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PREFATORY.

HE OBJECT of this book is to give in a convenient
form the properties and dimensions of bare and
insulated wires and cables used in electrical construction.
No attempt has been made to describe the uses of wire in
any of the applications of electricity. To go into this
would require that the whole fleld of electrical engineer-
ing be covered.

It is beleived that some of the matter is new. All of
the tables have been very carefully computed, and are
beleived to be correct.

In nearly all cases the formule and constants used in
computing tables are given, so that the user can deter-
mine at once the basis from which the table was calcu-
lated. A considerable amount of work has been done in
testing samples to determine the proper constants. In
many cases this has taken more time than the actual
preparation of the tables.

It is hoped that the work will be acceptable to the
users of electrical wires, and that some of the labor
involved in the preparation of these tables will be saved
to those using the book.

JorN A. RoesrLiNg’s Sons Co.

TRENTON, N. J., May, 1897,
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JOHN A. ROEBLING’S SONS CO.

DECIMAL EQUIVALENTS OF PARTS OF

AN INCH.
16ths.| 82ds. | 64ths. | Mils, 16ths. | 82ds. | 64ths. Mils,
1 15.626 88 515.626
1 2 81.26 17 8 631.26
8 46.875 85 546.875
1 2 4 ] 9 18 36 562.5
b 78.126 87 578.125
8 6 93.76 19 88 593.76
7 109.876 89 609.876
2 4 8 . 10 20 40

9 140.626 41 640.626

10 166.26 2 42 666.25
1 171.876 43 671.875

8 12 187.6 1 2 4“4 687.5
18 208. 45 708.125

7 14 218.76 p-] 46 718.76
16 234.376 47 784.876

4 '8 16 250. 12 4 48 760.
17 265.6256 49 765.625

9 18 281.26 2% 60 781.25
19 296.876 51 796.876

5 10 20 812.5 13 26 62 812.5
2 828.125 63 828.126

1 22 843.75 27 b4 843.76
28 859.376 66 859.376

(] 12 A4 875. 14 28 56 875.
25 890.625 67 890.625

13 26 406.25 29 68 906.256
21 421.876 69 921.875

7 14 28 437.5 16 80 60 937.6
29 453.125 61 953.126

16 80 468.76 81 62 968.75
81 484.376 63 984,376

8 16 82 600. 16 82 64 [1000.




JOHN A. ROEBLING'S S8ONS CO.

WIRE GAUGES IN MILS.

Brown Birmingham
Numbers. | Roebling. & ot N&m‘h

Sharpe. Stubs, .

000 000 460, T . 464,
00 000 430, P 432,
0 000 898. 460. 454, 400,
000 862, 409.6 425, 872,
00 831. 864.8 880. 848,
0 807. 824.9 840. 824,

1 288. 289.3 800. 800.

2 263. 257.6 284, 276.

] 244. 229.4 259, 252,

4 225. 204.3 238, 232,

b 207, 181.9 220. 212,

6 192, 162 208, 192,

7 177, 144.8 180. 176.

8 162. 128.5 165. 160.

9 148, 114.4 148. 14.

10 135. 101.9 184, 128.

11 120. 90.74 120. 116.

12 105. 80.81 109. 104.

18 92. 71.96 95. 92,

14 80. 64.08 88.

156 2 67.07 72. 72,
16 68, 50.82 65. 64,
17 b4, 45.26 58. 56,

18 47. 40.83 49, 48,
19 41, 85.89 42. 40,

20 86. 81.96 85. 86.

21 82, 28.46 82. 82.

2 2, 25.35 28, 28,

23 25. 22.67 25. 4.

4 23. 20.1 22, 22

25 20, 17.9 20. 20,

26 18. 15.94 18. 18.
27 17. 14.2 16. 16.4
28 16. 12.64 14, 14.8
29 15. 11.26 18. 18.6
30 14. 10.08 12, 124
81 13.5 8.93 10. 11.6
82 18. 7.95 9. 10.8

83 11. 7.08 8. 10.
3 10. 6.8 7. 9.2
85 9.6 5.62 b. 8.4
36 9. b. 4. 7.6
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WIRE GAUGES IN MILLIMETERS.
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10 JOHN A. ROEBLING'S S8ONS CO.

TABLES OF SPECIFIC GRAVITIES.

Metals.
Melting
Weights point in
Specific 8] o

Names of metals. gravity. perf oc:&lc eat. dreﬁzfa
enheit,

156.

166.

418.

859,

249,

=1
7]

28| BEREY | BEERE Ehsk

=38 | RATRY | FVIVR| A8

1 032 4 2 016,
13 27
29 1138 8 286,
03 116 8 286.
45 031 4 612.
139.83 2499 | ...
430.73 114 8 000,
846.98 0319 — 88
488.91 1091 280 0.
1267.22 .032 4 828 6.
54, .169 6 136.
656.84 .057 1878,
60.68 293 4 194.
166.31 | .. | e “
456.14 066 2 442,
428.29 .095 5 778,
1. Wéhler. 8. Brezenius.
2. Brisson. 9. Marchand & Scheerer.
8. Clarke. 10. Musschenbroek.
4. Matthiessen. 11, Playfair & Joule.
5. Stromeyer. 12. Bergman.
6. Bunsen. 18. Watts’ Dictionary.
7. Hatchett. 14. Gay-Lussac & Thenard.




