
Saga and Ten8ions of Solid Copper Overhead Conduotors 
under Indian Conditions. 

By S. V. Ganapati, 'With an introduotory note by 
,Prof . .A.. Hay, D. so., M. I. E. E. 

The tables ancl curves which accompany the present 
note will, it is hoped, be found to be of considm:able use to those 
who are engaged on the construction of overhead transmission 
and distribution lines ill India. Although there are a considerab Ie 
number of sllch lines ill existence, no tables-so far as the authors 
are a"ware-have hitherto been published for the guidance of engi­
neers ]n charge of overhead oonstruction Virork, and as a l'esult 
each engineer has had to work out for himself the correct sag 
or tension to be used in each particular case. 

The Cllrves and tables give the correct values of the sags 
and tensions to be used at diffel'ent temperatures in erecting ovcr­
h(lud lines in still ail' in order that the conditions laid down by the 
Indian Electricity Rules (1911) may be complied with. 

From many points of view, India is an ideal country for 
overhead lines. It is true that owing to the ubiquity o·f the white 
ant, the cheap type of construction reln'esented by a wood-polo 
line cannot be used. But apart from this disadvantage, all the 
other conditions affecting the working of an overhead line are of 
a highly favourable nature. The temperature varies between nar .. 
ro'\v lhni ts ; there is no snow or ice to form a coating on the wires 
and load them beyond the limits of safety: and the 'wind pressure 
never reaches the excessive values which oceur in countries visit eel 
by tornadoes. 

According to the Indian Elech'jcity Rules (1911), "The 
factor of safety of an aerial line including the supports thereof 
and any guard wires or bearer wires in connection therewith, 
shall be at least four under all conclitions, the maximum wind 
pressure being taken at 25 lbs pel' square foot. For cy lindl'ical 
bodies the effective area shall he taken as two-thirds of the pro­
jected area exposed to wind pressure ". 

The above extract from the Indian Electricitv Rule.., 
sufficiently de'llnes the conditions which must be satis.fierl by a 
properly constructed overheac1line, with one exception: nothing 
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is said about a lower temperature 1imit. In order to be on the safe 
side, we 1Jave . taken this limit to be 50°F. Accordingly the 
most severe conditions to which the line is supposed to be subjected 
correspond to a wind pl'essul'e of 25 lbs per sqU£1re foot and a 
temperature of 50°F, and under these extrelne conditions the line 
must still possess a factor of safety of at least four. 

The tensile strength of different sizes of copper wire we 
have supposed to be given by Trotter's f01'lUula, namely, 

T== 30-20 D, 

where T= Tensile strength in tons per squa.re inch 
and D=Djameter of wire in inches. 

Young's modulus was assumed to be 16 X 106 1b8. 'per 
square inch, and the temperature coefficient of expansion of 
copper to be .93 X 10-5 per O~\ 

The usual parabolic equation for the curve assu111ed by 
the wire was .. employed, namely, 

l2 w 
d=---

8 t ' 
where d =Sag 

l =Distance between supportB 
w = Resultant total force pel' unit 

length, 
and t =Tension 

The method of. arriving at the results given wa.s as 
foHows :-

From the kno"wn weight per unit length ancl the wind 
pressure of 25 1bs })8r square foot, the total load per 
unit length of wire under the assumed lnost severe 
conditions was calcuhtted for each size of wire. Next 
assuming a factor of safety of four, the working 
stress intensity was determined fOl' each size, alJd from 
it the maximum working tension. Using the values 
of the maximum load per unit length and maximum 
working tension, the excess length-i. e.} th~ clHIerence 
between the actual length of the conductor in the span 
and the span itself (the horizontal distance l)otween 
points of support)- 'Was determined for the various 
~izes of wire and the various spans by means of the 
formula 

