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AMENDMENT NO. 1 JULY 1990
TO

IS : 1255 - 1983 CODE OF PRACTICE FOR
INSTALLATION AND MAINTENANCE OF POWER
CABLES UP TO AND INCLUDING 33 kV RATING

{ Second Revision )

( Page 17, clause 4.2.1.2 ) — Inscrt the following after 4.2.1.2:

‘4.2.1.3 Route indicators — Power cable route indicators should be
provided at an interval not exceeding 200 M and also at turning points of
the power cable route wherever practicable.’

( Page 17, clause 6.3.3 ) — Insert the following after 6.3.3;

“6.3.3.1 The power cable should not be laid above the telecommuni-
cation cable, to avoid danger to lifc of the person, digging to attend to the
fault in the telecommunication cable.

6.3.3.2 For wdentification of power cables, the cable protective cover,
such as bricks or RCC slabs may be suitably marked by words ‘power
cable’ or ‘by the owner’.

6.3.3.3 While laying power cables, the hkely interference to existing
telecommunication cables should be avoided by referring to and coordi-
nating with the appropriate telecommunication authorities.”™

( Page 60, Table 6, col 4 ) — Substitute ‘15’ for ‘5.

(ETD9)

Printed at Simco Printing Press, Delhi, Ind:a
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Indian Standard

CODE OF PRACTICE FOR INSTALLATION
AND MAINTENANCE OF POWER CABLES
UP TO AND INCLUDING 33 kV RATING

( Second Revision )

0. FOREWORD

0.1 This Iudian Standard (Second Revision) was adopted by the Indian
Standards Institution on 26 August 1983, after the draft finahized by
the Power Cables Scetional Commuttee had been approved by the
Electrotechmecal Division Council,

0.2 This standard gives recommendations  and  guidelines only as
apphied normally to cable installation techniques.  For special apphcea-
tions and instaliation conditions, 1t may be necessary to consult cable
manufacturers for their guidance.

0.3 Cable jointing and termination practices are brictly described for
general guidance. It 1s desirable to obtain the detailed procedure trom
the cable manufacturers,

0.4 The cable installations <hould be carried out to meet the require-
ments of the Indian Blectricity Rules, 1956 and other regulations n
force and nceessary checks or tests should be carned out prior to
commissioning for comphance with such rules and regulations. 1t as
also necessary to consult the locat authorttics and other public utilities,
such as, railways, telegraph and telcphone services, and gas and water

supply.

0.5 The cable instailations should be carried out by authorized persons
competent to undertake work under such regulations as may be
enforced by the authority concerned in the administration of the
Indian Electricity Act, 1910 and rules thereunder, in different states.

0.6 This standard was first published in 1958. ‘'T'he first revision of
the standard was undertaken in 1967 to metricize all dimensional
requircments. The prevalent practices in the installation and main-
tenance of paper insulated power cables with copper and aluminium
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conductors were also introduced. The second revision of this standard
has been undertaken to give latest practices for selection, installation and
maintenance of PILC, PVC and XLPE cables.

0.7 For the purpose of deciding whether a particular requirement of
this standard is complied with, the final vajue. observed or calculated,
expressing the result of a test, shall be rounded off in accordance with
1S : 2-1960*. The number of significant places retained in the rounded
off value should be the same as that of the specified value in this
standard.

1. SCOPE

1.1 This standard gives rccommendations and broad guidelines for
sclection. transportation, laying, jointing, termination, testing, commis-
stoning, maintenance and fault localization of power cables up to and
including 33 kV ratings.

This standard applies to cables conforming to 1S :692-1973%,
IS : 1554 (Part 1 )-1976%, 1S : 1554 ( Part 2 )-1981§, 1S: 7098 ( Part | )-
1977 and IS : 7098 ( Part 2 )-1973°.

1.2 This standard does not apply to installation of cables for special
applications, such as, mines, quarries and oil fields where other statutory
reguiations govern.

2. TERMINOLOGY

2.1 For the purpose of this standard. definitions given in
IS : 1885 ( Part 32 )-1971** shall apply.

*Rules for rounding off numerical values ( revised ).

tSpecification for paper susulated lead-sheathed cables for clectricity  supply
( second revision ).

$Specification for PVC insulated ( heavv dutv) electric cables: Part 1 For working
voltages up to and including 1 100 V (second revision ).

§Specification for PVC insulated ( heavy duty ) electric cables: Part 2 For working
voltages from 33 KV up to and including 11 kV ( firse revivion ),

iSpecification for cross linked polyethviene insulated PVC sheathed cables :
Part 1 For working voltages up to and including 1 100 volts

YSpecification for cross linked polyethylene insulated PVC sheathed cables:
Part 2 For working voltages from 33 kV up to and including 33 kV,

**Electrotcchnical vocabulary: Part 32 Cables, Conductors and accessories for electri-

city supply.
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SECTION 1 SELECTION OF CABLES

3. TYPES OF CABLES AND THEIR APPLICATIONS

3.1 The type of cables covered under this code, their design, perfor-
mance requirements and methods of testing are covered by standards
mentioned under 1.1. The recommended current carrying capacitics
ol these cables are covered by IS:3961 (Partl)-1967* and
IS 13961 (Pait 2)-19671. Indian Standard on recommended current
carrying capacitics of XLPL cables is under preparation.

3.2 The typical constructional details of power cables along with their
preferred applications arc given in Appendix .\,

4. GUIDELINES FOR SELECTION AND PLANNING OF CABLE
INSTALLATION

4.1 The user <hould ensure the selection of proper type of cable, proper
protective coverings for the cable and their correct installation and
jointing, For difficult and cxtra-ordinary conditions, help of cable
manufacturers may be taken for selecting proper cable and the
installation guidcelines,

4.2 The information given under 4.2.1 to 4.2.8 is required for planning,
selection and installation of cables.

4.2.1 General

4.2.1.1 Purpuse - The purpose for which cables are required
{ see Appendix A),

4.2.1.2 Length of the cable route — While mcasuring the actual
route length, possible diversions due to unforeseen conditions and extra
cable length that may be required at terminations should be considered.

4.2.2 Soil Conditivns — The knowledge of the soil and ¢nvironmental
conditions helps in selecting type of finish of protective covering of the
cable and the ronute of laying. The knowledge of type of micro-biological
organization and termites existing in the soil wherc the cables are to
be stored or installed may also be useful.

*Recommended curré;xt ratings for cables; Part 1 Paper insulated lead-sheathed
cables.

tRecommended current ratings for cables: Part 2 PVC-insulated and PVC-sheathed
heavy duty cables.
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4.2.2.1 Nature of soil ~ The current carrying capacity of a cable
is dependent on thermal resistivity of soil and ground temperatures for
directly buried cables ( see Note ). For general applications, the basic
values adopted in 1S : 3961 ( Part 1)-1967* and 1S : 3961 ( Part 2 )-19671
are sufficient and are applicable to the conditions prevailing in most parts
of India.

No1E — Methods of measurement of thermal resistivity of soil are given in ERA
Report Neo. F/T 181,

4.2.2,2 Chemical action — The soil may contain such chemicals
which are detrimental to the life of the cable It is, thercfore, advisable
that the pH value and the chemical composition of the soil be
determined.

