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a 1-ft. radius at f)oints one-tenth of the radius apart, measured along the tangent
from the P. C. It willreadily be seen that for any other radius the table willapply
ifevery figure in the table is multiplied by the radius of the desired curve.

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

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

”,

Tan. Dist.,ft....' .1 2

3 .4,.5 .6[.7’.8'.9

Offset, ft......... l 0.0050 ’ 0.0202 ’ 0.0461 | 0.0835 10.1340 0.200 l 0.2859 I 0.400’ 0.5641

Method of use.—Having given the radius of desired curve, multiply each num-
ber in the table by its radius in feet and make a new table similar to the above.
The figures in the lower line are then the perpendicular offsets from the tangent to
the curve at points along the tangent whose distances from the P. C. are shown in
the upper line. 4

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

61. To locate a curve by offsets from the chords produced.—Having deer-
mined R, assume some length of chord, C’, equal to about 0.2 R, but less than 100
ft., end from Table XII find the corresponding offset from the tangent ¢ for this
length of chord. From the P. C. as a center, strike an arc across the tangent pro-

. duced, using for a radius a chain

whose length 1s C’, or Ag in fig. 29.

B Find the point on this arc a per-
pendiculardistance, ¢, from the tan-
gent. Thisis the point ¢ on the
curve. Asshowninfig.29, produce

Aa, the distance C’ to b’, strike the

arc b’b, with a radius C'fromeasa

center. Strikean are with a radius
. 0’b=2¢from b’ as acenter. Thein-
tersection of these two arcs is b, a
new point in the curve. Produce
ab, a distance C/, to ¢’ and stril-e
the arc ¢’c, with C’ as a radius and
basacenter. Fromc¢/, with2tasa
radius, strike an arc, and where it

intersects the tprevious arcis ¢, a

new point in the curve. Proceed

in a similar manner until a point

is reached where the distance to P.
0 l A T.is less than C’, the chord dis-

Fic. 29. tance used.

. Measure or compute thisremain-
ing lenzth of thecurve and call it z. Establish a tangent to the curve at d, using
ee’=t. Lay oft df’=z and locate the point f by the same method by which a was

established from the tangent AB, using ff’= CL;t. Bf is the direction of the new

tangent. If B is not visible, lay off the distanceé-,x;toutward from d along Od

and a line through the resulting point and f is the new tangent.
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MILITARY RATLWAYS. 31

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.

Length ofchord...| 0.1]0.2| 0.3 | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 1.0

Offset . ............|0.0050.020| 0.045 0.080( 0.125/ 0.180 0.245 0.320; 0.405! 0.50

Tangent distance. .|0.100,0.199.0. 2969I0. 3912,0. 4841,0. 5724 0. 6557 0. 7332/0. 8037|0. 8660

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

62. To locate a curve by mid-
dle ordinates.—P.C., P.T.,and
R being known,assumesomeshort e C d‘ B
chord, C’, whose ratio to the cor- e

respondingarcispractically unity. -
From sin 1/2 D'=C’/2R, find I, e\
the angle that this chord sub- \
tends for the gi-en radius. Then \

%_, =N, thenumber of suchchords
in tho curve to belaid ount.

. Layoff from P.C.towardcenter
the distance Ag (fig. 30), equal to
offset ¢, corresponding toC/, taken
from Table XII. Throth g ex-
tend the line ga parallel to the
tangent AB, and with the P, C.
as & center sirike an arc with a
radius C’. The intersection of
these two lines is a point in the
curve, a.

From e lay off a distance in the F1a. 30.
direction of the center, ak,equal to
t. Extend theline Ah,and with a as a center strike an arc with C’asaradius. The
intersection of Ak with this arc is at b, another point in the curve.

If N is a whole number, the P. T. will be one of the points found as above. If N
is not a whole number, lay off the whole-numbered stations as above until a sta-
tion, e, is located, just beyond the P. T. Measure Cd and Ce. From Table XII
find the offset corresponding to each of these chords. From d and e lay oft dd’
and ee’, outward from ¢ and e along the directions dO and eO. Theline d’¢’should
coincide with the new tangent and pass through C. Thismethod is only applicable
when O can be seen from all points of the curve.

There is another method of laying off curves without the use of instruments,

i. e, by offsets from the long chord of the curve, but it is not believed that this

‘method would 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 methods will not always locate points on the curve a fixed distance
apart, but as rapidity of location is desired rather than careful notes for future
record, these methods are suited to military railways.

/

63. Laying out curves with a transit.—P. 1. accessible.——Arriving at the
P. 1., the exterior angle is measured, and knowing either the radius, or the degree
of curvature desired, the other is determined as in par. 58. Having located the
P. 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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32 MILITARY RAILWAYS.

