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DIRECTIONS FOR USE OF TABLES

* TABLE No. XIV

Distance of slope stake from side or shoulder
stake for any width roadway, slope 115 to 1.
If ground is nearly level, the cut or fill at side
stake is located by the double entry method in
left column and top row. The number in body
of table in same row and column gives distance
from side stake to slope stake. If ground is not
level estimate the difference in elevation between
the side stake and slope stake, lower target by
this amount jf cut, elevate if fill. Add this
amount to cut or fill and find distance in table.
Set up rod at this point, and line of sight should
cut target. If it does not make the slight ad-
justment necessary.

TABLE No. VIII

To find Tangent and External for curve of
any other degree, divide by degree of curve and
add correction found in column of corrections.

Degree of curve with a given I may be found

by dividing tangent, (or external), opposite I by
given tangent, (or external).

The distance from a point on the tangent to
the curve is very nearly the square of the tangent
length divided by twice the radius.

TABLE 11
TRIGONOMETRIC FORMULZ.

A=/ MOP /.B=/ PON =/ OPL
R=0OB=c=1
sin A=—'—=—?—-=a=sosB=LP
b

sosA=—-=-—]—=b=-sin B=OL

=MQ=cotB=MQ

NT NT
cot A—aﬁ-——T——NT=taﬂB= NT
OQ=cscB=0Q
oT oT
CSCA——O—-N—-——I—-—OT— sec B=OT
LM i
vers A = = LM = covers B4k
OP—LP
_()—P— =OP—LP = vers B
exsec A = PQ = coexsec B
coexsec A = PT = exsec B

sin 1I,A=Vl_~(.:é9ﬂ cos Y2 A = iifﬁ.

sin2 A=2sin A cos A €0s 2 A = cos? A—sint A
s inA sinB sin C?
La Li sinA _ 3
w of Lines B C
Law of Cosines c?=a?}-b*—2 abcos C
a+b  tan/s (A4-B)
Law of Tangents a—b  tanijs (A—B)