4.2.2.3 Electrolytic corrosion —— Where the possibility of electrolytic
corrosion exists, for example, adjacent to dc  traction system, the
potential gradient along the pipe-hne and the cable sheath should be
specificd,

4.2.3 Operating Conditions

4.2.3.1 System voltage ~- The rated voltage, maximum operating
voltage, whether dc or ac, number of phases and frequency. The permis-
sible operating voltages are given in Table 1.

TABLE 1 PERMISSIBLE OPERATING VOLTAGE
RATED VOLTAGE  MAXIMUM PERMISSIBLE MAXIMUM PERMISSIBLE MaxiMUM

OF CABLE ContiNuous 3-PHase CONTINUDUS 1-PHASE PrRMIsSSIBLY
et~ SysieM VoLTAGE, Uy SYSTEM VOLTAGF dc VolLTaGE
D T U NN N,
Uo U Both One Core
Cores Earthed
Insulated
(1) (2) (3 (4) (5) (6)
kV kV kV kv kV kV
0°65 11 121 14 07 18
19 33 363 42 2] -
33 33 363 42 42 —
38 66 7:26 81 40 —
66 66 7:26 81 81 —
635 11 121 14 7 -
1 11 12-1 14 14 ~=
127 22 242 2R 14 —
19 33 363 42 21 —

-Tligcommended current ratings for cables: Part 1 Paper-insulated lead-sheathed
cables,
tRecommendcd current ratings for cables: Part 2 PVC-insulated and PV(-sheathed
heavy duty cables.
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4.2.3.2 Earthing conditions — In 3-phasc systems, it is nccessary
to know whether the neutral point iy effectively earthed, or carthed
through resistance, inductance or earthing transformer or if system is
totally unearthed. For the purpose of this standard, « system may be
considered carthed if:

a)

b)

<)

The ncutral point is earthed in such a manncr that during a
line-to-carth fault the highest rms voltage to earth of a sound
phase(s) expressed as a percentage of the highest line-to-line
voltage, does not exceed 80 percent, irrespective of the fault
location, or

The neutral point is not earthed but a device is installed which
automatically and instantly cuts out any part of the system
which becomes accidentally earthed, or

In case of ac systems only, the neutral point is carthed through
an arc suppression coil with arrangement for isolation within
one hour for the non-radial ficld cables and within 8 hours for
radial field cables, of occurrence of the fault provided that the
total of such periods in a year does not excced 125 hours.

4.2.3.3 Loud conditions -— The precise information regarding actual
load conditions helps in choosing correct cross-section of conductors
for the cable. Broadly speaking, load conditions are as follows:

a)

Normal continuous load — By normal continuous load, it is
meant that the given load current will be flowing continuously
through cables. The current ratings given in relevant Indian
standard specifications are always continuous current ratings
and can be related directly to continuous load currents.
Howcever, the current ratings given in these specifications are
based on the normal conditions of installation. 1f the actual
conditions are not the samc as the normal conditions, the
values for the normal current ratings should be multiplied by
relevant rating factors given in the same Indian standard
specification.

b) Intermittent load — 1f the cable is switched on and off

periodically, so that the time between switching ‘oft” and then
‘on’ is not sufficient to cool the conductor to the ambient
temperature during the rest period, then such load is called
intermittent load. A proper cross-section of cable conductors
for such load conditions may bc decided in consultation with

the cable manufacturers.
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¢) Short time load — Under these load conditions, the conductor

is allowed to cool down to ambient temperature after the load
penpd. Here again, the conductor cross-section may be
decided in consultation with the cable manufacturers,

d) Cyclic load -- 1f the load is cyclic, the maximum permissibie

current may be increased by an amount depending on the shape
of the load curve, type of cable, its heat capacity and
method of installation.

4.2.3.4 Permissible voltage drop — This factor also  dccides the
minimum conductor size, particularly in case of long feeders so as to

maintain

voltage drop within statutory limits.  Guidance about voltage

drop, in volts per kilometre per ampere, at the operating temperature of
the cable, may be drawn from Tables 2,3 and 4. This is also an
important consideration for cables fecding motors as starting torque of
motor depends on square of voltage available at motor terminals,

TABLE 2 ESTIMATED VOLTAGE DROP FOR PAPER INSULATED

ALUMINIUM CONDUCTOR, ARMOURED, THREE CORE

CABLES
VoLTAGe Droe, V/km/A
e e A e e e ey
NominaL CRoss- 635/11kV & 11t kv 12:7)22 kV 19133 kv
SECTIONAL AREA /11 kv (H-Type) (H-Type) (H-Type)
or CONDUCTOR (Belted-Type)
(¢} @ 3) ) (5)
nm?
16 392 398 - -
25 246 2'51 251 —
35 179 182 1-82 -
50 132 1-35 1-35 -~
70 092 094 094 0'9S
95 067 0°6% 069 070
120 054 055 0’55 056
150 044 046 046 047
185 036 037 038 038
225 031 032 032 033
240 030 031 031 032
300 025 0.26 027 028
400 021 022 023 024
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TABLE 3 ESTIMATED VOILTAGE DROP FOR CROSSED-LINKFD
POLYETHYLENE, Al UMINIUM CONDUCTOR, ARMOURED
THREE CORE CABLES

( Claune 4234)

NomiNaL CRross- VorLtaat Drop, Vikm/A
SECTIONAL ARFA —— - e A e e e
OF CONDUCTOR IB66KY 6666& 11 11 kV 12-7/22 kV 19 313 LV
63511 RV
n () 3) 4) 5) (6)
mm?
16 424 — — .
ol 267 267 267 - —_
35 194 194 1-94 1.94 —
50 1'44 144 1"44 1-44 144
70 1'00 100 101 1ot 1-01
95 070 074 074 074 074
120 0 56 059 060 060 060
150 0°48 049 0'49 049 050
185 0°40 040 041 041 042
240 030 032 033 033 032
300 026 027 028 028 029
400 021 023 024 024 025

TABLE 4 ESTIMATED VOLTAGE DROP FOR PVC INSULATED, ALUMINIUM
CONDUCTOR, ARMOURED THREE CORE CABLES

( Clause 4.2.3.4)

NoMiNAL CRross- Vot TacE Drop, Vikm'A
SECTIONAL AREA e e e e A e
0r CONDUCTOR I'1kV 19 3:3kV IR66kV 6°6/66 kV 6'35/11 kV
(h ) ) 4) (5) (6)
mm?
1S 416 —_— —
25 250 - - — —
4 157 - — -
6 104 - - - —
10 62 - -
16 40 - -- —_
25 2'5 25 25 25 25
35 1'8 1'9 182 1'82 1-82
50 13 13§ 135 35 1°35
70 094 094 094 094 094
95 068 0°6Y 069 069 0°70
120 055 055 056 56 056
150 046 046 046 046 047
185 037 037 038 038 038
240 030 030 031 031 031
300 026 026 026 026 027
400 022 022 022 023 023
500 020 020 020 020 021
630 018 018 018 018 019
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4.2.3.5 Short-circuit data

a) Maximum asymmetric short-circuit current,

b) Tmitial rms alternating current (effective value),

c) Sustained short-circuit current (effective value),
d) Earth fault current in earthed necutral system, and
¢) Total fault clearance time.

