains: 

(1) Eng ....... will run extra ...... to .. .. .. . . 
(2) Eng ....... will run extra ...... to ...... and return to ....•.. 

Examples. 
(1) Eng.99, Jones, wtU rwn extra Berber to Gaza. 

(2) Eng. 99, Jones, wtu run eztra Berber to Gaza and return to Caliul. 

A train receiving thlsorder i~not required to protect itself against o:pposing extras 
unless directed by order to do so, but must keep clear ofall regular trams as reqUit'ed 
by rule. 

(3) Eng •...... will run extra leaving ...... on ...... , as follows, with right 
over all trains: 

Leave ...... . 
Leave ....•.. 
Arrive ...... . 
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Example. 

(3) Eng. 771 Wilson, will run extra leaving Turin on TTr11,rsd4111 Fibrooru 17, as fol• 
lows, with rignt over all trains: 

Leave Turin Eleven thirtu 11.30 p. m. 
Leave Pekin Twelve twenty.five 11!.ltfi a. m. 
Leave Canton One forty-seven 1.47 a. m . 
..!rrive Rome Two twenty-two S!.f!fJ a. m. 

This order may be varied by specifying the kind of extra and the particular trains 
over which the extra shall not have the right. Trains over which the extra is given 
the right must clear the time of the extra 10 minutes. The train dispatcher I.Day 
increase the clearance time at his discretion. 

373. Form H.-Work extra: 

(1) Work extra ...... will work ...... until ...... between ...... and ...... . 

Examples. 

(1) Work Extra 292, Smith, will work Seven 7 a. m. until Six 8 p. m. between Berne 
and Turin. 

3i4. The working limits should be as short as practicable, to be changed as the 
progress of the work may require. The above may be combined thus: 

(a) Work Extra29i, Smith,willrun Berne to Turin awl work Seven 7 a. m. until Six 
8 p. m. between Turin and Rome. 

When an order has boon issued to "work" between designated points, no other 
extra shall be authorized to run over that part of the track without a definite meet­
ing order with the work extra. 

When it Is anticipated that a work extra may be where It can not be reached for 
orders, it will be directed to report for orders at a given time and place, and a moot­
ing order issued with other extra. 

3i5. To enable a work extra to work upon the time of a regular train, the follow­
ing form may be used: 

(b) No. Fifty-jive 65 E71{1. 34f, Jones, will wait at Berne until Six 6 p. m., for Work 
Extra /J92, King. 

A work extra receiving this order will work upon the time of the train mentioned 
in the order as per par. 2i9. , 

A train receiving this order must not pass the designated point before the time 
given unless the work extra has arrived. 

3i6. Form J.-Holding order: 

(1) Hold ........... . 
Examples. 

(l) Hol.tt No. Two 2 Eng. 481, Palmer. 
(2) Hold all eastbound trains. 
This order will be addressed to the operator, and acknowledged in the usual man­

ner. It must be respected by conductors and englnemen of trains thereby directed 
to be held as If addressed to them. 

37;. When a train has boon so held, It must not proceed until the order to hold is 
annulled, or an order given to the operator in the form: 

"•-•t~~maygo. 11 

Form J will only be used when necessary to hold trains unttl orders can be given, 
or in case of emergency. 
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378. Form K.-Annulllng a regular train; or section: 

(1) ...... of.. .... is annulled ...... to ...... . 
(2) ...... due to leave ............ , is annulled ...... to ...... . 

Examples. 

(1) No. One t Eng. 392, Smith, of Feb. l!.9, is annulled Alaska to Halifax. 
(2) No. Three3 Eng. 768, Wilson,tluetoleave Naples Saturday, Feb.29,isannulled 

Alaska to Halifax. 

The train annulled loses both right and dass between the points named, and must 
not be restored under its original nnmber between those points. 

379. Form L.-Annulling an order: 
(1) Order No ... 
(2) Order No.,. ..at .... is annulled. 

If an order which is to beannnlled has not been delivered to a train, the annulling 
order will be addressed to the operator, who will destroy all copies of the order an­
nulled bnt bis own, and write on that: 

Annulled by Order No ....... . 

Examples. 

(1) Order No. Ten 10 .is annulled. 
(2) Order No. Ten 10to C. & E. No. Two ft, at Alaska, is annulled. 
An order that has boon annulled must not be reissued under its original number. 

380. In the address of an order annulling another order, the train first named 
must be that to which right was given by the order annulled, and when the order 
Is not transmitted simnltaneo11sly to all concerned, it must be first sent to the 
point at which that train is to receive it, and the required rooponse received, before 
the order is sent for other trains. 

381. Form M.-Annulling part of an order: 
(1) That part of Order ~o ....... reading_ ... ·- is annulled. 

Example. 

That part of Order No. Ten 10 reading No. One 1 En/I. 67, Paimer, will meet No. 
Two fJ Eru.,. 58, King, at Sparta is annulled. 

In the address of an order annulling a part of an order, the train first named must 
be that to which right was given by the part annulledJ and when the order is not 
transmitted slmultaneotislv t.o all concerned, it must oe first sent to the point at 
which that train is to receive it, and the required response received, before the order 
is sent lor other trains. 

382. Form P.-Suspending an order or a part of an order: This order will 
be given by adding to prescribed forms the words "instead of ....... " 

(1) ...... will meet ...... at ...... instead of ...... . 
(2) ...... has r~ht over ............ to ...... instead of ...... . 
(3) ...... will display signals for ............ to ...... instead of ..... .. 

Examples. 

(1) No. One t Eng. 765, King, will meet Na. Two 2 En/I, 6,/2, Palmer, at Hongkong 
instead of Bombay. 

(2) No. One I Eru.,. 765, King, has right over No. Two ill Eng. 64li, Palmer, Mecca 
to Miulina instead at .'lllrbat. 

(3) No. One 1 Eru.,. 765, King, will display signals for Eng. 85, Smith, Astrakhan to 
Teheran instead of Cabul. 

An order that has been suspended must not be reissued under its original numb<r. 
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In the addroos of a superseding order z the train first named must be that to which 
right was given by the order superseaed, and when the order is not transmitted 
simultaneously to all concerned, it must be first sent to the point at which that 
train is to receive it, and the required response received, before the order is sent 
for other trains. 

383. Release: 
(a) From Train Order Signal, but not from Block, unless stamped "BLOCK IS 

CLEAR:" 
····················, 19 •• C. & E.,No. ....... • 

My train-order signal is displayed for ........................ . 
I have no orders for .................... . 
Last train ahead left at ...... . 

. ................... , Signalman. 
Or,sil(nalmen wlll fill out the following release: 

( o) From train order and block signal: 
Signal is displayed for ...... and ...... to meet or pass at ........... . 

Except as above block is clear. • 
Issued at ...... m. 
Last train ahead left at ...... m. 

. ................... , Signalman. 

NOTE.-When a block signal is at diagonal it only indicates that block is 
clear to the first switch reached at the next block station. 

Should any train have orders not to pass a station without orders, the 
::irt~foicl::~~ does not releaoo it, but in such cases regular train orders 

384. Caution card: 
'l'o C. & E., Train ..... . 

Block is not clear. You may proceed withcaution,prepared to 
stop within your vision. 

. ............... , Signalman. 
385. Clearance: 

................. , 19 
C. & E.,No ...... . 

No orders have been received at .................. station for 
train No ....... ,due at said station at. ..... m., ......... , 19 

Last train ahead left at ...... m. 
. ............. , Operator. 

N0TE.-Should any train have orders not to pass any station 
without orders, the reception of this blank does not release it, but 
In such cases regular orders must be obtained . . 
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386. Standard traln•order blank for" 31" order: 

• 

Form 
31. 

Form 
31. 

UNITED STATES MILITARY RAILWAY. 

TRAIN ORDER No. to . 

March 27, 1908 . . ~ .................... . 

To .... ?.·.?;_I!::;:?:;: .... . 
To ....................... . 

x ..... J_:.1!:.1! .......... Opr . ............ !:1~.~· ......... m. 

Train ahead left at 11!.SO a. m. 

No. One t Eng. 7~~ King, h<Ut right over No. Two I! Eng. 841!, 
Palmer, .Vecca w .uedina instead of Mirbat. 

"1!2" P. G. C. 

Conductor and engineman must both have a copy of this 
order. 

Repeated at 2./JO a. m. 

CONDUCTOR. TRAIN. MADE. TIME. 0PR . 

. . Palmer ...... IJ .. ......... Vomplete ... 2.f!O a . . m .. . Black .... . 

125 
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387. Standard traln•order blank for" 19" order: 

Form 
19. 

Form 
19. 

UNITED STATES MILITARY RAILWAY. 

TRAIN ORDER .No. 10. 

l,Iarch 1//0!J. 

X ............ , Opr ............. . m. 

No. One 1 Jilng. 765, Ki11{!, will meet No. Two I! Eng. 85, 
Smith, at Astrakhan in~iea,l of Cabul. 

11 12" P. G. C. 

Conductor and engineman must both have a copy of this 
i order. 

Made complete time 1.50 a. m. Black, Opr. 

CONTROL OF TRAINS BY BLOCK SIGNALS. 

388. The telegraphic train-dispatching svstemis so dependent upon the dispatcher 
and so many accidents occnr through negligence or incompetence, that a system 
of coutrol known as the block system is used on all first.class roads. For this 
syst<'m each division is diYided into blocks, i. e., into lengths of track of definGd 
limits the use of which by trains is controlled by block signals. 

389. A block sl~nal is usually a semaphore or a disk, placed on a pole so as to be 
conspicuous to trams whose movements are governed by it. The normal position 
of all block signals is at danger or stop. 

390. A home block signal is a fixed signal at the entrance of a block, to control 
trains in entering and using said block. 

391. A distant signal is a fixed signal, used in connection with a home signal to 
indicate that the home signal may be at "stop" when the distant signal is at "can• 
tion," or that the home signal is clear when the distant signal is clear. 

392. An advance block signal is a fixed signal, used in connection "ith a home 
block signal to subdhide the block in advance. 

393. A block station is an open station where there is a block signal. 

An Intermediate siding, as used in block•signal rules, is a siding between 
block stations, or a siding where the block station ls closed. 

394. The telegraph block system, or manual block system, is the one that 
would lend itself most readily to military use. The other systems require apparatus 
that would undoubtedly be destroyed on a road captured from the enemy, and that 
could easily be disarranged by a few active spies, or partisans, who knew enough 
about tl).e system to know how to disable it most seriously. 
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The block stations will either be conn1Jeted by telegraph or telephone, and one 
wire on each division must be allotted for the use of this block system. At all block 
stations at least a home signal, and if practicable both a home and distant signal, 
will be erected, bearing lights and arms as shown in figs 133, 134. 

It has been found that about 5 miles Is the length of block that 
suits fo_r this system. 

the best re• 

395. • The movement of trains is regulated by block signals between limits desig• 
nated by tire time-table or by special instructIOns. 

396. Block signals c-0ntrol the use of the.blocks but, unless otherwise provided, do 
not affect the movements of trains under the time-table or train rules nor dispense 
with the use or observance of other signals whenever or wherever they may be 
required. 

397. Where the semaphore is used, the governing arm is displayed to the right of 
ti mast, as seen from the approaching.train, and tl1e Indications are given by 
p the arm In a horizontal position, and in addition at night a red light, when 
the bl is not clear or there are train orders, will indicate stop, and V<ill be 
referred to as a stop signal. The arm Inclined downward, and in addition at night 
a green light, when the block is clear or there are no train orders, will indicate 
proceed, the block is clear to the first switch reached at the next block station, artd 
will be referred to as clear signal. 

398. Block signals are to be used to control movements of trains upon main track, 
and must not be accepted by trains on sidetracks. 

399. Proper authority must be obtained from signalmen before proceeding, by 
trains arriving at a block station where signal is at "stop,".by trains occupying 
sidetracks, or by trains starting from terminal stations. 

"Proper authority" consists of: 

(a) A cau tlon card and a release. 
{b) A release stamped" Block is clear." 
(e) Train order stamped "Block is clear." 
(d) Train orders and a caution card. 

'frains will be governed as per instructions on caution card par. 384. This does not 
relieve the preceding train from compliance with par. 322. 

400. L'pon the arrival of a train the signalman will first execute any train orders 
or block orders he may have, then ascertain from his block register if block is clearJ 
but will not clear his signal until all orders concerning such trains are satisfied anu 
block in advance is clear, and he has received the "13" response, as per code, from 
next block station in advance. 

401. In moving trains in established direction the signalman will, on approach of 
a train, asrnrtain from his blook register if block is clear, and V<ill not clear his 
signal until all orders concerning such train are satisfied and block in advance is 
unoccupied. 

402. When there are no train orders and the block ahead is clear for an approach­
ing train, the signal will be changed to "clear" so that the train lllay enter without 
reducing Sf)eed; and when the train has passed the block signal and the signalman 
has seen the markers, he must display the stop signal; and when the rear of the 
train has passed 300 ft. beyond the hlock signal, he must give train m1mber and the 
time to the next block station in the rear. 

403. Should a train pass a block station in two or more parts, the signalman~ 
must notify the signalman at the next block station in advance. A signalman hav­
ing received this notice must stop any train running in the opposite direction. The 
stop signal must not be displayed to the engineman of the divided train if the block 
in advance is clear, bnt the train-parted signal must be given. Should a train 
going in the opposite direction be stopped, it may be permitted to proceed when it 
is known that its track is not obstructed. 
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404. A caution card· is used when trains are permitted to enter a block under 
notice that such block is not clear. This may be used as follows: 

Flrst.-By direction of the train dispatcher, in which event he will send an ord.:1' 
of the following form: 

"Signalman at ...... , issue caution card :'.'<o ....... ,to ...... , o. K ........ " 
Dispatchers must not authorize operators to issue caution card to an;i: • train or 

engine to enter a block occupied by a paasenger train except in case of accident. 
Second.-If from the failure of telegraph line or other cause a signalman be 

unable to communicate with the next block station In advance1 he must stop every 
train approaching in that direction. Should no cause for detaining the train be 
known, 1t may then be permitted to proceed, provided 10 minutes have elapsed 
since the passage of the last preceding train, using caution card, par. 384. 

When a train is allowed to enter a block under caution card because conununlca• 
tion with the signalman In advance can not be had, positive orders will be given by 
notation on the caution card, directing train and englnomen to stop at next station 
and ascertain the trouble. 
, 405. Should a portion of a tr!lin run back In the wrong direction, the signalman 
must notify the next block station toward which the portion of the train is running. • 
The signalman receiving this notice must stop any train running on the same track 
in the opposite direction, and take such other protective measures as may be practl• 
cable. 

4-06. A signalman informed of any obstruction in a block must display the 
stop signal and notify the signalman at the other end of that block. The signalman 
at the other end of that block must immediately display the stop signal. The clear 
signal for that block must not be displayed until the obstruction ls removed. 

AUTOMATIC BLOCK SYSTEM. 

407. Explanation of signals.-The signals used are either the semaphore or 
the inclosed disk. 

The signal indications are given by not more than two positions of an arm or a 
disk, and, In addition, at nigllt by lights ol prescribed color. 

The !)J?paratus Is so constructed that the failure ol any part diroc-tly controlling a 
signal will cause it to give the normal Indication, i.e., danger. 

408. The signals, if practicable, are either over or upon the riltllt of and adjoining 
the track to which they refer. On double track the high signals will be loc~ted on 
the left ol and adjoining the track to which they refer. For less than three trackS, 
the signals for trains in each direction may be attached to the same signal mast. 

400. When main running tracks are operated in the same &'tablished direction 
and the space between tracks will not permit of signal masts being loc~ted adjoining 
the track to which they refer, the masts will be located either on a signal bridge or 
a bracket post. 

410. On a bracket post signals on the right•hand mast refer to the main running 
track farthest to the right; the signals on the next mast to the left refer to the main 
mnning track to the left or the first•mentioned track, and so on lor each main run• 
ning track operated In the same established direction. 

411. Semaphore arms that govern are displayed to the right ol the signal mast as 
seen from an approaching train. 

412. Switches In the main track are so connected with the block signals that the 
home block signal in the direction of approaching trains will Indicate stop when 
the switch is not set for the main track. 

413. Distant block signals are connected with the corresponding home block 
signals and so construt-ted that a train between the distant and home signals, or a 
switch not set for the main track within the same limits, or the failure of any part 
controlllng the signal, shall cause it to Indicate caution. 
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414. Where indicators are placed at the main-track switches, the indicator disk 
wl11 be visible (through the front opening of the case) when the head of an approach­
ing train l1as reached a point not less than 1,000 ft. in advance of the block signal 
protecting the switch. 

415. The indications for the main running track are given by a high home signal. 

416. Automatic ]j]ock siguals are numbered to indicate the established direction 
of the running track for which the signal is given, and lettered to denote the district 
in which they are located. 

417. Even-numbered signals govern train movements upon the southbound or 
eastbound track, and odd-numbered signals upon the northbound or westbound 
track. 

418. Wbere the semaphore Is used, the governing arm is displayed to the right of 
the signal mast as seen from an approaching train and the indications are given by 
two positions of the arm, and, in addition, at nightby lights of prescribed color. 

419. Where a single disk is used, the two indications are given by the position of a 
red or gTeen disk, and, in addition, at night by lights of prescribed color. 

420. A home semaphore signal (see fig. 133) will display an arm in the horl• 
zontal position, and in addition at night a red light, when the block is not clear. 
This will indicate stop, and will be referred to as a stop signal. Or, it will dis­
play an arm inclined diagonally downward from the horizontal, and in addition at 
night a green light, when t110 block is clear. This will indicate proceed, and will 
be referred to as a clear signal. 

Where two signals are displaved from the same mast, the upper one is the home 
block signal for the block in advance, and the lower one the d1stan t signal for the 
second block in advance (see fig. 1&1). , 

421. A distant semaphore signal (see fig. 134) will display a forked arm in a 
horizontal position, and in addition at night a red and green light, when the home 
signal with which it is used is at stop or the track obstructed between home and 
distant signal. This will indicate proceed with caution to the home signal, 
and will be referred to as a caution signal; or, it will display a forked llrm inclined 
diagonallv downward from the horizontal, and in addition at night a green light 
when the home signal with which it is used is at" clear" and the track unobstructed 
between home and distant signal. This will indicate proceed, a.nd will be referred 
to as a clear signal. 

422. A home disk signal (see fig. 136) will display a red disk, and, In addition 
at night a red light, when the block is not clear. This wiU indicate stop, and will 
be referred to as a stop signal: or, the red disk will be withdravm from view and, 
in addition, at night a green li/:ht will be displayed, when the block ls clear. This 
will indicate proceed, and will be referred to as a clear signal. The lace of a 
home signal case is painted black and the back yellow. 

423. A distant disk signal (see fig. 137) will display a green disk with a white 
cross on its face, and in addition at night a red and green light, when the home 
signal with which it is used is at stop or the track obstructed between home and 
distant signal. This will Indicate proceed with caution to the home signal, 
and will be relerred to as a caution signal. 

Or, the disk will be withdrawn from view, arid, in addition, at night a green light 
will be displayed, when the home signal with which it is used is "clear" and the 
track unobstructed between the distant signal and the home signal. This wlll 
indicate proceed, and will be rnferred to as a clear signal. 

The face of a distant signal case ls painted white and the back yellow. 

424. Block signals control the use of blocks, but, unless otherwise provided, do 
not affect the movements of trains under the time-table or train rules, nor dispense 
with the use or the observance of other signals Whenever.and wherever they may be 
required. 

41421°-16---9 
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425. Block signals apply only to trains running in the established direction. 
426. When a train ls stopped by a block signal, it may proceed when the signal is 

deared, or after waiting one minute and then running under caution t-o the next 
clear signal. 

427. When a signal is out of service, the fact will be indicated by a white rectan• 
glllar shield hung over the number. Trains finding a signal out of service must, 
unless otherwise directed, proceed with caution to the next signal. 

428. When a train is stopped by a signal which is evidently out of order, and 
not so indicated, the fact must be reported to the division superintendent. 

429. A signal imperfectly displayed, or the absence of one at a place where a 
signal ls usually shmn1, must be regarded M a danger signal and the fact reported 
to the division superintendent-. 

430. The home sii<nal will indicate " stop "when the block ls occupied, when a 
switch is set for a siding or a crossover, when a car on a siding fouls the main-line 
track, when the track circuit is broken, or when the signal is out of order. 

431. The crossover switches between the main running tracka are so connected 
with the block signals that the home block signals in the direction of approaching 
trains will indicate stop when either switch of the crossover is not set for the main 
running track. 

4:i2. A switch must not be opened to p1>rmit a train movement to the main track 
when the red disk is Yisible in the indk-ator box at that switch. 

433. A switch may be opened to permit a train movement from the main track 
when the red disk is visible in the indicator box at that switch. 

INTERLOCKING PLANTS. 

434. A high signal is a signal supported on a mast at a height of at least 20 ft. 
above the track; it may be a homesignaloradistantsignal. 

A mast is an upright to which the signals are directly attached. 

A home signal is a fixed signal at the point at which trains are required to stop 
when the route is not clear. 

A distant signal means the same as the block-signal term. 
Dwarf signal. A low home signal. 

4'35. The following are the general principles on which interlocking signals are 
located and applied: 

The signal used is the semaphore. 

'l'he indications are given by not more than two positions of an arm, and in 
a,ldition at night by lights of prescribed color. 

T·he apparatus is so constructed that the failure of any part directly controlling a 
signal will cause it to give the normal indication. 

436. The signals, ii practicable, are either over or npon the right of and adjoining 
the track to which they refer. On double track the high signals will be located on 
the left of and adjoining the track to which they refer. • 

437. The normal indication of a home signal is stop, and of a distant signal is 
caution. 

The semaphore arms that govern are displayed to the right of the signal mast, as 
seen from an approaching train. 

The apparatus is so construct"d that the failure of any part directly controlling a 
switch or lock will prevent the display of the clear signal. 
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438. When main running trarks are operated in the same established direction 
and the space between tracks will not permit of the signal masts being loeated 
adjoining the track to which they refer, the masts will be located either on a signal 
bridge or bracket post. , 

On a bracket ~ost, signals on the right-hand mast refer to the main running track 
farthest to.the right; the signals on the next mast to the left refer to the main run­
ning tra,,k to the left of the :first-mentioned trat'k, and so on for eat'h main running 
trat'k operated in the same established diret,tion. 

439. When the train servire on one main running tnwk is superior to that on 
another, the signals for that tra,,k will be placed 6 ½ ft. higher on its mast than 
those for the tra,,k of inferior s,;rvice. 

440. The indication for a main running-track 'movement in the established dire,•­
tion will be given by a high home signal (see fig. 133). 

441. The indication for a main running-track movement in the established diverg­
ing direction at a Junction will be given by one of two signals, located one above the 
other on the same mast; the topmost signal will govern the superior route and the 
lower signal that of the secondary or Inferior route (fig. 138). 

442. The indication for a diverging movement from !he main running track in the 
establislied direction to a secondary or side tra,•k will be given by a dwarf signal 
lo,•ated on the right of and adjoining the tra,•k to which it refers and cit.her at the 
foot of or opposite the high home signal. The light on the dwarfslf;!Jal correspond· 
Ing to the stop lndimtion will be shielder! ofl', the high home signal giving the 
stop indication, ami the dwarf signal the proceed indication for the diverging 
movement. 

443. The indirn,tion for reverse movement lrom the e«tablished direction on or 
from a main running tmck, or for a movement on a side track in either direction, or 
lrom a sidetrack to the main running track, will be given by a dwarf sigqal. 