JOHN A. ROEBLING'S SONS CO. 11
TABLES OF SPECIFIC GRAVITIES.—(Cont.)
Liquids.

Names of liquids. Specific gravity. Temperatures.
Alcohol 0.815 71 At 50° F.
Benzine 0.883 At 59° F.
Ch1Oroform......cceeeeeursncessansene 1.491 At 62.6°F.
Carbon bisulphide.. 12031 At 32°F.
Ether. 0.720 4 At 60.8° F.
Glycerine.......ccccevnunees vareantane 1.268 6 At59° F
Hydrochloric acid... 127
Mercury ........ 18.596
Nitric acid..... 1.662
0Oil of turpentine.... 0.865 to 0.864
Linseed ofl............. srosesesnenenns 0.94
Olive ofl 0.9156
Bulphuric acid.........ccecunnernne 1.854 At82°F

Gases.
At0°C.and 760 | At 0°C. and 760
Names of gases. mm. pressure mm, pressure
compared to water. eompared to air.
0.001 292 8 1.
0.001 429 8 1.105 63
0.001 256 7 0.971 87
0.000 089 54 0.069 26
0.001 976 7 1.6291
Mixed from electro-
ixed Ensce rom electro}| 00005861 0.41472
Aqueous vapor 0.628
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WEIGHTS OF SUBSTANCES.

Names of substances.

h‘.‘rth, common

Glass,

Wood,

.“
“
“

Water
“"
"

“
“

g
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(t° F.—82) X § = Degrees C.

THE COMPARISON OF THERMOMETERS.
Fahrenheit to Centigrade.

w o= | naw
opuinu) | IE3% | 55
IpquaTey | IRRE | B2

Raw | onna | oxos
epeBnue) | KRASE | 5SS | 88
Jequergqey | BIBR | 5BBL | FNR

NRRR | % ©Or | EN®
epuatpue) | YN | ISR | KRS
Jequerysy | RERNR | RRER | 38

ANAR [ eew | ©mr
epuBpue [ Sy | f€4g | K8
qequeyey | §I8Y | 8852 | 32

Oy | NRRR | W ©
epuaSpue) | S | g | Mdg
Jequeryey | BEIR | IBRS | B2

Centigrade to Fahrenheit.

$ t° C + 32 = Degrees F.
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16 JOHN A. ROEBLING’S SONS CO.

COPPER WIRE.

N THE following tables of copper wire the value of

the mil-foot is taken as the standard.

The temperature coéfficient is interpolated for 60° F.
and 75° F. from the values given in the second table.

In the table for B. & 8. G., the actual sizes to which
wire is drawn, are used.

In many cases the nearest whole number of pounds is
taken when the variation is less than that found in actual
weights of drawn wire.

In computing the weights, the specific gravity of copper
is taken at 8.89, water being at its greatest density 62.426
pounds per cubic foot.

International ohms are used, unless the kind of unit
is specifically stated.

The following formulse were used :

Resistance per 1 000 feet at 60° F.-l"—lt"",”;“‘

10 507.4

Resistance per 1 000 feet at 76° F, = as,

Weight per 1 000 feet = .008 027 X d*.
Weight per mile =016 983 X ds.

The following data and formulse may be useful :

One B. A. unit = .988 9 legal ohms =986 6 International ochms.
One legal ohm = 1.011 22 B. A. units = .997 67 International chms.
One International ohm =1.018 58 B. A. units = 1.002 83 legal chms.
One cubic foot of copper weighs 556 pounds.

One cubic inch of copper weighs .321 2 pounds,

80.816
weight per 1 000 feet.
81.804
weight per 1 000 feet.

If a copper wire of length 1, diameter d, and weight w
has a resistance R at temperature t, then its conductivity

Resistance per 1 000 feet at 60° F. =

Resistance per 1 000 feet at 75° F', =
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by diameter is given by the first formuls, and by weight
by the second.

alk alk
c-dT— gp__&’..
blte blte
C=3F= RO

Here, a is the resistance of a mil-foot in same units as
R, k is the temperature coéfficient for t° Centigrade, and
b is the resistance of one meter-gram at temperature t°
and in eame units as R.

When 1 is in meters and w in grams, ¢ =1,

‘When 1 isin feet and w in grams, c = .002 9.
When 1 is in feet and w in pounds, ¢ == .000 204 8.

Mile-ohm = weight per mile X resistance per mile.

Mile-ohm at 60° = 859, International chms.
Mile-ohm at 60° == 870.7, B. A. unita,
Mile-obm at 60° = 861, Legal ohms.,

The following tables are taken from the report of the
Standard Wiring Table Committee, published in the
report of the meeting of the American Institute of Elec-
trical Engineers, held January 17, 1893 :

MATTHIESSEN'S STANDARD.
(Recommended by the Committee).

B A Interna-
Equivalent length of a units, | Legsl ohms. |0t ohms,

104.8 cms. | 106.0 cms. 106.3 cms.