1 2 

Excess length :....= - .~- P 
24 t2 
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.N ext, fr~m th~ l{nown value of Young's modulus and 
the workIng strcss lntensity the extension arisinG' from the stress 
was calculated (in making this calculation it i~ safe to take the 
?riginaf length .of conductor as equal to the span). By subtract­
Ing ~~lS extensIOn from the excess length under the most severe 
COll~lt.lOl1S, the excess length of a conductor in a span was 
Ol)talnp,d when the conductor is relieved of aU stress. This 
excess lengt.h was in some cases found to be negative-i. e., if 
the conductor were allowed to contract by removing the stress, 
the length of the unstressed conductor WQulcl be found to be lESS 
than tho length of span. Since the greatest wind pressure has 
been' assu111ed to occur at the lowest temperature, the excess 
lengths of the ullstressed conductors calculated as above are taken 
to rcpresent these lengths at the minimum temperature (DOOE) 
assumed. If now the conductor is stressed, its excess length will 
increase in proportion to the stress intensity, and the relation 
between stress inteJ)sity and excess length will be represented by a 
straight line (the temperature being assumed to remain constant). 

Suppose next that the temperature rises by 10° P. The 
unstressed conductor will expand and its excess lm1gth when 
unstressed will increase. If now the temperature is maintained 
constant at the higher value and stress is apl)lied to the conductor, 
the ne"w line wbich represents the relation connecting excess length 
with stress intensity, will be parallel to the similar line for the 
lower temperature. 

Thus if we assume equal temperature intervals of 10°F. 
the relation connecting excess leng-tll vdth stress intensity at the 
various tenlperatures will be represented by a sel'ies of parallel 
equidistant straight lines. 

Take then any span length, and for it draw such a series 
of equic1ist'1nt parallel lines : call t~js diagraI?- A .. Nex~ draw 101' 

the same sl)an the curve connectlng stress lntensIty Wlth exc<'ss 
Jength when there is no wind .. Oall thi~ diagram B. .rl'his latter 
curve will be the same for all Slzes of WIres for the partlcular span 
selecte(l. The scales for stress int~nsity and excess length ~ust 
be the same in the two cliagrams. lVlake a tracing of the stralght 
line cliagralu A. rrwo such diagrams for a spn,n of 100 feet are 
shown in figures 1 and 2. 

We now have all the necessary data for c1eterminjng, for 
the given s]1an and the various sizes of wire! the re~ation between 
o){cess length and temperature when there IS no wInd. 
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,'. actu!ll proceduTe is then as follows :-

From the previously calculat~d table we find for any 
given size of wire the excess le~h of tbe"unstresse<iwire at 50°F. 
We then superpose the tracing of diagram A on diagram B in 
such a way that, the axes of the two diagrams being parallel, the 
lowest ( . .lO°F) line of the A. diagram intersects the axis of excess 
length of the B diagram at a point corre:;ponding to the excess 
length of the given conductor when unstressed and at a temperature 
of 50°F. Then the intersections of the other straight lines with 
the curve of diagram B immediately determine the excess lengths 
at the various temperatures. 

From the excef-S leng-ths (or corresponding stress inten­
sities) the sags and tensLms at the various temperatures and for 
the various sizes of conductors are easily calculated.' ' 

Each length 'of span requires jts own diagrams A and B, 
but the same diagrams are used for all the different sizes of wire 
in a given span. 

A few words of explanation may be desirable regarding 
a peculiarity noticeable in the curves and tables. It will be 
observed that as the size of the conductor increases the sag at first 
decreases. This is due to the fact that wind pressure becomes a 
smaller and smaller percentage of the totalloacl per unit length 
of conductor as the size of the' conductor increases, and if the 
tensile strength remained constant, the sag would steadily de­
crease with increasing size of the conductor. rrhe curves, however, 
show that beyond a certain size the sag, after p:1ssing through a 
minimum value, begins tn increase with increasing size of the 
conduct.or. This is due to the fact that beyond a certain limit the 
wind pressure load becomes re1atively unin1portant, vvhile on the 
uLher hand with increasing size the tensile strengt.h continues to 
decrease steadily. It is this decrease in the tensile strength that 
necessitates the use of a larger sag for the san1e factor of safety. 
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INDIAN INSTITU'l'E OF SCIENCE, 

BANGALORE. 