444. 1'he semaphore arms that govern are displayed to the right of the signal mast 
as seen from an approa.,hing train. 

445. Interlocking signals, unless otherwise provtded, do not affect the move­
ments of trains under the time-table or train rules, nor dispense with the use or the 
ohservance of other signals whenever and wherever they may be required. 

446. Trains.~The number of regular pass,;nger trains to be run daily will be 
spedally determined in each case, and wlll not provide for targer troop movements 
than parts of companies. Where one company or more is to be moved, extra cars 
will be added to the regular passenger train, or extra trains will be rnn. These 
extra trains ran, by train orders of the train dlspatrher or his superior, be given 
anv rights on the road that are necessary. Quick dispatch is freight that must 
be rushed through without delay in the fastest time pra.,tieable. Speed is essential. 

447. Time freight is freight that must be delivered within a certain time, and 
must be forwarded without delay. Regularity of movement is essential. 

448. Dead freight is freight that need not be hurried and that delay ,•an not 
harm. Militarv conditions will sometimes change the elassification from dead 
freight to time ·rreight. A hurried shipment of ammunition Illustrates the case in 
point. 

449. Local freight is freight shipped from one point on a division to another 
point on the same division, or to a point on an adjacent division. On a military 
road, the number of regular time freights, or otl!ier freigllts, will depend entirely 
upon the local ,•onditions. On any divis10n at least one local freight will be run 
earh wav daily. These loeals deliver freight froll'.\ the divlsion terminals to various 
points along tile division, distribute empties where they may be required, and pick 
up loads at the intermediate stations and carry sm•h loads to the other division ter-, 
minal, where they are either pla,,ed in through trains for their ultimate destination 
or are forwarded on another lo,,al if their destination is on the next division. 

Time freights may stop at intermediate statimis to pi,•k up an important car, or 
such a car may be forwarded by a local freight trilill to the nearest large station, or 
division terminal, before it is placed in a throng~ freight train. 
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450. When a shipment of through freight requiring an extra train is reeeived 
on a division, the train dis~tcher of that division promptly notifies the train dis• 
patcher of the next division of the number of cars of such shipment, together 
with the class and probable time of arriving on the next division. •rhis permits the 
next train dispatcher to arrange his power anrl train crews to take care of such extra 
shipment. 

451. Number of trains dally.~The only general statement that can.be made in 
regard to the capacity of a line Is the number of trains that can be rnn over a line in 
24 hours. Mr. M. Kirkman, of the C. & N. W. Ry., cites a case where, for a period 
of two weeks, a single-track line handled 25 trains per davf 4 passenger and 21 freight, 
In eaeh direction. This is probably a maximum for sin~ e track 1 and will be attain­
able only under the most favorable conditions and the most 'efficient operation. 

On double-track line the distance apart ol trains is only dependent upon consid­
erations of safety and ability to handle the trains at the terminals. 

452. The ordinary accumulation of cars that collect at division terminals are 
arranged into the regular trains bv the yardmaster, who notifies the roundhouse 
foreman ol the locomotive needed, and the train crew to run the train. When the 
total accumulation of cars can not be run in the regular trains, he notifies the chief 
dispatcher, who orders out extras enough to move the cars. As soon as a train is 
made up and ready to move, the conductor of the train makes up a consist, or 
detail sheet, showing the composition of his train. This sheet shows the date, 
train nnmber I time of leaYing, number of locomotive, names of engineer and con­
ductor, and gwes the contents and destination of each load, and will state when 
carded, or specify time freight. For time freight, they will give the junction 
point through which it is routed. For empties in their train, they give the initials, 
destination, size and kind of each car. This consist is telegraphed to the chief 
dispatcher who thus knows the contents of each train. He has at hand the local 
car sheet, described in par. 23·1, and thus can arrange to keep the train full, dis• 
tributing empties where needed and picking up loads at intermediate stations on 
the line, and he issues telegraphic orders to accomplish this result. In case the 
train ls late, the consist enables him to order certaln cars of unimportant freight set 
out to lighten the train and thus increase the speed. 

453. II all the cars in the train are loaded to their full capacity the weights will 
be given in the consist·hothenvise, the chief dispatcher estimate..s the weight of the 
train from a list that e keeps showing the approximate weight of the different 
kinds of emJ?ties and of.the same ears normally loaded, and from which he can form 
a correct estimate of the tonnage in each train. The chief dispatcher must endeavor 
to keep each locomotive loaded to its tonnage rating over each section of the 
division. Standing instructions should be issued that when trains are not filled to 
the tonnage rating of the engine this opportunity will be taken to deliver coal along 
the line. 

454. Agents will report daily the amount of coal on hand, so as to give timely 
notice for a new shipment. 

TIME-TABLES, 

455. After the military controlling staff has decided on the number of trains that 
must lie run for military purposes, the places at which such trains must stop to 
fulfill requirements,and the amount of cfril traffic that will be permitted, theytnrn 
this data over to the railway officials to work np into a time-table. 

'l'he conditions laid down have determined the number of regular trains of the 
various classes that mnst be run 1 and the time of starting from the initial station 
will be fixed so as be.st to meet tne military requirements. 

The speed of the trains will depend upon the condition of the roadbed, the maxi­
mum grade, power of the engine, loads to be hauled, etc., as laid down in pars. 175, 
176. 

456. A time-talile is first made out in graphic form (see fig. 139). A rectangle 
is laid out, and is divided by perpendicular parallel lines into equal divisions re,11re, 
sentin1< the 24 hours of the d11y, subdivided into 5-minute intervals. It is divided 
by horizontal parallel lines whose distance.s apart represent the distances between 
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corresponding stations for the scale assumed. This drawing is then fastened to a 
large drawing hoard. 

Having determined the speed for each class of train, the movement of tbe train 
can be indicated on the graphic table by a right line, if tbe speed between stops is 
assumed to be uniform. At stations where there is a stop of over 2 minute.?, the 
train movement will he indicated by a horizontal line at that station. ]'ig. l;;,; is a 
type oftime-tablefor a single-track road. On a sini;le-track road all trains meet and 
pass at stations, therefore all lines representing tram movements must intersect on 
the horizontal lines indiCll,ting stations. 

Having determined on tbe speed for the various trains, the trains will be arranged 
so as to least interfere with one another. Slow trains must take the sidetrack for 
last trains; and if a slow train starts just ahead of two or three superior trains, it 
may be laid out on sidings for 2 or 3 honrs while waiting for such last trains to pass 
it. It is wise, therefore, to group the trains, and to start the slow trains immedi­
atelv after the group of fast trains has left the terminal. By this means it is often 
possible to get the fleet of slow trains across a division with only one or two delays 
on account of stops for superior trains. 

457. The fewer classes of trains as regards speed and rights tbe better and more 
efficient will be the working of the line. 

A rough diagram will readily sbow the advantages of the following points: 

(a) 1'he equal time spacing of sidings. 
(b) The proper starting time of different classes of trains. 
(e) The fewest possible classes of trains. 
458. The train movements (fig. 139) are represented hy threads, and, for the sake 

of clearness on the bmrd, threads of different colors represent different classes of 
trains. Each thread is tagged at the upper and lower end, and by this means it is 
easy to follow e,~ery train across the board. 

"Where speed changes, or a train stops, the change in direction of the thread is 
made by dri,·ing a pin into the board at such points of change. 

When a new train is put on, having the time of departure and the speed of the 
train, it is easy to thread this train onto the time-table hoard, making such correc­
tions in the other threads as may he necessary. 

On a double-track road the manner of making a time-table is similar to that 
just described, but is simpler, since all trains go in one direction on each track, and 
there is no need of working out meeting points for trains from opposite directions. 

459. IfaYing completed the graphic time-table, the working tlme•table is made 
up by taking the times from the board and inserting them in their proper places in 
the printed time-tahle, Such time-tables will show the distances hetweenstations, 
the capacity of passing tracks in each direction, the stations at which all trains stop, 
watering stations, coaling stations, etc. Any special rules that change the time 
that one train must clear the time of another will be published therein, as will also 
a list of registering stations, railway grade crossings, Junction points, and overhead 
obstructions. A list of railway officers, officials, and surgeons, with their addresses, 
will be printed on the time-table. This time-table corresponds to the employees' 
time-tables of civil railroods which contain much information not found m time­
tables for the use of passengers. 'fhe time-table will show tbe tonnage rating of 
locomotives of differentcl~ssesover different sections of the division for fast freights 
and for slow freights, together with empty weights of the various kinds of cars used. 

460. Each time-table, from the moment it takes effect, supersedes the preceding 
time-table. A train of the preceding time-table shall retam its train orders and 
take the schedule of the train of the same number on the new time-table. 

461. A train of the new time-table which has not the same number on the pre­
ceding time-table shall not run on any dh'isiou (or district) until it is due to start 
from its initial station on that division (or district) after the new time-table takes 
effecL 

462. Tbeexplanation in the time-table will state the direction that is superior on 
different parts of the line. Trains to the front will usually be superior to those 
going t-0 the rear. 
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463. The trains of the time-table will be arranged in classes. Trains of the first 
class are superior to those of the second, trains of the second class to those of the 
third, and so on. 

464. Extra trains are inferior to regular trains. All trains in the superior 
direction, as specified in the time-table, are superior to trains of the same class 
in the opposite direction. 

465. Regular trains 12 hours behind their schedule lose both right and class, and 
can thereafter proceed only on train orders. 

466. The time-table will give special instructions regarding the sidetrack to be 
taken, and any_specialrules tbat may be ne-0essary to facilitate movement over the 
division for whlc11 the time-table is issued. 

467. A list of registering stations will be indicated in the time-table, at which 
stations conductors of passenger and freight trains will register. 

468. When one time is given in the time-table, unless otherwise spec·ifted, it is the 
leavin time. When two are given, they are the arriving and leaving times. 

r passing stations have the time indkated in full-faceAl 
n is to be met at a station, asmallnnmber between 
indicates the number of trains to he met. 

469. The time-tables will indicate by reference marks the points where trains stop, 
meals are taken, and any other information necessary to clearly explain the time­

. table. They will also indicate the length of time that inferior trains will allow in 
clearing the time of superior trains at special points where pars. 279 and 280 do 
not apply for some local reason. 

FREIGHT. 

470. All supplies must be shipped on shipping bills or reeeipts for freight re­
ceived. One copy is sent by mail to the consignee and one copy 1s held bv the sta­
tion agent where the freight was received. In loading aupplies, endeavor should be 
made to load each car to its full capacity, if this can be done and not mix shipments 
to too great an extent_ Hay and hard-tack are examples of supplies that utllize only 
about two-thirds of the actual capacity of a flat car or gondola, whereas if loaded 
Into a box car they ntilize about 90% of the actual capacity. Other snpplies, such 
as grain, flour, sugar, etc_, must be loaded in box cars, and easily load the car to its 
full capacity without occupying all the space. For Important shipments a cnpy 
of the receipt may be sent to the agent at the destination so that he may be ready to 
care for the shipment on Its arrival. 

471. All freight to be sh! tary railway will be delivered to the agent 
in exchange for a receipt goods shipped. This receipt will be of the simplest 
form, indicating the date shipment, name of consignor and consignee, and ad­
dress of each, the serial number of the receipt, a list of the J:)ackages, with weight, 
marks 1 and oontents of each. The agent or clerk will kee~ a auplicate of the ree-eipt 
and will ship the freight on a way bill. The original receipt is deliver~d tp the con• 
signor to be sent to the consignee (pars_ 470 and 473). 

472. The wayblll will be given the condue-tor of the train carrying the goods, and 
will indicate the routing desired in addition to the information oontained in the 
receipt. 

473_ The oonductor who first receives the way bill turns it over to the yardmaster 
at the end of his run. The latter delivers the way bill to the condllctor who next 
takes the car .. This is continued to the destination of the car, and the way bill and 
freight are there delivered to the receiving agent, who takes a list of the door seals, 
cheeks the freight against the waybill, and delivers the freight to the consignee, 
taking up the original receipt for goods shipped, or taking an Informal receipt if 
the original bas not been received by the consignee and the latter is known by the 
agent to be responsible. 

474. Quick dispatd1 1 time, slow, and local freight should be shipi:>ed on differ• 
entty,colored waybllls, so that the character of shipment will appear at a glance. 



I 

136 :MILITARY RAILWAYS. 

475. Stock.-In moving live stook over a railroad, it is necessary at intervals to 
unload them for feed and water and then forward them. Thiq plan will necessitate 
stookyards at such stations. A plan and bill of material for a four-pen stockyard 
Is given in fig. 117. The laws usually require that stock shall not be kept aboard 
cars longer than 24 consecutive hours, and at the end of that period they shall be 
unloaded for feeding and watering. Strek should be packed tightly to prevent 
them from lying down or being thrown down by the movement of the train. 

476. Overs and shorts.--Il any packages indicated on the waybill are not found 
when the shipment is received, a list of such " shorts " is taken. If there are any 
packages in the mr not accounted for on the waybill, a similar list of " overs " IS 
made. This list of "overs" and "shorts" must be immediately re~rted to the 
division superintendent, giving the number of car that such "overs' or "shorts" 
occurred in, a list of the transfer stations, the shippinr point, consignee, and such 
other notes from the way bill as will give a history of the journey that the mr has 
made. In the office of the division superintendent there is a clerk who immedL':1tely 
takes the matter up. This derk looks through his list of oYers and shorts received 
from all other agents on the division, and is lrequentlv able to lomte lost packages 
from such list and to send extra ones to the proper destinations. For all packages 
that can not be found, or whose destination min not be determined, an Investigation 
is immediately started, beginning with the original shlpping agent and following 
through the various persons who had charge of the shipment en route and at the 
same time a division list oi "overs" and "shorts" is sent to the general superin~ 
tendent, in whose oJllce a similar Investigation is made from the combined reports 
of "overs'' and rrshorts" received from the various division superintendents. 

• 477. In investigating for overs and shorts It will be found advantageous to make 
out a printed list ol numbered questions, such as follows: 

SUPERINTENDENT'S OFFICE, .................... DIVISION, 

...................... , 19 .. 
Agent, Condr ..................... , File. 
Please see papers attached and comply with request ~ o ...... . 
l. Examlneyour warehouse, latlorm, billing, etc,, and advise if loaded as billed. 
2. If you find not loaded as ~!llf~;J;!Jej~~I explanation. 
3. Was freight checked when I by whom? How long after loaded 

before car was sealed? 
4. For what stations did you load similar freight? 
5. Into what car might this freight have been loaded in error and for what points? 
6. Who had car ...... out of your station, and on what date? 
7. Are you still short the within-mentioned packages? 
8. Car ...... into your station . . . . . .. Were you over, and was car made empty? 

If not give disposition. 
9. Car ...... dellvered to your division at ...... , date . . . . . .. Please trace to 

an empty ana advise ii over. 
10. Trac.e through to destination and ad,ise if freight has been received and 

from what source. 
11. Has shortage been filled? If so, give waybill reference on which received. 
12. Give your transfer record, disposition of original mr if not empty. Did you 

transfer similar freight, and for what points? How do you account for this shortage? 
13. See short report attached. Are you over? 
14. Yon had car ...... in train ...... date . . . . . . . Where did you leave it? 

Are you _positive freight was not in car? Can you account for shortage? Did you 
unload sunilar freight? If so, at what stations? Give all around seals when taken 
and when left and say at what stations opened. 

15. See over report attached. Are vou short, and on what billing? 
16. Give record of car passing. Snow train, date, conductor, seal record, and 

advise if you check over. 
17. See over report attached. Did you handle similar freight on your train this 

date? Can you give disposition? 
18. Who liad rn,r ...... to you and under what seals? 
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19. Please show delivery to the ...... division. 
20. See over report. Can you furnish billing to cover? 
21. See attached over report. Will this fill vour shortage? 
22. First agent note and forward consecutively as shown above, last-named agent 

forwarding papers to this office. 
Please return papers promptly to this office . 

. . . . . . . . . . . . . . . . . . . . , Division Superintendent. 

Make a list of the persons to be questioned, and opposite each name set the 
numbers ol the above questions that it is desired to have each answer. Send this 
list to first person and direct him to answer his questions and then forward all the 
papers to No. 2, etc. Thus this list ol questions is sent to the original shipping 
agent with the request that ,he answer questions l to 6, inclusive, and then forward 
papers to first conductor to answer question 14. This conductor answers his ques­
tion and forwards the papers to second conductor,etc. If nothing develops from 
the investigation of conductors, the papers may then be sent back to the receiving 
freight agent with request that he answer question 7, or to an;v agent who opened 
the car en route, for answer to question 8. The various questions suggest the per• 
sons to whom the paper should be sent in the investigation. A prompt investiga. 
tion of all overs and shorts is especially necessary on a military railway. 

478. In loading freight, the agent will always check all articles received before 
giving the way bill; and when such freight is loaded into the cars, some system must 
he adopted which will make sure that the freight is placed in the proper car and that 
all the freight on the bill is properly loaded and indicated on the waybills and that 
all packages are shipped in proper form to insure their safe carriage. 

479. At large terminal stations t.his question of loading becomes a very important • 
factor in the satisfactory operation of the road. A system of loading must he de· 
vised so that there will be a cross check on the loading. A suggestion of a scheme 
is as follows: 

Freight Is loaded into cars from receiving platforms by truckers, and checked by a 
loading clerk. 

Freight will be received at different doors for different parts of the line. 

Each trucker will call out destination and mark of each package as he places it on 
his truck. 

The clerk has blank forms for each trucker, as below; and when the destination 
is called he writes the number of car and track on the card, records the identification 
mark, and makes a check after "No." on the blank. No truck will carry pack• 
ages for more than one mu-at a time. 

Trucker 3. 

Car 6. 

MarksA.B.O. 

Marks O.D. E. 

Marks F.G. 

Track 4-

No .... . 

No .... . 

No .... . 

This card ls given to the trucker when his truck is loaded, and he leaves the card 
in a box in the car in which he leaves the packa_ges. These cards are afterwards 
collected by an inspector and checked back against the waybill. One clerk can 
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card for about four to six truckers. Large signs will be hung in each car, givlng car 
and track numbers, and points for which that car will be loaded, thus: 

Ci'!.rNo. 6. 

Track No. 4. 

Way stations. 

N. Y.City 

to 

Albany. 

Fig. 140 indicates position of tracks for loading at a large station. The cars are 
run onto the parallel tracks and so "spotted" that the side doors of cars on all six 
tracks shall be in line, perpendicular to the loading platform. The platform is con-

Tt-t1,,r,s; ✓:Z·reder 111 retfft>r 

Fm.140. 

HrrtUJ9'(!J'l'l(!l'li­

lrt>q,IJI· H:lir.s-t> u-,:u•l(J' 

•. ,,. 

nected with the nearest car, and each car thereafter is connooted through the side 
doors with the corresponding car on the next track by a wide plate of steel, over 
which the trucks run. 

TROOP MOVEMENTS. 

480. Entraining of troops.-As soon as a railroad is taken under military con­
trol, a bulletin for railway use should be published, giving the capacity of cars, and 
the maximum number of cars, loaded and empty\ to be run in trains, where the 
whole tonnage rating of the engines can not be uti ized. The carr.1 ing capacity of 
coaches and other cars should be given for both normal transportation and hur• 
rled transportation; the normal transportation wlll be used unless the other be 
specifically stated, in ,vhich case trains will be made to carry every available man 
that safety will permit. 

481. Rations for the men on the train will be carried in the baggage cars, or 
kitchen cars if provided. Where an entire unit can not be carried on one train, 
battalions can be broken up and certain companies assigned to one train, while the 
remainder follow in another. The assignment of troops to trains ·will rest with 
the railway officials. Where regiments carry tentage and camp equipage, these will 
normally be sent ahead of the troops in one train and '\\ill not be divided up amongst 
the trains carrying the troops. The baggage of the companies traveling on different 
trains will be kept separate so that the baggage of each company can be shipped in 
the train with the company. All company baggage will be plalnty marked, 
indicating the company and regiment. In Infantry regiments, the officers' horses 
will be shipped ahead In the train with the camp equipage. 

482. In mounted regiments, the first trains will carry the horses, with men to 
look after them. The picket lines and a proper amount of forage will be carried on 
the horse trains. Guns, caissons, and wagons will follow on trains in the rear of the 
regiments to which they belong. 
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483. In loading artillery wagons on trains, they will be loaded on the cars from a 
platform or from portable ramps (fig. 141). They ·will be loaded on one car and run 
by hand or horse power to the car on which they are to be carried. The openings 
between cars will be covered by plates ofiron, or wooden runways, over which the 
vehicles may run. As soon as a vehicle is on the car, a rope with a hook will be 
attached to the wagon; a team of horses on the ground, moving parallel to the train, 
will pull the vehicle while it is guided by men on the tongue. By this means, load­
ing of heavy vehicles will be greatly facilitated. 

484. Unloading of troops and animals at or near the railhead must be expe­
dited in everv possible wav. Platforms and portable ramps must be supplied at all 
unloading points. A type of platform and bill of material for same Is shown in fig. 
116. A portable ramp for vehicles Is shown in fig. 141. The method of unloading 
Is just the converse of the method of loading, as described in par. 483. A portable 
ramp for unloading animals is shown in fig. 142. These can easily be lashed on the 
truss rods of the cars. 

FIG. 141.-PORTABLE RAMPS FOR VEHICLES. 

For troop movements on a militarv railway, each stock car should be supplied 
with one such ramp. It can be carriea. on the truss rods or otherwise fastened to the 
car. 

4&'i. No officer, soldier, or civilian can travel on the military railway except he be 
provided with the proper transportation. Such transportation will not be 
issued except upon the presentation of an order authorizing the journey, or granting 
a leave; and In the case of a civilian, au order from headquarters authorizing him 
to travel on the military railway. 

486. V\'hen truius are running through a district Infested by the enemy, all 
officers and men traveling by such trains must go properly armed, 'I'he senior 
officer on the train is responsible that order is kept on the train and that the regu­
lations are obeyed; and m case of attack, he assumes command during the attack. 
In case of disorder on the train he can call any other officer or soldier to his assist­
ance in maintaining discipline. 
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WRECKING OUTFITS. 

487. 'rhe organization and equipment of the wrecking outfits on a military 
road must be complete in every particular. These wrecking outfits will be assigned 
to certain sections of the line and v,ill be stationed at or near the center of the terri· 
tory to which they belong. The wrecking outfit proper is composed of a crane 
car equipped with a 50-ton derrick and engine, the number of fiat cars necessary to 
carry the heavv equipment, such as extra trucks, rails, ties, etc., a certain number 
of box cars that are arranged inside as storerooms for the lighter material, and one 
or two ears fitted up as lhi:ing quarters for the wrecking crew, and as a hospital car 
to take care of the injured that may be found in the wrecks. 

One locomotive Vl'ill be kept under steam at all times so that the wrecking outfit 
can be started to the scene of wreck on a few minutes' notice. 

The wrecking train is equipped with medicines, instruments, bedding, etc., 
and the commissary is always ready to care for the crew for at least two davs. The 
crew must always he where they can be rapidly col!ected on notification ofa wreck. 

~a•a-b , -- -~ ---c.=...~ 
...... f,1 ... ,.~ - •• ,,, ~~••,1 ~· .,. , ~ 

Iii; J z • ifl~.!" c-d, 
·k--- - .... ,,e.o•-- - -~ :--- . 