Resistance at 0° C. of Mat
Mﬂtler-gr:n: St‘a‘.n 148 65 142 06
........ B . 14178
Meeer mlﬂlmetermsga ©cop-
...... .020 57 .020 85 .020 8

Cuble centimeter soft cop-
Ber .000 001 616 .000 001 5968 .000 001 504
Mil-foot soft COPPer.............. [9.72 9.612 9.59
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JOHN A. ROEBLING'S S8ONS CO.

PROPERTIES OF COPPER WIRE.
English system—Brown & Sharpe gauge.
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JOHN A. ROEBLING’'S SONS CO.

PROPERTIES OF COPPER WIRE.—(Cont.)

system—Birmingham wire gauge.
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JOHN A. ROEBLING’S SONS CO.

PROPERTIES OF COPPER WIRE.—(Cont.)

English system—New British standard gauge.
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JOHN A. ROEBLING’S SONS CO.

22

PROPERTIES OF COPPER WIRE.—(Cont.)

Metric system—Brown & Sharpe gauge.
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JOHN A. ROEBLING'S SONS CO.

WEIGHTS OF COPPER WIRE.
Metric system—per kilometer, in kilograms.
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24 JOHN A. ROEBLING'S SONS CO.

HARD-DRAWN OOPPER WIRE.
British Post-office specifications.

Diameters. ~ Weights per mile. Eg &

i i L

. ﬁa g,q

RN

=8 g

8 k=

O N B O B O

24 228 2203¢ 800 820 780 2400 g' 15 1.098

194 196 191 600 616 585 1800 20 1.464

158 1603 155% 400 410 890 1300 2% 219

12 118% 110% 200 205 195 650 2 4391
o 98 %34 160 490 {

79 80 78 100 880 8.782

“The wire shall be capable of being wrapped in six
turns around wire of its own diameter, unwrapped and
again wrapped in six turns around wire of its own diam-
eter in the same direction as the first wrapping, without
breaking; and shall be also capable of bearing the
number of twists set down in the table, without
breaking.

“The twist-test will be made as follows: The wire will
be gripped by two viges, one of which will be made to
revolve at a speed not exceeding one revolution per
second. The twists thus given to the wire will be reck-
oned by means of an ink mark which forms a spiral on
the wire during torsion, the full number of twists to be
visible between the vises.”

According to the above table, the mile-ohm of copper
required is 878 pounds. This corresponds to & conduc-
tivity of 97.8 per cent., taking the value of the mile-ohm
of 100 per cent. copper as 859.
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26 JOHN A. ROEBLING’S SONS CO.

TENSILE S8TRENGTH OF COPPER WIRE.

Breaking weight. : Breaking weight.
P:IFnd:l‘ Pounds.
Numbe Numbers,
B. &8 r(;'. B. & 8. G.
Hard- An- Hard- An-
drawn. | nealed. drawn. | nealed.
0 000 8810 b 650 9 617 849
000 6 680 4480 10 489 2n
00 5228 8 553 n 388 219
0 4 5568 2818 12 807 174
1 8746 2234 13 244 188
2 8127 1772 14 198 109
8 2480 1406 16 158 87
4 1967 1114 16 188 69
5 1 559 888 17 L4 (]
6 1287 700 18 ™ 43
7 980 655 19 61 84
8 778 40 20 48 2

The strength of soft copper wire varies from 82000 to
86 000 pounds per square inch, and of hard copper wire
from 45 000 to 68 000 pounds per square inch, according to
the degree of hardness. ‘

The above table is calculated for 34 000 pounds for
soft wire and 60000 pounds for hard wire, except for
some of the larger sizes, where the breaking weight per
square inch is taken at 50 000 pounds for 0000, 000 and
00, 55 000 for 0, and 57 000 pounds for 1.




JOHN A. ROEBLING'S SONS CO. 14

BI-METALLIC WIRE.

Diam Weights per

A i i e, Pocaan, -
0000 460 8200 10500
000 410 2587 8600
00 885 2022 7000
0 825 1620 5700
1 289 1264 4600
2 258 1008 3800
3 229 ™ 3200
‘ 204 629 2600
5 182 490 17%
6 162 398 1500
7 1 814 1210
8 128 246 1020
9 114 208 850
10 102 157 660
1 91 127 520
12 81 100 420
1 o ) 260
16 51 " 160
18 © % 100

This wire consists of a steel center with a cover of
copper. Its conductivity is about 65 per cent. of that of
pure copper. The percentage of copper and steel may
vary a trifle, hence the strength and weight must be ap-
proximate.







JOHN A. ROEBLING’S SONS CO.

STRANDS OF COPPER WIRE.

Diameters and properties.