The maximum sustained rms fault current and its duration will
depend upon system parameters and protective devices. It is desirable
that the same be correlated to short-circuit rating of the cables.

4.2.4 [nstallation Condition — Method of laying, instaliation details,
such as, thermal resistivity, soil temperature, dimensions of trench, num-
ber, type, cross-sectional area and the load of all power cables already in
trench or duct or likely to be installed, difficulties expected during
installation, likely mechanical stress, vibrations, railway or road or river
crossing if any, grouping and spacing of cables, are to be considered.

4.2.5 Economic Considerations — While technical considerations decide
the minimum conductor cross-section, ecopomics governs the optimum
size which would give the minimum running costs. For this purpose,
the minimum size along with two or three higher sizes are considered,
and annual running costs for each size are worked out by calculating
loss (in terms of money) and interest/depreciation of the cable cost. The
total of these two gives running cost. The size which gives the minimum
running cost should be chosen.

4.2.6 Besides this, other factors such as standardization of cable sizes,
future expansion, standardization of accessories, etc, should also be
considered cspecially for large distribution systems.

4.2.7 Data About Cable Joints ana Terminations — The data described
under 4.2,7.1 and 4.2,7.2 should be collected.

4.2.7.1 End terminations
a) Number of end terminations/sealing ends,
b) Outdoor or indoor type,
c) Pollution level and humidity,
d) Desired type, and
¢) Space available.

12
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4.2.7.2 Cable joints
a) Type of joints;

b) Soil conditions such as type of soil, sub-soil water level chances
of soil subsidence and vibration; and

¢) Type and size of existing cables.

4.2.8 Drum Lengths and Mass

a) Required drum lengths in accordance with pre-determined joint
positions and other relevant factors, and

b) Restrictions regarding mass and dimensions of cable drums due
to transport difficulties. Heavier and larger drums pose con-
siderable problem while loadingfunloading, transporting
handling and laying.

SECTION 2 GENERAL
5. GUIDELINES FOR CABLE LAYING AND INSTALLATION
5.1 Selection of the Route

5.1.1 The selection of the route should first be decided keeping in
view the immediate and ultimate use of the cable as an integrated part
of the transmission and distribution system.

5.1.2 For a feeder run, that side of the street which presents the least
obstacles and the fewest roadway crossings is naturally chosen, but if a
distributor is being laid concurrently with feeders, prospects of future
consumers may influence the decision on this point. In such cases,
distributors should always be laid nearest to the buildings.

5.1.3 For transporting the cable drums to work site, it is necessary to
check the road conditions, whether it has loose soil, is marshy, water-
logged, etc, including turns and widths. Special attention should be paid
to the load bearing capacity of the bridges and culverts and other obstruc-
tions which fall enroute.

5.1.4 If possible, cables should be laid along the footpath rather
than the carriage way. Plans for future building projects should be con-
sidered. The route should be, as far as possible, away from parailel
running gas, water pipes and telephone/telecommunication cables.

5.1.5 Suitable locations for cable joints and end terminations should
be selected as required.

13
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5.2 Permissible Gradient of the Route and Permissible Vertical Height —
For XLPE and PVC insulated cables up to 11 kV grade and paper in-
sulated cables having non-drammmg compound, gradients and vertica
heights do not pose any problems. However, in case of vertical instal-
lations, if cables arc to be of sclf-supporting type, the cable manufacturer
may be consulted for providing special «crong armour.

§.3 Minimum Permissibic Bending Radii The cable should not be bem
to a sharp radius.  Minimum recommended beading radin are given in
Table 5 ( see Fig 1).  Whercever possible, targer bending radii should be
used

Fig. 1 Permissist £ BENDING Rapn

TABLE 5 MINIMUM PERMISSIBLE BENDING RADI1 FOR CABLES

VOLTAGE R ATING PILC CaBLLs PVC and XI.PE CasLes
r oA - (g A - =

Single- Multi- Single- Multi-
Core Core Core Core

1)) (2) 3) 4) (3)

kv

Upto I} 20D 15D 15D 12D
Above I'l to 11 20D IsD 15D 15D
Above 11 25D 20D 20D 15D

Note — D is outer diameter of cable,

5.3.1 At terminations, under onerous site conditions, should the bending
radius be required to be reduced from the values given in Table 5, special
precautions should be taken so as not to damage the cable.

14
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5.3.2 At joints and terminations bending radius for the individual
corcs should be above 12 times the diameter over the insulation.

5.4 Maximum Permissible Tensile Strength for Cables

5.4.1 For Cables Pulled with Stocking

PVC and XLPE insulated armoured power cables P — 9D
PVC and XLPF insulated unarmoured power cables P 5D?
Paper insulated armourced power cables Belted )
and H |
b P 3D
type !
cables J
HSL cables P— 1D}
where

P -- pulling force in Newtons, and

D — outer diameter of cables in millimetres.

5.4.2 For Cables Pulled by Pulling Eye - - If 1the cables are pulled by
gripping the conductor directty with pulling eye, the maximum permissible
tensile stress depends on the material of the conductor and on their cross-
section as given helow:

For aluminium conductors 30 N/ymm?

For copper conductors 0 N/mm’

5.4.2.1 The cable pulling eyes used primarily for paper-insulated
cables, should seal off tne cable ends so that they are watertight.  They
are specially made for each type of cable.

Example:
Cable APLSTS 3 x95 mm?, 11 kV, 0D = 50 mm

The maximum pulling force P:
with cable stocking = 3D® = 3 x50* = 7 500 Newtons

with cable pulling eye = 3Xx95x30 = & 550 Newtons
15
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5.5 Expected Pulling Force When Pulling Cables by Winch — The follow-
ing values of pulling force are expected:

P = (approximately percentage of cable weight ):

In trenches without large bends 15-20 percent
In trenches with 1 or 2 bends of 90° each 20-40 percent
In trenches with 3 bends of 90° each 50-60 percent

( assuming the use of easy-running
support and corner rollers )

In ducts with bends totalling 360° Up to 100 percent
6. METHODS OF CABLES LAYING AND INSTALLATION

6.1 The conventional methods of cables laying and installation are:

a) Laying direct in ground ( see 6.3 ),

b) Drawing in ducts ( see 6.4 ),

¢) Laying on racks in air ( sce 6.5),

d) Laying on racks inside a cable tunnel ( see 6.6 ), and
¢) Laying along buildings or structures ( see 6.7 ).

6.2 Choice of System

6.2.1 The choice of any of the systems given under 6.1 depends on the
actual installation conditions, initial cost of laying, maintenance and
repair charges, desired ease in replacement of any cable or adding new
cables. The relative merits and demerits of the above systems are
summarized in Appendix B.

6.3 Laying Direct in Ground

6.3.1 This method involves digging a trench in the ground and laying
cable(s) on a bedding of minimum 75 mm riddled soil or sand at the
bottom of the trench, and covering it with additional riddled soil or
sand of minimum 75 mm and protecting it by means of tiles, bricks or
slabs ( see Fig. 2).