I.r.S. No. 82.-R, P. B. -1-1!l22.-500. 



T.\BLR I-'::'~~",,;, .-., ,...~ 'wir"'~ HI in ~:ill air, for H Ino fr. 

SL:~'I >:'f \'I";rts-. S. \r. G. 

-"---""""''''-- ... --...-~~--.. .. -"-----,-
Temp) F lU 9 S r t; 5 ;2 1 () ~ () ao 410 

'. ~- ._.----. ._- ---- , 
! 

50° 5-5 5'2 5-0 ·l·S i-'') 4-8 4-6 46 47 4-1 4-7 ·!-5 .j.-tl, 5'" 
I "~i j ~ 

: Q, 
60c 6-2 5·g , 5-6 5-41 5-3 5-3 5-2 5-2 5'3 5-S 5-3 0-4 

a f 
5-; C-"l 

7 tV:' 6'9 66\ 6'3 6-1 8-u i 0-0 5-8 o-s 5-9 5-9 6'0 6-1 6'2 i 6'f. 
! I 

80~ 7'9 75 7-2 6-9 6-g ; 6-3 6-6 6-6 6-7 6-7 6'g 6-9 7.0 ,'3 
! j 

flOo 9-0 8-5 \ 8-1 7-8 7-7 \ 7-7 7-5 
\ 

7'5 7'6 7'6 7-7 7-8 8-0 8'3 
I 

lOoe 10-3 1 9-6 I 9-3 8-9 8-8 S-8 8-6 S-6 8'7 S-7 8'8 8-9 9-2- 9-4 

1100 11-6 11-0 I 10-0 lO-2 10-0 10'0 9-7 9'7 g.g g.g 10-0 10-2 10'4 10-Y 

1200 12-8 12-3 n-s \ 11 5 11-3 11'3 11'0 ]1-0 11'1 11-1 11'4 11-5 11'8 12'0 

1300 l~kl 

\ 
13-5 132 12-8 12-7 

I 
12-7 12-4 I 12'3 12-5 

1 
]2'5 12'7 ]2-8 13-0 18-3 



TABLE II,~Sags of wires in inches, in still air, for a span of 120 ft. 

Sizes of wires) S. V\T. G. 

Temp, FO o \ 2/0 \ 3/0 \ ~ 
50° 9'1 86

1 

S-O : 7.61 7 5 7'3 7.sl 7-1 7'1 7-1 7·2 7-2 7-3 
! 

60° 103 9'6 8'9 I 8'5 8-3 8-2 8'1 7'f) 7-9 7-9 8-0 S'O 8-2 

7'5 
t.:) 

S'3 
~ 
0':> 

I 

70° I l1'() 10'9 
I 

D-!) 89 8'9 9'1 10'1 I 9'3 9'1 9-0 8,8 8'8 8'8 

800 I 130 ; 
i ! 

10'1 10,4 1:!'3 11-4 j 10'8 10·6 10--l! 102 10'0 ) 0-0 10'0 lO'l 

0'3 

10'0 
I 
i 

900 1-1'4 13'7 ] 27 I 1;?"1 11'9 11'7 11-5 11'3 11-3 11'3 11'4 11'4 11'7 

] 000 15'9 ] 5,1 ].J.-1 1 13'5 13'2 1:}-O 12'0 ] 2'6 12'6 12'6 12'8 128 \ 13'0 

1100 17'5 \ 16'6 ]5'6 \ 14'0 '1-:1'7 14'4 1-:1'3 1-:1'0 }4.'O 1-1'0 14'2 14'2 14'4 
I 

11'!) 