Diameters. Welights. 3
¢
gz Cirenlar 8
mils. Decimal ag =
3 parts of Nearest| 1000 | ppje
g & inch. 82d. || feet. 3§ 1
z
1.162 1% 8060 | 16104 010 51
1.126 134 2808 | 15299 011 06
1.092 1A 2745 | 14494 011 67
1.062 1A 2508 | 13688 012 86
1.085 1o 2440 | 12888 018 18
999 1 2288 | 12078 014 01
968 ) 2185 | 11278 015 01
927 H 1983 | 10468 .016 17
891 # 1830 9 662 017 51
856 % 1678 8 857 0191
819 H 162 8063 .021 01
770 # 1378 747 023 85
728 % 1220 6 442 1026 27
679 ] 1068 5636 .080 02
.630 8¢ 915 4881 085
500 i 762 4026 042 08
0000 211 600 580 i 645 8 405 049 66
000 168 100 470 i 518 2709 ,062 51
00 183 225 420 Ea 406 214 .078 87
(] 105 6256 875 174 822 1700 .099 48
1 83 521 .380 W 2566 1346 126 8
2 66 564 201 % 208 1072 1679
8 52441 261 A 160 845 .200 4
4 41 616 .281 bt 127 671 2626
Numbers of Numbers of
wires. Factors. wires, Factors,
8 oA (] 1034
7 8 91 11
12 @& 108 12%
19 [ 127 13
27 6% 147 143
87 7 169 15
48 8% 192 16%
61 []
9
16
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JOHN A. ROEBLING'S S8ONS CO.
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NUMBERS OF WIRES IN STRANDS.

Numbers, Brown & S8harpe gauge.

JOHN A.

12 N.
B. 8. G.

19

17

12 13 14 16

n

10

Number of wires in strands.
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JOHN A. ROEBLING'S S8ONS CO.

Weights. Resistance per mile
Pou’qllzh. weighta. monﬁ’:.'
£ i
@
i B || oot | milg. | Tron. sml.r.n.n B.B. | Steel.
=L L]
z |A
o | 340|304 | 1607 |48n |90m | 208| saz| 405
1| s00[287 | 1251 | 8788 | 7068 | 876 | 44 | 62
2 | 284?12 | 1121 {8868 |68 | 419 | 491 | 638
8 | 20177 | w2 |27 |6268 | 504 | 69 | 69
4 | 28149 | 787 |2861 |4aa0 | 597 | 69| 826
6 | 220127 | o8 | 2010 {88 | 690 | 818| 0.6
6 | 208100 [ 678 | 179 8287 | 82| 96 | 1.8
7 | 180 8 | 450 {1350 | 2545 | 1044 | 1221 | 1448
8 16| 72| 8 |1184 | 2188 | 1242 | 1488 | 1718
9 | 48| 58 | 805 | o916 | 1720 | 1644 | 18.08 | 2.8
10 | 184 47 | 250 | 750 | 1410 | 1888 | 22.04 | 26.04
1m | 120 88 | 20 | 600 | 1181 | 2848 | 27.48 | 827
12 | 100 81 | 165 | 495 | 988 | 2846 | 3.3 | s0.36
18| 95| 2 | 125 | 8m | 700 | 8747 | 4385 | 6re2
4 | s 18| o6 | 288 | 5 | 4008 | 6744 | 6788
15| 72| 187 72 | 26 | 407 | es28 | 7633 | s0;n
16 | 65| 111 8 | 177 | ss2 | 80.08 | 93.66 | 1107
17| 8| 89| 47 | 141 | 264 1005 |1204 |130.
18| 49| 63/ 38 | 9 | 18 1408 |1648 | 1048













JOHN A. ROEBLING’S SONS CO.

STRANDS.
0

SUPPORTING CAPACITY OF GALVANIZED

8 22333 _mmmm g £8882 _mmmm
-t N
g | . mmmmm_mmmm g RFSIR 2288
m [alalal -m O v Ll
g8 | & | E8]%8 |288R g | & | 958%% | 8=EE
et NN -
g g
< | 8 |3 | 88328 2ExN ¢ | & | g | 3888 | 2888
M N ot v et M I WRON |
© N -y
2| 8 m E553% (8983 | , 19| g | ¢ | 53888 |§e0E
m Ut vt =t M m. e WWON |
51 g |8 |ussas|eeER) 2 g | & | 58888 (3886
M Nrdrdr=t Om WHON |
g | 2 | §S8%¥8 83K & | 3 | 88888 |¥ER3
.W NN .m WHDNH | it
2 | * | e e 2 | * | s e
8 28882 | g3%% 8 38833 |S82E
UV ©UVWNN | -
swos w spuess | 2emag | eese e 1 dpusiw | 22Aag | ewse
30 s1ejeureIq Jo s1ojeureiq

Dip ==.01 of span.
Factor of safety of two.







41

SONS CO.

JOHN A.

