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Sags and Tensions of Solid Copper Overhead Conduotors
under Indian Conditions.

By 8. V. Ganapati, with an introductory note by
Prof. A. Hay, p. 5C., M. 1. B. E.

The tables and curves which accompany the present
note will, it is hoped, be found to be of considerable use to those
who are engaged on the construction of overhead transmission
and distribution lines in India. Although there are a considerable
number of such lines in existence, no tables—so far as the authors
are aware—have hitherto been published for the guidance of engi-
neers in charge of overhead construction work, and as a result
each engineer has had to work out for himself the correct sag
or tension to be used in each particular case.

The curves and tables give the correct values of the sags
and tensions to be used at different temperatures in erecting over-
head lines in still air 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 of the white
ant, the cheap type of construction represented by a wood-pole
line cannot be used. But apart from this disadvantage, all the
other conditions affecting the working of an overhead line are of
a bhighly favourable nature. The temperature varies between nar-
row limits ; 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 occur in countries visited
by tornadoes.

According to the Indian Electricity Rules (1911), ““The
factor of safety of an aerial line including the supports thereof
and any guard wires or bearer wires in connection therewith,
ghall be at least four under all conditions, the maximum wind
pressure being taken at 25 lbs per square foot. For cylindrical
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 Electricity Rules
sufficiently defines the conditions which must be satisfied by a
properly constructed overhead line, with one exception : nothing
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is sai ut a lower temperature limit. In order to be on the safe
ls?idsezfldwae‘ab?nave taken thiI; limit to be 50°F. Accordingly the
most severe conditions to which the line issupposed to be subjected
correspond to a wind pressure of 25 lbs per square foot and a
temperature of 50°F, and under these extreme 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 formula, namely,

T= 80—20 D,

where T= Tensile strength in tons per square inch
and D=Diameter of wire in inches.

Young’s modulus was assumed to be 16 X 108 lbs. ‘per
square inch, and the temperature coefficient of expansion of
copper to be .93 X 10~° per °L.

The usual parabolic equation for the curve assumed by
the wire was employed, namely,
i
=
where d =Sag
=Distance hetween supports

w =Resultant total force per unit
length,

and ¢ =Tension

The method of arriving at the results given was as
follows :—

From the known weight per unit length and the wind
pressure of 25 lbs per square foot, the total load per
unit length of wire under the assumed most severe
conditions was calculated for each size of wire. Next,
assuming a factor of safety of four, the working
stress infensity was determined for each size, and from
it the maximum working tension. Using the values
of the maximum load per unit length and maximum
working tension, the excess length—i. ¢., the difference
between the actual length of the conductor in the span
and the span itself (the horizontal distance between
points of support)— was determined for the various
sizes of wire and the various spans by means of the
formula

1
E O Py Pho G -
xcess length 54 7 !
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Next, from the known value of Young’s modulus and
the working stress intensity the extension arising from the stress
was calculated (in making this calculation it is safe to take the
original length of conductor as equal to the span). By subtract-
ing this extension from the excess length under the most severe
conditions, the excess length of a conductor in a span was
obtained when the conductor is relieved of all stress. This
excess length 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 would be found to be less
than the length of span. Since the greatest wind pressure bas
been assumed to occur at the lowest temperature, the excess
lengths of the unstressed conductors calculated as above are taken
to rcpresent these lengths at the minimum temperature (60°F)
assumed. If now the conductor is stressed, its excess length will
increase in proportion to the stressintensity, and the relation
between stress intensity 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°F. The
unstressed conductor will expand and its excess length when
unstressed will increase. 1f nmow the temperature is maintained
constant at the higher value and stress is applied to the conductor,
the new line which represents the relation connecling 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 length with stress intensity at the
various temperatures will be represented by a series of parallel

equidistant straight lines.

Take then any span length, and for it draw such a series
of equidistunt parallel {ing:,: call this diagram A. Next draw for
the same span the curve connecting sfress intensity “:‘l‘th exeess
Jength when there is no wind. Call this diagram B. This latter
curve will be the same for all sizes of wires for the particular span
selected. The scales for stressintensity and excess length must
be the same in the two diagrams. Make a tracing of the straight
line diagram A. Two such diagrams for a span of 100 feet are

gshown in figures 1 and 2.

‘We now have all the necessary gla,ta. for dete.rmining, for
the given span and the various sizes of wire, the relation between
excess length and temperature when there is no wind.
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The actual procedure is then as follows :(—

From the previously caleulated table we find for any
given size of wire the excess length of the unstressed wire 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 (30°F) line of the A diagram intersects the axis of excess
length of the B diagram at a point corresponding 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 excess lengths (or corresponding stress inten-
sities) the sags and tensions at the various temperatures and for
the various sizes of conductors are easily calculated.

Each length of span requires its 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 total load 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. The curves, however,
show that beyond a certain size the sag, after passing through a
minimum value, begins to increase with increasing size of the
conductor. This is due to the fact that beyond a certain limit the
wind pressure load becomes relatively unimportant, while on the
viher hand with increasing size the tensile strength continues to
decrease steadily. It is this decrease in the tensile strength that
necessitates the use of a larger sag for the same factor of safety.

DEPARTMENT OF ELECTRICAL TecENOLOGY,
INDIAN INSTITUTE oF SCIENCE,
BANGALORE,

I I. 8. No. 82,—R. P. B, ~1-1922,—500,
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