13'2 

14.:7 

1200 1S'l 
' I 

16-5 16'0 15'5 15,5 15-, i5-7 18'0 19,0- 17'3 ! 16-3 15'9 15'5 

1300 20,5 19 6 18-6 18'1 17'g 17'[; 17'2 17 0 17'0 17'0 17'3 17'3 175
1 

16'3 

17'8 

=u 



TA.BLE III.-Sags of wires in "inches, in still air, for a SlJan of 140 ft. 

Sizes of wires, S. W. G, 

---
I ! 

Temp, FO 10 ± I 3 1 o 2/0 3/0 4/0 

! 
14'91 I I I 

] 0'1 I 
I i 

10'0 , 500 I 13'-1 . 12'2 11'4 1 11'0 ': 10-8 10'3 I 10'1 I 10-0 I 10'1 10,2 10'4-i 
! 

12'61 
1 

11-4 1 11'21 
I i 

600 

I 16'5 14'8 136 . 122. " 12-0 11 2 11'1 ! 11'1 11'2 11'3 ] 1-5 
I I ! 

70° I 18'3 16'5 15-1 14-1 I 18-7 13-3 12'7 j 12,'5 12 .. 5 12'3 12-3 12-5 lZ'5 12-R 
i 

gOo 19,9 18'1 16-6 1"61 15-1 i 1-1-g 14:-1 I ]3-8 13-8 13-7 13-7 13'8 13'9 14'2 
i 

90° Zl'8 19'8 18'3 172 ' 167 16'-t . 15-0 15'4 15'4 I 15'2 l5'2 15'4 15'4 15'8 

I 
18'8 I 1 

16'9 I • I 

100° 23-3 i ~~ '4 20'0 18'3 lS'O \ 17'2 18'9 16-7 16'7 ] 6'9 17'0 ) 7-3 
I i 

1 J 0° 25'2 I 23';2 21-8 20-6 ~O'l" t 19'1 I 18'~ 18'0 18-6 18'4 18'4 18-8 18-7 19-1 
I 

20'4 1200 26-6 25'0 23'4 22'2 2] -8 21-3 I 20'6 20-3 20'3 20'0 20'0 20 3 20'8 

1300 

! 
28'1 26'0 25-2 24-0 23'5 23'1 I 22'3 2:'2:0 22'0 21'7 21-7 22·0 I 22-1 22'5 ! ! 

I I 



TABLE IV,-Sags of wires in inches, in still air, for a span of 160 ft, 

Sizes of wire"!) S, W, G_ 

Temp, }<10 I 10 I 9 I 8 [ 7 I 6 I 5 I 4 I 3 I 2 I 1 I 0 I 2/0 I 3/0 I 4/0 
, 

50° 22'3 19,9 I 17'8 16-3 15'5 15'0 14'3 ]3-8 13'7 136 13'4 13'4 I!) '7 13'S 

60° 24'3 21'5 I 

! 
19 6 17'9 17'1 166 15'7 15'3 15-1 150 14'8 148 15'1 10'3 

70° Zo'O 23'3 2 i '3 10'5 18'7 18-2 17'3 16.7 

I 
16-5 10'4 16'3 16'3 10-5 16'7 

80° 28-1 25'3 23'1 ~l'3 ] 9-9 18'9 I 18-4 lS'2 lS'1 17'9 17 9 18'2 

I 
20'6 1S'-1-

90° 29-3 27'0 I 25'1 23'1 2Z'2 21-7 20'7 20-1 ] g,g 19-8 19-6 19-6 19'9 20'} I 

100° 31'0 28'5 I 2o'9 25,1 242 23'5 224. 21'8 21'7 ! 21'5 21'4. 21·4 21'7 
I 

21-S 

26'0 1 

I 
1 110° .'32'-1 30-2 28'5 26'7 25',1. 2-1'4 23-7 23-5 23-4,\ 23'1 23,1 23'5 23'7 

120° 340~ I i I 
31'8 30'0 28'5 27'4 I 27'0 26'2 ; 25'0 25-4 25'2 25'1 25'1 25'4 25-0 

130° 3:3'3 3 ~ '7 30'0 29031 28-6 2707
1 

27'2 27'0 26'S_ Zo-S 26'S 27'0 . 27'2 35'~ I 
I 



T AJ3LE V.-Sags of wires in inches, in still air, for a span of 180 ft. 