*S[BUIULIS} 9} JO 109P9
Buijooo oy juessid 03 88 08 POXN SI 1 YIIGM 0} S[BUIWNII} 9Y) USMIAq (33U UI YIUI dUO UBYY B3]
oQ I9A0U p[NOYS PUB ‘9é80j 10 JNO-}ND JqBI[ad JSOUL PUB 183q Y} soyBw oM Jaddod sang -oyqw®y jsug
oy} WOJ 80UO I8 USYE)} Oq UBD ‘8}IndI0 Ju1yydi[-01a399(d 10§ 89SNJ I0 ‘BINO-IND ,, JO 8ZI8 AYL—ALON

T | ewr | w1 | sses £5°g 189 08’ z1e8 g1l | 1000 | 80100 | 78
06’1 8T | 98T | LY 6989 L oL L¥OL SU'PT | 1881000 | $GI00 | 08
88¥Z | 88T | 9%T | L99°¢ 3998 9TH'6 T18'6 99°21 WL | 1081000 |8¥I00 | 8
888 | SIS | 9968 | 9L I £9°21 67’31 2881 VW | STPT000 | 8100 | 93
(7143 gy | L58'¢ &0t ol 90°L1 8891 oLTG €68 | 98000 | 200 | ¥
999 | ore | 9L TAg [y 323 T 8908 ‘8 | 9895000 | 8200 | %
6mv'e | 2006 @l (3¢9 28 LS8 88°c8 8I'Ig 1669 | 1889000 | 9800 | 03
opL | 98I | Ll 188 96°6¥ 6659 ] oLl LL01 | 91g0100 | 8500 | I
BT | W | 89K | 9609 6°9L 8918 .88 871 $'0T | T6[9100 | %00 | 9T
T8 | T6 | OIS | WL <201 $811 "LTX 9'LLI 8T8 | LZ9%200 800 | PI
4
BIg I=% '08% 9=% . o %8

ast=e| SEIC® | o 1=v [ gpre=s| ooy=s | RLIT | wrg=s | ‘woi=s |pgor=s| ., LA
‘pvoT pworany | TR uoll | ‘PIOURSId | gyppp | ‘IMUNSI ‘WRUEOY, uw%%oo ¥ -ureiq _B.m.

[~]

*STUI04%W Pue SOXTY SNOTIVA JO SOITA OSLJ 03 POITubex sexedurs ou3 SULMOYS OIqRL
(‘ponuyuc))—SLNITIN0 IO SIOTIIT DNISOI






43

JOHN A. ROEBLING'S BONS CO.

HEATING EFFECTS8 OP CURRENTS.

Insurance rules for carrying capacity of wires.
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JOHN A. ROEBLING’S SONS CO.

(Kennelly’s formulsa.)

Oarrying capacity of insulated wires in mouldings.

HEATING EFFECTS8 OPF CURRENTS.—(Cont.)
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JOHN A. ROEBLING’S SONS CO. 45

HEATING EFFECTS OF CURRENTS.—(Cont.)
Bare copper in still air.

Rise in temperature, degrees Centigrade.
10° 20° 40° 80°
SERENENENENEIF
g m -] =] ] g ] m
L] Diameters of wires in mils.

1000 o . 968 911 | 750
960 - one 930 728
900 oo . 893 695
850 . 858 666
800 .. sone 828 771 | 638
750 cvon - - 950 785 734 | 610
700 voor oo 960 900 748 696 | 6580
650 [N cene oses 910 850 708 660 | 6550
600 essnse - . 8568 800 668 621 | 6518
576 o eses soses 838 775~ | 648 608 | 503
550 | ... . 995 980 808 750 628 583 | 488
6526 esesse 978 948 780 725 607 563 | 461
600 avsese 960 918 751 700 584 543 | 456
476 esvase 926 880 676 563 523 | 439
450 [ 895 848 696 648 541 501 | 421
425 860 808 669 620 520 479 | 406
400 | 1000 820 770 641 592 498 457 | 387
876 950 783 7381 612 564 475 435 | 869
860 900 745 690 581 536 452 413 | 850
825 850 708 664 560 508 428 890 | 831
800 800 668 616 519 475 403 366 | 812
276 760 628 576 44 377 841 | 292
250 696 586 534 458 412 351 817 | 272
225 642 546 494 419 879 328 291 | 262
200 586 500 4568 845 296 229
175 580 454 408 849 810 266 239 | 208
160 470 404 360 811 274 226 210 | 194
1% 408 852 808 270 206 182 | 161
100 843 300 258 195 170 150 | 136

90 816 272 237 208 178 168 187 | 128
80 286 246 214 196 161 143 124 | 112
70 259 220 190 170 148 I 110 | 100
60 226 194 167 160 125 112 97 87
50 191 167 142 130 106 95 74
40 166 140 17 108 86 78 68 61
80 120 111 90 85 66 60 b4 48
20 82 76 63 60 45 4 40 36
10 40 88 87 85 28 26 4




JOHN A. ROEBLING'S SONS CO.

HEATING EFFECTS OF CURBRENTS.—(Cont.)
Bare copper suspended outdoors.

Rise in temperature, degrees Centigrade.
5° 10° 20° 400
AEARRE RN AR EIE
« é g A [ g A |m
2
5 Diameters of wires in mils.