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 by the dis-
tance between stations, and multiplied by one-half the degree of curvature. Thus
the P. C is at station 10+40; the degree of curvature is 4° R; the length of stations

60
used is 100ft. Tolocatestation1l turnoff mxzﬂ or1°12’, to theright and measure

60 {t. along this line. The rear chainman holds the 40-ft. point on the T. 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 verticalcrosshair. A stakeis driven at this
point and a nailis driven in the stake and the point is verified by the instrument
man and the head chainman. The chainmen move out and thereafter use the
full chain. The instrument man thereafter lays off 2°, that is, half the degree of
curvature, for each station until the last station in the curveis reached. He then
lays off the proper proportionalpart of the deflection angle, which should be equal
to the difference between the sum of all the angles theretofore laid off and half the
externalangle. The line of sight should then intersect thetangentatthe P. T.ifthe

work has been correctly done, and the length of the curve should be 100%&. If

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

64. P. 1. inaccessible.—When the P. I. is inaccessible, it may be necessary to
makeseveralchanges of direction, asin fig. 31, The point V would be the P. 1., but
it is inaccessible. The line is run along APQB, QB being the desired direction of

the new tangent. The externalangleis

\ ‘ then equal to the sum of the deflection

8 angles at P and at Q. In the triangle

QPV, all the angles and theside PQ are

known. Solve the triangle for QV and

PV. Find the tangentdistance VB and

VAasin ear. 58,and lay off from Q, QB

equal to ¥V B minus VQ; and from P, &

distance equal to VA minus VP. The

points B and A thuslocated arethe P. T.

and P. C., respectively. The curve is
then laid out as heretofore described.

65. A curve requiring more than
. one setting of the instrument.—As
_ errors will creep into the location of a
(9 lA curve if very long lines of sight are used
in laying out the curve, it is customary

-Fi1aG. 31. not to lay out more than from four tosix

stations from one point; therefore, on

curves longer than this, two or more settings of the instrument will be necessary.
This is also the case when the line of s'%ht is interfered with by some obstacle.
Having located the curve asfar as Q, in fig. 32, from the P.C.,it is decided to use
anew setting of the instrument. Theinstrument is moved to Q and set up over this
station. Thezeros having been brought together,a backsight is takenon the P. C,,
the telescope is plunged, and an angle is turned off to the inside of the curve equal

tolz)— multiplied by the curve distance to Q, in feet, and divided by 100. Thisis

equalto the angle VAQ. The instrument should now read the same angle that it
did to locate Q, and the line of 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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MILITABY RAILWAYS. 33

To be general; when the instrument is set up on any forward station of a curve
backsight to any previous station with the l? ates set at the originally oomputed
deflection angle for the station sighted at. Plunge the telescope and set the plate
atthe angle of defiection originally
computed for any forward station
and the line of sight will point to /4
that station.

In locating curves on a line of
railroad, many problems willcome
up for solution too numerous for = | TT=~_ 73
description here. A knowledge =
of tri%onometry and the use of
formuls in Table XVII will solve
any problem that may arise.

66. Reverse curves.—A reverse
carve should not be located in a
line of railway unless it is impos-
sible to avoid using it, and two
curves, curving in opposite direc-
tions, should not be nearer to
each other than at least the
length of the longest train that it
is expected to run over the line. o , A

67. Easement or transition FiG. 32
curves.—A good rule for the R
lstlaﬁth of such a curve is that it '

1 be equal to the run-off of the superelevation 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,
EGI1PB’, leading into a garal}el 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

Doy = we oo

E G Al =
-—— e —— __M %b—" o e e
- — ————n—
E L A

F1G. 33.—TRANSITION CURVE.

less than 0.38 R, or to be concrete up to an 11° curve, with 5-ins. elevation to the
outer railrun out in 200feet. On curves sharper than 11° a rough easement 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, thelength
of the easement curve ED may be assumed as from 400 to 600 times the proposed
elevation, and the points E and D located equidistantfrom A. The corresponding
offset DB’ is then (ED)3, divided by 6 times the radius of the curve ABC, and can
belaid off perpendicular to ED.
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34 MILITARY RAILWAYS.

Thefrelation between DB’ and the perpendicular offset, HI, to any point, I,'in
the transition curve is then:

HI: DB’ ::EH3: EDS or H1=DB'%§-=ED;

Therefore AG, at the original PC is 3¢ DB; while at the quarter points, L. and H,
the offsets are DB’ and DB’, respectively. A tangent to the curve at B’
cuts theline ED at a point K, such that KD=1ED. (Theline KD in fig. 33 is
distorted, because it was necessary to make ED much greater than 0.38 R to give
a clear diagram.) The main curve ean_be continued from B’, by back-sighting
eitheron A’ or K. From fig. 33 AA’=1{ DB’= 1¢D’B’, 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°. For curves shar%er‘ than this, there is a measurable correction to be
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.

341t is desired to use n subchords, and to find the length, C’, of the subchord AB.

%is the angle AOB, subtended by subchord C’.

D=degree of curvature=AOC.

. D,
Then, C’==2R sin o0’
: then,as2R=-lO—0ﬁ,
sin—
2
sinp
10073
C= - :gn’
sin —~
2
.. D ¢ . D
and i =
sin o =105 sin 5

FiG. 34.

Example.—Required to lay off a 36° curve with short chords so that a 100-ft.
shord 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° .,
'2—11——6—='=5 =BAD.

D .
5=18° 00",
sin 6° 1045 o5 g1 1t

- O= 10X 55 185500

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
thetrack. On curves, however,it has been found better toslightly widen the gage.
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