covers A =




TABLEII — Continued
TRIGONOMETRIC FORMUL}E (continued) 25 ‘ TaBLE IV —Rap1, OrRDINATES AND DEFLECTIONS
in any triongle: ¢
Given a, b, C; to find c, B, A, | Mid. | Tan. | Def. Mid. | Tsn. | Def.
Use Law of Lines. . ( Deg. | Radius | Ord. Offset | for Deg. Radius | Ord. | Offcet | for
Given A, B, c; to find a, b, C. | Foos
Use Law of Lines. ‘
Given' a, b, c; to find A, B, C. 0° 10°134377.5 | .036 | .145 | 0.05’|| 7o 819.02 | 1.528 | 6.105 | 2.10° | |
S 20 [17188.8 | .073 | .201 | 0.10 20| 781.84 | 1.600 | 6.395 | 2.20
Let Atbdc _ S,V(S a) (s—b) (s—c) 244 ‘ 30 [11459.2 | .109 | .436 | 0.15 30 | 764.49 | 1.637 | 6.540 | 2.25
2 s |‘ 40 | 8594.42| 145 .582 | 0.20 40 | 747.89 | 1.673 | 6.685 | 2:30 |
—_— : 50 | 6875.55| .182 | .727 | 0.25
cos'f A = S(—a) ‘ 8 716.78 | 1.746 | 6.976 | 2.40
be | 1 5729.65| .218 | .873 | 0.30 20 | 688.16 | 1.819 | 7.266 | 2.50 | |
: $ 10 | 4911.15| .255 | 1.018 | 0.35 30 | 674.69 [ 1.855 | 7.411 | 2.55
tantfp A =T ‘ 20 | 4297.28] .201 | 1.164 | 0.40 40 | 661.74 | 1.892 | 7.556 | 2.60
s—a 30 | 3819.83| .327 [ 1.309 | 0.45 -]
. { 40 | 3437.87| .364 | 1.454 | 0.50 || 9 637.28 | 1.965 | 7.846 | 2.70
tanp B= —— 50 | 3125.36] .400 | 1.600 | 0.55 20 | 614.56 | 2.037 | 8.136 | 2.80
s—b 30 (603.80 | 2.074 | 8.281 [ 2.85 |-
r ‘ 2 2864.93| .436 | 1.745 | 0.60 40 | 593.42 [ 2.110 | 8.426 | 2.90 |
tanfeC=—— 10 | 2644.58 .473 | 1.801 | 0.65 )
Jiissse 20 | 2455.70 .509 | 2.036 [ 0.70 || 10 573.69 | 2.183 | 8.716 | 3.00
Area of a triangle: _ 30 | 2292.01) .545 { 2.181 | 0.75 30 [ 546.44 [ 2.202 [ 9.150 | 3.15
=13 abSin C } 40 | 2148.79] .82 | 2.327 | 0.80 || 11 521.67 | 2.402 | 9.585 | 3.30 |
Area = s ab 50 | 2022.41| .618 | 2.472 | 0.85 30 | 499.06 | 2.511 110.02 | 3.45 |
Area = J/s (s--a) (s—b) (s—c) 12 478.34 | 2.620 (10.45 |3.60 |
il 3 1910.08| .655 | 2.618 | 0.90 30 | 459.28 | 2.730 [10.89 | 3.75 |
PRISMO[DAL .FORMULA., 10 | 1209.57] .691 | 2.763 | 0.95 || 18 441.68 | 2.839 |11.32 | 3.90
| 20 | 1719.12| .727 | 2.908 | 1.00 30 | 425.40 | 2.949 |11.75 [ 4.05 |
Vol =—-(B+b+4M) & 30 | 1687.28| 764 | 3.054 [ 1.05 || 14 410.28 | 3.058 [12.18 | 4.20 |
X g 40 | 1562.88] .800 | 3.199 | 1.10 30 (396.20 [ 3.168 [12.62 [4.35 &
h = altitude; b, B — bases; M = midsection 50 | 1494.95| 836 | 3.345 | 1.15 1 i
I 16 383.07 | 3.277 (13.05 | 4.50
TABLE III 4 1432.60| .873 | 3.490 | 1.20 30 | 370.78 | 3.387 [13.49 | 4.65
10 | 1375.40| .909 | 3.635 | 1.25 || 16 - 359.27 | 3.496 (13.92 | 4.80