1000 - 963 982 e 746 620 | 594
950 . 928 897 744 720 595 | 672
900 804 865 716 692 574 | 552
850 . - 868 843 689 666 580
800 v [ 839 810 672 649 5637 | 612
750 - 976 804 75 643 620 5156 | 49
700 963 933 767 789 613 591 491 | 472
660 916 889 729 708 582 561 467 | 44
600 869 837 690 665 564 532 442 | 426
575 845 818 671 647 538 617 429 | 414
560 820 789 650 627 522 501 417 | 402
526 795 764 630 609 506 487 404 | 889
500 770 740 610 589 489 470 890 | 376
4756 745 719 589 569 478 456 877 | 368
450 9 698 568 548 4568 438 868 | 860
425 690 667 546 526 436 422 349 | 836
400 661 524 504 418 406 334 | 822
876 682 610 502 484 899 877 819 | 809
860 601 581 478 462 880 360 804 | 295
825 571 562 458 439 862 842 289 | 279
800 540 522 428 4156 342 326 278 | 264
275 509 492 404 892 821 809 257 | 249
250 477 460 878 867 800 290 240 | 222
225 45 430 851 343 280 270 223 | 216
200 410 899 824 816 259 250 206 | 198
176 873 865 206 289 235 227 186 | 180
150 834 829 267 2568 211 202 166 | 161
126 295 290 235 226 185 177 146 | 144
100 254 248 202 193 157 1562 123 | 120

90 236 230 186 178 145 40 114 | 111
80 216 212 171 164 182 128 104 | 102
70 198 192 166 150 120 116 4 91
60 177 170 187 132 107 104 80
50 147 119 1156 87 72 70
40 130 124 100 26 73 62 59
80 104 100 8 75 61 58 50 45
20 78 70 b4 58 43 40 34 30
10 40 88 27 26 20 18 16 14










JOHN A. ROEBLING'S S8ONS CO. 68

TEMPERATURE EFFECTS IN SPANS.

Temperature in degrees Fahrenheit.

Spansin 10 80 4P 8P 6° W &P 9w0° 100

Deflections in inches.

50 9 9 10 n 1

60 n n 12 13 13 1)
70 12 183 14 15 1 17
80 14 15 16 17 18 19
90 16 17 18 19 20 21
100 n 19 2 21 2 %
110 19 2 22 % 2% 2
120 2 2 A4 26 27 23
180 28 2% 2 2 29 81
140 2% 27 28 80 82 88
150 26 28 80 82 84 86
160 28 30 82 8 86 88
170 80 2 8 87 88 40
180 82 84 87 89 41 43
190 4 86 89 41 43 45
200 86 8 4 43 45 48

Hard-drawn copper wire, 60 000 pounds strength per

square inch.

Strain at —10° F., 30 000 pounds per square inch.







JOHN A. ROEBLING'S SONS CO. 57

WEATHERPROOF WIRE.

Double braid. Triple braid. Approxi
ma
o B Welghts, E Welghts, | poights.
B (oS Pounds.  |o P .
2., gé e
Ee X gg 1000 242 Tow
2 8«:...5 foet. Mile. 8«:.5.5 foot, | Mile. [Reel.| Coil
0000 20 | 76 | 8781 | 2¢ | 7% | 4002 [2000 | 250
00| 18 | 6% | 8036 630 | 8826 (2000 | 250
00| 17 | 485 | 2456 | 18 | 490 | 2567 | 500 | 250
o 16 | 87 | 1980 [ 17 | 400 | 2112 || 600 [ 250
1| 15 | 2% | 1605 | 16 | 806 | 1616 | 500 [ 260
2| 14 | 246 | 1204 | 15 | 268 | 1415 | 600 | 250
8| 18 | 190 | 1008 | 14 | 210 | 1100 | 500 | 250
4 1 | 12 808 | 12 | 164 250 | 125
5 10 | 120 64 | 1 | 145 766 || 260 | 130
el 9 98 518 | 10 | 12 501 | 275 | 140
sl 8 66 349 | 9 78 412 [ 200 | 100
0] 7 4 28 | 8 5 200 [ 200 | 100
2] 6 30 B8 | 7 85 185 [ . | 25
Hl 5 20 08| 6 26 w7 o] %
18| 4 1 | 6 20 108 | 2
8| 8 10 5 | 4 16 8 | .. | 25

STRANDED WEATHERPROOF FEED WIRE.

Weights. Approxi-

Circular Outside Pounds. px%aw

diameters. length
mils. Inches. on reels.
1000 feet. Mile. Feet,

1 000 000 1 8 560 18 744 800
900 000 1 8215 16 976 800
800 000 1 2 880 15 206 850
750 000 1 2713 14 825 850
700 000 14 2 545 13 488 900
650 000 14 2378 12 656 900
600 000 1 2210 11 668 1000
550 000 1 2048 10 787 1200
500 000 114 1875 9 900 1320
4560 000 1% 1708 8 992 1400
400 000 14 15380 8078 1450
350 000 1 13858 7170 1 600
300 000 “ 1185 6257 1600
250 000 1012 5343 1600

The table is calculated for concentric strands. Rope-laid strands

are larger.
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RUBBER WIRE.

E MANUFACTURE rubber insulated wires for all
purposes, including wires and cables for aerial,
underground, and submarine use. The copper conductor
is tinned, and then covered with a cement of pure
rubber, which causes the succeeding coat of rubber to
adhere firmly to the wire. This layer consists of white
rubber without sulphur. Over this is a layer of vulcan-
ized rubber, and the whole is covered with a finishing
braid of cotton saturated with a Weatherproof com-
pound, which protects the rubber from mechanical in-
jury,and from the action of the air. A poor quality of
rubber insulation is inferior to Weatherproof, and we
would recommend our Fire and Weatherproof insulation
for inside work, rather than an inferior rubber wire.