..... .::-o-;:-.... __ 

FIG. 142.-PORTABLE ANIMAL RAMP. 

The crew will consist of one wrecking master and an assistant, one cranesman and 
an assistant, and five men, one of whom shall be a cook, and the other four expert 
car or locomotive repairers. This crew will be employed in the shops when not on 
wrecking work. Laborers "ill be obtained from maintenance, or section, crews 
near scene of wreck. 

488. Ou receipt of information of a wreck, the wrecking crew, together with the 
necessary train crew, v,ill be immediately notified, and the wrecking train should 
ordinarily be under W':)', with good management, within 15 minutes, in daytime, 
and withm from 20 to 25 minutes at nighttime, after the receipt of call for tne wreck• 
ing train. 

489. The wrecking master is responsible that the train is at all times fully 
equipped as to tools, supplies, and commissary stores. The surgeon who accom­
panies the wrecking outfit is responsible that the proper hospital supplies, instru­
ments, medicines, etc., are in the hospital car. 'rhe surgeon 1s notified at the same 
time the train crew is. -
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490. A list of the railway tools and equipment for a wrecking outfit on a standard-
gage road is given below: 

2 pairs 'l'ilden rerailing !regs for proper rail. 
2 pairs Fewings rerailing frogs. 
2 35-ton 31-in. ~orton jacks, with hooks. 
2 30-ton hydraulic wrecking jacks, with claw (.Watson & Stillman 18-in. 

runout). 
2 20-ton hydraulic wrecking jacks, with claws (Watson & Stillman 18-in. 

runout). 
2 track jacks (Barrett). 
4 16-in. triple blocks. Two of these blocks, together with one rope, con­

stitute block and ran ready for use, the remaining blocks and rope 
being held separately as a reserve. 

4 18-in. double blocks and 2 manila ropes, 2 in. in diameter, each 400 ft. 
long, rove as 2 blocks and falls. 

4 12-in. triple blocks, and 2 manila ropes, 1¼ in. in diameter, each 400 ft. 
long, rove as 2 ])locks and falls. 

1 2-in. manila rope 200 ft. long. 
1 1¼-in. manila rope 200 ft. long. 
2 30-in. snatch blocks. 
2 18-in. snatch blocks. 
2 12-in. snatch blocks. 
1 1-in. crucible cast-steel cable 100 ft. long. • 
1 manila dragrope 6 in. in diameter, 50 ft. long, with hook on one end and 

link on the other. 
2 4-in. manila dragrope 50 ft. long, with hook on one end and link on 

the other. 
2 3-in. manila dragrope 50 ft. long, with hook on one end and link on the 

other. 
2 crucible, cast-steel, l¾•in. draj!fope 40 ft. long, with hook on one end and 

link on the other. This is mtended for special use where large engines 
have to be handled. 

10 bumper chains. 
4 ½-in. chains 22 ft. Jong, with rings on each end, one ring to pass through 

the other; tested to 70,000 lbs. 
(l Crosby cable clamps. 
2 crab links for l!fin. chain. 
2 crab links for 1¼-in. chain. 
2 crab links for l•in. chain. 
2 crab hooks for H1i-in chain. 
2 crab hooks for 1¼-in chain. 
2 crab hooks for 1-in. chain. 
4 heavy hooks and links. 
2 haulmg links. 
4 anchor shackles and pins, !½-in, iron. 
2 S books. 
2 splice links. 
1 smgletree cable and L hooks for steam crane only. 
Assortment of oval and round thtmbles for ropes. 
116-ft. ladder. 
Signal oil and cans, waste, and car oil. 
4 gallons alcohol for jacks. 
6 pairs rail tongs. 

12 track chisels. 
6claw bars. 

10 lining bars. 
2 hand hammers. 
3 18-in. screw wrenches. 
3 track wrenches. 
2 hand axes. 

~ 1,1;,°fJ~\!1;txes. 
3 crosscut saws. 
6 clay picks. 
2 sledges and handles. 
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List of the railway tools and equipment for a wrecking outfit.-Cl:mtinued. 
12 fire extinguishers. 
1 pair pole climbers. 
4 pairs rubber boots. 
2 pieces medium weight canvas, 20 by 30 ft., for protection of perishable 

freight removed from cars in stormy weather. 
2 kegs ol track spikes. 
1 keg of track bolts of the sizes used on the division. 

l, 000 nut locks. 
50 lbs. 8--in. boat spikes. 
½ keg assorted nails. 

200 ft. rail. 
80 ties. 
6 picks. 
1 headlight at base of boom of steam crane. 
l crane push pole. 

220 pieces, wedges, etc., for blocking; assorted sizes specified, but omitted 
here. It Is also required that about twice this amount be kept on 
hand to replenish Cllr (very important). 

2 Pierson jacks and 2 Jeremiah truck levers. 
2 long punches for driving out kingholts. 
1 stretcher. 

12 hand torches. 
6 wrecking torches. 
8 white lanterns. 
3 Dressel station lights. 
2 Sherry lights. 
4 cant nooks and handles. 
6 grappling hooks and handles. 

10 short-handled, round-pointed shovels. 
6 scoop shovels. 
6 spike mauls. 
4 adzes. 
1 track gage. 
4 pairs extra car trucks. 
l locomotive truck. 
1 tank truck. 
4 extra car knuckles. 
1 extra switch (in some cases). 
1 extra frog. 
2 extra center plate,;;. 
6 kingbolts. 
An assortment of wedges and brasses. 
6 extra air hoses. 
6 coupling links and pins. 
2 Joni, crooked pins. 
4 fire buckets. 
1 wheel gage. 
1 complete outfit for cutting in a telegraph station at scene of the wreck. 
Hospital equipment as directed by surgeon in charge. 

One such wrecking outfit will be supplied for every 100 to 200 miles of line, 
depending upon the condition of the roadway and the activity of the enemy. 

A track-repair gang will follow the wrecking train to the scene of the accident 
as soon as they can he collected, and a bridge-building crew will also be sent out In 
ca.'SC bridge was damaged in the accident. 

usslstatlt superintendent or train master immediately repairs to the scene of 
wreck and takes charge of operations. 

RAll,WAY POLICE. 

491. In addition to the troops employed to protect the line of railway, there will 
be need of a force of railway police., Certain of these policemen, or detectives, will 
be directly under tl1e A. D. R., and others will be under the division super­
intendents. T\le number employed will depend upon the necessities. 'l'hey will 
be detailed to tllis service by the head ol the police of tbe line of communications. 
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The duties of railway police are to detect theft from cars, Issuance or sale of 
bogus transportation, interference with the operation of the railway, or destruction 
ol railway property. They will assist in the detection of spies, of employees who 
illegally transport liquors, or of mail that may have been forbidden by the censor. 

ARMY LABOR BUREAU. 

492. This bureau will have entire charge of the employment of all labor used by 
the different departments of the Army, and the bureau should be organized as soon 
as the Army takes the field. There must be absolutely no competition between the 
different departments if satisfactory labor conditions are·to prevail. 

493. Any officer requiring laborers should apply direct to the bureau, stating 
the number and kind desired. The laborers employed by the bureau will be 
divided into gangs of from 25 to 30 men each, under a foreman. Employment of 
labor outside the bureau, except in cases of emergency, will be forbidden, and in no 
case should the pay or allowances be more than that paid by the bureau. 

MAINTENANCE Ol!' WAY. 

494. In a theater of war, with an active enemy, the number of breaks in a railway 
will be very large. The repairs thus necessitated must be rapidly: and effectively 
ar;)omplished. The maintenance of way department must be so organized 
that it Is prepared to repair any break of whatever nature that may occur. This 
department mu not be an economit<1l one from a money standpoint. A large main­
tenance force mnst be kept on each division at all times, and during intervals be­
t ween breaks It may not be pos.sible to utilize the services of these men. The main­
tenanr,1 of way department behind Sherman's army was at times larger than all the 
other departments of the railway c-0mbined. 

495. This department on each division will be under th-0 division engineer, and 
for a division of from 100 to 200 miles in length the department must be self-sustain­
ing. For this reason, the division engineer on maintenance and repair matters is 
directly nuder the supervision of the division superintendent. 

Each division should be subdivided into districts about 100 miles in length, and 
each such district should be ln ctiarge of an assistant engineer. 

Such a lil,rge force must be employed by the engineer department for rapid recon­
struction that no provision is made herein for a maintenance department such as, 
on civil railways, Is in charge ofa roadma.ster. 

Maintenance work can be divided into water snpply, track, and bridge work. 
Each of these departments on a 100-mile stretch will be in charge of a supervisor. 

496. The supervisor of water supply has charge of the installation and repair 
of all pumping stations, including the boilers, pumps, windmills, and other strnc­
tures. 

The machinery that is installed shonld have interehangeable parts wherever 
practicable, and there will be a supply of extra parts on hand at all times. 

Tanks for watering stations will be kept knocked down in the storehouses. It 
may be impracticable to erect the tanks with the regnlation supply pipe; for W<>ter­
ing the locomotives1 a hose or pipe can be used as a siphon to take the water out of 
the tank. The pmsometer, referred to in par. 163, may be useful for. watering ~;;'li::'~' since they have very few parts, no wearing parts, and require no foun-

The supervisor will have under him one foreman and from e to 10 mechanics. Re 
will have a car in which is stored parts of a pumping station likely to be destroyed 
byan enemy. 

497. The .supervisor of track has charge of the maintenance and repair of all 
track and road bed. 

A large gang of trackmen will be kept together on each division, equipped with 
tools and supplies, ready to start on short notice to repair the track or the roadbed. 
When this gang moves to repair a break, they wlll move In a train consisting of box 
cars fitted with bunks, and other cars for tools, supplies and commissar:)' stores. 
One car will be fitted up as a kitchen car. A few portable forges will be earned with 
the outfit. • 
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The supervisor Is assisted by l clerk 1 timekeeper, a commissary and quarter­
master, and a surgeon. He will have l foreman, and 3 subforemen to every 60 men. 
_,\ gang will have about 1 mechanic to every 61aborers, and 1 cook to every 30 men, 
l for headquarters, and 1 for the foremen's mess. 'fhe above makes a flexible or­
ganization; it can be worked as a whole, or be subdivided and still retain its effi­
cil,ncy. 

In addition to repairing breaks, the supervisor of track has charge of the normal 
maintenance of the division that is usually called section work. He will attend to 
this duty with his gangs during the intervals between breaks in the line. 

498. Section work.-A section will comprise from 5 to 7 miles of single track, 
and where practicable, the middle of the section will lie at a station. Such a sec­
tion will be in charge of a section foreman,..who will have a gang of from 6 to 8 men 
on an old road, or 12 to 16 on a new road. The section foreman is responsible for the 
condition of his section under normal conditions. He will see that the rail joints 
are kept up, that the crossings are in repair, that the track is kept in alignment, that 
bad ties are replaced with 11ood ones, and that a thorough inspection is made of his 
section as often as the conditions necessitate and always once a day. He will keep 
sharp lookout for broken rails, fires on wooden structures, and washouts. During 
rainstorms he will patrol his section and immediately report any danger that may 
threaten, and will stop all traffic if~=~~''fh,~:; repairs have been made. 
He will inspect for and report any b Ines. Such section gangs 
will be detailed and controlled by the supervisor 

499. When replacing broken rails or making other repairs to the track, section 
foremen will see that the proper signals are put out to warn trains (see pars. 241 and 
258). No tools or appliances will he operated or left between the rails except when 
necessary: 

600. Each section will be supplied with the following tools and appliances, for 
which the section foreman is responsible to the supervisor of track: 

Ad1,es.... ... .. .. . . . . . . .. .. .. . 2 
Augers, post hole............. 2 f x, hho1:iping ............... • • f 
B;:s, ~faw:: :.-_-_-_-_-_-_-_-:: : : : : : : . 4 

~:~;; t~Jt :::::::: :: : : ··:::: ~ 
Bars, tamping... . . . . . . . . . . . . . 6 
Board, spot....... . . . . . . . . . . . . l 
Brace, carpenter's. . . . . . . . . . . . l 
Brace bits.................... 2 
Brooms ....................... 2 
Car, hand..................... 1 

g~~tJ'~~l~cit:::: ::: : : :: :: :: :: : 1 
Can, oiler..................... l 
Chisels, track. . . . . . . . . . . . . . . 6 
cnv.s, tin................... 2 
Dnll, ratchet................. 1 
Drill bits.. . . . . . . . . . . . . . . . . . . . 6 
File, large flat................ 1 
_File, hand saw................ l 
Flags, white.. . . . . . . . . . . . . . . 2 
Flags, green .................. 2 
Flags, red. . . . . . . . . . . . . . . . . .. . 4 
Gage, track. . . . . . . . . . . . . . . . . . . l 
Grmdstone, complete......... l 
Handle, extra ax............. 1 
Handle, extra adz..... . . . . . . . 1 
Handles, extra spike maul.... 2 
Handles, extra pick....... . . . 2 
Hammer, claw................ 1 
Hammers, spike.... . . . . . . . . . . 4 

Hammer, striking, 10-lb...... 1 
Hoes, scuftle or weed. . . . . . . 4 
Hooks, brush ...... ,.......... 2 
Jacks, track............... 2 
Keg, water...... . . . . . . . . . . . . 1 
Key, switch.................. 1 
Lanterns (white), complete... 4 
Lanterns (red), complete..... 6 

~:~fia~f~~~)-,.~~:1'.~:~~::: i 
Mauls, spike.................. 4 
Mattocks.............. 2 
Padlocks ..................... 3 
Picks, clay. . . . . . . . . . . . . . . 6 
Pail, water........ . . . . . . . . . 1 
Punch, rail.. .......... , . . . . . . 1 
Rakes ........................ 2 
Saw, hand.................... 1 
Scythes, grass and weed... . . . 6 
Shovels, track....... . . . . . . . 6 
Shovels, scoop...... . . . . . . . . . . 6 
Stretcher, wire-fence....... 1 
Sledge........................ 1 
Spike puller..... . . . . . . . . . . . . . 1 
Square, steel................. 1 
Tapeline.. .. ........ .... .. .. 1 
Tongs._ rail. . . . . . . . . . . . . . 2 
'forpeaoes...... . . . . . . . . . . . . . . 12 
Wheelbarrow................. 1 
Whetstones. . . . . . . . . . . . . . . . . . 6 
·wrenches, track ........... ,.. 6 
Wrench, monkey............. 1 
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501. Each section will keep on hand the following supplies: 

Angle bars, prs....... . . . . . . 12 Torpedoes... . . . . . . . . . . . . . 18 
,';ut Jocks.... .. ............ 100 1'rack bolts, kegs... 1 
Spikes, kegs.. . . . . . . . . . . . . . . . 2 

50't. The qt1ickest way to replace a line of rails is to string out the mil along 
the track, with the nooessarv angle bars, nuts, and bolts. The rail is reJ?laOOd on 
one side at a time. 1'henew mil is bolted together and laid along the outside o!the 
rail to be taken out. The old rails are then remowd, a few at a time and the new 
rail slid into place and spiked. The old rail is only unspiked a short distance ahead 
of the new one: and when a train is due the new rail is spiked into position nearly 
up to the en<l or the old rail, and at this point a switeh rail from a split switch Is 
bolted to the old rail aml spiked against the new rail. A !ter the tram passes, the 
switch rail is taken out, and work proceeds as before. This work should usually 
progress against the curre11t of traffic on double-track work. 

503. The supervisor of bridges will have charge of the maintenance and repair 
ol all bridges on the section of line assigned to him. These bridges will be either 
steel, masonrv, or woodeIL The work on each class ol bridge requires a different 
class of skilled labor, and each will be nnder a separate head foreman. There will 
be about three laborers !or each skilled mechanic. The ratio ol loremenl sub!ore­
men, and cooks will be as in the track gang. The common labor will be a lotted to 
each head foreman as the necessity arises. The requirements ol work may demand 
separate messing and camping arrangements !or each class; l! so, the necessary 
arrangements are made by the supervisor. When different gangs work together, 
the supervisor designates one man as head of the work. The supervisor 'will thor­
onghly acquaint himself with all the bridges on his section of line. He will have 
drawings and complete bills of material for all bridges, so that on notice ol a break . 
the proper repair materials can be started without delay. 

504. The organization of the bridge parties is similar to that of the track 
gang. The force of assistants to the supervisor or hridges is similar to that of the 
supervisor of track. When the parties are working at separate points, he will 
arran,:e for se.parate medical attendnnts, commissaries, quart£>rmasters, and clerks 
to suit the circumstances. 

The bridge t1ain is similar to the track train, with the addition of timbers, block­
ing, girders, derrick, and other tools aud appllanees for rapid bridge work. Ir con­
dit10ns justify, one cat· may be made up as a concrete car and carry a certain amount 
or concrete materials. The size or the derrick will be determined by the weight or 
the rolling stock and the weights ol the heaviest spans. The wrecking derrick, 
when not otherwise employed, can be used on bridge work. 

RECON8TR1JCT!ON. 

505. As the army advances along a line of railway the track and structures will 
usually be found more or less destroyed and until repairs are effoot<id the line can­
not be operated. Owing to the nearness to the front, civilian labor can not be 
counted upon, and this duty must be performed by railway troops assisted by such 
civilian labor or details from other troops as may be required by the extent of the 
damage and the necessity of speedy repair. 

This work will beinchargeoftheA. D.R. of reconstruction, who is responsible 
to the military head ol the line in question. • 

In special cases, where temporary repairs will involve practically as much time 
as permanent repairs, it may be advisable to make the pe1manent rnpairs at onre. 
Wherever practicable, the maintenance ol way gangs in rear will be called 11pon for 
assistance. 

The reconstruction forces can /,rofitablv he organized i11 the manner <lescribed for 
the maintenance of way gangs o the divisions. 

41421 °-16---10 
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,506. The work is carried on at the railhead from a construction train made up us 
follows from head to rear: 

Two flat cars with rails. 
Two flat cars with ties. 
One flatcar with timbers, namely, 12by 12, 16 by 8, and 18 by 9ins. 
One flat car of tools and supplies. 
Oue box car for finer tools and stores. 
Three tourist sleepers for engineer troops. 
Three tourist sleepers for laborers. 
One combination car for office and officers. 
One box car for commissary supplies, etc. 
One dynamo car. 
One locomotive. 
One tank car. 
One gondola car for coal. 

The office car will be connected bv telephone and telegraph with the rear. '!'his 
train should carry about six to 10 days' rations, and an electric light plant should be 
carried along to Ilght up the work, especially bridge work, at night. 

There will be a derrick car near the railhead at all times. This car will be found 
of the greatest use in reconstructing bridges and removing debris from wrecked 
structures. • 

.507, The construction train will be supplied with the fbllowing tools and 
equipment and, in addition to these, with any other tools or appliances that will 
materially assist in rapid reconstruction: 

Adzes, carpenter's........... .. ... _........ .. .. .. .. .. ... . 10 
-Anvils and hlocks.. ........ ..... ...... ............. ..... .. . 3 
Augers, long and short,¾ to in............. .. .. .. .. ... .. . 100 
Axes, hand and felling.......................................... 3/J 

1~:1e f.~:S't~e~~~\:aii"s: ·.::::: :: : : :: : : : : : : :· • •• :: : :::: ::: : : : : : : : : ~i: 
Bags, sand...... . .. .. .. .. . .. .. .. .. .. .. . .. . .. . . .. . .. .. .. .. .. .. 500 
Bags, waterproof, for explosives........ . .. . .. . .. .. . .. . . .. .. . 3 

Rir~t':, ~~!,;;1~ ~ifa:: :::: :::: ::::::·:::: ::::: :::: • ··::::::: :: rJ 
Bars, boring and tamping, l½•in.. ................ ...... ....... 17 
Bars, crow...................................................... 60 
Bars, hold ... up .... _. .... .. . . ...................... -~-- .. . .. . . .. 25 
Bars, pinch, track............ .. .. .. ........ .... .. .. .. .. ... ... 25 
Bellows, smith's, with frame....................... 1 
Bellows, tinsmith's ........................ _... 2 
Billhooks ........... _ .. .. .. . . .. . . .. .. .. .. .. .. .. .. .. .. . .. .. . .. 29 
Blocks, iron, for 3½ ins, circumference rope, single and double.. 3 
Blocks,wooden, for 3!1 ins.circumference rope,singleand donlile. s 

~gj{~~:fs'.'r'.?~.~t: .~:.~~~: to,16 :~-.~~: in., ~ss~r~"'.1.sizes:~.!~~~: 1~: 
~~lrn::~t ltI~:: ... ::: :::::: :: .... :::::::::::: :::: ::: ...... :: tt: 
Bolts and nrits (¾-in.), g, 14, 20, 24, 30, and 36ins. long .. of each.. 100 
Bolts and nuts (1/2-in.), 2, 4, and 6 ins. long ............ of each.. 75 
B~lts and nut~ Oti',1,), 3 a~d? ins, long ............... of each.. HJO 
Bolts and nuts (l½•m.), 30 m,. long...................... . .. .. 24 
Bolts, drift (%'-in.), 19, 22, and 26 ins. long ............. ol each.. 100 
Bolts,rail(tosnitrail)......................... . ....... a ... 3,000 
Bolts. steel, for bridge ties ..... _........... .. ............... 1,000 
Brushes, No. 8, and liners, 1 and 172 in ................ of each.. 2 
Brushes, paint, 6--oz......................... 8 
Buckets, galvanized iron................... ... .. .. .. . ....... 20 
Huntin,g, red, white, and green .................. yards of each.. 10 
Cans, 011, feeaing.. ...... .. ....... .... .. ........... .. 8 
Canvas............................... 36 

g~~sfs~sfoot, '!Y ·,f ·Engineer company: ·,,s'ipenter:::::::: ~ 
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Chests, tool, filled, U.S. Engineer Company, blacksmith .. 
Che11t, tool, filled, U.S. Engineer Company, demolition ..... 
Chisels, brick, 18-in ............................... . 
Chisels, cold..... . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... . 
Chisels, smith's, round nose and crosscut...... . ...... . 
Chocks for wheels..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Clamps for track drills........... . . . . . . . ... . 
Cold sets ................. ;· .................................... . 

screws ............ . 

• • • • i2; ·1"s", ·,,rici 2:i ·iii;;: itiriis:::: • • • • • • • • • • ·: ........... . 
1 in ...................................... of each. 