Sizes of wires S. W. G. 

---.. -.- ----------;;----;--------------

5 I 4 I 3 2 I 1 - 0 I 2/0 I 3/0 I 4/0 6 Temp, EO 

I 
, 

! 
18"71 

l 

50° i 31-6 28'0 25'3 22:6 _21'4\ 20'6 19'3 18'5 lS'l 17'9 17'9 18-0 18-2 

600 33-2 23'S 2.7'3 24-7 23'4 I 2.2·4 21'1 20-5 ~O-2 19'7 19'6 19'5 19'6 19 9 

iOo 35-4 31'8 29'2 26'S 25'41-24'5 228 2~'4 22-0 21'6 21'4 21'3 21'5 217 

800 37'2 33'6 31'0 28-8\ 27"5\ 26"4 24.'9 24'3 24'0 23'5 23'4 23'4 23'4 23~6 

I 
390 I 90° 35'4 32'8 30'6 I 29'3 28,4 270 26'2 26-0 254 25'3 25-2 25'4 25'6 

, 
32'S \ 1000 40'S 37'4 31:'7 31'0 30'2 2S-S 28'3 27-9 27'5 27'3 27-2 27-4 27'6 

I 

30-7 I SO-3 
! 

1100 42'6 39-41 36'6 34-2 ! 32'7 31'S 29'9 29'3 29-1 29 1 29'2 29-5 

32-31"31-8 1200 4-3'6 41 1 38-5 36'1 34-7 340 31-5 ~ 31-1 30'9 30-S 31-0 31'3 

4031 

I 
! 

32"SI 1:300 45'7 42-7 38'2 36-6 35'S 34'21 33,5 33-5/ 32'S 325 32'4 33-0 
I ' I 



TABLE VI-Sags of wires in inches, in still air~ for a span Qf 200 ft. 

Sizes of wires} S, W. G. 

Temp, FO 

2~'6l23'2 
.. 

50 0 
,42'5 37'3 33'2 30'3 28'4 26'S 262 24'2 22'8 22'5 22'5 22'S 

60° 45'0 39'4 35,7 32'4 30'5 29'1 27'3 26'8 25'S 25'2 24'S 24'6 24'6 24'8 

70° -47'4 41'S 37'9 34'6 32-6 31'5 29'2- 28'0 27'7 27'2 ~27'O 26'1 ~§7 &7'0 

80° 49'3 44·'3 39'S 36-S 34'8 33'7 31'5 30'4 299 29'3 28'9 .28'7 28'7 29'1 

900 51'2 46'5 42'0 38'9 37'2. 35'9 335 32'7 32'1 I 31'4 31-0 30-S 30-8 31-0 

1000 52-4 48-5 44'4 41'4 39;1 38'1 35'S 35'1 34'0 33'7 33'1 32'9 32'9 33'9 

110° 53'3 50'4 47'2 43'7 41'4 ;40'~ 38'1 372 . 36'5 3ij'S 35'2 34'9 34'9 35'6 

120° 54'S 52'2 48'9 45'S 44'0 42'5 40-3 39'2 38'6 37'9 37'3 37'1 37'1 37'S 

1300 56'1 52,9 50'5 48'3 46'2 44'8 425 41'3 40'6 40'2 39'7 39'2 39'2 39'9 
" 



TAllLE VI I.-Tensions of ,vires, in pounds, in still air, -for a s~ of 100 ft. 