6.3.2 Depth — The desired minimum depth of laying from ground
surface to the top of cable is as follows:
High voltage cables, 3'3kV to 11 kV rating : 09m
High voltage cables, 22 kV, 33 kV rating : 1'05m

L.ow voltage and control cables : 075 m
Cables at road crossings : 1'00m
'Cables at railway level crossings (measured : 100 m

from bottom of sleepers to the top of pipe)
16
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Fi1G. 2 CaBLE BEING LAID IN GROUND

6.3.3 Clearanccs — The desired minimum clearances are as follows:

Power cable to power cable Clearance not necessary; however,
larger the clearance, better would
be current carrying capacity

Power cable to control cables 02 m

Power cable to communication : 03 m
cable

Power cable to gas/water main : 03m

Inductive influence on sensitive control cable on account of nearby
power cables should be checked.

6.3.4 Cables Laid Across Roads, Railway Tracks and Water Pipe Lines

6.3.4.1 Steel, cast iron, plastics, cement or earthenware ducts, or
cable ducting blocks should be used where cables cross roads and railway
tracks. Spare ducts for future extensions should be provided. Spare
duct runs should be sealed off. Buried ducts or ducting blocks should
project into footpath or up to the edge of road, where there is no foot-
path, to permit smooth entry of cable without undue bending.

17
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6.3.4.2 The duct/pipe joints should be covered by collars to prevent
settlement of in between pipes. [t may be desirable to leave a pilot wire
inside the ducts.

6.3.4.3 The diameter of the cable conduit or pipe or duct should be
at least 1'S times the outer diameter of cable. The ducts/pipes should be
mechanically strong to withstand forces due to hcavy traffic when they
are laid across road/railway tracks.

6.3.4.4 The cable entry and exit should be through bell mouth or
padding. A typical bell mouth prepared from lead sheath fitted on to
cast iron pipe cable duct is shown in Fig. 3.

203mm 102mm ,
STAGE-1 STAGE -2
,i_HliLi_L BELL MOUTH

N

STAGE-3 FINAL STAGE

Fic. 3 BeLL MoutH

6.3.4.5 The bending radii of steel or plastics ducts should not be
less than 1"5 m.

18
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6.3.4.6 Single-core cables should not be laid individually in steel
ducts but instead, all three cables of the same system should be laid in
one duct,

6.3.5 Cable Over Bridges — On bridges, the cables are generally
supported on steel cable hooks or clamped on steel supports
at regular intervals. While designing a cable layout on a bridge; expan-
ston of bridge due to changes in atmospheric temperature should be
taken into account. On most of the rail-cum-road bridges, the cables are
subjected to vibrations. For such conditions, round wire armoured and
lead alloy ‘B’ sheathed cables are preferred. Cables can be laid on
bridges duly suspended from catenary wire at regular intervals. The
catenary  wirc should be of galvanized steel of adcquate
strength and of stranded construction.  The catenury wires in suitable
spans, are connected to rigid members of a bridge by means of turn-
buckles. The cable is suspended on steel aluminium/leaiher suspenders;
connected to the catenary wire by dropper wires.  This type of installa-
tion takes care of expansion of bridge and vibration problems.

It is advisable that cables laid in bridges are provided with sun-
shields, to protect the cables from direct heating by sun’s rays.

Some road bridges are provided with buili-in cable-ducts and on
such bridges the cables may be installed in these ducts,

- It is necessary to obtain formal approval of the appropriate autho-
rities { PWD/Railways ) of the cable layout arrangement to be adopted
on a bridge,

6.3.6 Cables Below Railway Crossing — When the cables are laid under
railway tracks the cables should be laid in reinforced spun concrete or
cast iron or steel pipes at such depths as may be specified by the railway
authorities but not less than | m measured from the botiom of sleepers
1o the top of the pipe. In the case of single-core cables the cast iron or
steel pipes should be large enough to contain all the three single core
cables forming the circuit in the same pipe.

6.4 Drawing the Cables into Ducts Pipes

6.4.1 When drawing the cables 1nto ducts, lack of space in the drawing
pits usually restricts the distance from the drawn duct mouth and it is
essential that the direction of curvature of the cables is not reversed as
it enters the duct. If the duct is on the same side of drawing pit, as the
duct mouth is shown in Fig. 4, this condition is fulfilled.
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Fic. 4 MEeTHOD OF PuLLING CABLES TO DucTs

6.4.2 On long run ducts, it is desirable to apply lubrication to the lead
or serving/outer sheath as it enters the duct.  Petroleum jelly or graphite
powder or a combination of both is effective for this purpose and through
lubrication will reduce the pulling tension by about 40 percent. Alter-
natively, graphite finish over the serving/outer sheath of the cables would
equally serve the purpose. The ducts having beil mouth ends should be
laid at all man-hole positions in the cable unless otherwise protected to
avoid sharp edges.

6.4.3 While fixing the cables in ducts, stockings or pulling eyes may be
used. Stockings are slipped over the cable surface while the pulling eyes
are connected to the conductors. Pulling is carried out with manual
labour by means of winches or other mechanical means when the cable to
be pulled is fairly long.
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6.4.4 Method of Pulling Through Ducts — Cane rods of 2 or 3 m length
cach fitted with brass screwed caps with screwed portion on one side and
fitting socket on the other side are passed into the duct one by one, every
time fixing the last end of the previous cane rod to the starting end of
the second rod thus completing the full length of the duct. A strong rope
or flexible steel wire rope is attached to the end of the last cane rod and
the whole thing is pulled from the other end of the duct. In this way
the pulling rope or wire may be passed through the duct, other end of
the rope or wire is then fastened to the pulling grips or pulling eyes,
before actually commencing the pulling operation.

6.4.4.1 In the case of pulling eyes, the pulling tension directly comes
on the conductor and depends on the area of cross-section of the conduc-
tor, the number of cores and the conductor material.

6.5 Laying on Racks in Air

6.5.1 Inside buildings, industrial plants, gencrating stations, sub-
stations and tunnels, cables are generally installed on racks fixed to
the walls or supported from ceiling.  Racks may be ladder or perforated
type and may be cither fabricated at the site or pre-fabricated.

Considerable economy can be achieved using standard factory made
racks. The necessary size of the racks and associated structure has to be
worked out taking into consideration the cable grouping and permissible
bending 1adii ( sce Fig. §).

FiG. 5§ CaABLE INSTALLED ON RACKS
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6.5.2 The space provided for cable racks has to be sufficient. They are
generally fixed to the wall or supported by free standing columns or
structures enabling easy installation or replacement of cables.

6.5.3 The vertical distance between the two racks should be minimum
0°3 m and the clearance between the first cable and the wall (if racks are
mounted on wall) should be 25 mm. The width of the rack should not
exceed 0'75 m in order to facilitate installation of cables.

6.5.4 The cables are laid directly on the trays with or without spacers.
Each tray should preferably contain only one layer of cables. Stacking
cables one above other in 2 or 3 layers on one rack or tray reduces their
current carrying capacity to a very great extent. More than one tier
trays are permissible if the cables present cannot be accommodated in a
single tray.