Drills or ratchets, long and short,½ to 2 in .................... . 
Drier, patent.................................. . .. . lbs .. 
Elbows and T pieces, 1-in., galvanized iron .......... . of each .. 
F!ies, assorted ................................................. . 
Flags, hand, red, green, and white ................... .. or each .. 
Forges, smith's, round .......................... : .............. . 
Gage, wheel. ............................................ . 
Gages, track ................................................... . 
Gimlets,assorted .............................................. . 
Glne ....................................................... lbs .. 
Grindstone, general servfoe....................... . ...... . 
Hammers, hand and claw. . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Hammers, sle.d~e, 4-lb. to 14-lb ................................. . 
Hammers, spilnng. . . . . . . . . . . . . . . . . . . . . . ...... . 
Hammers, stone .......... ____ .......................... . 
Handles for angers. . . . . . . . . . . . . . . . . . . . . . . . . 
Handles for axes and adzes ........... . 
Handles for hammers, spike and hand .... . 
Handles for tamping picks and pickaxes... . ... 
Hinges, Tand bntt,assorted .... ......................... pairs .. 
Hose for pnmps. . . . . . . . . . . . . . . . . . . . . . . . . . lengths .. 
Hot sets .................................................... . 
lron, bar, rmmd, ½, 1, 1¾, and 1½ in.... . .. . bars .. 
Iron, bar,round,%,½, and¾in ....................... .. bare .. 
Iron, bar, round 1 :3-in.................. . . . . .pleoas .. 
Iron, bar, flat, 6 oy 1 to 2by ¾ in., assorted............. .bare .. 
Irons, expansion............................. . . . . . .......... . 
Jacks, ratchet pnlling..... .. . . . . . . .. . . .. . .. . . . .. . . .. 
Jacks, track (Barrett's). . . . . . . . . . . . . . . . . . . . . . . . ............ . 
Jacks, Pearson's................................. . .. . pairs .. 
Jacks, traversing, 10to20ton ............. . 

water, with lancets ............. . 

t:~t::; tail .. ~~~~:~~'.~~:~~•:~~~~~~~::::::::::::::::::: .. :: 
Lead, bar.................................... . ..... lbs .. 
Lead, red and white ..................................... .. lbs .. 
Levels, field.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Levels/ spiri~ .................................................. . 
Locks orsw1tcbes, with key .............................. sets .. 
Machines, boring 1 with angers .................................. . 
Nails, wire, 5 anu 6in ............................ cwt. ol each .. 
Na!ls{wire, 1, 1½, 21and 4in ....................... cwt. of each .. 
Nipp es, pings, anu sockets, 1-in., galvanized iron, and bibcocks, 

brass ................................................. of each .. 
• , colza, linseed .................. gallons of ea~Jl .. 

• • •• ··~e1t"ir"on: :: : : ::: :: :: :: ::: ·.-·:: :: :: ::::~::~~:: 
Pjns, spliti ~te<;l, as~orted: .-.............................. Jgross .. 
Piping, ga ,amzed uon, 1 m ........................ rUillllng It .. 
Planes,jack and smoothing ................................... . 
Fla tes, fish, special j ~ct ion ( or a~gle bars) ............... pairs . . 
Poles,1ron-shod (!or hghts and \\'Ires) .......................... . 

4 
1 

12 
25 
25 
6 

14 
50 
5 
5 

75 
6 

100 
14 
12 
40 
20 

2 
1 

14 
12 
5 
1 

16 
33 
50 
24 
75 
15 

200 
150 
120 
24 
20 
20 
50 
3 

24 
40 

2 
10 
2 

10 
2 
2 

40 
4 

. 200 
168 

4 
13 
6 

10 
3 
1 

6 
5 

30 
6 
1 

340 
3 

36 
30 

147 
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~~:r~J,i~~~iir'.~~~~:::::::::::::::::::::::::::::: : : : : : : : : : : : : : : t 
Rail saws (each with extra saws and asaw sharpener)," Bryant". 2 
Rails cut to fit standard turnouts (frogs Nos. 8 and 10) .of each.. 4 
Rails, steel, standard T pattern, 24 and 30 ft ........... of each.. 80 
Ratchets, track drill (Paulus or Q. & C.). .. . . . . . . . . . . . . . . . . . . . . . 13 
Ratchets, fitters................................................ 3 
Replacers, Fewing's car ................................... sets.. 2 
Rivets, iron (¾-in.), 4½ to 2½ ins., assorted•lengths............ 600 

~~~~sie~~linf"t:/. ~. :~. ~~ .~s: '. .~"."~::~~ '.~~~:~ ·.:: : : : : : : : : : : : 7~ 
Rope, manila, 3 ins. circumference ........................ coils.. 2 
Rope, manila, 2¼, 2½, and 4½ in ................. coil of each.. 1 
Rules, carpenter's .. ............................... -. . . . . . . . . . . . . 12 
Saw-sets, hand and crosscut. ............................ of each 3 
Saws, 26-in., hand, crosscut, andJ'it............................ 42 
Screws, wood,%: to 5 in., assorte ............... gross of each .. 4 to 10 
Screws and washers, galvanized iron, for sheets .......... gross.. 2 
Sheets, galvanized \ron, corrugated 1 6 a;id lOft. long ..... of each.. 100 
Shovels (square-pomted 300, rounu-pomted 100)................ 400 
Slings, cham (see wrecking outfit).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
Sockets, reducing, 2 to 1 in. and 1½ to 1 in ............. of each.. 6 
Solder ..................................................... lbs.. 15 

1;~i~:::/.\:/i/\\\\\)//\\\\\\\\\\\\\\\\)i/.*ij j 14 
Squares, carpenter's, 6, 9, 12, and 20 in ................. of each .. 2 to 4 
Steel, blister ............................................... lbs.. 28 
Steel, tool, octagonal,½,¾, 1, 1¼, and 1½ in. bars .... of each.. 2 
Stocks and dies, 2 to 11/s in., 1½ to 1/s in., and 1½ to ¾ in., 

set of each .. 
Switches and frogs, complete, Nos. 8 and 10 ......... set of each .. 
Tallow, Russian ........................................... lbs .. 
Tamping picks, helved (stone ballast) ......................... . 
Tank, water. galvanized iron, 200 gallons ...................... . 
Tanks, water, ~alvanized iron/ 50 gallons ....................... . 

:}::f;!;,_i~~:~~'. .1.°?. ~d .~~. ~::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : 
T!leodolit~, level, pair of rods, and chain ............... of each .. 
Ties, crossmg ............... _____ . ______________________________ _ 

:}:l:'i':b:1~1:~~ 9·i~;.·,-f~;;~· 36·t~ 20 it.· i~~gt~: :: : : : : : : : : : : : : : : : : 
Timbers, 16 by 8 ins., from 32 to 16 ft. lengths .................. . 
Timbers, 12 by 12 ins., from 36 to 30 ft. lengths ................. . 
Tongs for cold sets ........................................ pair .. 
Tongs, piv.e, 1, 1½, and 2 in ............................ of each .. 
Tongs, rail ..................................................... . 
Tools, riveter's: 

Spanners and snaps,¾ and½ in ................... of each .. 
Hammers, with 30-in. handles ............................. . 
Tongs ............................................... pairs .. 
Drifts,¾ and½ in ................................ of each .. 
Hammers, sledge, 8-lb., with 36-in. handles ................ . 

:}:~J::~~~~ ·.::::::::: •.•. ·.·.:::::::: :·.·.·. •.•. ·.·.:::::::::::: •. :~~~n::: 
Vise, standing ................................................. . 
Washers, iron, 1 by ¾ in ....................................... . 

::f1;eli~l\;~1ko.·:i::::::: :'.::::::::::::::::::::::::::::::: :'.~~:: 
Wicks for lamps, hand, tail, and hurricane ........... per lamp .. 
Wrenches, assorted ..... __ ................. __ ... ___ .......... __ . 
Wrenches, monkey, 12 and 15 in ....................... of each .. 
Wrenches, Stillson's, 18-in ..................................... . 
Wrenches, track ............................................... . 

1 
1 

200 
100 

1 
3 

12 
4 
1 

23 
672 
10 
25 
8 
1 
1 

40 

6 
12 
4 

24 
6 
5 

12 
1 

224 
50 

2 
4 

22 
4 
6 

50 
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508. Construction wagon traln.-It will frequently be found that all the con­
struction party can not work to advantage on a bndge or a single break at one time, 
and if there is a wagon train with the construction party that can go on ahead with 
a party and supplies, repairs can be made for 5 or 5 miles ahead of the train by the 
time that the train can advance. This wagon train ought to consist of from 30 to 
40wagons. 

500. A suitable amount of tentage and camp equipage must be carried to pro­
tect the constmction parties from inclement weather ,3-nd whenever the parties stop 
long enough at one point a camp will be formed. Thls will make the men more 
comfortable and healthy, both of whkh tend to make them work better under 
difficulties. 

510. Night work and lightlng.-Night work, except in bridge constmction, Is 
done at a dlsad vantage. For night work the llgh ting arrangements ~hould be 
electric lights if possible. Holophane prismatic globes would be of greatadvantage, 
as they do not cast such black shadows as do the lights in ordinary globes. Acety­
lene lamps have reached a high stage of perfection at the present time, but if mrod 
as searchlights they throw a very black shadow. Wells lights (fig. 69) give good 
satisfaction for field use. 

511. A large amount of railwav supplies, tools, etc., must be kept in store at the 
advance depot and moved ahead as the depot advances. The available supply af 
stores and tools must be such that at no time will the work be laid out for lack of 
either. 

512. All army stores arriving at the railhead station must be unloaded imme­
diately and cars shipped back. If supplies can not be unloaded immediately, the 
loaded cars must be sent back to the nearest storehouse and the proper person 
disciplined for blocking the railhead. 

513. Precedence in trains and supelles will be given to anything that pertaiILs 
to the construction party, except posmblv during an engagement. The temporary 
construction party will only be called upon to lay additional sidings under cases of 
great emergency. 

514. The following Is a list of the supplies that Colonel Girouard, Director of 
Railways in South Africa, took with him to South Africa when he assumed charge 
of the railwa~s: 

(a) STORES. 

Balks, 1~ by 14, and 12 by 12 ins., and timbers from 16 by 8 to 
9 by 7 ms ....... ·-·· ... -········ .................... cu. ft.. 

Bolts, ¾-in., of assorted lengths .......... _ ................... . 
Bolt heads and ends, with washers......... . .............. . 
Spikes, timber, &-in., 7 to 10 ins. Ion~··· .............. _ ...... . 

152,000 
4,400 
5,800 

12,000 
29,000 Piping, Iron, galvanized, 2, 3, and 4 ms. diameter .running ft. 

Collars, flanges, bends, sockets, elbows, tubes, connecting 
cocks,plugs, valves,and blbcocksforplpes as above.of each .. 20 to 2.50 

Stocks, taps and dies, pipe tongs, spanners, and vises for pipes 
as above .......................................... of each.. 4 to 24 

(b) TOOLS. 

A large number of tools of various kinds was ordered, ol which the following 
were the principal ones: 

*~i~;iF~;;!~::::: :: : : .. : : :: : : : : : .. : : :: :: : : : : : : ::: : ::: :: :: : 
Shovels, universal, helved ..... _ ......................... . 
Spade5 ........ -·· ...... _ ................ _ ................ -.. 
Bars, boring, jumping, and tamping, l¼ and l½in ............ . 
Dogs, sawyer's, straight and cross-ended ...................... . 
Saws, crosscut, blade 5 ft.._ ............................... , .. . 
Wire,steel, tele.,'raph, 7½,B. '\V. G.,assorted ............. tons .. 
Iron, '\\Tought, l)ars, round and square, a;i,.~orted sizes ..... tom_. 

200 
500 
100 
200 
300 

5,000 
50 
20 
33 
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Screws, iron, flat-headed, 2 to 5 in. . . . .................. gros.s .. 
Blocks, wo.od with sheaves !or rope 3, 4½, and 5 ins. circum-

ference, smgle, double, t:-elile, and snatch ........... : ..... _ .. 
Rope, manila, 1½ to 5 ins. circumterence... . .............. ft .. 
Jacks, screw, traversing, 6 to 20 ton ........................ _. 
Winches, crab, double ·purchase, t.o lift, from 25 to 60 cwt ....... _ 

;!~'ii:'.~~~'.~~~~'.~~~~~::::::.:::::::: .. :::::::::::::::::: .. 
We -boring tools, complete, to bore SOit ................. seLs .. 
Rope, v.ire, Bullivant's, 1½ to 4½ ins. circumference, 

runrung ft.. 
ckl!l5, ~himhles, turnbuckles, nippers, and cbain 

e wire rope . . . . . . . . . . . . . . ......... eacb .. 
th 3 extra burners.... . . . . . . . . ............ _. 

Cable, Interruption, 4-core. .. . . . ... . . . . . . . . .miles .. 
Pumps, hand and steam ................................... . 
Tanks, water, 1,500-gallon. .. . . . . ....... . 
Bridges, 50-lt. span ......................... . 
Bridges, 30--Jt. span ................... _.. . . 

225 

165 
30,og& 

10 
4 

12 
2 

11,000 

2to 12 
10 
2 

42 
60 
10 
30 

515. The following Ls a list of the principal stores and tools ust'd on the mil­
ways In South Alrit,a during the first and second years of the war, 

STORES. 

Asbestos ................................................ .I bs .. 
Bolts and nuts........... . . . . . . . . ............... . 
Bolts, fish. . . . . . . . . . . . . . . . . . . . . . . _........ . ......... . 
Bibcocks.. .. ... .... . ................... . .............. . 

~!~~r~r·~·.·.·.·.·. •. •. ·.:·. •. :: •. ::·. • • • • ·_· ·.: •. •.•. :·. • • ·: .. •. ·.:: Jtlfrit: 
Crossings and point,;... .. . . . . . . . . . . . . .. . . . . ......... _ .. . 
Coal...... . ........................................... tons .. 
Cocks.......................... .. . ... . . . ................ . 
Candles .. : ................................ _ ............ .lbs .. 

8~f&'iie·aica1ciuni:: ::::: ........ ::::: .. : : :: : : ...... :::::Vi~:: 
Dogs,sawyer's ................... , ....................... .. 
Detonators.................... . ................ _ ........ . 

~i~:,mt!,~c: .. : : : : :: :: :: : ::::::::.:.:: :: : : : : : : ·::: ....• 11.•~:: 
f:£~?,.~~~~:: :: :: :: : :: : : : : :.·.·.·.·: :.:.:·:·:·····:·:·:·:·::.:.: :.:.:.:.:.:~"i1;:: 
Grease... . . . . _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lbs .. 

i~:ds'':\~t~::::::: :::: :::::::: ::::::: :: : ••... ::::: ::::::::::: 
Iron, corrugated, galvanized, sheets ........ _ .............. ft .. 

tg:1ks~~~J;!'Jtt~:: ::: : •. :: : ·.:· ·.: •. ·_-•• • • • • :·.::::: ·:. •. ·.·.·.·.~us : 
Lead, red, white, and black.. . . . . . . . . ................. tons .. 
Lead........ . . .. . .. . . ........................... .lbs .. 
Matches.................. .. . . . .. . . .. . . . . . . . . . _ .. boxes .. 
Nails.................. . .............................. tons .. 

::J'J:~~s::::: •• :: ::: ::::: :: :: :: : :: : : : : : : :: : :: : : : : : :: : :: : : .• : : :: 

i[~~ijif t••··•··••t••····:·••<t~• 
~~R::: .. ::::: :: ••• : : : ....... ·-· ... .. . . ... . .. . .::J~~;:: 
Rivets................ . . . . . . . . . . . . . . ................ tons .. 

~x() 
27,000 
4G,5(JO 

211 
40 

33,5 
80 

520 
300 
52.5 

1,000 

18,000 
irnl 
15(.J 
864 
200 
500 

~"2 

52 
1,150 

250 
6,100 

52,000 
94 

250 
2½ 

1,890 
432 

5 
250 

4,800 
7,400 

30,500 
750 

5,000 
24,250 

430 
15 

3,300 
5 
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Staysaud washers.. .................. . ... , .......... lbs .. 
Steel..................................... . .. tous .. 

~~~!,!;; cioi:: :: : : : ::: : : • : : : : : ..... : : : : : : : : : : : :: : ::: : : : ;!r~~::: 
Sleepers (tms)..... . ..................................... . 

~:1i~r~'..~c:: ·::: ·:: ·.::::: :·:::::::::::::::::::::·:~~~'.~iii~~!:: 
Tallow......... . ..................................... lbs .. 
'l'in... . . . . . . . . . . . . . . . . . . ................ sheets .. 

3,750 
16 

1,030 
174,000 
66,~ 

900 
550 

l,r4ig 

Timber........... . ............................... cu. ft.. 52,000 
Timber....... ... . .... ... . ................. nmning ft .. &l3,000 
Valves............. . . ... . .. . . . . .... .. ... . . .. . .. ....... ... 150 
Vises................................... . . . . . . . . . . . . . . . .. . . . . 27 

ru~~~rs; 0!:~~~::·:·.-:::::::: :: ::: : : : : : : : :: : : :: : : ::: :: : ::iii~~~::: J:~ 
TOOLS. 

Axes, felling and hand .............................. . 
,i\t1gers 1 sere,v ....... _ .. _ ..... _ _ _ ................. _ ...... . 
Braces, ratchet. ............................................ . 
Bars, boring, etc ............................................. . 
B~aters, plate layer's (tamping picks) ........................ . 
Bits for ratchet braces ...................................... . 
H~11,ces, -carpenterts .................. ___ .... _ ....... __ ....... . 
Bits !or car1;enter's braces. . . . . . . . . . . . . . . ................. . 
Blocks, various. . . . . . . . . ................. . 
Buckets, various ........................... . 
Bullivant's gear, complete .................. . 

ll:~~~1 oii :::::::::::.·.·:::: ·::: :::: ·::::: :::::::. ::::::: .. 
Crowbars ......................... . 
Chisels............ . ............................... . 
Drills, ratchets, clumps, etc.... . . . . . . . . . . . . . ......... . 
F!!lJery cl~th ........................................ sheets .. 
J, lies; various. . . . . . . . . . . . . . . . . . . - .. - - - ---- • · · -- · · · · · 
Jilorges ...... _. _. _.... .. . . . . . . . . ....... ~ .... _ .. _ .. 
Ha.1nmers. Vitrious. . . . . . . . . . .............. __ ......... . 
Hanrlles, various....... ..... .. . ............ . 

J:Ia:;~,;,;.ews;ei,:::: ::: : : : ·:: ·::::.::: .·.::: ·.: :: : :: : :~'.~'.'.1
~~ :~:: 

i~:~fss_,_~~~~~~~::: :~ ~:::::: ~: :~::::: :: : : : : : : : : .. :: : : : : : : : : : : : : 
I,ines, various .. _ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
Lines, log..................... . ........... fathoms .. 

~!!~~s,°s~W~''.}ii'!;;;;,0;[c::::::::::: :: : : : : : : : :: : : : : : :: : : : :: . : : : 
Pile drivers, hand and steam ................................ . 
Picks ........................................................ . 
1)encils, cal"penter's .................................•......... 
Pumps and hoilers, complete ................................ . 
Pumps.......................... . ...................... . 

~1i[~:~~~~~t~t'.s; ;~t\;;::::::: :: : : : ~ i: ii:;:;;;;::~~;; i i~i 
Sa,vs, ,rariot1s ... _.................... . ... _.............. . 

~fi~e:~ ~~';[ ;iri~~~~.8!::: : ·::: ::: : : : : :·:::::::::::.: :: :: : : : 
.Set saws, cold, etc.. . . . . . . . . . . . . . . . . . . ................. . 
Stocks and <lies .............................................. . 
'rnpe measures ........... _ ........... _ ................. _ ..... . 