INCHES AND FRACTIONS OF AN INCH IN DECIMALS OF A | 20 | 1322.53| 945 | 3.718 | 1 20 30 [ 34845 [ 3,606 [14.35 | 4 o0
FOOT ‘ 30 [ 1273.57| .982 | 3.926 | 1.35 || 17 338.27 | 3.716 |14.78 | 5.10
S 40 | 1228.11) 1.018 | 4.071 | 1.40 || 18 319.62 | 3.93515.64 | 5.40
o | 1 2l T asde fa s |hodan | u 50 | 1185.78| 1.055 | 4.217 | 1.45 || 19 302.94 | 4.155 {16.51 | 5.70 |
Jie) -0052 |.0885 1719 |.2552 |.3385 | 4219 |.5052 | 5885 |.6710 |.7552 | .sass 29219 | 1pg | i :
| :Oto4 | o5 1771 |.2604 |..3438 |.4271 | 5104 |.5038 | 6771 | 7604 | 12438 |:0271 | 1}p | P 1146.28| 1.091 | 4.362 | 1.50 || 20 287.94 | 4.374 117.37 | 6.00 |
%16/.0156 | . +1623 12056 |.3490 |.4323 |.5156 |.5000 |.6823 | 7656 [.8490 |:0323 | /s | 10 § 1100.33f 1.127 | 4.507 | 1.55 || 21 274.37 | 4.504 (18.22 | 6.30 |
s 0208 1042 | 1875 2108 3542 .4375 |5 % 6875 .77% .853".; 2315 l/. [ 20 | 1074.68| 1.164 | 4.653 | 1.60 || 28 262.04 | 4.814 [19.08 | 6.60
/18 -1004 1.1 -2160 |.3504 |.4427 |.5260 |. . . . 18 30 | 1042.14] 1.2 4.798 | 1.65 || a8 250.79 | 5. 19.94 | 6.90
7o |:9313 11146 11979 |.2813 | 3646 | 4470 | 15313 | 6145 |:6079 | 7813 | ;9046 | 040 | <) | pre oo 1 I el gl b o mefi4 e b apadil |
{in (0365 |.1198 |.2031 1.2865 |.3608 | 4531 |.5365 [.6198 | 7031 | 7863 | 9531 | 75 | ; : : C : ; ¢
e 10417 |.1250 | 2083 |.2917 |.3750 | 4583 | 5417 | 6250 | 7033 <7917 |.8750 |.9583 | 1 - 50 | 982.64| 1.273 | 5.088 | 1.75
¥ -0460 1.1302 | 2135 | 3903 |.4635 | 6302 ;xssg %9 gggi .g& o ‘ 26 231.01 | 5.476 [21.64 | 7.50
/o 1354 | 2188 |.3021 |.3854 |.4688 |.5521 | . .7188 | .8021 |. : s 6 37| 1. ; i 26 22.27 | 5. 2. ; 3
"/is) 0573 |,1406 |.2240 |.3073 |.3906 .4740 | 5573 | *7240 |.8073 |.8906 |.5740 |1V/s6 oo-371 1.300 | 5.234 | 1,80 oy ol It el g i
e |.9625 | 1458 | 2009 | 3125 | 3058 | 4702 | ‘3633 | -oesg | amas | S03 [:8206 | 5740 s 10 | '920.57( 1.346 | 5.379 | 1.85 || a7 214.18 | 5.918 [23.35 | 8.10
/160677 |.1510 | 12344 |:3177 | 4010 | 4844 | ‘2677 -6510 |.7344 |.8177 |.9010 [.9844 |13/s6 ’ 20  905.13/ 1.382 | 5.524 | 1.90 || 28 206.68 | 6.139 [24.19 [8.40 | 5+
we| 0729 1.1563 | .2396 |.3220 [.4063 | 14806 | 5729 | 6563 73% -2 9063 |, 988 -Z,' ¢ 30 | 881.95| 1.418 | 5.669 | 1.95 || 29 199.70 | 6.360 [25.0¢ [ 8.70 ;
/18] « .1615 | .2448 |.3281 |.4115 |.4948 .5781 |.6615 |. .8281 |. 4 he 40 9.92] 1.455 .814 | 2.00 || 30 193.18 4 25.88 9. ki
0833 11667 | 2500 |.3333 |.4167 | .5000 |:5833 {6667 | 7500 | 18333 | o105 i e it i b i e
0o | 1 2 {3 (415 |6 |7 (8 |o|w|n 24
Note. Chord Deflection =2 times ¢ t deflocti