Sizes of wires, S. W. G_ 

Temp. ~ 10 ! II I '1 

i I 

1090 1 1150 50° 137 182 232 292 852 430 529 6~3 735 863 12.80 ~~50 

600 I 

121 161 208 260 314 383 473 ' 555 6,59 77?- 895 .1.029 Jlj5) . '1.2~p 

700 107 142- 185 231 .2.79 340 .419 494 .588 688 79-4 904 1010, 1140 
, 

It63 ! 800 
I 

892 1000 94-0 126 204 246

1 

800 . S'lO 467 5i7 606 ~OO . .sOO' 

90° 82-S III 143 180 I 217 265
1 

327 385 455 534 618 704 784 880 

1000 72 .. 1 98'0 125 158 190 231 286 337 398 466 54.0 61.6 685 770 

] 100 ',64'~ ,;~86-0 111 . 1-88 .1.67, ~O~ ~2:51 ~9i) :351 411 475 ·540 604 679 

1200 58'0 76'9 98'6 123 148 180 222 262 311 364 420 480 533 606 

1300 52-6 69·5 88-5 110 130 163 199 234 279; 326 379 431 484 548 



TABLE VIII.-Tensions of wires, in pounds .. ~n still air, for a span of 120 ft. 

Sizes of wires, S. W. G. 

5UO 117 J 157 210 266 324 401 485 586 705 882 956 1100 1230 1410 
", 

600 104 141 187 238 290 360 435 526 631 736 858 1000 1110 1260 

700 92'3 125 166 213 259 322 390 471 563 668 768 887 989 1120 

800 82-4 III 147 187 229 284 344 418 502 594 680 785 875 991 

900 7.,b·3 99 2- 132 167 2.02 252 306 369 443 524 800 893 776 880 

1000 67'3 90'0 118 150 183 226 27~ 331 397 470 537 620 695 79Z 

1100 . --.61'-1 81'S 107 136 164 204 246 296 356 420 484 559 628 711 

1200 56'6 7·k9 97'0 123 148 18~ 222 268 322 381 ; 437 504 565 841 

1300 524 69-2 90'0 112 136 168 203 24-1. 294 347 396 457 518 589 
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60~ 

'jIF 

100":' 

In 6 

88'0 1:2li H1S 

'79'8 113 150 

73'4 10;3 lS-i 

(j~-4 I 03'() I 12 ~ 
• t I .. i 

I 61H I S3-Slll! 

I 5,-0 I 80-0 I ]0;) 
I I 

5f'7 ( 7 1'5 , 97'0 
I r i 
, - 0 "'0 () ! ())-vl'ol J' ! ul'i) 

t j 

7 

215 

195 

176 

160 

147 

s 

, 
i 

26n i 
I 

210 ! 
2171 
197 

ISO 

131. 16:1 

1:141-151 

1] 5 1 14·0 
I 

5 

372 

335 

300 

271 I 
:2 J.;) i 

I 
.1;')3 I 

~~:31 
ISS! 
173 

-1 

-167 

-122 

378 

34:0 

30ti 

I 
27g ! 

I 
! 

2:5 1· I 

I 
,,:).1 ! 
'" J.~ I 
215 , 

I 

3 

553 

501-1 
451'1 

-!os I 
l 

3£)7 I 
33-1 ! 

~03 

--------_. --
1 

671; soo! 
i i 

605 -721 I 
i I 

5J.5 j 64-7 j 

I i 
4~0 i 581 I 

I ) 
441 524 : 

I 

o ;;/1.1 3/0 I -1/0 
I 
I 

t ! I 

foSS I 10iO ! 1210 : 1380 

S{lZ', 061 IIOPO i J2!O 

800 I SG5 £l70 i 1130 

7~1 I 778 I 880 11010 
l 

Gil ~oo 7Ul I 903 

400 477! 590 
i 

G36 j 
I 

720 

364! '3''''1 j -34 -1 ~ I O· 57D 0;)6 7-1-8 

278 I 334- I 3D5! 490 I 53] 604 i eSG 

2'Ji i 30s1 EGGi .j.;;-t I -wn I 558 i 635 



TA:BLE X.-Tensions of wires, in pounds, in still air, for a span of 160 ft. 