150 
950 
76 

315 
400 
100 
48 
53 

280 
370 

1 
600 
160 
200 

1,000 
120 
430 

1,4\KI 
16 

900 
,5,800 
3,200 

52 
270 
55 

020 
1,200 

132 
380 

3 
1,900 

800 
7 

30 
28 

340 
24 

3,000 
400 
400 
100 
110 
40 
60 

1/'il 
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Tarpaulins ............ , . . . . . . . . . . . . . . . . ... . 
Trolleys (small cars) ............................ . 

~~~rs~<;,t.;;is •• :: ::: : :: :: :: : : :: : : : • ·:::::::: ::: : : : : : : :: 
Wheelbarrows ............................................... . 
Winches ................................................... . 
Wedges,hardwood and iron ................................ . 
Wrenches .................................................... . 

75 
50 

140 
50 

200 
11) 

540 
150 

The two foregoing lists fnrnish about the only ,wailable data to gnide an officer in 
his preparation of railway supplies for a camraign. They are too indefinite in many 
cases to furnish more than a very genera guide, but ne,,-ertheless they are ex~ 
tremely valuable. 

516. The issue of stores.-Tools or supplies urgent! y needed cau be issned on 
receipt of an ofllcer by any storekeeper, who will report to the chief storekeeper. 
This informal issue applies principally to the advanced bases and, in cases of emer­
gency, to storekeepers along the line in rear. Normally, a requisition should come 
through the proper division ehannels. 

Storekeepers in making regulations should exercise a wise discretion between 
expendable and non expendable artieles, making the amount of paper work assmall 
as poosillle, and yet be consistent with the regulations. 

517. The storekeeper of the base storehouse will be in complete charge ol all 
stores. It is his duty to keep track of issues, receipts, and amount of stock on hand; 
promptly filling all requisitions and taking charge of and properly storing all 
articles re<'eivect. Simplieity and promptness must characterize the method of ac­
counting for stores. Memorandum receipts will be taken when praeticable. 
This will make receiYing officers more mreful in the use of tne property and will 
give a closer line on tile disposition of property when the same is lost or expended. 

518. When anv considerable amount of annv stores have been unloaded at the 
railhead, they \\:ill not be reloaded for shipment to the Iron t, except under great 
emergency, until trallic at that point has become normal. It will be found that 
less delay will be caused by getting up new shipments than by reloading at or near 
the railhead, unless very favorable conditions exist as regards sidings, ca.rs, etc~ 

519. Demolltions.~"The constructing engineer may be called upon to make 
demolitions in case ofretreat. The tower chords and batter posts of trusses and 
the abutments and piers of girder bridges are tlte most open to attack with explo­
sives. Abutments are destroved by sinking a shalt behind the masonry, burying 
a charge at this point, and exploding same by the electric exploder. Spans 20 to 
CO ft. in length are best destroyed by placing charges at the ends ol the trtiss. 'l'his 
destroys both masonry and truss. 

520. Arches are destroyed by exploding a eharge in a shaft sunk from above to 
the crown of the arch or to the haunches. A tunnel is best destroyed by sinking 
shafts from above and exploding charges to blow in the top of the tunnel. 'fwo 
trains loaded with railroad iron or other heavy material will effectually close a 
tannel if these trains are started at a high speed from opposite euds of the tunnel 
at the same time and allowed to collide in the middle of the same. 

521. A method ol track demolition recommended by Capt. W. D. ·waghorn, 
R. K, is to blow up alternate joints of rails for several miles, which, he says wonld 
have been much more effective than any form ol demolition used by the Boers. 

522. In a report on the railroads of the Civil War, au engineer who had great ex­
perience in the repair of demolished railways states that iu his opinion the most 
effective way to demolish a rallroad is to build a fire every 100ft. along the track 
on top of the rails. The heat e,qxinds the rails and twists them out of shape. Tile 
ends of the ties burn oil and the resulting demolition is complete. To repalr It, 
the twisted mass of ,vreckage mtrnt first be removed, and then the track laid; 
wht'reas, if the rails are taken and bent, only half as 1nueh work n1ust be done 
l,y the reconstruction party. ehaptc•r on .Demolitions. 
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bEFENSE OF A LINE OF RAILWAY~ 

523. '.l'he defense of a railway against a brigade or division that may be sent against 
it for its systematic destruction can only be made by a force of sufficient strength to 
meet and defeat the raiding forces. Besides these attacks by large bodies there 
the continual depredations against the line made by small bodies ranging from 
a regiment down to the lone individual who tries to lJnrn a bridge or misplace a 
switch. The greatest difficulties in operating a road come from smal I bands which 
can op~rate against the 1 ine, especially in a hostile country, witl10ut great danger of 
apprehension, and these bands must ho constantly watched for by a special railway 
guard. 

The defense of the railway may be maintained by the combined use of block• 
• houses and armored trains. 

524. Blockhouses.-Blockhonses will he placed at points along the line within 
sight of one another and about 2,000 or 3,000 yds. apart on tangents, and at all 
important points, snch as bridges, viadncts, and tunnels. The interval on curves 
depends on the radius olthe curve and the destructibility of the road in the interval. 
These blockhouse should be of the type and eonstrnct1on sho,vn elsewh,,r., in the 
Enl!'.ineer Field llfanual. Each blockhouse will be built for a garrison of 8 or more 
men; each wil lbe supplied with a good-sized water tank, and wil I be connected with 
the other blockhonses by-telephone or telegraph. For every three companies of a 
battalion in the line of b!ockhonses the fourth company should be stationed at a 
town in the middle of such line as a support in case or attack; and for every two 
battalioruson the line the third battalion should beheld at about the middle point 
as a reserve. These troops belong to the Service of Defense oftlrn Line of Commu­
nications~ 

The track will be patrolled continually, both night and day. 'rhe patrols 
shonld be dot1bled at night and in inclement weather. 

A system of rocket signals will be armnged to indicate presence of the 
enemy or of an attack by him during the night. 

(Pars. 52.5 to 552, inclusive, are practically condensed from the Historv of Railways 
in the Son th African war, Royal Engineers' Institute, 1904, altered tost1itconditions 
ofthe United States service.) 

525. Armored trains are made np of an armored locomotive and certain armored 
and unarmored cars. The locomotives shonld be considerably stronger than the 
weight of the trains demand, as they are in constant nse nnder adverse cirwm­
stances. The loeomotive "ill be covered over its vital parts with bullet-proof 
armor of sheet steel. 

The cab, tender, airpnmp, injector, and other parts, depending npon the make of 
the enginei._that could be injured by bullets at close range, will be protected in like 
manner. The rear of the cab will be protected from reverse fire and in the sides of 
the cab will be placed smal I hootls with slits, fore and aft, through which the engine­
mu.n can observe the traek in his front and watch for tl'ain sig:nals without exposing 
himself. The sides of the cab will be provided with sliding steel-plate windows. 

The boiler need not be armored if it is thick enough to resist rifle fire; otherwise it 
mnst be armored also. 

The locomotive will be habitually in the middle of the train. 

The train from front to rear will be as follo>1's: (1) Gondola loaded with sand; 
(2) No. 1 lnachiue-gun car; (3) dvnamo car; (4) officer's car; (.5) baggage ear; (G) lorn>­
motive; (7) R. F. gun car; (8) suchothercarsasmavbe needed ia the train; (9) dym,• 
mo car; (10) No. 2 machine-gun car. • • 

52t,. Searc armored train will he supplied with one, or preferably 
two, 12-in. he dynamo and engine for each oftheoolightswill occnpv 
about half a car. ive power for the dynamo may be either steam or gaso-
line. Gasoline engines have many advantages, the greatest of which are their 
independence from a steam generator and the compactne.ss olthe plant. 
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These dynamo cars will be run next to the machine-gun cars. If a gasoline 
engine be used, the entire lighting plant may be carried in the machine-gun car. 
Steam from the locomotive can not be used for the motive power, since then the 
light could only be operated when the locomotive was connected with the dynamo 
car, and the use of the searchlight when the armored train was disposed as in fig. 14G 
would be impossible. Steam engines and boilers take up too much space if other 
motive power is available. Direct-connected units give the best satisfaction 
and take up the least room. The steam turbine is most compact and noiseless, but 
requires a steam generator. Gasoline motive power is doubtless the best for this 
purpose, and will be used wherever possible. Direct-connectecl gasoline sets aro 
now on the market. 

527. Glass mirrors are commonly usecl in the projectors, but they are more liable 
to breakage than metal mirrors. On the other hancl, glass mirrors can be more 
readily purchased, and if set in rubber will stancl consiclerable jarring. 'l'he pro­
jector itself will be armored on all sides ancl will have a sliding door in front. '£ho 
light can be maneuvered from inside the car by means of a hand or rope control 
mechanism, such as shown in fi11s. 143 and 144. Electrical-contrnl apparatus is only 
manufactured for projectors 24 ms. or moro in diameter. 

FIG.143.-PILOT-HOUSE CON­
TROL PROJECTOR. 

F1G. 144.-ROPE·CONTROL GE.\R. 

For the 12-in. searchlight a dynamo of abont 2 kw. is required. A 12-in. light 
was found to answer every plrrposethat was require,! of It iu the Son th African war. 

The searchlights will be located on top of the maclline-gun cars, or on the forward 
machine-gun car if only one light is used_ Each searchlight will be providecl with 
a si~nal shutter similar to the Gibbs shutter usc<l in the Signal Corps. 'l'he loco­
motive should have a searchlight on it for use when the train is disposed as in 
fig. He. 1'he turbo-!!enerator sets for this purpose occupy hardly a cubic foot of 
space, and as an auxiliary light this would be invaluable. 

Any extra room in the dynamo cara will be use,l for bunks for the enlisted men. 
The sides of the dynamo car will be plated with ¼-in. steel for a height of 7 ft., 

and the sides will be slotted for rifle fire. 
528. A combination diner and sleeper will be utilized for the office car. 'rhiscar 

need not be armorecl unless it is intended to nse it as a hospital car. One en<l of 
this car will be partitioned off and used a.s a kitchen for tho entire fon·e with the 
armored train. The telegraph onice will also he in this mr. 
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529. The machine-gun cars will be armored with 1¼-in. sheet steel for a height 
of 7 ft., and provided with loopholes for infantry fire. T·he general points of their 
construction are shown in fig. 145. 

530. The front car of the train will be a gondola loaded with sand and rigged with 
a cowcatcher on its forward end. This car is the defense against contact mines. 

5:ll. Immediately behind the engine is the R. F. gun car, and at the rear of the 
train Is machine-gun car No. 2. 

532. The details of the n. F. gun car will depend upon the class of mount 
available and the extra width that the car can have on the line. The car can not 
be widened Yery much for fear of "side swiping" other trains. 'fhls subject should 
he investigated before planning the car, and no extra width provided If possible 
to avoid it. It does not take long to traverse the gun for reloading. 

533. It will he necessary to carry a tourist sleeper for the enlisted men and a bag­
gage car for supplies. The position of these cars in the train Is shown in fig. 141,. 
A flat car of ties, rails, spikes, etc., for slight repairs will accompany each train. 

534. The side doors of at least two cars should be so protected that sections can 
he pushed out about a foot from the car to give a flank fire along the train in both 
directions (fig._ 14/i). 

535. Armament.-'rhe main armament of the armored train is a 3-in. R. F. gun, 
or possibly a o-pounder, and lour machine guns of whatever type may be adopted. 
T-lie R. F. gun will hepla.ced on a pedestal mount, similar to that used in the Navy, 
or an adaptation of the pedestal mount with fouhdatlon ring and bolts used in our 
seacoast fortifications. 'fhe ammunition for this gun Is carried in the car with the 
gun. The car will carry about 500 rounds of ammunition. 't'his car is also designed 
for an infantry defense of about 12 men. 

The machine guns may be of any of the approved types, on a tripod or fixed 
mount. Each gun will he supplied with 30,000 rounds of ammunition. 

T·he garrison of the armored train should consist of 2 officers and the follow­
ing enlisted men: Infantry, 8 noncommissioned officers and 42 privates; engineers, 
1 sergeant and 8 privates; signal troops, 1 telegraph lineman and 1 operator; artil· 
lery, 3 noncommissioned officer:, and I men; hospital corps, 2 noncommissioned 
officers. 01 the officers, one will be an artillery officer. 't'here will be a double 
crew for the train. 

53!i. Communications.-The cars must all open into one another, and must be 
provided with platforms to lay from one car to the next. There should he tele­
phonic connection from between different parts of the train, and a system of bell 
signals arranged in case the telephone is broken. All wires should have slip con­
nections between the cars. It is not feasible to protect aB the air-brake system of 
the train, hence some signal should be arranged to order the release of all brakes in 
case the air line is cut. The engine will thereafter control the train by its own 
brakes, assisted by such inside hand-brake arrangements as can be made. 

537. Posts of officers when on duty~The artillery officer will ride In the 
R. F. gun car, and the other officer in the forward machine-gun car. The non• 
commissioned officers in the other cars will be so inst.meted in their duties that they 
can handle their men in action and carry out the intention of the commanding 
officer. 

538. Administration of armored tralns.-T·he armored trains are under the 
orders of the commander of the district of the line of communications in which they 
are stationed. They will be assigned to districts by the commander of the line of 
commnnications. They will he moved about within the district by the district 
commander. '.rim commanding officer of the train being ordered to any point will 
communicate with the railway authorities and request orders for his train. The 
trains form part of the line of communications and are only temporarily a part of the 
district command. The trains must not be used for any other than for railway 
defense. When it Is necessary to proceed to any point immediately, the commail(f. 
Ing officer of the armored train is authorized to inform the train dispatcher of his 
desires, nsing the signal "21" to give him immediate right of way over the wires. 
The train dispatcher will, on receipt of this message, immediately issue the neces.sary 
train orders to carry out the move. 
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539. The commanding oilicer of an armored train wil 1 not make use of privileged 
telegrams, nor shall he interfere" 1th the regular movement of traffic by sudden and 
unexpected moves except in an emergency; and he must nnderstand that every 
such case will be passed upon by a higher authority and that he will be held respon­
sible I or unnecessary interfernnce with traffic. 

Any unnecessary interference with traffic by any armored train will be reported 
promptly by the division personnel. 

540. An, armored train wil I not be used by the commanding officer of the railway 
guard for inspection pµrposes unless this can be done in the c,ourse of its other 
dnties. Unauthorized persons will not be carried on the armored trains. 

When any district eommander of the line of communication has reason to believe 
that his section of the line is to be attacked and that the use of an armored train is 
necessary, he will communicate his information to the Chief of Staff, Line of Com­
munication. 

541. The garrison of an armored train, after being detailed on this duty, is 
subject to the orders of the commander of the line of communication, and changes 
from one district to another, or changes in the garrison, should be made by him &nly. 

542. The commanding officer of an armored train should have had some exJie­
rience in rallwav work, so as to appreciate the traffic conditions in addition to the 
military condltfons. He will render a weekly report shov.'ing the make-up of the 
train, the mileage made dul'ing the week, the points of the line covered, the condi­
tion of the train and Its armament, the amount of ammunition spent during the 
week and the amount on hand, and any repairs that may h,we been made to the 
railroad by the engineer detachment of the armored traln. After an engagement a 
report will be submitted showing the amount of ammunition expended, the num• 
ber of the enemy, the casualties on both sides, and any damage that may have been 
done to the tram or its armament. 

543. Larger guns.--In case it is desired for any reason t-0 mount larger guns on 
railway cars, this can be easily done. The 6-in. gun can be mounted .and fired 
from a flat car in a direction :,0° on either side of the track without of 
upsetting the car. It can be fired at right angles to the line of the track b se 
of two girders or timbers, that can be carried on the car, and which bei • g 
will be shoved under the car and blocked up tight against the floor. It is a slow 
1irocess t,o traverse and load for everv shot, but with the longer guns this must be 
done between so• and 90° from the line of the track to give room for loading. The 
possibilities for using guns mounted on ears in the defense of a place are very 
great. The guns can be rapidly moved from point to point as needed, or to get 
under cover when the fire of the enemy gets too hot. It would be impossible for 
the enemy to locate such a "train battery," for It would have no fixed emplacement. 
It would also deceive the enemy as to the number of guns opposing him. 

In South Africa, 6-in. guns were used on flat cars with a 3 ft. 6 in. gage, and a 
9.2-in. gun was mounted and fired on a low metal car of the same gage, with no bad 
result to the car or track. 

Cars can be armored by putting one thickness of rail up the sides and ends, 
taking precautions to fasten the rails so that thev will not be moved by the motion 
or jar of the train. One rail left out at the proper height makes a continuous loop­
hole for rifle fit'e. By thus utilizing the rails and ties that must be carried along to 
rnpair slight breaks In the line, an extra armored car is obtained without increasing 
the total number of cars in the train. 

The commanding olficer of the armored train must have judgment and dis• 
cretion, as well as bravery and dash, in the execution of his duty. 

TACTICS OF ARMORED TRAINS. 

544. Positions of machine guns and artillery in action.-The machine­
gun cA1!'s and the R. F. gun mr are self~supporting against a small force of the 
enemy; any one of them ls practically impregnable against infantry fire alone. 

The genera.I practice to be adopted against the enemy will be to extend the line by 
distributing the armored cars along the track such a distance that the rear can not 
be turned. Ttie c-ars must be within rifle range of each other, and will be about 1,000 

• yds. apart. As the train advances, if the enemy is at long range, the train is cut in 
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twojust,;head of the R. J<'. gnu car and the locomotive runs on ahead, with the for­
ward part of the train, until within an easy rifle range; here it cuts off the No. 1 
machine-gun and dynamo cars, and the locomotive retires to the R. F. gun car. In 
case the enemy attempts to cut the railroad in rear, the rear section of the train will 
be backed down the hne where the machine-gun car No. 2 is cut off, and the R. F. 
l,'llll car and the locomotive return to their former position. 

II the locomotive is in rear of the R. F. gun car, or if the train is backing up, the 
train will push np to within 041sy rifle range, cut otl' the machine-gun and dynamo 
<·,us at that end, and then hack down the line and leave tpe R. F. !,'till car and the 
other machine-gun car wl!ere it is desired to use them. 

The field of fire and position of the cars in action is shown in fig. 146. 

Field of Fire. 

No.t. GONIJOLA Or SANt>. Ne. 6. t.OCOMOTIV/:. 
2. MACHIN/:(51/NCARN?t. 7. R.F.<'!il/N CAR. 
~- DYMI/MO CAR. 8. TOI/RIST .St.££P£R. 
4-. Orl'"IC£RS' CAR. 9. DYNAMO CAR. 
6. fJAUAG£ CAR. IO. MACHIN£ G{IN CAii' Nf.?. 

FIG. 146. 

In using two or more armored trains together, each train is divided np as described 
for one train, thns covering a long section of line. The track to the rear is patrolled 
by the rear locomotive and a machine-gnu car, to give notice of any turning move­
ment and prevent the destruction of the track in the rear. 

DU·TIES OF ARMORED TRAINS. 

54ii. The ehief duties of armored trains may be briefly stated as follows: 
(1) To intercept and attack a retreating enemy whom the army is driving onto 

the railroad line. 
(2) 'l'lit!'iii~~~ff :Or~~~v:rn;1?~i~f~~li::.~~-1e enemy from moving around 
(3) To reenforce stations and camps that are threatened by the enemy. 
(4J To escort ordinary trains. 
(5) To reconnoiter. 
(6) To patrol the railroad. 

546. In the first two uses above mentioned, the railway must be divided into sec­
tions, each train taking care of a section. Ead1 train should keep moving back and 
forth, especially at night, over its section. Foot patrols, provided with rockets or 
fusees, should patrol the track. 
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In lJie Jirst use mentioned above, searchlights will not t,e used unless it is desired 
to harass the enemy by frightening him into cautious movement. In the second 
case they will be used to a very great extent. 

547. The third use permits of smaller garrisons along the line, and of rapid 
and efficient reenforcement of same, 

548. The fourth use mentioned is one of the most important duties of armored 
trains. On this ,rnrk the ordinary trairuJ are either nm in fleets nnder the protectio11 
of the armored trains, or the latter remain on the threatened ·sections, escorting 
trains each ,my. When the threatened section is short, trains caJ.1 be escorted 
one by one, but over a long stretch the fleet system must be adopted, Special cure 
must be taken in the use of the fleet system to prevent collisions. This danger 
together with the difiicultv of handling a fleet of trairuJ in different yards and over 
se,ctions of line with shorf sidings, makes the running rate of the trains very low. 
On account of this, thesystem will only be used when there is reasonable ground for 
supposing that the tniins would be in imminent danger. 

549. I'he position of an armored train is1 normally, behind the first ordinary 
train, as in this position it has the ordinary tram constantly in view and can protect 
it correspondingly better. When it is des1red to give the enginemen confidence, tile 
armored tmin may be run allead. Tl ordinnry trains are provided with escort cars, 
these escort cars of the whole fleet should be run together in tile last train, except 
possibly one car, which might be run in advance of the leading engine. 

MO. In using an armored train for reconnoitering purposes, the train should 
under no circumstances be sent so far ahead of the troops that the track in the rear 
(•an he broken beyond supporting distance of the troops and the train thus captured. 
The µroper use of the armored train in ree,ounoitering toward a lar~e force of the 
enemy is in con,iunction with mounted troops, whose prineip;,.l duty 1s to assure th~ 
s>tfety of the railway behind the train and to scont on the flanks, the armored traiD 
keeping well in advance of the hor:semen. Deep cuts, however, should be reeon­
noitered by the cavalry before the train enters tl:iem. 

5.51. Patrolling by day is not a very important dnty, especially if the railway 
is protected by a line o! blockhonses, A certain amount of day patroling, how­
rver, is advantageous. Good work i:'4 done and important inforn1ation ean be fre~ 
quently obtained by dropping scouts from the armored train at one point with 
instructions to join it later at the same or some other point. No information should 
be given outrelatiYe to the position of an a.rmored train at any future honr. 

Patrolling by night is one of the most frequent duties of armored trains, for 
night is the time when the enemy will most freqnently attempt to cro&s or destroy 
the railway. Tn patrolling at night, if ordinary traffic is stopped, information 
shoul,i be sent ahead to the stations, ordering switches to be set so that the train 
can p,JSs through without whistling. Every precaution should be taken to prevent 
any more noise and light than is absolutely necessary in running the train at a fair 
rate of speed. 

The searchlil(hts shonld be readv for work at all times. The train need not be 
on the move all the time in patroiling, as mncll information can be obtained by 
lying in a cut or behind a hill and sending out scouts on foot. 

'rim night work just described presupposes that ordinary traffic is suspended 
during the hours that the armored trairuJ are patrolling the line. 

Where blockhouses are used in conjunction with the armore,l trairuJ, the 
system of signals will notify the armored trains in that vicinity of the presence of the 
enemy. Armored trains should halt at certain prearranged hours, not over 2½ 
homs aµart, and establish telegraµhic communication with other armored trains, 
and with neighboring stations, to give information and receive orders for further 
movements. 

552. The use of armored trains on singl&-traek road is of doubtful value when tbe 
consequent interference with trafiic is considered. If the capacity of the road is 
fully taxed bvthereqnirements of transportation it will doubtless be best to depend 
upon the defense by troops and block houses; if it is not fullv occnpied, armored 
trains may advantageously supplement the other means of deferuJe. On double­
track road the interference is far less marked. 



TABLE XVII.-Curve formulre.• 

Given,. Sought. lformulre~ 

50 
ll 1\ R 

sin-½D 

2 II. D siu ½I! 
50 

-11 

3 LO, fl L L 100 6_ 
JJ 

4 H, L 
DL 
100 

5, L D D 100 /} 
L 

H, /::. T T I! tan½ 

7 C C =21! sin½ 6 

8 M M=R vers ½ 

9 E E=Rexscc½t:, 

10 T,L:, R R Tcot½ 6 

11 ,: E=Ttan¼ 

12 l' C =2Tcos½ 

13 M ~! T cot½ • vera ½ !::, 

14 Kt It R 
E 

exsec ;,{ii 
15 'l' T Ecot¾ 

C C = 2E 
siu 

16 
cxsec 

17 l\l M=Ecos½ 

C, C 
18 1\ R 

2 sin½ 6 

19 M ~I= ½C tan¾/':, 

T T 
C 

20 2 cos-½ 6 

21 E E = ½C :xsec ½ [':, 
sln½ 6 

M, R 
IR 

)1 
22 

~r•½6 

23 C 'c = 2;){ cot¼ 6 
I 

M tan]✓• 6 24 i T i 'l' 
251 

vers½ /':, 

E 
I 

J,;=_M __ 
cos½!:, 

* See r,ar, I6 for meaning ol letter8. 
160 



26 

31 

32 

,Jl 

46 

47 

"1If,ITAI\Y 1UILWAY8. 

TABLE XVII.-Curve tormulre-Continued . 

Given. Sought. 

R,T 

R,C 

T,C 

H,T C 

31 

T 

M 

E 

41421°-16-11 

tan:¼: 

C 

2T 

E 
tan¾ 6 =,r 

T' E2 
C08 ;,~ 6 = T2E:! 

tan¾ 

0-0[2 

coa ½ e, = of+ 4M' 
]\[ 

cos E 

:ll=U-

R2 
1E= 

. J!'ormuht!. 

R 

0\ 
'i) 

161 
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TABLE XVII.....Curve formulre-Gontimted. 

Given . 
i 

Sought. 
! 

Vor111ula•. 

• ~-1 
n ✓ M ,2Ii 

48 H,M T I T 
Jt-

49 0 
I 

C = 2 ✓M (2Il 
RM 

50 E ,: 
]\[ .... 

51 H, E T T 

52 C C 

53 )I i M 
IlE 

I ll + E 
CT 54 T,C It 

I 

R= 

)I -J2T -- C 
21'I = };iC ~T+C: 

56 E E -J2T - C 
T 2T+l) 

57 T,E Il n (1'-i-E) (T- ,:) 
2E 

C C= 
2T ('1'' - J<:2) 

T'' + E' 

M 

G,M R Il 

T T 
C (G2 + 4~12) 
2-,c-, -01') 

62 }: E M 
cs 

63 M,T<: R EM 
R=l,-M 

64 T T J;; 

65 I C C -JE--'-M 
~M E-~ 1\1 

66 T,M R 
i 

R' 
"M2 + T" 

H-~ IlT'' - ½ MT' () 

67 E I J:3 + E"M ET'+MT'= 0 
68 C 

i 

C' -;-2TG2 + 4llf2C - 8M2T = 0 

69 C, 1,; R R" I Il' 4,:2 (12 C2 (fl!: 
-R -·:r -8 = u 

T 
i 

2'£3 - T2(1 -- 2TE"' - OE2 0 

71 
I 

M I J\I• + ll12E + M -~'_ -4 == 0 
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TABLE XVIII.~Natural versed sines and external secants. 
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'l'ABJ.:-: X\"JJl.-'.'Jatural versed sines :uid extt•.:-nal secant,$-Contin-ucd. 

_____ 2_0_•-_a_o_• _________ 30°-.io 0 

~~ 1;~ _!!: _._, ~ _!!: Exscc. -'d0. 1 ___ ....;..P;... Pa.;•;..· __ _ 
~O C ,0603 IO ,0642 II 30 O • J:l:l:' g • I.H! 19 3 1 3 0 29 28 

10 ,0613 10 .oes~ 11 10 .1354 14 -1566 , 9 113.1 3.012.9 2 a 
20 .062~ 10 .oso1 il 20 ,13G~ 14 -1586 20 2 s.2 so 5 . 8 5 .6 
30 .oss3 10 .0676 1: so ,I3BJ 15 .1aos 20 3 9 a 9 o 5. 7 5. 4 
40 ,Qo4g !6 ,068~ il 40 ,1393 15 -1~26 20 4,12 412 01

1

11 6 ll•2 
50 ,0654 ,

0 
,060~ 12 50 ,1413 .. 15 ,lo46 .. 20 5

1

15,515 014,514.0 
21 U ,0664 in~ 12 31 0 142S IC , H)HH 2il nu ~u,~u tn 

10 ,0674 JO ,072~ JO ]Q ,!4q !\ ,168~ 20 8,24 824 023 222 4 
20 •0685 u •0730 di 7~ •14~~· 1~ •17~~ 21 st~7-9,27 o:2e.12s 2 ~o ,0606 10 ,0748 12 ~u -14~-3 !~ .)7_y 21 
10 , 0706 II ,_076~ 12 ,O , 14,,9 15 • l 748 ?l 
50 ,0717 O. ,077~. 13 50 .150,1. 15 .1110_ ,1 

22 0 ..:fl.Z2R 1 -0785 1~ 32 0 .J.',tH 1Fi .:.11.?l ~1 
10 ,0739 II ,0708 , 3 10 ,153~ l~ ,1813 21 
20, ,0750 11 ·,081i IS ZO ,1550 ,; ,1B35 n 
30 ,0761 ii ,0824 IS 30 ,15c6 IS ,185'/ 22 
40 ,077~ I ,0837 i! 40 ,158i . 5 ,18'19 22 
so -078~ 11 .oaso_ 13 so . 159, 3 6 • 1qo1. 22 

23 o .o,i>.5 1~ .o.~g:: 13 33 c . rn1:: ; 0 . !!l2:t 23 
10 .oao~-1 •. oe•1 11 10 .1s29 : 6 -l94il 22 
20 ,0818 il ,0890 I, 20 ,1645 fr, ,1969 23 
20 ,0829 1l ,OSU-l 1, 30 ,1651 ~f ,)992 23 2:l 22 21 20 
40 . 0941 1

12
1 .0018 1. 40 .16,z i~ .201§ 23 112.3: 2.212.112.0 

50 ,C853 ,0932 14 50 .1593_ , 6 _:2Q.3.8_ 2g 2 4.6: 4.4 4.2 4.0 
24 ( ,Q81l4 l! ,O!l4G H 34 () .170,, l;ij 2f!.!i:! Z4 ! u u Ui tg 

10 .oa1~ ·i" .096~ ii ~o -~~2t ie -~081i 24 s 11 s n ol10.mo.o 
20 .oaes 

1
~ -0975 1, .o ., .. , .. ,., ... ,10 2~ r,l1a .. s 13·,2112.s:12.o 

8C ,0900 
1
• ,098§ 1:l 3C ,175U iii -2134 24 7116 i 15-4J4,7il4.0 

40 ,0912 2 ,1004 1;. 40 ,1775 , 7 -2158 '.?'1 8 '8 417 616 816 O 
so ...JLl!l!. 12 ~1019 11 so .1m iG ...;11.i~ 21 s.20:11s:a11s:sl1a:o 

215 O ...:.Q2l1, I~ .J..l!.:il H 35 O • J sos 16 _2·1.07 25 
10 ,034§ I~ ,1019 I' 10 ,182, . 7 ,2232 o(, 1 HI lf! l7 l6 
:0 -OBBI t~ .10649 15 20 -18~2 17 •22228,~ 125 ~3,; ul u-1, Uj u 
vO ,0974 l~ ,107 I' 30 ,18o9 !'i • ., > 25 5 7 5 g 
40 ,0986 ,1094 lf 40 ,1878 17 .2.,op 05 • 7° ;·i• ·i 4 • 
50 -m~ (~ ....:..!illL 15 50 ...:.!.ll..~3- 11 -' 2P', 2€ t' oJ s:o! t51 U 

26 0.:.1.!!_L~ Jl26 H 36 0...:.!_\!J.Q 17_3;!5,g_ 2i) 6lJ.4jl0,810,219 8 
10 .1025 U .1142 11 10 .192•1 17 -~o3l 26 113.3J12.61i-9Ji.a 
~O ,1037 2 ,1158 ll 20 ,IH1 17 •• 4.lo 26 815,214,413.61.2.8 
to .1050 13 -1174 16 ao -I9bl 17 -2440 2, 917.11s.215.311.4 
40 ,1063 

1
1 ,1190 li 40 ,1'!79 l" ,i4.67 27 

50 ,1077
18 

,120~i• 5C ,1995_. 1,}_c_2~?'!_.2'i 1/i 14 13 12 
27 ~ ,10!!0 IS ,122:l !137 O~!)t:l 17 ~,,21 2? ~ 1.5114 u t~ 

10 .1103 ! .1240 1• 10 .2031 1s .2ri12 ".7 3 Ur u 3 o • 0 
20 ,lllij : ,1257 I: 20 ,204~ ''i ,2fJ7~ :18 ~ 

67 
.. 
051 57 

.. 
60 65 

.. 2 ___ 46 .. QS sci. ,USO I , 127~ I so -~066 17 ,250, 28 " -
(0 -1149 1§ ,129~ I' ?O ·•0 84 18 -~e 3~ 2~ 6 9 Oj 8.4 7,8 7.2 
50 ...:.illL lg , 130~. I: 50 • 2Tr.2 lS • .,661 28 0 8 I 8 

~,s ~ .1170 
19 

.132r. 11 38 o ,21·w 18 -26110 , 9 ;1:tii1121L g:i 
10 -1184 

14 
.134~ 1- 10 -2138 - 8 .2119 r2a g 1a.si12.e 11.710.a 

20 .11na 
14 

.1361 1/ 20 .2156 ; 8 -2748 2g 
30 .1212 19 ,1379 11 30 ,2174 18 ,277§ ,,c 11 10 /j 
40 .1225 I ,1397 !8 40 ,219? Iii ,28CZ. 30 l[l•l1·1.clo.o_ 
50 ..:11[1L 1t .141~~ I.ii 50 •.;2.19a-18 ·.;~~?-30 2 2 2 2 rlo. 1 

20 o .12.~4 14 .;..14:l-!. is 39 1~ ·-;;;f-iii ••2~~'J ao !t!iUIU 
io .12as It .us~ lii zo ·?05• Iii .?92ii 35 5'5.5!5 ro.a 
2C ,1282 14 -l4 7u l! ••• 0 Iii •••0 - 31 66.55.00.3 
30 -129G 14 -~48~ 19 SO •223f Id -~• 59 3! 1.·1.1

1

1.0 o.g 
4C ,1311 14 .1500 19 40 ,230, lil ,2991 31 8 8 0 

·50 .1sz5 _ .1527 _ 50 .n21 .so22 r ;e.8, .o -i 
~ .1339 :!.;.J.ill.,_::l 4o o·.~:i;, ~-'"1'..!:U..-,3,1---9-9_.9,,·...,a,,..c_•o_._4 __ 
-•. ' -V.,...- d. l:Msec, d 0 

' Vers. ! d. Exs,::ec::,•..:...:;rl:;,. '----'-P'-. Pcc·c.---
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TABLE XVUI.-Natural versed sines and ('xternal sccants-Contim.cd. 

0 
, Vcrs. d. Exsec, d. 0 

' • Vers. d,, Exsrc. d. r P. P. 
400 .2,·1,,i 1s .3054 3: 500 ..:357~ 22 -55.57 53_ 9 8 7 6 s 4 

10 -235a 18 • 308§ 3~ 10 • 3~94 22 • 6611. 64 l 0.9 0-8 0-7 0-610-5 0-4 
~o -~~77 19 .31~s 3i 20 -3617 22 -5666 54 21.81-61-41-211.oo.8 
oO. -so96 19 -3lol 32 80 -563~ 22 ~72I 5~ 3 2-7 2-4 2.11-81-51-2 
40 -2415 l9 -3183 3~ 40 -3861 22 -0777. 5§ 4 3.5 3.2 2-8 2.4 2-G 1-6 
50 -2434 19 __:..!N!.'L 33 50 -3684 23 ~ 56 5 4-5 4.0 3.5 3.0 2.5 2-0 

410 _.24,Jfil 19 ,32;;0 31 ill O -3707. 22 -5890 57 6 5.4 4-8 4-2 3-613-0 2-4 
10 °2472 

19 
-3284 33 10 -3729 22 .5947 56 7 6-3 5-G 4-9 4-2 ~-5 2.8 

20 -2491 
19 

-3311 34 20 -~7~2 23 .ooM 51 & 7-2,6-4 5-6 4-814-0 3-2 
3U -2510 19 .335g J:j 30 -~7·,5 22 .6064 59 9 6-117-2 6.3 5-414-5 S.6 
40 .252n 19 .a38D 31 40 .• 1~.1 23 .a12~ 5u __ 
50 _,_2.ill_ lli _,_M.2.L Jb 50 -332Q_ 23 • 6182_ 60 3, 2 1 9 &_ 7 

42 O -2568 jg -315U 3- 52 O -3843 08 -6212 61 l 0-3 0-2 0-1 0-~0-810-'I 
10 -258~ I~ ~41if 3~ JO -~sef 23 -:oio"f' 61 § g:g &:t 8:nnilt~ 
20 -2607 19 -3527 ~, 20 - 0 8~3 23 -6365 62 11.20.'ao.43.53.43,0 
80 -2627 20 -356~ Sf 30 .30,.~ 23 -6427 62 51-51-0 0-5 4.7 4-2 3.7 
40 -2647 19 .3590 37 40 •3n3~ 2~ -648~ 63 618120657•145 
so ...:1fil!!- 20 ~~ 31 50 _,_s95ij 23 • 6~5~ 64. 1 2'.i 1:1 0:1 6:s ii:o 5:2 

43 0 . 2686 2o . :!tl'7a S1 53-(J _,_:1982 23 ..c..§.H16 54 8 2-411.6 0-8 7. ~-816-0 
10 .2106 20 .3110 37 10 .400~ 2~ -6681 65 9 2.11.8 0.9 8- ,.il,6-'i 
20 -272~ 20 -3748 38 20 -4028 2] -6U6. 65 _ _ ,... _ 
so . 2145 20 . 3786 ss so . 4052 23 . san 66 6_ /j i ~ 2 t 
40 -276\l 20 -3824 39 40 -~07o 2~ -6878 ii\ l 0-2 0.5 0.40.3 0-~ 0-1 
50 ~ 20 _:..3~ 3E 50 -'~ 23 -6945 68 2 1-s 1.1 o.9 0.10.5 0.3 

440 ."S06 
0

, .::mo'f 
3
, r,:40 .41.•>2 -• -7013 6• 31-9 1-il 1.31.0 0-7 o.i 

~- .v --- • , --";,- •• ---~- 0 4 2-6 2-2 1-8 1-4 1.0 0-6 ig Jm 20 jm zg 1g :mj ~t : mA s9 5 3.22.12.21 .• 11-~ 0.1 
so .2as'i zg .~020 41 30 .4193 ;~ .1:i20 'i( 6 3-~ s.s 2-7 ~-!1·5 0 -~ 
40 2asa w 406G. 41 40 421' "" not 70 7 4-5 s.n 3.I •• 41.11.0 

50 ~~ ~~ ~ 1~ 50 :,m~ H : mi ~! nH:HHEH:i 
45 o -29..El.!L 20 ...:._i!i1!.. .1r r,5 o • 4:!...§.;1_ 21, .:Lil!. 73 _ ~ -

10 .29H 
2

- -4183 41 10 .42sa o4 .not 73 25_ 25 24 24 2a· 
w .2910 

2
y -4?.25 4. 20 .4312 24 .•;5e1 7, 11\ 2.5 2.5 2.1 • 2-4 2.g 

30 . 2901 20 . 4207 4 30 -4336 '1 -7855 7- 2 5-! 5.0 4.9 4.8 4.7 
40 .301I 

21 
.4309 4. ~o .4350 ;;, .11ao 7g 3 7-6 7.5 7-3 7.2 7-o 

50 ~.Q1~ 21 ...:£!_@,,,.. .i: .50 -3~.4- 24 J!l..;IB,;-771 ig:~ lg:~ 1t~ &g 1U 
4& O · .,o.sa 21 .439,, 4:i 56 O • 44°~ 2'I • 78 ·'·• 77 sl15.3 15-o 14-7 14-414-l 

10 .8074 21 .4439 4~ 10 .443g 24 -70GO 71j7117-917-617-ll6-816-4 
20 .3009 21 -4483 41 20 .11,y 24 -8039 79 s20.120.010.51s.2\18.g 
30 . 311!! 21 °4527 44 30 -4480 2I • 8118 80 9 22-9 22-~ 22-0 ~1-6,21-1 
40 -3137 ll .457~ 4r 40 -4~05 l4 -8198 81 _ • _ 
50 ....:fil§JL 21 -4617 45 50 ...:.!;,2.1.. 24 _Jg1l!_ 82 23. ?.\!_ 22 21 2.1 

47 0 . 31.8Jl 21 -4fl63 45 r,7 0 ~ 1~4 • R31l I 82 I\ 2-31 2-2 2-212-I 2-1 
10 .32oi .41on ,, 10 .4573 - 1 .a44~ ~ 2 4.5

1

4.5 4-4 .r..a 4.2 
20 -3222 }! . 4755 ! 20 -460~ ~4 , 8522 884-3 6.9 6.'i 6,6 6-4 6-3 
30 -3244 - -~302 • Sii -4627 - .ooll 4 9-2 9-0 8-8· 8.ff 8.4 
40 .32il3 21 .454.9 4 40 .4551 21 .9597 as 5111.511.211.010., 10.s 
50 .3~a1 2

2
1 -4396 ! 50 -4676 2

2
1
5 .S'/83. 8

8~ 6·13.8113.§ 13-2,12-912-6 
-. -.-. I -- • ~ • --.- --~- , 7iis.115.7 15-4115-0 14-7 

48 0 • .!30!; 2?. -4 114_§. 49 o8 0 ..:.1~11.1 2i ...Ji,.'!.<l. 88 8,18-.418-Q 17-617-?, 16-8 
10 .3330 21 .• 1993 .1, 10 .{12, 24 .8959 8ll 9,20.1bo.210.u 19.3_1s.9_ 
20 . 8352 22 . 5042 ,ii 20 . 475~ 25 , 904ij 90 _: _ _ 
30 · 337~ 21 •. 5091 5(. 30 -4770 'l5 -9139 01 20 %0 19 19 lS 
1,0 .339~ 22 -~l~l 5( 40 -480C ?.4 -9239, 02112-0 2-0 1-9 1-~ I-ii 
oO ~ 22 •. ,1..2_ :ii 50 -482~ 25 -9322 93 o 4-! 4-0 3-2 3-8 3-7 

49 0 . 3,1;'111 22 . r.:.H\l 5·, 59 0 .· 4849 05 ~1 ti 94 '1 8-l 6.0 5-8 5.7 5-?i 
10 -346! , .5294 - J.O .4874 • .9510 4 8.g 8.o 7-~ 7-6 7.4 
20 -3463· 22 . 5345 5} 20 -4899 2~ .8606 95 510.210.0 9.7 9.5 9-l! 
80 -3505 ~~ -6S9Z 5 30 .4924·~ 0 .8703 97 6112-312.0ll.711-411-l 
40 -35?.?. ,, -5450 5 40 .494;i --~ .9A01 98 714.S 14-013.ij 13-S 12-9 
50 -3'>50 • 2 ,5r,~, 53 501-49'/5 25 .9900 9g 816-4\16-015-815-214-!! 

so? .3 ,, 72 22 .. %r. 7 ,~ ~~:_:t-oono~918-4,18-0l7-517-ll6-6_ 
0 -v;;;:;;-7. &.sec."" d ·• ' Vers. d. Exsec. d. P. 1'0 • 
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TABLE XVIII.-Natural versed sines and external secants-Oontinu,d. 

I ril ~~sl 28 

~ 2 5-8 5,7 5,6 5,5 
3 8-7 8,; 8-4 8-~ 
411-611-4,11,211,0 
5 14,5 14-~ 14-0 13-7 
617-4.17-!116,816,.li 

i~u
1

~u:iu!U 
9l2s.125.5!25.224-'1 

27 26 ·26 2~ 
I 2.7, 2,6 2-6, 2,!I 
2 5.4 5,3 5.2 5,1 
3 8,1 7,§ 7,8 7.ij 
410,810-610,410-2 
513,5'13,2 13-0!12,7 
616-2,15-9 15.s:15,3 
11s.s:1a.51a:.1l·11 •. u 
8 21-6121,? 20,8 20,4 
9124-3 23,923-4 22-9 

P. I'. 
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'fA nu, XVlII.-·Natural versed sines and external secants-Conrinued. 

so"-85° 85°-90° 

P. P, ~ ' Vers. d, Exsec. d. 0 
' Vers. d, Exsec, d. 

800· -8263 ;; 4-7,587. 966 85 0 ~§_ 29 10-4737 -.3-9-45°
1 
____ _ 

10 -8292 29 4-855~ 999 10 -9152 29 10. 868~ 4229 
20 -8321 28 4-9553 103' 2300 --991281§5 29 11-2912 :4542 
30 -8349 

28 
5-058B 1072 _ 29 11-7455 _4892 

40 -8378 29 5-1660 1111 40 -924,!; 29 12-2347 -5284 
50 ~407_ 28 ~1t1152 . 50 -927~ 29~ -5725 

81 0 -843? 29 5-39241196 86 0 -9302 29 13-3356 -6223 
lo -8464 

28 
.5-512! 1242 10 -933! 29 13-9579 _6789 

20 -8493 29 5 -636~ 1291 20 -936Q 29 14-6368 . 7436 
;io .s52i 

28 
5-7654 , 343 30 -9389 29 15-3804 _818Q 

40 -855Q 29 5-899~ 139ij 40 -9418 29 16-1984 9041 
50 -857~-29 6-0896_ 1456 50 -944'~. 29 ~ 1:0047 

82 o _-soo8 
28 

6-1853 1519 87 o .947~ 29 18.1073 1 . 1280 

½8 :mi 2~ um 1585 ½8 Jm 2~ ½nm 1-2634 
so -8691 ~~ 6-661~ m, _30 -9564 ~i 21-9256 um 
40 -872~ t9 6-834~ 1812 40 , 9593 29 23. 5621 l 8884 
50 ...:..8752_ 29 7-0156 1898 .60 ~ 29 25-450_!i 2:203~ 

83 0 ~ 28 7 205_? 1991 88 0 -9651_ 29 27.6537 2-6039 
10 -8810 29 7-4046 2091 10 -9680 29 30-2576 3 1247 
20 -8839 29 7-6138 2198 20 -9709 29 33-3823 3°8192 
30 -&868 29 7-833~2815 30 .973~ 29 37-20154:7741 
40 -8897 29 8-065! 2440 40 -9762 29 41-9752 6-1383 
50 -892~ 2ii 8-309~ 2576 50 .979~ 29 48-1140 8,1846 

84 0 -8<l.54 29 8-5667 2723 89 0 .!)82? 29 56-298! 
10 -898~ 29 8-8391 2884 10 -9854 29 67. 7573 
20 -901~ 29 9.1_275 3059 20 -9883. 29 84-9456 
30 -9041 29 9.4334 3~50 30 -9912 29113-5930 

29 29. 
1 2-9 2-9 
2 5-9 5-8 
3 8-8 8-7 
411-811-6 
5 14-'i 14.5 
617-7 17-4 
7 20-6 20-8 
8 23-6 23-11 
926-526-1 

28 
l 2.11 

~ t~ 
411-4 
5 14-!i 
6 17 -! 
7 19-9 
8 22-8 
9 25-6 

:g :~gie 29 1tm~ 3461 ig :im 29 uum 
.85 o ~:: 10.47-37 3691 ,illL!) 1-oooo:: oo __ ,1 ____ _ 

P, p, 0 ' Vers- d, Exsec. d. 0 
' Vers. d, Exsec. d. 



168 i\IILITARY RAILWAYS. 

TABLE XIX.-Elements of a circular curve of 1° curvature, 5,730 rt. radius. 

.4 I T T Ext. dist.,! Lhongd ,,Ii , j T• T Ext. dist., a.ng., . E e or , , .a I' ... ng., . E 
• L.C. , • 

' -:~-11---1:_ 
0 I I ! o oo' 

00 fiO. 00 0. 2. 18 
1

. 100. 00 I 450. 03 
10 58. 34 0. 297 116. 67 10 459. 32 
20 66. 67 0. 388 ' 133. 33 20 467. 71 , 
30 75. 01 o. 401 I 1so. oo 30 I 476.10 I 

:: 1:::: ::::i :::::: 10 :1 ::::::1 
~g !~Ut U~t ~~t ~~ 1g 1 g~t g~ 
30 12ii. 0-2 L 364 249. 98 I 30 526. 48 
40 133, 36 I. 552 266, 65 40 534. 89 
50 141. 70 I. 7i,2 283. 31 50 543. 29 

3 00 
10 
20 
30 
40 
oO i 

4 00' 
10 
20 
30 
40 
50 

5 00 
10 
20 
30 
40 
50 

6 00 
10 
20 
30 
40 
50 

7 00 
10 
20 
30 
40 
50 

8 00 
10 
20 
30 
40 
60 

150. 04 1. 964 299. 97 I 11 oo 551. 10 
1"8 38 2.188 316. 63 10 560. ll 1· 

1~6: r2 2. 425 333. 29 I 20 sos. sa 
175.06 2. 674 349. 95 : 30 576. U5 
183. 40 

3
~ •. 9

2
3
0
' 4
7 

.,I 3!i6. 61 i 40 585. 36 
191. 74 . 383. 27 I 50 

1 

593. 79 

200. 08 3. 492 I 399. 92 I 1'2 00 I 602. 21 
208, 43 3. 790 I 416. 58 I 10 j 610. 64 