TABLE VI
SINES, COSINES, TANGENTS, COTANGENTS

deg.

tan | si tan | sin| tan | si i tan
i 10’ %

0029
0204
378
553
729
904
1080
257
435

TABLE V
CURVE FORMULZE FOR SIMPLE CURVES
COMPILED BY J. CALVIN LOCKE, C. E.

(1) c=12Ra 2) c=yafbr

@) ¢=V2R (R— }(R+b) (R—b) = J2R (R—R°—b")
(4) c=2ym (2R—m) ‘

() c=2Rsinfz1] (6) c=2Tcos /21

( ; e=Rexsec!/z]

(8) e=Rtan/z1tan /1 (9) e=Ttanl

10) b= }’a (2R—a)

1 b=/ (c+ ) (= 5) =) “—5r

12) b=Rsinl (13) b=acotfe1
c*4-4m?2

o SR 2 _ came
14) R= 20 - (15) R= o = 212

16) d=JR (2R—}/@R+o) 2R—c) = VR (2R— J4R—c?)
17) d=12Rm  (18) d = 2Rsin 1 (19) m= g_;

20) m = R:V(R+-—°—)(R—L)=R;VR=’_—_°’L ,

21) m = R vers 21 (22) m=RsinpzItan/s] (23) m=*actan sl
2) a=—0 (25 a=R—{RFD) (R-b)=R— yR—b*

26) a=2R (sin? 12 I)? (27) a=Rversl (28 a==Rsinltan?/s
29) a=btan: 1 (30) a=Tssinl (31) T=Rtanifsl

2) 1= % X 51295780 (33) R= —— X 57.295780

4) L=IRX 001745329  (35) L— 8“3‘° : s

LR~Rsinl _ LR—Rb ok
2

OONON B WN -~

7
1.0117

36 Area Seg. =




TABLE VI (continued)
SINES, COSINES, TANGENTS, COTANGENTS (continued)

s8s deg.

828

28

85

sin| tan |sin| tan [sin| tan |sin| tan sin | tan | sin| tan
0| 0 [10"| 10’ [20° | 20" |30° | 30 40° | 40" | 50" | 50°

719311.0355 | 7214 | 1.0416 | 7234 | 1.0477 | 7254 1.0533 | 7274 | 1.0500 | 7294 | 1.0661

0724 0786} 353| .0850( 373| .0913| 392| .0077 412
<1171 | 470 490 5001 .1369| 528
~1571) 585 .1640| 604 .1708| 623

660 11.1918 | 7679 | 1.1988 | 7698 | 1.2050 | 7716 1.2131 | 7735 | 1.2203 | 7753 | 1.2376
790| .2423| 808| .2497| 826 2723

816 .1446| 822|5.2257( 827 5.3093 | 833|5.3955 | 838(5.4845| 843

962|11.430 | 964 |11.825| o7 12.250

988 | 20. 992 993
994 ( 28.636 | 9995 | 31.242 | 9996 34.368 | 907 138.189 | 007 (42.964 | 9998 [ 49,104
9998 | 57.290 [ 9999 | 68.750 | 9999 85.040 9999 | 114.58 [1.000 |'171.88 |1.000 | 343.77

60 | 60° 150" | 50" |40’ | 40 30| 30" |20°} 20° | 10" | 10°
cos| cot [cos| cot |cos| cot |cos cot |cos| cot | cos| cof

EERBLELYRS

BRERRERENES

S O=NNWHANON®O

.

di

8288 deg.

&

TaBLE VII Deflections for Sub Chords for Short Radius Curves.

~ mean=

Degfree Ra;lgus %_ﬁsug Shord o ein of } def. angle I;‘;—‘;gr::h

)

Curve |sin.}def.ang.| 135 Fe. | 1570 20 Ft. 25Ft. | .for1001t.
30° 193.18 1° 51/ 2217’ 2° 58/ 3°43 | 101.15
32: 181.39 1: 59: 2: 25: 3: Io: 3: 58; 101.33
342 171.01 2° 06 2°/33 3° 21 42 12! 101.48
36 161.80 2° 13’ 2% 41’ 32358 4° 26 101.66
38: 153.58 2: 20: 2: 49: 3: 44: 4: 40: 10I1.85
40 146.19 2% 27 2° 57 3°55 42 54! 102.06
42° 139.52 2° 34/ 3° 05’ 4° o7’ 5° 08 102.29

ji 133.47 2° 41" 32.13" 4° 18’ 5° 22’ 102.53
46° 127.97 2° 48’ 3% 21’ 4° 29’ 5° 36’ 102.76
48° 122.92 2° 55’ 3° 29’ 4° 40’ 5° 50’ 103.00
50° 118.31 3° 02’ 3° 38’ 4° 51’ 6° 04’ 103.24
52° 114.06 3° 09’ 3°46' 5% 02’ 6° 17’ 103.54
54° 110.11 3° 16’ 3° 54’ 5% 13’ 6° 31’ 103.84
523 106. 50 3: 22: 4: oz: 5: 23: 6: 44: 104.14
5 103.14 | 3°29 4° 10 5° 34 6° 57 104.43
60° " | 100.00 3535 4° 18’ 5° 44" 7° 11’ 104.72
T=Rtan}I B 2

i SRR ] ot day, o ShiRE
- Sin.3 D R=Sin.§D
3 50 © 50 I
Sin. } D = No. chords = =
3 Rt 31 E=Rex.secil D
Sin. 3 D = i"‘}# E=Ttan}I Tan. def.=1 chord def,