A good rubber wire should have its conductor central,
the insulation should adhere firmly to the wire, it should
not crack or become brittle after use,and it should show,
after immersion in water for twenty-four hours, the same
insulation resistance per mile as when tested after being
first put in water. The absolute number of megohms
per mile depends on the age of the rubber used, together
with other details of manufacture, and is not always a
sure guide to the quality of the insulation. Uniformity
of insulation among several coils of wire made at the
same time, or among the various conductors of a cable,
is a much more valuable aid in detecting a poor piece of
wire, a8 in this case an insulation lower than the average
shows a local defect, which, in time, will be likely to
cause trouble.
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CRESCENT RUBBER WIRE
Stranded conductors.
8izes of wires in
Num- Outside | Weights | strands. b.& 8.G.
bers, Circular | diam- | per 1000
B.&B G mils. eters, feet.
. Inches. | Pounds. | Regular. | Flexible.
1% 8 690 8 12
1344 83870 8 12
18 8020 8 12
1dy 2685 10 12
14 2345 10 12
1% 1885 10 14
1 1723 10 14
1 . 1560 10 14
H 1378 10 14
% 1155 10 14
# 995 10 14
#H 866 10 16
1 725 10 15
# 618 1 15
¢ [ Outside diameters in 8izes of wires in
Ex 82ds of an inch. Weights strand. B. & 8. G.
2 per 1000
EQ; l:‘feet,(.u
2H Solid. |Stranded. ~°"R%- | Regular. | Flexible.
0 18 20 489 12 16
1 16 18 898 12 16
2 14 16 809 12 18
3 18 14 244 13 . 18
4 12 13 198 14 20
[ 1 12 168 16 20
6 10 1 146 16 20
8 9 10 106 18 2
10 8 8 bk 20 2%
12 7 7 65 20 25
14 6 6 85 21 25
16 5 5 25 23 25
18 4 4 20 25 26
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MAGNET WIRE.

HE BARE COPPER intended for Magnet wire is
specially drawn and annealed, great care being
taken to have it true to gauge, and soft.

A difference from the standard, of one mil, is allowed
on sizes larger than No. 10 B. & 8. G.; from No. 10 to
No. 14, three-fourths of a mil variation is allowed, and
any wire smaller than No. 14, one-half a mil variation is
allowed.

The insulation is smooth and uniform, and is kept
true to gauge to within one mil of the required
diameter.

We manufacture any special kind of Magnet wire
required, flats, squares and strands.

Weé understand that a No. 6 B. & 8. square Magnet
wire measures 162 x 162 mils.

Flats are designated by their width and thickness.
Thus a fiat Magnet wire 340 mils wide and 40 mils thick
would be designated as a 340 x 40 flat Magnet wire.

Strands can be furnished of any size, insulated with
double or triple windings of cotton, or any combination
of braids and windings that may be desired.
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TELEGRAPH CABLES.
Lead-encased for underground use.

HESE cables are made of either rubber, cotton or
paper insulation. The sizes and weights are ap-
proximately correct for rubber and cotton insulation.
Both sizes and weights are slightly reduced for paper
insulation. In all cases the cables are lead-encased.

Specifications for Telegraph Cables.

1. CoNDUCTORS.

Each conductor shall be .064 inches in diameter, (14 B. & S.
G.,) and have a conductivity of 98 per cent. of that of pure
copper.

2. Cork.

The conductors shall be insulated to % with cotton, and
formed into a core arranged in reverse layers. This core shall
be dried and saturated with approved insulating compound.

3. SHEATH. .

The core shall be enclosed in a pipe composed of lead and
tin. The amount of tin shall not be less than 2.9 per cent.
The pipe shall be formed around the core, and shall be free
from holes or other defects, and of uniform thickness and
composition.

4. INSULATION RESISTANCE.

The wire shall show an insulation of not less than 300 meg-
ohms per mile, at 60° F., when laid, spliced and connected to
terminals ready for use, each wire being measured against all
the rest and the sheath grounded.

5. CONDUCTOR RESISTANCE.
Each conductor shall have a resistance of not more than 14
International ohms, at 60° F., for each mile of cable, after the
cable is laid and connected up to the terminals.
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MAGNET WIRE.

. Outside diameters. Approxi-
Numbers, de“" M. lml‘im
rawn. welights on
B.&8.G ) “yils reels,
Double. Single. Pounds.
0 825 848 337 200
1 289 807 801 200
2 258 276 270 200
] 229 247 41 200
4 204 222 216 200
b 182 200 194 200
6 162 178 172 200
7 144 160 154 200
8 128 142 187 200
9 114 126 122 200
10 ° 102 12 108 200
1 91 101 97 200
12 81 91 87 200
13 72 81 78 160
14 64 78 70 160
16 57 66 63 50
16 51 60 57 50
17 45 54 51 50
18 40 49 46 50
19 36 45 42 50

LARGER SIZES oON OPPOSITE

PAGE.
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AERIAL CABLES.