~~~:n ::m ::u: ~g I i~~:g~ 
233. 47 4. 755 466. 54 40 I 635. 93 
241. 81 5. 100 483. 20 50 ! 644. 37 

~g~: ~~ u~r mJg 13 ~ i i~t ~ 
266. 86 6. 211 583. 15 20 I 669. 70 

• 275. 21 6. 606 549. 80 30 678. 15 
283. 57 7. 013 566. 44 40 ' 686. 60 
291. 92 1. 432 583. 09 50 I 695. 06 

300. 28 
308. 64 
310. 99 
325. 3f> 
333. 71 
342. 08 

350.44 
358. 81 
367.17 
375.54 
383. 91 
392. 28 

400. 66 
409. 03 
417.41 

1

. 

425. 79 
434.17 
442.55 

, 7. 863 
8.307 
8. 762 
9.230 
9.710 

10. 202 

10. 707 
ll.2:!4 
11. 753 
12. 2H4 
12. 847 
13.413 

13. 991 
14. 582 
15.184 
15. 799 
16. 426 
17. 066 

599. 73 
616. 38 
633.0'2 
649. 66 
666, 30 
682. 94 

699. 57 
716.21 
732. 84 
749. 47 
766. 10 
782. 73 

799. 36 
815, 99 
832. 61 , 
849. 231 
8-05. 85 
882. 47 

14 00 i 

10 1 
20 : 

ro 1· 
50 i 

15 oo I 
10 i 

20 I 
30 : 
40 I 
50 ' 

16 oo I 
10 
20 ! 
30 , 
40 i 

50, 

703. 51 
711. 97 
720. 44 
728. 90 
737.37 
145. 85 

754.32 
762. 80 
i71.::\0 
779. 77 
788. 26 
796. 75 

805.25 
813. 75 
82i. 25 
830. 76 
839. 27 , 
847. 78 I 

17. 717 
18. 381 
19. 058 
19. 746 
20.447 
21. 161 

21. 886 
22. 624 
23. 375 
24.138 
24. 913 
25. 700 

26. 500 
27. 313 
28. 137 
28. 974 
29. 824 
:JO. 686 

31. 561 
32. 447 
33.:J47 
34.259 
35.183 
36.120 

37. 069 
38. 031 
39. 006 
39.993 
40. 992 
42. 004 

43. 029 
44. 066 
45.116 
46.178 
47. 253 
48. 341 

49. 441 
50. 554 
51. 679 
52. 818 
53. 969 
55.132 

56.309 
57.498 
58. 699 
59. 914 
61.141 
62. 381 

Long 
chord, 
L.C. 