6.5.5 Ungalvanized steel work of cable rackingftrays should be painted
with a coat of primer and thereafter finished with suitable anti-corrosive
paint,

6.5.6 Only single-core cables laid on horizontal racks need be clamped
at suitable intervals. Multi-core cables need not be clamped.

6.5.7 The distance between the vertical clamps should not be more
than 2 m.

6.5,8 Laying of Cables on J Hooks Mounted on Wall — Another method
of mounting cables along walls is with the provision of ‘J° hooks which
are fixed on the wall for supporting the cable. Distance between these
supports depends on size and weight of the cable. Where more than one
cable has to be supported either separate ‘J° hooks may be used or a
strip with multi-tier projections in the form of ‘J’ can be provided. When
there is a change in direction of the wall, ‘J’ hook should be provided
near the turning on both sides.

6.5.9 Cables Suspended from Catenary Wire — In certain section it
may be necessary to install a cable across an area, suspended from a
catenary wire by means of steel/aluminium/leather suspenders. The
suspenders are hung from catenary wire by means of GI dropper
wires. The catenary wires should be of galvanized steel of adequate
strength and of stranded construction. The two ends of the catenary
wires should be connected to rigid supports by means of GI
turnbuckle. The rigid supports may be of steel poles/structure of
adequate strength. It is advisable that cable suspended from a catenary
wire is provided with sun shield to protect the same from direct heating
by sun’s rays.

22



IS : 1255 - 1983
6.6 Laying Cables on Racks Inside a Tunnel

6.6.1 This system is essentially same as described in 6.5 ( see Fig. 6 ).
However, where the cables are in unventilated tunnel, the heat genera-
ted in the cables is dissipated only through the walls of the tunnel.
Consequently there is an increase in the temperature of the cables
installed in the tunnel and accordingly a proper derating has to be

applied to the current carrying capacity of the cables installed in the
tunnel.
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F1G. 6 CABLES INSTALLED ON RACKS INSIDE CaBLE CANAL

The heating of the air depends solely on the magnitude of the
power loss of all the cables. The increase in air temperature is given
by the following formula: w

T=3p

where
T = increase in temperature over ambient air temperature, °C;
W = total heat loss per metre length of all the cables in
watts; and
= perimeter of tunnel cross-section in metres.

Note —~ When calculating perimeter of the tunnel cross-section, only those
surfaces which permit dissipation of heat should be taken into account,
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6.6.2 In thc case of ‘Passable’ cable tunnel, the head room should
not be less than 2 m and width sufficient to leave a free passage of at
least 600 to 800 mm either from one side or in the middle. Due
consideration should be given for adequate ventilation, lighting and

drainage.

6.6.3 Proper barriers should be provided to isolate various sections of
long tunnels so as to contain flooding and fire:

6.7 Laying Along Buildings or Structures — Cables can be routed inside
the building along with structural elements or with trenches under floor
ducts or tunnels, The route of proposed cable should be such that
intersection with other cables will be minimum The route should not
subject these cables to any vibrations, damage due to heat or other
mechanical causes, otherwise adequate precautions should be taken.

7. PACKING, TRANSPORT AND STORAGE

7.1 Cables are generally received wound on wooden drums, both the ends
of the cable being easily accessible for inspection and testing. However,
short lengths may be transported without drums.

7.2 In case of paper-insulated lead-sheathed cables, both the ends of
cables should be protected from moisture by means of plumbed lead caps.
In case of PYC and XLPE cables sealed plastic caps should be used.

7.3 The cable drums or coils must not be dropped or thrown from
railway wagons or trucks during unloading operations. A ramp or
crane may be used for unloading cable drums. If neither of these is
available, a temporary ramp with inclination 1 : 3 to 1 : 4 approximately
should be constructed. The cable drum should then be rolled over the
ramp by means of ropes and winches. Additionally a sand bed at the foot
of the ramp may be made to brake the rolling of cable drum.

7.4 The arrows painted on the flange of the drum indicate the direction
in which the drum should be rolled. The cable will unwind and become
loose if the drum is rolled in the opposite direction (Fig. 7).

7.5 The site chosen for storage of cable drums should be well-drained
and should preferably have a concrete surface/firm surface which will not
cause the drums to sink and thus lead to flange rot and extreme difficulty
in moving-the drums.
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Fi1G. 7 ARROW ON FLANGE OF CABLE DRUM

7.6 All drums shonld be stored in such a manner as to leave sufficient
space between them for air circulation. It is desirable for the drums
to stand on battens placed directly under the flanges. During storage,
the drum should be rolled to an angle of 90° once every three months.

7.7 In no case should the drums be stored ‘on the flat *; that is, with
flange horizontal.

7.8 Overhead covering is not essential unless the storage 18 for a very
long period. The cable should, however, be protected from direct rays
of the sun by leaving the battens on or by providing some form of sun
shielding.

7.9 When for any reason, 1t 1s necessary to rewind a cable on to another
drum, the barrel of the drum should have a diameter not less than that
of the original drum.

SECTION 3 LAYING AND INSTALLATION

8. GENERAL

8.1 After the planking has been removed, the cable should be examined
for exterior damage, if any. To avoid damage to the protective covering
and the insulation the cable must not be pulled across hard and sharp
objects and must not be bent in an inadmissible way.
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8.2 The cable should always be pulled off the top of the drum. In doing
so, the drum should be placed in such a way that the painted arrow
points to the opposite direction of the pulling. The drum is jacked up
with a drum axle to such a height that the plank needed for braking can-
not jam; heavy drums should be jacked up with hydraulic drum pedestals
( see Fig. 8).
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Fic. 8 CasLe BEING PULLED FROM DRUM

8.3 Suitable provisions should be made to brake the drum, in order that
during a sudden stop further rolling and consequent buckling of the cable
is avoided. The kinks (nooses) are particularly dangerous and should be
avoided at all costs. A simple plank can serve as drum brake. When
pulling, the cable drum is turned by hand in order to avoid excessive
tensional stress, which may damage the cables, particularly smaller
unarmoured cables.

8.4 With temperatures below 3°C, the cables should be warmed before
the laying out, since otherwise the bending would damage the insulation
and protective coverings of cables. The cable laying must be carried
out swiftly, so that the cable does not cool down too much.

Warming of cables may be achieved by storing the cables for
adequately longer period ( not less than 24 hours ) in a heated building
or in a tent with hot air heaters. To facilitate laying, however, the
cables should be heated to about 10°C,
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8.5 The leading end of the cable is untied from the cable drum and a
cable stocking placed over it and secured firmly. A rope is attached to
the cable stocking pulling eye. No puil should be exerted on the end
of the cable.

8.6 Identification strips/tags of metal or plastics should be attached to
the cables, particularly if several are laid in paralle!, 8 to 10 m apart.
Identification tags should also be attached at every entry point into the
buildings and at the cable end termination.

8.7 A bedding of riddled earth or river sand should be provided and
protective cable warning covers should be used. Instruction to back
fill the trench should not be given until the entire length is protected by
cable cover and checked.