The square of any distance, divided by twice the radius, will equal

the distance from tangent to curve, very nearly.

To find angle for a given distance and deflection.

Rule 1, Multiply the given distance by .01745 (def. for 1° for 1 ft.
see Table IL.), and divide given deflection by the product.

Rule 2. Multiply given deflection by 57.3, and divide the product by
the given distance. .

To find deflection for a given angle and distance. Multiply the angle
by .01745, and the product by the distance.

GENERAL DATA

RIGHT ANGLE TRIANGLES. Square the altitude, divide by twice- the
base. Add quotient to base for hypotenuse.

Given Base 100, Alt. 10.102+-200=.5. 100+.5=100.5 hyp.

Given Hyp. 100, Alt. 25.2524+200=3.125. 100—3.125=96.875 =Base.

Error in first example, .002; in last, .045.
To find Tons of Rail in one mile of track: multiply weight per yard
by 11, and divide by 7.

LEVELING. The  correction for curvature and refraction, in feet
and decimals of feet is equal to (.574 d2, where d is the distance in miles.
The correction for curvature alone is closely, 2d2. The combined cor-
rection is negative,

ROBABLE ERrRroR, If dy,d,, d;, ete. are the discrepancies of various
results from the mean, and if 2d*=the sum of the squares of these differ-
ences and n=the number of observations, then the probable error of the

+0.67454/-24°

(=l

n(n-1)




TasLe VIII TANGENTS AND EXTERNALS TO A 1° CURVE.

1=700 T 1=800 =000 E

? o / .6 3278.1
4099.5 . . 2 -+ .313204.1
3310.1
3326.1
3342.3
3358.5

3374.9
3391.2

4766.9

4790.4
4814.1
1045.2 30 i ; i 2 i 1 Al
1051.4 , ) ; ! 2 .7|4861.7
1057.7 : ; 5 ; 8 0 .3|4885.7

A y ; : : 5[152.C. 10| 49090

4934.1
4958.6
4983 1
5007.8
5032.6
5057.6

5082.7
5107.9
5133.3
5158.8
5184.5
5210.3

1141.4| E |7 . p 2 E - E 5236.2
1148.0 ; : g : .5 |5262.3
1154.7 : | 3 : ;
. . . : 2 : ; ) ! 13|5288.6
: ; .9 2202, : 5315.0
5341.5
5368.2

5305.1
4037.8 / .2|542201
;g'g : : y T .6[4057.4| "1 .9|5449.2

B : - : - .0[4077.2 .7 54765

1208.9| E .211678.1 6 -
; > i X ¥ E 4097.1| 'E .6 | 5504.0
1215.8 .2(1686.9| . 5 0] . 1 8008.0 | 4117.0 .715531.7

}%%5-7, i :(7’32'-81 ] : .7|4137.1 .0 5550.4
1236.7 2| 1m37 i ; : MEL o|0185
1243.7 .3(1722.7 y g 3410700 .8|5643.8
1250.8 .4 (173107 : ; ; : 3(4218.4 .7|5672.3
1257.9 w;c_ .6|1740.8 = o ] ) 3 4239.0 e 5700.9
1265.0 .7|1749.9 : .

j ] - .84250.7 5729.7
1272.1 | 1.54 1750.0| 1.8 ; 1) 2.2 6818 6l T 2{4280'5] 37, '5|5758.6

1279.3 L 20 .2(1768.2 : ) g 3 | ‘g .7]4301.4| V¢ .04 5787.7

1286.5 5[1777.4 f
1203, -8/ 1786.7 579.7 : g ol iaae 163 0|56

1300.9 .2 1796.0 i . '8 |4364.8 5876.1

E =R tan l/a’l E =Rexsec 12| E=Rexsec2]




TasLe XI
INCLINED DISTANCE OF 100 FT. REDUCED TO HORIZON TAL.