899. 09 
915. 70 
932.31 
948. 92 
965.53 
982.14 

998. 74 
1015. 35 
1031. 95 
1048.54 
1065.14 
1081. 73 

1098. 3 
1114. 9 
1131.5 
1148.1 
1164. 7 
1181.2 

1197. 8 
1214. 4 
1231.0 
1247, 5 
1264. l 
1280. 7 

1297. 2 
1313. 8 
1330. 3 
1346. 9 
1363. 4 
1380.0 

1396.5 
1413. I 
1429.6 
1446. 2 
1462. 7 
1479. 2 

1495. 7 
1512.3 
1528. 8 
1545. 3 
1561. 8 
1578. 3 

1594.8 
1611.3 
1627.8 
1644.3 
1660.8 
1677. 3 



:l.UUTARY RAILWAYS. 1G9 

TABLE XIX.-Elements of a circular curveo£1 ° curvature, 5,730 ft. rndius­
Continued. 

..:I 

0 

17 00 
10 
20 
30 
40 
50 , 

18 00 
10 
20 
30 
40 
50 

19 00 ' 
10 ' 

20 I 
30 
40 I 
50 , 

20 oo I 
lO • 
20 
ao 
40 
50 

21 00 
10 
;O j 

:{g I 
50 ! 

22 oo I 
10 
20 
30 
40 
60 

23 00 
10 
20 
30 
40 
60 i 

24 ~g j 

20 , 

~I 
60 I 

Tang., T. ExtE. 

856. 30 
884. 82 
873.a(i 
881.88 
890.il 
898. 95 

907.~9' 

9[6. 03 I 
924. ,,s 
033. )3 
94L69 
95(1.25 

o.~s. s1 
967. 38 
975. trn 
984:.IW 
!ifl3. 12 

1001. 70 

1010. 29 
1018. 89 
1027. 4;) 
1036. oq 
1044. 70 
1053. 31 

1061. 9 
1070.6 
1079. 2 
1087. S 
l0f1(i. 4 
1105.l 

1113. 7 
1122.4 
1131. 0 
1139. 7 
1148. 4 
1157.0 

1165. 7 
1174. 4 
1183. i 
1191. 8 
1200, 5 
1209. 2 

1217. 9 
1226. 6 
1235, 3 i 
12,t4, 0 ' 
12:52. 8 
1261.5 

83. G3! 
64. !!UO 
68. 178 
67. 470 
~:.8. 7i{ 
70.091 

71.121 
n. 764 
74..119 
7~. •HS 
78. 869 
78. 261 

W.671 
81. 082 
8£.02.) 
8'.l. 072 
8fi.i31 

1

, 

BG. !104: 

88. 3i'0 I 
89, ~88 
Hl. StH) 
D2. !124 
t~4. ◄ 62 
96. 013 

97. 58 
90. 15 

100. 75 
102.35 
103. 97 
105. 60 

107. 21 
108.00 
110. 57 
112. 25 
ll3.0.5 
ll5. 66 

117.38 
119.12 
120. 87 
122. 63 
124. 41 
126. 20 

128. 00 
129. 82 
131. 65 
133. 50 
13.'\. 36 
137.n 

Long 
chord, 
r,, C. 

__ ,,, __ ----1----

IG93. 8 ,,i 2~ 01,00 I 
1710. 3 
1726, S 20 , 

mn. :gJ 
1776. :l I 50 , 

1792.6 ! 26 001· 
1809.1 10 

1825. 51·1·, 20 1842. 0 30 
1858. 4 40 
1874. 9 ' 50 

1891. 3 
1907. 8 
1924. 2 
1910. 6 
1057 .1 
1973.5 

1989. 9 
2006.3 
2022. 7 
203ll. l 
2055. 5 
2071. 9 

2088. 3 
2UH. 7 
2121. 1 
2137. 4 
2153. 8 
2170. 2 

2186. 5 

~~n:: I 
2235, 6 
2251. 9 
2268. 3 , 

2284. 6 
230L0 
2317.3 
2333. 6 
2349. 9 
2366, 2 

2382. 6 
2308. 8 
2in. l 
2{31. ~ • 
2ii7. 7' 
2464. o I 

j 27 00 
10 
20 
30 
40 
50 

28 OQ 
10 
20 
30 
40 
50 

W 00 
10 
20 
30 
40 
50 

30 00 
10 
20 
30 
40 
50 

31 00 
10 
20 
30 
40 
50 

32 00 
10 
20 
30 
40 
iiO 

1270. 21' 1~m. o 
1287. 7 
1296. 5 
1305. 31· 
1314.0 

1322. 8 ' 
1331. 6 
1340,4 
llH~.2 
1358. 0 
1366. 8 

1a75. s 
!384.4 
1393. ~ 
1402. 0 ·1 

HJ0.9 
1410. 7 ! 

1428. 6 
1437. 4 
1446.3 
1455. l 
1464. 0 
1472. 9 

1481. 8 
1400. 7 
1499.6 
1508. 5 
1517. 4 
1526. 3 

1535. 3 
1544.2 
1553.1 
1562. 1 
1571. 0 
1580. 0 

1589. o I 
1598. 0 
1606. 9 
1615. 9 j 

1624. n , 
10s3. o I 
1643, 0 
1652. 0 
l66l.O 
1670. 0 
1679.1 
1688. 1 

139, 11 
141.01 
H2.93 
114.85 
146, ';-9 
148.75 

150, 71 
152. 69 
154. 69 
156. 70 
158. 72 
160. 76 

162. 81 
164.87 
166. 95 
169. 04 
171. lfi 
173. 27 

175. 41 
177. 55 
179. 72 
181. 89 
184. 08 
180. 29 

1B8. 51 
190. 74 
192. 99 
195. 25 
197. 53 
199. 82 

202.12 
204.44 
206. 77 
20D. 12 
211.4B 
213. 86 

216. 20 
218. 66 
221. 08 
2i3. 51 
226. 96 
228. 42 

230. 90 
233. 39 
235. 90 
238. 43 
240. 96 
243.52 : 

Long 
chord, 
L.C. 

2480. 2 
2496. 5 
201i, 8 
2529. 0 
25!5., 
2661. 5 

2577. 8 
2504. 0 
2610. 3 
2626 .. 5 
2642. 7 
26f18. 9 

2675. 1 
2691. 3 
2707. 5 
2723. 7 
2739. 9 
2756. l 

2772. 3 
:t788, 4: 
~804. 6 
28>!0. 7 
2836. 9 
2853. 0 

2869, 2 
2885. 3 
2901. 4 
2917. G 
2938. 7 
2949. 8 

2966. 0 
2982. 0 
2998.1 
8014. 2 
8030. 2 
8(J46. 3 

306~. 4 
3078. 4 
30J4. 5 
3110 .. 5 
312G. G 
3142.6 

3158. 6 
3171.6 
3190.fi 
3206. ~ 
3222. 6 
3238. 6 



170 MILIT.\RY R.\IL\YAYS. 

TABLE XIX.-Elements of a circular curve of 1 ° curvature, 5,730 ft. radius­
Continucd. 

Ext. dist., Long 
I Tang., T. Ext. dist., Long 

.4 Tang., T . E. chord, .4 E. chortl, 
L. C. L. C. 

---- ---
0 I 0 I 

33 00 1697. 2 24G. 08 3254. 6 41 00 2142. 2 387. 38 4013. 1 
10 1706. 3 248. 6ti 3270. 6 10 2151. 7 390. 71 4028. 7 
20 1715. 3 251. 26 3286. 6 20 2161. 2 394. 06 4044. 3 
30 1724. 4 253. 87 3302. 5 30 2170. 8 397. 43 4059. 9 
40 1733. 5 256. 50 3318. 5 40 2180. 3 400. 82 4075.5 
50 1742. 6 259.14 3334. 4 50 2189. 9 404. 22 4091. 1 

34 00 1751. 7 261. 80 3350. 4 42 00 2199. 4 407. 64 4106. 6 
10 1760. 8 264. 47 3366. 3 10 2209. 0 411. 07 4122. 2 
20 1770. 0 267. 16 3382. 2 20 2218. 6 414. 52 4137. 7 
30 1779. 1 269. 86 3398. 2 30 2228. 1 417. 99 4153. 3 
40 1788. 2 272. 58 3414. 1 40 223'7. 7 421. 48 4168. 8 
50 1797. 4 275. 31 3430. 0 50 2247. 3 424. 98 4184. 3 

35 00 1806. 6 278. 05 3445. Q 43 00 2257. 0 428. 50 4199. 8 
10 1815. 7 280. 82 3461. 8 10 2266. 6 432. 04 4215. 3 
20 1824. 9 283. 60 3477.7 20 2276. 2 435. 59 4230. 8 
30 1834. 1 286. 39 3493. 5 30 2285. 9 439. 16 4246. 3 
40 1843. 3 289. 20 3509. 4 40 2295. 6 442. 75 4261. 8 
50 1852. 5 292. 02 3525. 3 50 2305. 2 446. 35 4277. 3 

36 OU 1861. 7 294. 86 3541. 1 44 00 2314. 9 449. 98 4292. 7 
10 1870. 9 297. 72 3557. 0 10 2324. 6 453. 62 4308. 2 
20 1880. 1 300. 59 3572. 8 20 2334. 3 457. 27 4323. 6 
30 1889. 4 303. 47 3588. 6 30 2344. 1 460. 95 4339. 0 
40 1898. 6 306. 37 3604. 5 40 2353. 8 464. 64 4354.5 
50 1907. 9 309. 29 3620. 3 50 2363. 5 468. 35 4369. 9 

37 00 1917. 1 312. 22 3636. 1 45 00 2373. 3 472. 08 4385. 3 
10 1926. 4 315. 17 3651. 9 1(\ 2383. 1 475. 82 4400. 7 
20 1935. 7 318. 13 3667. 7 20 2392. 8 479. 59 4416. 1 
30 1945. 0 321.11 3683. 5 30 2402. 6 483. 37 4431. 4 
40 1954. 3 324.11 3699. 3 40 2412. 4 487.16 4446. 8 
50 1963. 6 327. 12 3715. 0 50 2422. 3 490. 98 4462. 2 

38 00 1972. 9 330. 15 3730. 8 46 00 2432. 1 494. 82 4477. 5 
10 1982. 2 333. 19 3746. 5 10 2441. 9 498. 67 4492. 8 
20 1991. 5 336. 25 3762. 3 20 2451. 8 502. 54 .4508. 2 
30 2000. 9 339. 32 3778. 0 30 2461. 7 506. 42 4523. 5 
40 2010. 2 342. 41 3793. 8 40 2471. 5 510. 33 4538. 8 
50 2019. 6 345. 52 3809. 5 50 2481. 4 514. 25 4554. 1 

39 00 2029. 0 348. 64 3825. 2 47 00 2491. 3 518. 20 4569. 4 
10 2038. 4 351. 78 3840. 9 10 2501. 2 522. 16 4584. 7 
20 2047.8 354. 94 3856. 6 20 2511. 2 526. 13 4599. 9 
30 2057. 2 358.11 3872. 3 30 2521. 1 530. 13 4615. 2 
40 2066. 6 361. 29 3888. 0 40 2531.1 ·534. 15 4630 4 
50 2076. 0 364.50 3903. 6 50 2541.0 538. 18 4645. 7 

40 00 2085. 4 367. 72 3919. 3 48 00 2551. 0 542. 23 4660. 9 
10 2094. 9 370. 95 3935. 0 10 2561. 0 546. 30 4676. 1 
20 2104. 3 374. 20 3950. 6 20 2571.0 550. 39 4691. 3 
30 2113. 8 377. 47 3966. 3 30 2581. U 554. 50 4706. 5 
40 2123. 3 380. 76 3981. 9 40 2591. 1 558. 63 4721. 7 
50 2132. 7 384.06 3997.5, 50 2601. 1 562. 77 4786. 9 
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TABLE XIX.-Elements of a circular curve ol 1 ° curvature, 5,730 It. radins­
Continued. 

Ext.dlst., Long Long 
~ Tang., T. chord, J Tang., T. Ext.dist., chord~ E. L.O. E. L.O. 

, 0 , 
9 00 2611. 2 566. 94 4752. l 57 00 3110. 9 790. 08 5467. 9 

10 2621. 2 571. 12 4767.3 10 3121. 7 795. 24 6482 . .5 
20 2631. 3 575. 32 4782. 4 20 3132. 6 ' 800. 42 5497. 2 
30 2641. ~ 579. 54 4797.5 30 3143. 4 805. 62 5511. 8 
40 2651. 5 583. 78 4812. 7 40 3154. 2 810. 85 5526. 4 
50 2661. 6 588. 04 4827.8 50 3165. l 816. 10 5541. 0 

0 00 2671.8 592. 32 4842. 9 58 00 3176. 0 821.37 5555. 6 
10 2681. 9 596. 62 4858. 0 10 3186. 9 826. 66 0070.2 
20 2692.1 600. 93 4873. l 20 I 3197.8 831. 98 5584. 7 
30 270-.l.3 60/,. 27 4888.2 30 3208.8 837. 31 5599. 3 
40 2712. 5 609. 62 4903. 2 40 3219. 7 I 842. 67 6613.8 
50 2722. 7 614. 00 4918: a 50 3230. 7 ! 848.06 5628. 3 

51 00 2732. 9 618. 39 4933. 4 
I 

59 00 3241. 7 : 853. 46 5642.8 
10 2743.1 622. 81 4948. 4 10 3252. 7 : 858. 89 5657.3 
20 2753. 41 627. 24 4963. 4 20 3263. 71 864.34 5671.8 
30 2763. 7 6.31. 69 4978. 4 30 3274.8 869. 82 5686. 3 
40 2773.9 636.16 4993.4 40 3285. 8 , 875.32 5700.8 
50 2784. 2 640. 66 5008.4 50 3296. 9 880.84 5715 2 

2 00 2794. 5 645. 17 5023. 4 60 00 3308. 0 886. 38 5729. 7 
10 2804.9 649. 70 5038. 4 10 3319. l 891.95 5744. 1 
20 2815. 2 654. 25 5003. 4 20 3330.3 897.54 5758.5 
80 2825. 6 658. 83 5068.3 30 3341. 4 903.15 5772. 9 
40 2835. 9 663. 4~ 5083. 3 40 33112. 6 908. 79 5787. 3 
50 • 2846. 3 668. 03 5098. 2 50 3363.8 914. 45 5801. 7 

63 00 2856. 7 672. 66 5113. l 61 00 3375. 0 920.14 5816. 0 
10 2867. l 677, 32 5128. 0 10 3386.3 925. 85 5830.4 
20 2877. 5 681. 99 5142. 9 20 33n.5 931. 58 5844. 7 
30 2888. 0 686. 68 5157. 8 30 3408. 8 937.34 5859. l 
40 2898. 4 691. 40 5172. 7 40 3420.1 943.12 5873.4 
50 2908. 9 696. 13 5187. 6 50 3431. 4 948. 92 5887. 7 

64 00 2919. 4 700. 89 5202. 4 62 00 3442.7 954. 75 5002. 0 
10 2929. 9 705. 66 5217.3 JO 3454. l 960. 60 5916.3 
20 2940. 4 710. 46 5232. l 

I 
20 3465. 4 966. 48 5930. 5 

30 2951. 0 715. 28 5246. 9 30 3476. 8 972. 39 5944. s· 
{-0 2961. 5 720. 11 5261. 7 40 3488. 2 978. 31 5959.0 
50 2972.1 724. 97 6276.5 50 3499. 7 984. 27 5973. 3 

56 00 2982. 7 729.85 5291. 8 63 00 3511. 1 990. 24 5987. 5 
10 2993. 3 734. 76 5306. l 10 3522. 6 996. 24 6U01. 7 
20 3003. 9 739. 68 5320. 9 20 3534.1 1002. 3 6015. 9 
30 3014.5 744. 62 5335. 6 30 3545. 6 1008. 3 6030. 0 
40 3025.2 749.59 5350. 4 40 3557. 2 1014.4 6044. 2 
60 3035. 8 754.57 5365.1 50 3.568. 7 1020. 5 6058.4 

56 00 3046.5 759. 58 5379. 8 I 64 00 3.580. 3 1026. 6 6072.5 
10 :l057.2 764. 61 5394.5 10 ' 3591. 9 1032. 8 6086. 6 
20 3067. 9 769. 66 5409.2 i :/ 3603. 5 1089. 0 6100. 7 
30 3078. 7 774. 73 5423.9 3615. l 1045. 2 6114. 8 
40 3089. 4 779. 83 5438. 6 I 40 3626. 8 1051. 4 6128. 9 
50 3100.2 784. 94 5453. 3 50 3638, 5 1057. 7 6143.0 



172 ~11LIL\RY RAILWAYS. 

'I ABLE XIX.-Elements of a circular curv~of 1 ° curvature, 5,730 ft. raulus~ 
Continued. 

1 I 
1 

1· I 1 • Ext dist • Long Ext dist , f,ong 
d ,

1 
Tang., T. E. ·• 1 chord, I d . Tang., T.1 E. ·• i chor~, 

• L.C. 11 i I ' L. C. 

-···◊ I !----•-- .. --i----:~-·O I '.---- ----:---·-

65 00 3G50. 2 1063. 9 ' 6157. 'I 73 00 , 1398. 0 I 6816. :'l 
JO 36(>1. 9 1070. 2 6171. l 10 1405. 7 6829. 6 
20 3r.,3. 7 1076. 6 6185. 2 20 • 1413. 5 , 6843. u 
30 368/l. 4 1082. U 6199. 2 (~0 1421. 2 6856. 4 
40 3697. 2 1U8ll. 3 6213. 2 40 I 142\J. 0 6869. 7 
50 3709. 0 1095. 7 6227. :i so I 

1436.8 6883. 1 

66 ~1· ~Z:;?·91 1102. 2 6241. 2 , 74 00 4311. 6 I 1444.6 

~{:;;: ~ I 1108. 0 ; (VJS.5 'J 1 

1811 
4:3.30. 7 143'.2. 5 

20 m~:~ I 

62trn: 1 1: 1a~a.s I 14 ;0.4 
30 i !1756.5 ' c283.1 ;I 30 43"6· 14H8.4 

tg I 3768.5 I ll28. 2 C2~17. D I 40. g~~: ~ i 

1476. 4 
3780. 4 1]34. 8 6:310.9 60 1484. 4 

oo I 3792. 4 I 1141. 4 I 
i 

67 75 oo I 1:196. 5 I 1492. 4 6976. 0 
10 ' 3804. 4 1148. 0 ; 10 440il.8 1500.5 6989. 2 
20 3/llG. 4 ll54. 7 ' 20 i mu1 

1508. 6 70W.4 
30 3828. 4 1161. 3 i 3o I 1516. 7 7015. G 
40 3840. 5 1168.1 : 40 mti I 152.t. 9 7028. 8 
50 3852. 6 1174. 8 

6408. o l'i' 76 

50 I 1533.1 7041. 9 

68 (10 3864. 7 1181. 6 
~81' 

4476. 5 i 1541. 4 7055. 0 
10 3876. 8 , 1188. 4 6421. 8 4489. 9 15'19. 7 706ll. 2 
20 3889. o I 

11%. 2 i 6435. 6 ' 20 4503. -i I 1508. 0 7081. 3 
30 3001. 2 • 1202. 0 6H9.4 30 4 16. 9 ' 1.5fiG. 3 7094. 4 
40 3913. 4 120d. 9 6463. l 40 4530. 4 : 1:)74. 7 7107.5 
50 3925. 6 ' 1215. 8 647ti. 9 

50 I 4544. 0 i 1583. 1 7120. 5 

"" 00 3037. o I 1222. 7 6490. 6 77 00 4557. 6 I 15,11. 6 7133. 6 
10 3950. 2 I 1229. 7 ()504.4 10 4571. 2 , 1600. l 7146. fi 
20 3962.5 , 1236. 7 6518. I 20 4.,84. 8 i 1608. 6 7159. n 
30 3974. 8 1243. 7 , 6531.8 ,, 30 4598.5 ' 1617. I 7172. 6 
70 3987. 2 i 12.50. 8 I 6545. 5 Ii 40 :~;6:ii j 

1G25. 7 7185. 6 
50 3999.5 i 1257. '.) 6559. 1 ,, 30 1634. 4 7198. 6 

70 00 4011. 9 , 1265. 0 78 00 1643.0 7211. G 
10 4024. 4 , 1272.1 10 16,31. 7 7224. 5 

~g I' 

4o.38. 8 i 12,9. 3 20 

., I 
1060, 5 7:c:!7.4 

4049. 31 1286. 5 30 1609, 2 7260. 4 
40 4061. 8 1293. 7 40 1678. 1 7263. 3 
50 4074. 4 1300. 9 50 470!J. 2 ! l686.9 7276. 1 

71 00 4086. 9 mos. 2 I 79 00 4723. 2 J 1695. 8 7289.0 
10 4009.5 1315. 5 10 1737. 2 1704. 7 7301. 9 
20 4112.1 1322. 9 :IQ t➔iU I 1713. 7 7314. 7 
30 4124. 8 1:l3o.3 30 17·.:2.7 7327. 5 
40 4137. 4 1337. 7 40 !~~~:: I 

1731. 7 78,JO.:J 
50 4150. 1 1345. 1 50 1740. 8 7:1'\:l. l 

12 00 4162. 8 1352. 6 80 00 4808. 7 ! 1740. 9 73fiu.9 
10 4-175, 6 , 1360. I : 10 4M2i. 0 17D9. 0 : 7378. 7 
20 4!88. 4 ! 1367. 61 20 I 4836. 21' 1768. 21 73(Jl. 4 
30 4201. 21 1a15. 2 I :i I 

4850.5 1777.4 , 7-!04. 1 
40 4214. 0 1382. 8 48M.8 1786. 7 i 74Hl. 8 
50 4226. 8 ' 1390. 4 : 50-J 4879. 2 1796.0 i 7429.5 
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T .,B~E XIX,-Elements of a circular cu eve ol l O curvature, 5,730 ft. radius-
0:rM!udui. 

I Tang., T. I Ext:t•t, ct~':J, !I .d \ Tang., T, I ExtEdiBt., ct~~' 

__ Le. 1_ .. _i ___ 1 __ •• __ L_._c._ 

~-,i 
81 00 

IO 
20 
3() 
40 
60 

82 00 
10 
20 
~o 
40 
50 

83 00 
lO 

20 I 30 
40 , 
50 ' 

8-1 00 !' lO 
20 
30 

40 1· 50 

85 00 
JO 
20 
:io 
40 
50 

.. ---,·-·· 

f)OlO.O I 
5024. 8 , 
5031'. a 
0054.3 ! 

I' 

I 8f, (~ I 
JO I 
20 , 
30' 
4(! 

50 I 
O"' 00 I 

10, 
·:20 

;g I 
nO I 

2104. 7 
2!\5, 3 
2126. 0 
2136, 71 
2H7.5 
2158.4 , 

7815. 2 
7827, 4 
7839, 6 
7851. 7 
7863. 8 
7876, 0 

7960. 3 
7972.3 
7984. 2 
7996. 2 
8008. 1 
8020, 0 
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1'ABLE XX.-Mlddle ordinates for curving rails (feet). 