8.8 Special Notes for Single-Core Cables

8.8.1 The spacing between thrce cables laid in one plane should be
not less than the cable diameter.  When the cables are arranged in a
duct or on a rack in this way, cach one should be secured either to be
base or to the others by non-magnetic, non-corrosive clamps every 0°5
to 0'8 m.

8.8.2 When the cable run is several kilometres long, the cables should
be transposed at one-third and at two-thirds of the total lengths.

8.8.3 Cables can ulso be laid in trefoil arrangement 1n ducts or on
racks which improves current distribution and reduces sheath losses.
Non-magnetic clamps may not be essential in this case and it suffices to
bind the cable with steel, copper, aluminium or plastics tapes every 05
to 0°6 m.

8.8.4 The cables do not have to be bound/'clamped when laid in
ground. Single-core cables should not be installed individually in

protective steel ducts; instead, all three should be laid together in one
single duct.

8.8.5 If several single-core cables are laid per phase, these should be
arranged as follows to ensurc balanced current distribution:

27



1255 - 1983

IS

and so on

\{
e & o

. e

> @ ~

x @ -

OR WITH TREFOIL ARRANGEMENT

a~6D
b= 20

@ \
> 8~
e ™
e ™
> @
@ ~ 3 -
>@ N
@~ c@® ~
>~ ™~ Il._ﬁ
e~ E
o i
B.),{* B.B.labr
> ™~ o > @ ~
e ~ ! x® —~

28



IS : 1255 - 1983

9. TRENCHING
9.1 Methods of Trenching — The known methods of trenching are:

a) Manual excavation,
b) Excavating with mechanical force,
¢) Thrust bore, and

d) Trench ploughing.

Of these, only the first two are possible in cities and towns where
there is a risk of damage to other properties existing underground.
However, the final choice would depend upon the type of ground to be
excavated.

9.2 Tunnelling or Heading

9.2.1 A tunnel or heading under a roadway is, sometimes, adopted
to avoid opening up the road surface. This is often necessary when the
number of other pipes and services under the roadway, or uncertainty
about their location and depth, makes thrust boring too risky.

9.2.2 If several cables have to be laid under the roadway, or if the
drawing system is being used, tunnelling may be the only method
available to cross a busy thoroughfare.

9.2.3 When the tunnel has been excavated, the cables could be laid
direct but this would mean further excavation if a section had to be
replaced at some future date. [t is usual, therefore, to lay pipes or
stoneware conduits and to allow several spare ways for future
dcvelopments.

9.2.4 Back filling of the excavated soil should be carefully carried out,
the soil should be well rammed-in to prevent the road surface cracking
due to settlement of loose fill. If a large number of pipes are laid
across the road, a manhole should be built on either side to terminate
the pipes.

9.2.5 As there is a danger of serious accidents because of the road
surface cracking or caving-in due to heavy vehicular traffic passing over
the tunnelled portion of the road, all tunnelling operations should
preferably be undertaken only in the night when the density of vehicular
traffic is very low. To avoid accidental damage to other installations
in the path of the tunnel during the tunnelling operation, the tunnel
should be well illuminated, preferably by powerful torch lights when
men are at work.
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i0. LAYING OF CABLES

10.1 Paying-out from a Trailer — Cables may be paid-out directly from
a drum mounted on trailer, if there are no obstacles in a trench or in its
vicinity. Trailer should move very slowly and the cable drum should
be rotated by hand and braked if necessay in order to prevent excessive
tensile stresses or kinking of the cables ( see Fig. ©)

- ab

FiG. 9 CaBLE BEING PULLED DIRECTLY FROM
SLow MoviNG CABLE WAGON

10.2 Laying by Hand

10.2.1 A drum s mounted with a strong spindle on cable jack. The
drum is jacked high enough to fit in braking plank. Weak shaft should
not be used; otherwise drum would revoive unevenly. The drum should
never be kept flat on its side on the ground and the cable taken away
from the same. This invariably leads to kinking and bird-caging.

10.2.2 The pay-in rollers, corner rollers ( see Fig. 10 ) and properly
aligned and smooth running cable rollers should be placed every 3 to 4 m
in the cable trench. At Jeast threc solid plates for guiding the cabie
around the bend should be used maintaining minimum bending radius.

10.2.3 The cable drum is mounted on the spindle with the help of jacks
on the two sides. The drum is slowly raised equally from both ends by
using both the jacks. The cable drum is mounted and is kept at proper
position in such a way that the cable is paid out from the top of the drum
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10B For corner
Fi;. 10 CABLE ROLLERS

when turned against the direction of arrow marked ROLL THIS WAY.
Cable rollers are placed at 3 to 4 metre intervals in the cleaned and bedded
trench. Where the trench is deep, it is desirable to provide 2 or 3 long
rollers at different heights so as to form a ramp for the cable from the
cable drum into the cable trench. A cable grip is provided at the end of
the cable and rope connected to the cable grip is passed down the trench
to pull the cable. The cable grip is made of wires woven in the form of a
basket. It is slipped over the end of the cable and is so designed that it
tightens the grip on the cable as the pull increases. Men may also
directly grip the cable, positioning themselves near the cable rollers and
pull after a sufficient length of about S0 m has been pulled.

The gangman ( Mucadam ) should stand in a commanding position
and make evenly timed calls. This enables thc men positioned at each
roller to pull the cable evenly, simultaneously and without jerks. The
number of men required for pulling largely depends on the size and
weight of cable being laid. The men at rollers should also apply graphite
grease in the course of pulling, as required. When pulling round a bend,
corner rollers should be used so as to minimize abrasion.
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10.2.4 When laying the cable by the ‘Heave h0’ method, the following
procedure should be observed:

Note — For heavy cables the Heave ho method of laying should be discouraged
as far as possible since it tends to leave built-in stresses in the cable,

10.2.4.1 Half of the gang should be positioned along the section,
starting from the head. The other half of the gang must hold on to the
rope as closely as possible.

10.2.4.2 All the men at the drum, including the brakemen, who are
no longer required now, draw off sufficient cable (I to 2 m) as required
each time for the succeeding ‘Heave ho’ order.

10.2.4.3 The men no longer draw the cable by the belts or cords,
instead they all face the drum and look along the cable which they grasp
with both hands. When the order ‘Heave ho’ is given, they grip the cable
and at the word ‘ho’ they tug it vigorously.

10.2.4.4 It is very important that the orders be given properly to
ensure that all the men grip and pull the cable simultaneously. The order
should not be given from the head or tail of the section, since sound takes
a second to travel a length of only 300 m. If the gang reacts even only
% second too late to the ‘ho’ order, the cable will not budge. The order
should, therefore, be given from the centre of the section. Where the
distance is greater, 2 or 3 deputy foremen should be stationed along the
section who then follow the orders given by the foremen waving the flag.
Raising the flag means ‘Heave’ and lowering it means ‘ho’. Another
possibility for synchronizing orders is to use 2 to 3 hand held loud-
speakers distributed along the section.