Sizes of wires, S. W. G. 

Temp. FO 

--
J 

50° 85'5 122 167 222 276 348 438 5.:J..9 6i7 771 903 1040 1]70 ]340 

60:> 78'5 112 152- 202- 2.51 316 399 497 5S9 700 823 950 1070 ] 220 

700 78'4 104 loW 185 229 288 363 445 586 638 749 865 973 1110 

800 67'8 95'5 129 169 208 263 831 414 488 580 681 787 885 1010 

90° 65·0 89'5 110 156 HI3 241 303 379 445 529 623 720 I 809 926 

100° 61'5 81-6 111 144 177 222 279 048 ! 
i 

409 487 570 858 I 743 850 

1100 58'S 79'S 105 135 165 206 257 321 I 377 4-1-8 
! 

528 609 685 782 

1200 56'1 75·7 99-0 127 157 194 239 
! 

297 ! 349 415 485 560 634 7:26 

1300 
1

5307 72°.j, I 9-1--0 120 146 183 226 280 I 328 389 455 526 595 68-1 



T_\~LE XI.-Tt?n~ions of 'wires, in pounds, in still air, for a span of 180 ft. 

Sizes of wires, S. W_ G, 

Temp. FO 10 I 9 8 7 6 5 4 f 3 2 1 o I 2,0 I 3{0 1 4{0 

... I 
I 

202 \ 410 I 499 I ! 

50° 76'-1< 109 ( 149 253 322 I 610 73l) I 865 1000 1140 1800 

i t 

600 72'7 103

1 

138 185 232 29l) 376 456 559 672 792 9] 5 1040 1180 

700 68'2 96-2 \ 129 170 214 270 346 417 512 815 725 838 948 1090 

800 6~k9 91-1 I ]22 159 198 251 319 385 470 565 fl64 767 870 998 

goo 61'8 86'3 115 149 ] 85 \233 294 357 434 522- 613 709 805 922 
1 

_592 1 1000 81'7 109 142 175 219 275 330 404 482 561 655 144 854 

1100 56°6 77-0 103 1~4 ] 66 208 258 309 317 453 531 613 698 800 

1200 55"3 74'1, 97'8 127 ]56 194 245 294 358 428 501 578 &q9 154 

71-6 1 

-
VW o 52'8 93-6 I ]20 148 \ 185

1 
232 279 338 I 405 477 550 624 716 

, 



'l'emp l'~o 

50° 

oUo 

70° 

80° 

900 

1000 

110° 

] 20:) 

]300 

TABLE XII.-Tensions of wires, in pounds, in still air, f01' a span of 200 ft. 

Si::~s of wires) S. \V _ G. 

5 

70-1 [' 
-

14.0 I 236
1 

I 
lOl ISG 302 389 

66'2 95'8 130 17~ :220 281 359 

62'8 90-3 123 163 Z05 260 334 

60'5 85'0 117 153 193 243 311 

58'2 Sl-t III 1-15 180 22~ 292 

56-9 77,8 105 136 ]71 215 273 

55'9 7:k9 98'0 lZ9 162 203 257 
I 

-. 5:1'4 72'3 95-3 .123 152 192 2M 

53'0 71:3 92-;2, 117 l-t5 183 230 

3 I 
I 

476 

439 

405 

371) 

35:3 

329 ! 

I 
311 I 

.294 I 
280 I 

I 
\ 

2 I 

586 

538 

501 

46-1 I 
432 

407 

3~0 

3;;9 

3.H 

1 I ° I 2/" I 3,0 

707 838 G76 1110 

650 769 894 1020 
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