Li;>ngth of mil clrnr<ls. 
Radius 
(feet).i----·-· ,-----, ! i I 

-- 32 30 - 281-26 : 24 22 i 20 I 18 I lfi i 14 • 12 .~ 

5,;:10 0.022 0.020 0.017 10.015 o. 013 .. o. on! 0.009, 0.007! o. 006.

1

, o. 004 o.003 0.002 
2,865 .045 .039 .034 .030 .025 .021. .017 .014, .011 .009 .006, .004 
1,1110 .067 .059 .051 .0~4 .038 .0321.0261 .0211 .017 .013 .009 .007 
1,432 .089 .079 .068 .059 .050 .042 .035 .028 .022 .017 .013 .009 
1,146 .112 .098 .086 .074 .003 .053 .044, .035i .0'28 .021 .016 .011 

1155 .134 .118 .103 .088 .075 .063 .052 .. 0421 .034 .026 .019 .013 
8111 .156: .1~7 ,120 .103 .088 .0741 .OHli .~9 .03~ .mo .022 .015 
116 .1791 .lo7 .137 .118 .100 .084 .0701 .Oo7 .045 .034 .0'25 .017 
631 .201 .177 .154 .133' .113 .095 .078 .064! .050 .038 .028 .020 
513 .223 .196 .171 .147 .126 .105 .087, .071' .056 .04.~ .031 .022 
52! .245 .216 .188 .16~ .l~ .116 .09~! .07~1 .061 .047 .03~, .02~ 
t7, .268•

1

.235 .205 .171 .lvl .127 .10o
1 

.08o .067 .051 .038 .026 

m :~ :ru :=:::~:ill:=:~:=:=:::: 
~•s .4~, .352 .so1 .2M .22s .1s9 .15s .1211 .100 .077 .056 .039 
?811 ·\14"\ -~91 .340 .293 .250 .210 .1~4 .141, .111 .085 .063 .043 
225 .o7 .oO .44 .38 .32 .27 .2. .18 .14 .11 .08 .05 
WO .M .M .0 .U .Y .30 .25 .20 .W .~ .00 .06 
Ho .73 .64 .56 .49 .41 .35 .29 .24 .18 .13 .10 .08 
150 .86 . 75 .65 .56 .48 .40 .33 .27 .21 .16 .12 .09 
125 1.03 .90 . 79 .68 .58 .49 .40 .32 .26 .20 .15 .10 
100 1.M Ll3 .N .U .H .ITT .M .il . ■ .25 -~ .13 

80 1.62 1.42 1.28 1.06 .91 .76 .63 .51 .41 .32 .23 .16 
60 2.17 1.91 1. 74 1.42 1.21 1.09 .84 .68 .54 .41 .30 .21 
50 2. 63 2. 31 2. 00 1. 73 1. 46 1. 23 f. 01 . 82 . 73 . 49 . 36 . 25 
30 4.62 14.02 3.47 2.96 2.51 12.09 1.72 1.38 1.09 .83 .61 .42 



TABLE XXL-JliJI of material for standard pile bridges. 

Details. 

Piles: i 
8

1 

Ent! bents -------------------------1 8 8 81 8 i 8: 

Caps~'!;ii~:';;i':;";,-iii,y-i:i111:~;1.irt~f,;;g-.-.1--i ~ 1 1
~ 

1g I 2~
8

1

1 

25 

Sway braces, white pine, 4 by 10 ins*--~-L-- 2, 4

1

, 6' 10 
String-ers 1 Douglas fir, 8 by 16 ins.: ' I i 

16 ft. Jong ------------·--··-- 6 __ 
6
_ 6

6 
·6 6 • 6 

32 ft. long ______________ 9 12 15 
Ties, w bite pine, ' 1· 

long _ _ _ -1,s 29 I 43 57 71 8.5 
Guard rails, white pine) S 1 S, 4 by 10 ' I 

ins,, 16 ft. long_______________________ 2 5 j 7' 9 II 14 

8 
30 
8 

12 

16-ft. span. 

8 s 8 s sl s I 
8! s 

35 4o 45 , 50 ss ! 60 I 6S 10 

1: ]~ ii I! ~~ ~~ ! ~: I i~ I ~: 
6 sl s. 6 6 6

1 
61_ o

1 
6 

u1~1u m w • u ~ o 
99 -113 I 127 141

1 
l/S5 169 1831197 I 211 

• I , 
16 J8 I 20 22 25 27 29 31 , 33 I 

I I 

i' 81' 8 8 8 
75 80 85 90 95 
17 18 1 19 20 21 
3o 32 I 34 36 38 

6 6 i 6 6 
45 ! 481 51 54 57 

2 

3 

2391253 

3r,I 38 4o 

267 281 , 14 

42 45 2 
Stringer bolts (square heads and nuts), , I I 

¾ in, diameter, 3 ins. threaded, 35 ins. j 
1 

long _ 4 8' 20. 2s1 36, 44 52 
Floor bolts (Rquare heads and nutR), ¾ I , I 60 68 76 84, 921 100 108' 116 124 132 140 148 156 8 

in. diameter, 3 ins. threaded, 44½ ins:. I i 

s~~;~1,;,.-;,~--boi1;·-c;,j,~;~;-·h;;;i; ·-;;~d-4 6, 8 10 ,, 12 ~I 14 16 
nuts}, ¾ in. <liameter, 3½ ins. 
th

~;a;;!~\ong ------------------------1---10 20 3,2

1

. 4
4
0

1

1 
50

0
• j 60

6 
70 80 90 

25 ins. long------------------------___ l 2 ,, 7 8 9 
Packing spools ____ -----------··---------' 8 16 40 56 72 881104 120 136 152 
Standard cast slot washersfor¾-in. bolts.j 10 50 i 100 142 184 226 268,310 352 394 

18 20 22 
I 

261 28 

100 1101120 
10 II 12 

I 681· 184 200 
436 478 520 

I 
30 i 32 

1301140 
13 I 14 

2161232 
562 604 

34 36 

150 160 
15 16 

248 264 
646 688 

1701180 
17 18 

2801296 
730 772 

2 

I 

190 I 10 
19, I 

3121 16 
814 42 



'£ABLE XXI.-Ilill of material for standard pile brldges-C'onlimied. 

16-ft. span. 

iii rn t 1~ ~f~ I Ii i~ !: ~ 
m m ~ = ~ ~ 

,; 

! ii w 
Detail,. " " I " " ~ 

~ " a ii' ~ " ..... "' "' 
I .,. 

"' 

,; 
"' 

,i; ~ " " " ~ ~ ~ ~ 
;"': :::: ~ r-

,.-; 

i~~:i~~J~ ~~ 
D-ri-ft_b_o_lt_s,-,-,r-ln-.-d-i-an-,-e-te_r_, -2--2-i_n_s_-J_o_n_g ___ --1--8! 13 

1

. ~1-:-.l-2--s+·1--l---,--:--l--!--+--l--l--'---I-- - - ----:--I--

:, ... ,,. ,. 
r;; ~ ~ ~ 

Spikes: : 
% In. by 14 Ins. long _______________ 13. 22 31 ! 40 [ 49 
7f in. by 10 ins. long _______________ 28 II fJO I t-:;4 112 I 140 j 

BrLKHEADS'. 

]furring 
long {cut 

Planks, 3 by i/ 
14 ft. long---------------------·---- ~ ;~AHke for a.ll bridges. 

~~i~:::jl~~'.' 1~: j~li~ik~ ~:::iii'~::== 1: \l 

I 
73 j 73 

130
1

1 1so 
392 420 

- .Jlfrigl,t of b11dge ___________________ fL_I_ 10_10_1_2_1_13 _10_1_5_:_rn_t~l~j_l_D_t~o-

(L tl f b ft : 16 1· 18 :.. 20 I 22 eng t o race____________________ --1 

184 9 
560 i 28 
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·TABLE XXII.-Grades and grade angles. 

J<'t. 
l't._Re. r I_ 

Ft. Ft. 

I 
per per Ft. per Inclina- per 

F!d;.:'" 
Inclina-

sta- ffilC'. ' st.a- mile. tion. sta- tion. 
tlon. tion. tion. 

--- ----

i 0.02 1.006 41 0.52 27. 456 0 17 53 1.02 53. 856 0 35 04 
.04 2. 112 23 .54 28. 512 18 34 l.04 54. 912 35 45 
. 06 3.168 04 .56 29. 568 19 15 1.06 55. 968 36 26 
.08 4.224 45 : .58 30. 624 19 56 1.08 57.024 37 08 
. IO 5. 280 26 .60 31. 680 20 38 1.10 .58.080 37 49 
.12 6. 336 08 .62 32. 736 21 19 > 1. 12 59. 136 38 30 
.14 7. 392 49 . 64 33. 792 22 00 1.14 60.192 39 11 
.16 8.448 30 .66 34. 848 22 41 I. 16 61. 248 39 53 
.18 9. 504 11 .68 35. 904 23 23 1.18 62. 304 40 34 
.20 10. 560 53 . 70 36. 960 24 04 I. 20 63. 360 41 15 

.22 11.1!16 7 34 •72
1 

38.016 24 4.5 1.22 , 64. 416 41 56 
. 24 12. 672 8 15 . 74 , 39.072 25 26 1. 24 ' 65. 472 42 38 
.26 13. 728 8 56 . 76 ! 40.128 26 08 I. 26 66. ,528 43 11) 

.28 14. 784 9 38 . 78 41. 184 26 49 1. 28 67 . .584 44 00 

.30 15. 840 10 lll .80 42. 240 27 30 1. 30 68. 640 44 41 

.32 16. 896 11 00 .82 43. 296 28 11 I. 32 69.696 45 23 

. 34 17. 952 11 41 . 84 44.352 28 53 1. 34 70. 752 46 04 

. 36 19,0081 12 23 . 86 45. 408 29 34 I. 36 71.808 46 4.5 

. 38 20.064 1~ 04 . 88 46. 464 30 15 I. 38 72.864 47 26 

. 40 21.120 : 13 45 .90 47. 520 30 57 I. 40 73. 920 48 08 

. 42 22. I 76 14 26 .92 48. 576 31 38 I. 42 74. 976 48 49 

.44 23.232 15 08 ! .94 49. 632 32 19 1.44 76.032 49 30 

.46 24. 288 15 49 

I
.:: 50. 688 33 00 1. 46 77.088 50 11 

.48 25.344 16 30 51. 744 33 41 1. 48 78.144 50 52 

.50 26. 400 17 11 1.00 52. 800 34 23' 1. 50 79. 200 51 34 
1. 52 80. 256 52 15 2.10 110. 880 12 11 .5.20 274. 560 2 58 36 
I. 54 81. 312 52 56 2.20 116. 160 15 37 5. 40 285. 120 3 05 27 
I. 56 82.368 53 37 2. 30 121.440 19 03 5.60 29.5. 680 3 12 19 
I. .58 83. 424 54 19 2. 40 126. 720 22 29 5.80 306. 240 3 19 10 
1.60 84. 480 55 00 2. 50 132. 000 25 56 6.00 316. 800 3 26 01 

1.62 85. 536 55 41 2.60 137. 280 jI 29 22 6.20 327.360 3 32 52 
1. 64 86. 592 .56 22 2. 70 142. 560 ,I 32 48 6. 40 337. 920 3 39 43 
1.66 87.648 57. 04 2.80 _147. 840 

1

.1 ::15 14 6. 60 ' 348. 480 3 46 34 
1.68 88. 704 57 45 2. 90 153.120 I 39 40 6.80 359. 040 3 53 24 
1. 70 89. 760 58 26 3.00 158. 400 I 43 06 7. 00 369.600 4 00 15 
1. 72 90.816 59 07 I 3.10 163.680 1 46 32 , 7. 20 380.160 4 07 Oil 
I. 74 91.872 59 49 3. 20 i~::8 t 49 58 7. 40 390.720 4 13 56 
I. 76 92. 928 00 30 3. 30 53 24 7. 60 , 401.280 4 20 46 
1. 78 93. 984 01 11 3.40 179.520 1 56 50 7. 80 411. 840 4 27 36 
1.80 95.040 01 52 3.50 184.800 2 00 16 8.00 422. 400 4 34 26 

1.82 96.096 I 02 -~4 3.60 190.080 i2 03 42 8. 20 432. 960 4 Jl 16 
1.84 97.152 I 03 15 3. 70 195.360 1'2 07 (')8 8. 40 443. 520 4 48 06 
I. 86 98. 208 I 03 56 3.80 200.640 2 10 34 8. 60 454. 080 4 54 55 
1. 88 99. 264 1 04 37 3.90 205. 920 2 14 00 8.80 464.640 5 01 44 
1.90 100. 320 1 05 19 4.00 211. 200 2 17 26, 9.00 475. 200 5 08 34 
I. 92 101. 376 1 06 00 4. 20 221. 760 2 24 18 9. 20 486. 760 5. 15 23 
I. 94 102. 432 I 06 41 4. 40 232.320 12 31 10 9.40 496.320 5 22 12 
1.96 103. 488 :I 07 22 4.60 242. 880 12 38 01 9.60 506.880 5 29 01 
I. 98 104. 544 1 08 04 4.80 253. 440 2 44 53 9.80 517. 440 5 35 50 
2.00 105. 600 1 08 45 5.00 264.000 2 51 45 10.00 528. 000 5 42 38 

41421 °-16-12 
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+.r 
.0052 
~-

1 
.08:J3 

eg.of D 
C urve. 

. ' 
0 10 

20 
:io 
40 
50 

1 
10 
20 
30 
40 
50 

2 
10 
20 
30 
40 
50 

3 
10 
20 
30 
40 
Ii{) 

4 
10 
20 
30 
40 
50 

o 
10 
20 

ro 
50 

6 
10 
20 
30 
40 

::lilLITARY RAILW.\YS. 

TABLE XXIII.-Inches in decimals of a foot. 

-h ½ 
* 

¼ ,,. '½I t,2 % 
¾r .0078 .0104 . 0156 .0208 .0260 .031:l ! . 0417 .0521 .0!\25 

···-- -···-- -- ,-
2 3 4 5 6 7 8 g 10 

. 1667 .2500 .3333 . 4167 .5000 . 58;J3 .6667 . 7500 .KR\3 
I 

TABLE XXIV.-Radli and deflections. 

Tan. Chd. Def. 
!,leg. of Radius.I i)~. I 

Chd. 
Radius. Def. Del. for Def. 

100ft. 100 ft. 1 ft. curve. I 100 ft. i 100ft. 

---:---•--

Min-
Ft. Ft. Ft . utes. . ' Ft. Ft. Ft. 

:34:l77 .145 .291 0.05 7 819.0 6.105 12. 21 
:17189 .291 . 582 0.10 20 7>ll. 8 6.395 12. 79 
11459 . 436 .8TJ 0.15 30 764. S 6.540 1:J.08 
8594. 4 .582 1.164 0.20 40 747. 9 6.6m rn. 37 
6875. 5 . 727 1.4M 0.25 8 7lfl. 8 6. 976 13. 95 
5729.6 . 8i:l 1. 745 0.30 20 688. 2 7.266 14. 53 
4911. 2 1.018 2.036 0.35 30 ti 74. 7 7. 411 14. 82 
4297.:l 1.164 2.327 o. 40 40 661. 7 7. 5f,6 15.11 
3819.8 1.:l09 2.618 0. 45 9 037.3 7. 846 15.6\l 
3437. 9 1. 454 2. 909 0.50 20 614.fl 8.136 16. 27 
3125. 4 1.600 3. 200 0.55 30 60:J.8 8.281 16.5!) 
2864. 9 1. 745 :i. 490 0.60 40 593. 4 8. 426 16. 8.5 
2644. 6 1. 1'91 3. 781 0.65 10 573. 7 8. 716 17. 4:l 
2455. 7 2.036 4.072 0. 70 30 5Hi.4 9. !Ii{) 18.30: 
2292.0 2.181 4.363 o. 75 11 521. 7 9.58.5 19.16: 
2148. 8 2.327 4. 6.54 0.80 30 499.1 10.02 20.04 
2022. 4 2. 472 4. 945 0.85 12 478.3 10.45 20. 91 
1910.1 2. 618 5.235 0.90 30 459.3 10.89 21. 77 
1809.6 2. 763 5.526 0.% 13 441. 7 11.32 22.64 
1719.1 2.008 .5. 817 1.00 30 425.4 11. 75 23.51 
1637.3 3.0.54 6.108 1.(l.5 14 410.3 12.18 24.37 
1562. 9 :J.199 6.398 1.10 30 :ioo.2 12.62 25.24 
1495.0 3.:l45 6.689 1.15 15 383, 1 l:l.05 26.11 
1432. 7 3. 490 6.980 1. 20 30 .370.8 13.4\l 26.97 
1375.4 3.635 7.271 1. 25 16 359.:l 13.92 27.84 
1322.5 3. 718 7. 561 1.30 30 348. 5 14.35 28. 70 
1273.6 3.926 7.852 1.35 17 338.3 14. 78 29.56 
1228.1 i 4.071 8.143 1. 40 18 319.6 15.64 31. 2'J 
llllii.8: -1.217 8.4:J., 1. 45 19 302. 9 16.51 33.01 
1146.3 4.362 8. 724 1. 50 20 287. 9 li.:l7 34. 73 
1109. 3 4. {')()7 9.014 1. 55 21 274. 4 18. 22 3B. 44 
1074. 7 4.653 9.305 1.60 22 202. 0 19.08 38.16 
1042.1 4. 798 9.596 1.65 23 2,50. 8 19. 94 39. 87 
1011 . .5 4. 943 9.8.'6 1. 70 24 210. 5 20. 79 41..58 
982. 6 .5. (i~8 10.!X 1. 75 25 2:Jl.O 21.ti4 43. 28 
955. 4 .5. 234 10. 47 1. 80 26 222.:i 22. 50 44. 99 
929.6 5.:J79 10. 76 1. 85 27 214.2 2:l.3fi 46.69 
905.1 r,. 52·1 11.0f> 1. 90 :!8 206. 7 24.19 4,,.:is 
881.9 5.fl69 11.3,j 1. 95 29 199. 7 25.04 50.07 
859.9 5. 814 11.6:J 2.00 ao 193. 2 25.88 51. 7fi 

I 

11 
.9167 

Mi n­
s. 
10 
20 
25 
30 
40 
5() 
,55 
60 
70 
80 
Hfi 
90 

.(K) 

.15 

.30 

.45 
60 

. 7.5 

.00 

.05 

.20 

.35 

.50 

.fi5 

. 80 

. 9.1 

.10 

. 40 

. 70 

.00 

.30 

. 60 

.90 

. 20 

.50 

.80 

ute 
2. 
2. 
2 . 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
3 
:i 
3 
3 
3. 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
6 
6 
6 
6 
7 
7 
7 
S. lll 
"· 40 
s. 70 
9.00 
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TABLE XXV.-DATA CONCERNING standard gage cars. 

j Approx. Capacity. 

Class. Length. Width. H . h , weight 
e1g t. : ( empty 

• iii tons). Cu. ft. Tons. 

--···· ·····---

' " ' " ' " 
Boxcars ............... 33 6 8 3 7 0 14 t.o 20 : 1,934.6 20 to 30 

136 0 8 6 8 0 16 to22 2,448.0 30 to 40 
l 40 0 8 6 8 0 18 to 25 2,720.0 40 to 50 

Furniture cars ......... 140 0 9 0 1(). 0 18 to 24 3,600.0 25 to 40 
44 5 8 4 8 6 20 to 24 3,146. l 30 to 40 

l 50 0 8 8 10 0 22 to 24 4,333.5 30 to 40 
Relrigerator cars ....... • 29 0 8 l 7 l 20to 25 1,660.4 20 to 30 

130 0 8 4 7 4 20 to 25 1,833.3 20 to 30 
23 34 0 8 3 7 5 ,20 to 28 2,080.5 25 to 45 

Stock cars, single deck. 34 0 8 8 7 0 15 to 18 2,062.7 20 to 25 
I 36 0 8 8 7 0 15 to 18 2,184.1 25 to 30 

40 0 8 8 8 0 18 to 21 2,773.4 35 to 40 
Stock cars, double deck. 34 0 8 8 7 6 15 to 18 2,210.1 20 to 25 

l 36 0 8 8 7 2 15 to 18 2,236.2 25 to30 
Flatcars .............. 136 0 8 6 12 to 15 ........... 20 to 40 

1 40 0 8 8 15 to 20 .... -...... -.. 30 to 50 
44 0 8 8 15 to 20 ........... 30 to 50 

Gondola cars ......... .' 32 0 8 3[ Jl 7 13 to 15 945.9 20to 30 

i 

34 0 8 ii 3 8 1,5 to 18 1,008.9 30 to 40 
133 0 9 3 9 . 18 to 20 1,306.3 40 to 50 
40 0 8 4 8 19 to 24 1,633.5 40 t-0 50 

Caboose ........... 30' t-0 36' long ............ 15 to 18 •••••••••• ............ 
Baggage, express, 

mail ................. 60' to 70' long ............ 25 to 45 ............. .............. 
Coach ................. 60' to 75' Jong ............ 28 to 48 . . .. .. . . . .. . . .. ~ .... ~ ~ .. 
Dining cars ............ 60' to 70' long ............ 40 to 60 ............. ............. 
Sle,iping cars .......... 60' to 70' long ............ 36 to 55 ............. ............. 

1 Seem to be most usual sizes. 
• Len~th between ice tanks, outside length about 8' greater. 
• Refrigerator cars carry from 4 t-0 5 tons of ice. 
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Par. 
Bridges......................................................................... 94 

Beams ..................................................................... 104 
Cross braces for. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 
Deviation.................................................................. '¥1 

~~~~m~:~~:::::::::.::::::::::::::::::::::::::::::::::::::::::::::.~~·i~ 
Guard rails and guard timbers for.. . ............................. 110 

~fi(i{?f(.~~~·:·:~~·:~~~~~~~~·;·:·:·:·:·:·:~·:·;·:~~·;~~·:·;·:·;·:·:·:·:·:·:·;·;·;·:~:~~:~1;tf~ 
~ffr~n~~~~iui~~\~fui-·.::::::::::::::::::::::::::::::::::::::::::::::::::: 

5t 
Pile bent ................................................................... 103 

~~~:[i!~.~~ ~!:::::: :: : :: : : : : : : : :: : : :: : : :: : : :: : : :: :: :: :: : ::: :::::: :: : ::: : : ·oo. i: 
Truss ................................................................... 100; 111 
Use of cableway in connection with ......... · ................................ 112 

Butl'ers....................... ......... .......... ........... ............. 81 
Buildings ...................................................................... 168 

C. 

g:n~e::a;ti bre.vfu:tioiis::::::::::::::::::::::::::::::::::::::::::::::::::::::::: M~ 
Camp guard .................................................................... 87 
Camps ...................................................................... 87,509 
Cars: 

Axle loads of. .............................................................. 183 
Baggage .................................................................... 187 
Box ........................................................................ 189 
Cabooses ................................................................... 193 

r:tr~lf~~~:::::: ::: : : :: : : :: : :: : : : : : : : : ·:: :: : : :: : : :: :: :: ::::: ~~?~~~ 
~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: i:l 
t~~~fa:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: rn~ 
Hand ....................................................................... 195 

~e~Ni;l~~~~~~:~~~:!~~::::::::::::::::::::::::::::::::::::::::::::::::::: m 

~ ttiiHI 
Cardistributor... . ............................................... 228 

ik~fi it <I +f~ 
Circular curves, elements of. ........................................... 'fable XIX 
Civil officials .................................................................... 207 
Civil traffic ..................................................................... 204 
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