10.2.4.5 If there is not sufficient labour to lay long lengths in one
stretch, the cable drums should be placed in the centre of the section and
the cable paid out in the required lengths from the top of the drum in
the direction ‘A’ ( see Fig. 11). The drum should be rotated further and
vertical loops 3 to 4 m long should be pulled off in the direction ‘B’.
The cable should be lifted off over the drum sidewall towards the trench
and in doing so further cable from the bottom of the drum should be
pulled off. The cable loops must be distributed over a cable length of
4 to 6 m. The cable is then slid off the bottom of the drum and laid
immediately in the trench.

10.2.4.6 If obstacles in the trench prevent the second half of the cable
from being laid from above, the cable should be laid in a figure of eight
from the drum on the side from which it was first pulled ofl. It should
be ensured that the cable is pulled off from the figure of eight only from
the side in which it was first looped ( see Fig. 12).
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FiG. 12 PULLING OFF A CABLE IN A FIGURE OF EiGHT

10.3 Pulling by Winches

10.3.1 Pulling the cable with a manually operated or engine-driven
winch presupposes that the cable can withstand the tensile stresses
necessary for this purpose without sustaining damage (see 5.4).

10.3.2 To guide the pulling ropes and the cable, very sturdy guide
and corner rollers should be fitted 1n the cable trench or duct to with-
stand the considerably greater lateral forces developed compared to those
occurnng when laying cables by hand.

10.3.3 If a winch 1s available, 1t should preferably be used for pulling
armoured cables which have a factory-made eye, for example, when
pulling the cable through ducts to eliminate any risk of the maximum
tensile stresses being exceeded.

10.3.4 The pulling rope should be secured to the eye by a shackle.
The armoured/unarmoured cables should be pulled through with a cable
stocking or pulling eye.
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10.3.5 The tensile forces should be continuously checked by means of
a pulling rope meter or dynamometer while pulling the cable. The duct
should be cleaned before pulling the cable through it. Long steel or
plastics duct sections should be checked with a gauge and coated on the
inside with lubricant (for plastics and concrete ducts, boiled-down soap
with a low alkali content; for steel ducts, grease; and for PVC cables
graphite power can be used as a lubricant).

10.4 Laying by Motor Driven Rollers (see Fig. 13)

FiG. 13 Motor DRIVEN ROLLER

10.4.1 The motor driven rollers enable power cables of any desired
length to be laid in open trenches or passable cable trench. They are not
recommended for unarmoured cables. They are particularly economical
for laying several long lengths of cables in parallel,

10.4.2 Along with usual support and corner roller required for cable
laying, motor driven rollers should be set up about 15 to 30 m apart
depending on the route and weight of the cable. The cable is pulled
between driving roller and a spring loaded counter roller at a speed of
approximately 7 m/min.

10.4.3 The leading end of the cable should first be pulled manually or
by winch for 10 to 15 m and then passed through motor driven rollers.
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All the motor driven rollers are connected to the main switch box and
are switched on and off simultaneously.

10.4.4 This cable laying method requires a crew of minimum 3 to 4
trained persons who are then able to lay heaviest cables and up to lengths
of 600 to 700 m with the help of 8 to 10 other men. Walkie-talkie sets
are necessary to permit the personnel at the drum, main switch and cable
leading end to communicate among themselves.

11. REINSTATEMENT

11.1 After laying the cables, it should be checked again to see that the
all cable ends are undamaged and sealed. If trench is partially filled with
water, cable ends should be kept clear off water as far as possible. If
cable has to be cut, both the cable ends should be resealed immediately.
Lead cap for paper cable and plastic cap for PVC cable should be used.
As a temporary measure, ends can be sealed by inserting them in an
empty tin which is filled with hot bitumen based compound.

11.2 The cable ends should overlap at the joint box point by at least half
the length of latter. The ends may be looped to provide extra lengths in
case of extruded dielectric cables. Each cable length should be aligned
immediately after it is laid starting from one end. To cnable the cable
to be laid on the inner or outer side of the trench, a certain amount of
slack is provided all long the cable by raising each one to about the top
edge of the trench every 20 to 30 m from the beginning. When aligning
the cable, i1t should be ensured that there is no external damage.

11.3 If the joints are not to be made immediately after laying the cable,
the cable ends should be covered. The position of the cable joint should
be marked with markers.

11.4 The trench at the duct mouth at road or railway crossing should
be deepened to prevent the stone or the gravel from being drawn into
duct and clogging it.

11.5 Before the trench is filled in, all joints and cable positions should
be carefully plotted by draughtsman. The requisite protective covering
should then be provided, the excavated soil replc ced after removing large
stones, and well rammed in successive layers of not more than 0°3 m in
depth. Where necessary, the trenches should be watered to improve
consolidation. It is advisable to leave a crown of earth not less than
50 mm in the centre and tapering towards the sides of the trench to allow
for scttlement.
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11.6 The temporary reinstatements of roadways should be inspected at
regular intervals particularly during the rainy weather, and settlement
should be made good by further filling, if required. Such temporary
reinstatement should then be left till such time that the soil thoroughly
settles down.

11.7 In the case of trenches and headings close to bridge abutments, the
cables should be laid in a pipe over which back-filling with concrete
is recommended.

11.8 After the subsidence has ceased, the trench may be permanently
reinstated and the surface restored to its original conditions. Where the
surface is of special material, such as asphalt or tarred maccadum, it is
more satisfactory if the reinstatement is done by the local authorities
themselves.

12. JOINTING OF CABLES

12.1 General

12.1.1 The emphasis should be laid on quality and selection of proper
cable accessories, proper jointing techniques and skill and workmaaship
of the working personnel. The quality of joint should be such that it does
not add any resistance to the circuit. The materials and techniques
employed should give adequate mechanical and electrical protection to
the joints under all service conditions. The joint should further be
resistant to corrosion and other chemical effects.

12.1.2 Basic Types of Joint — The basic types of cable joints are
described under 12.1.2.1 to 12.1.2.3.

12.1.2.1 Straight through joint — This joint is used to connect two
cables lengths together (see 12.3).

12.1.2.2 Tee/branch joint — This is normally used for jointing a
service cable to the main distribution cable in city distribution network
(see 12.4).

12.1.2.3 Termination or sealing end — This is generally used to con-
nect a cable to switchgear terminal in switchboards and distribution
pillars, transformers boxes, motor terminal boxes and to overhead lines
(see 12.5).
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12.1.3 Types of Cable Jointing Accessories — The basic types of cable
jointing accessories available in the country, at present, are:

a) Joint sleeves with insulating and bitumen based filling compound
suitable for jointing cables of voltages up to and including 33 kV
(see 12.1.4), and

b) Cast resin based cable accessories suitable for jointing cables of
voltages up to and including 11 kV ( see 12.1.5).

NoTEe — Other accessories; such as heat shrinkable tubes, tared joints and slip-on
(pre-moulded) joints are also in use, '

12.1.4 Sleeve Type Joint — This joint comprises:
a) Dressing of cable ends and conductor joints,

b) Replacing factory made insulation by manual wrapping of tapes
or application of pre-formed insulating sleeves,

¢) Plumbing metallic sleeve or wiping giand to the lead sheath of
the cable to prevent moisture from entering the joint,

d) Filling the metallic sleeve with molten bitumen compound or
insulating compound, and

c) Fixing a cast iron or any other protective shell around the joint
filling the same once again with molten bitumen compound.