HESE cables are made from double-coated rubber
wire, taped. After stranding, the cable is double-
taped and covered with tarred jute, over which is placed
8 braid of heavy cotton saturated with Weatherproof
compound. This outside covering protects the rubber
from the action of the air and from mechanical injury.
The separate wires are tested in water,and no wire is
used which will not fully meet a water test. The result
is a cable which will work under water as well as on a
pole line, if there is no danger of mechanical injury.
The ordinary gize for telegraphic work is 14 B. & 8,,in-
sulated to y%. A trace wire can be placed in each layer,
if desired.

The size galvanized strand to support these cables may
be found from the table page 39. Suppose the span is
130 feet and a 10-conductor 14 B. & 8. G. Aerial cable is
used, then from these tables it is seen a }-inch ordinary
galvanized strand will support a cable weighing 423
pounds per 1000 feet, with a 130-foot span. -

Specifications for 14 B. & 8. Aerial Cable.
1. CONDUCTORS.

Each conductor shall be .064 inches in diameter, (14 B. & 8. G.,)
and have a conductivity of 98 per cent. of that of pure copper.

2. CORE.

The conductors shall be insulated to ¢4 with rubber and tape, and
formed into & core arranged in reverse layers.

8. PROTECTIVE COVERING.

The core shall be covered with two wraps of friction tape and one
wrap of tarred jute. Over this there shall be a braid saturated with
Weatherproof compound.

4. INSULATION RESISTANCE.

Each wire shall show an insulation resistance of not less than 300
megohms per mile, at 60° F., after being immersed in water 24 hours.
This test shall be made on the core after all the conductors are laid
up, but before the outside coverings are put on.

5. CONDUCTOR RESISTANCE.

Each conductor shall have a resistance of not more than 14 Inter-
national ohms, at 60° F., for each mile of cable.
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AFERIAL CABLES.
Rubber insulation.

14 B. & 8.G. 16 B. & 8. G. 18 B. & 8. G.
Insulated to . Insulated to . Insulated to .
¢ -
sl .| 30 8. | 3| & | 3
Q - 1 ;&
5l edd | 55 |82l | &5 |58 | &
BE | 343 | 88 | 3B | 88 3R 8
Z | 8 B 3 B 8 B
2 % 102 % ] % 82
8 % 149 % 126 H 104
4 s 188 % 166 % 127
6 H 226 5 108 % 151
6 A 260 H 222 & 176
7 1 297 % 251 % 200
10 1 401 7 335 H 256
12 1 465 H 893 % 296
15 1% 563 1 468 1 855
18 1A 651 17 541 % 43
2 14 T4 134 598 P 452
25 184 863 1% 708 H# 641
30 1% 1008 134 824 1 638
3 134 1147 1% 938 14 728
10 1A 1268 134 1058 134 818
4 184 1481 1% 1182 1A 908
50 134 1577 15 1811 14 04
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SUBMARINE CABLES.

g Total weights.
‘3 Armor wires. Pounedii
&3 Outside
g g | diameters. Nomber | Num-
8 UIDer | ‘hers, || 1000 feet. Mile.
z of wires. | 3 ' G.
1 % 12 8 1250 6 600
2 1 15 8 172 9092
s 1% u 6 2363 12 477
4 1A 16 6 2794 14 752
5 15 16 6 2968 15671
6 1% 16 4 3822 20 180
7 1% 16 4 3972 20 972
10 1% 18 3 5404 28 533

The core congists of 7 X 22 B. & 8. tinned copper wires,
insulated with rubber to 4 of an inch, laid up with
proper jute bedding.

We are prepared to furnish telegraph cables with
gutta-percha insulation. This is the best insulation for
submarine work, and its reliability and durability more
than make up the difference in cost between it and any
other insulation.

We are prepared to furnish submarine cables of any
description for use in electric lighting and street railway
work.

No list of these cables can be made, owing to the vary-
ing conditions to be met.
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THE COLUMBIA RAIL-BOND.

HE COLUMBIA BOND consists of three parts, two
copper thimb'-~ -=7 *--

connecting copper
each end of this co
a truncated cone-
head with a fillet
at the base. The
inside of the
thimble is tapered
to fit the head on
the bond, while the
outside is slightly tapered in the opposite way.

In applying the bond, the cone-shaped heads are
placed in the holes in the rail from one side and the
thimbles are slipped over them from the other.

A portable hand-press is then applied, and the wedge- -

shaped head of the bond is forced into the thimble so
that it is not possible to see the line separating the
thimble and the head in a cross-section of the two.

The end of the head of the bond is expanded by a
center-punch, held in position in the press.

‘When installed,owing to the pressure exerted between
the head and the thimble, and also to the fact that they
are of the same kind of metal, the two become one, both
electrically and mechanically.

The contact of rail and bond is made by a wedge
expanding the thimble against the hole in the rail, and,
as the bond is wedged both ways, it cannot get loose.

For a 0000 B. & 8. G. or 000 B. & 8. G. bond, the holes
in the rail should be -inch, and for 2 00 B. & S G.ora
0 B. & 8. G. bond, §-inch.

The total length of a bond is 3} inches more than the
distance from center to center of holes in rails. The
total length of a bond should be 8 inches more than that
of the splice plate.

%






