TasLe IX Horizontal Horizontal
MIDDLE ORDINATES OF RAILS Slope [?irsxt;?:::e Correction | Rise Digtance Correction | Rise

Length of Rail (feet)

24 |22 Cl R
Ioch O | Feet

8
§

888

15
30°

O‘n

fe

s

g

£y
coooo
o0
888

——
-~

8

$38823

051,041, 716.8
.10 . 637.3
151,13, 573.7
20 (17 . 521.7
W25, 478.3
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TasLe X
SHORT RADIUS CURVES

Chord Central | Deflection | Deflection
Feet Angle Angle for 1 Foot || - For each foot take one one-hundredth of each reading,

g533
(=]
2
&
PLLLLwLL
RE5¥2S
oooooo

Pooopoooscooos
¢

-3

¥

FBBERR2R88
SE383S8

o®
o8

10 16—26 8—13
10 12—46 6—23
15 17—16 8-33
15 14—22 7—11
15 11-30 5—45
11—30 5—45
9-34 4—47
7—39 3—49
25 ~ 346
25 3-35
3-12
259
2-52
2-36
4-59
4—86
4206

TasLE XII
MINUTES IN DECIMALS OF A DEGREE.

S

8888

.
S
~

-
w

10730 °1.17500((20°30" *|. 30730"*(.50833 (40" 30" *(.67500
11 00 |.18333(/21 00 31 00 .51667|/41 00 |,68333
30 1. 30 |. 30 1.52500 30 [.69167
1200 |. 2200 |. .53333|142 00 |.70000
30 |[. 30 |. 30 |.54167 30 [.70833
1300 |. 2300 |. 55000 71667
30 |.22500 30 .55833 30 [.72500

14 00 |. 2 40000 73333
30 |. 30 |. 3 30 30 |.74167
15 00 (.25000 2 . 75000
. 30 1.75833

16 00 |. 60000 76667
30 30 I 30 |. 30 |.77500
17 00 |. ¢ .78333
30 |. 30 |.6 30 |.79167
18 00 |.30000 80000

30 30

50001119 00 |. 65000 81667
30 30 30 30 |.82500
20 00 50000 . .83333

888

P90 NNe oS RIRBERS
N =

ELEZZIRRRY
et e Q>
nwablon oM

To find length of curve divide angle from P. C. to P. T. by central angle of chord,
and multiply by length of chord.

S © ® N & v oa oW
888888388838888y




TaBLE XIII—CORRECTIONS FOR TANGENTS AND EXTERNALS
These corrections are to be added to the apgroximate values, found by dividing the
tangent, or external, for a 1° curve (Table VIII) by the degree of curve, in order to obtain
the true tangents, or externals. Intermediate values may be obtained by interpolation.

For TANGENTS ADD

Dearee or Curve

-

Y
~
Wb R WWW NN Pt

WRO OO s
NOCW ONMW m©

G
DN L o, S
8 BRBY BEBIY BINE 2R =888

O RWWE WM R e
G e WWRN M e

N OARe WOON NRONA e

® N RAWL WK e e

© NOOO mARD GOOD Reme e

<
S

For EXTERNALS ADD

DzareE or CURVE

30°

.008| .
.023| .
.0341 .038
.056/ .

.078| .
.109] .
J141f |
184 .

.227| .266
.283| .
83| .340| .
412] .

.485] .
.578] .
871| .
.790| .

.756| .910|1.
1985(1.06
1.01 |1.22
1.35[1.63

1.82 2.19

BT ORI
8323 5&33

-
-
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