12.1.5 Cast Resin Joint —- 1t comprises:
a) Dressing of cable ends and conductor joints;

b) Wiping dry — The core insulation should be wiped dry and ail
parts, which are to be embedded in the casting resin should be
roughened and cleared with relevant/degreasing agents;

¢) Fixing two halves of mould around the cable joints or ends and
sticking them together and sealing to form a leak proof cast
mould;

d) Pouring pre-mixed cast resin and hardner into the mould;

¢) Allowing sufficient time for setting casting resin; ana

f) Removing plastics mould. In case of buried joint, the plastics
mould may be left intact.
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12.2 General Installation Guidelines

12.2.0 This code does not intend to deal with the complicated work
of jointing of cables in much detail, as in all cases it would be best to
follow strictly the instructions furnished by the suppliers of cable and
joint boxes. However, the recommendations are given for general
guidance.

12.2.1 Jointing and termination work should be commenced as soon
as possible. For PILC cables it is always advisable to protect the
factory plumbed cap by laying the end in solid bitumen untile such time
as the jointing is commenced.

12.2.2 Joint Position — During the preliminary stiges of laying the
cable, consideration should be given to proper location of the joint
position so that when the cable is actually laid the joints are made in
the most suitable places. There should be sufficient overlap of cables
to allow for the removal of cable ends which may have been damaged
(see Fig. 14). This point is extremely important as otherwise it may
result in a short piece of the cable having to be included. The joint
should not be near pipe end or at the bend.
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FiG. 14 CABLE JOINT PIT AND OVERLAPPING OF CABLE ENDS

12.2.3 Joint Pits — Whenever practicable, joint pit should be of
sufficient dimensions so as to allow jointers to work with as much free-
dom of movement and comfort as possible. For this purpose, the depth
of the pit should be at least 0°'3 m below the cables to be jointed. The
sides of the pit should be draped with small tarpaulin sheets to prevent
loose earth from falling on the joint during the course of making.
If the ground has been made up by tipping, or if running sand is met
with, the pit should be well shored up with timber so as to prevent
collapse, The floor of the joint pit should be well consolidated. The
two lengths of cable meeting at a joint are laid with an overlap of at
least half the length of joint box when pulling in. This enables the
jointer to adjust the position of his joint slightly to allow for any
obstructions that may be encountered ( see Fig. 15).
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Fig. 15 CABLE JOINT PiT TWO METHODS TO ENSURE
ExTrRA CaABLE LENGTH

12.2.4 When two or more cables are laid together, the joints are
arranged to be staggered so as to reduce the excess width of trench and
also to 1solate the joints from each other and reduce the possibility of
one joint failure affecting the other joints.

12.2.5 Sump Holes — When jomting cable 1n water-logged ground or
under monsoon conditions, a sump hole should be excavated at one end
of the joint hole in such a position so that the accumulating water can
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be pumped or baled out without causing interference to the jointing
operation.

12.2.6 Tents — As far as possible a tent should be used where jointing
work is being carried out in the open.

12.2.7 In case of paper insulated cable, the cable seals should be
examined to ascertain that they are intact and also that the cable ends
are not damaged. [If the seals are found broken or the lead sheath
punctured, the cable ends should not be jointed until after due examina-
tion and testing by the engineer-in-charge of the work.

12.2.8 Testing Paper Insulation for the Presence of Moisture — Before
jointing a paper insulated cable (for PVC cables this step is not
required ), the paper insulation should be tested for the presence of
moisture by immersion in hot compound or paraffin wax at a temperature
between 120°C and 140°C. The presence of moisture is indicated by the
formation of bubbles when a piece of the paper is immersed in hot
compound. Only a single strip of paper gripped by a pair of tweezers
should be used for the test since if several thicknesses of a paper are
immersed, the escape of occluded air between the layers may be mistaken
for the presence of moisture. Particular attention should be paid to the
paper next to the sheath and to that next to the conductor, as it is in
these positions that moisture is most likely to be found. The samples
of paper should be handled as little as possible to avoid contamination
particularly by perspiration.

12.2.9 Measurement of Insulation Resistance — Before jointing is
commenced, it is advisable that the insulation resistance of both sections
of the cable to be jointed be checked by insulation resistance testing
instruments like megger.

12.2.10 Precaution to be Taken on Live Cables in Service

12.2.10.1 When a cable which is in service is cut for making a joint,
normally it is first isolated, discharged, tested and earthed, before
proceeding further, although work on live conductors is permissible
under certain conditions. The test lamp is one of the apparatus used
to determine whether the cable is ‘alive’ or ‘dead’. The jointer should
wear rubber boots or gloves or stand on a rubber mat. When rubber
mats are used in wet holes, pieces of board should be placed under the
mat and water should not be allowed to creep over the edges of the mat.

12.2.10.2 The armouring should be removed first exposing the lead
sheath in case of paper insulated cables; next a temporary bond should
be connected across the joint sleeve position and lead sheath removed.
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The belt insulation, or inner sheath as the case may be, is then removed
exposing the cores. The amount of armouring and length of lead
sheath, belt papers or inner sheath to be removed will depend on the
size and type of joint.

12.2.10.3 Before cutting the cable prior to making a straight joint,
the most convenient core to be cut (the neutral should always be cut
Tast) should be selected, and separated from the others by means of a
wooden wedge. A small piece of rubber insertion should then be placed
between the core to be cut and the remaining cores and cut through the
selected core. The cut ends should be separated and tested to ascertain
if either or both are live or dead. Irrespective of being live or dead,
both ends should be taped as a measure of safety. The same procedure
should be followed with the remaining cores. It 1s advisable to step the
positions of the cuts, so that it is impossible for the hacksaw, knife or
any other tools which may be in use to cause a short circuit by coming
into contact with two or more of the cut ends simultaneously.

12.2.10.4 Before making conductor joints, the lead sheath and
armour should be wrapped with insulating material — an old bicycle
inner tube is useful for this purpose. This precaution will prevent a
‘short’ to earth if a tool slips between the live conductor and the sheath
or armour.

12.2.10.5 In the case of baring of the conductors for ‘tee’ and ‘service’
joints where conductors are not cut, the jointer should be instructed to
remove sufficient armouring and lead sheathing for making a joint in the
most suitable position. The cores of the cable to be tee-jointed should
be spread and suitable tapping positions selected on the main cable.
The most convenient corc to be teed should be selected and separated
from others by means of a wooden wedge ( as far as possible, the neutral
should be selected first). A rubber insulation should be inserted
between this core and the rest and prepare the core for tee-jointing.
The paper insulation of the main cable core should be cut for a suitable
length and the jointing work completed. Rubber insertion between this
core and the rest should not be removed till this exposed core is
completely taped. This process should be repeated for other cores
taking care that only one core is handled at a time.

12.2.11 All jointing accessories and materials such as solders, plumbing
metal, lead sleeves, ferrules and bitumen compound should be in accordance
with the relevant Iadian Standards, wherever such standards exist.
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12.3 Straight Through Joints
12.3.1 For PILC Cables

12.3.1.1 For paper insulated lead sheathed cables straight through
joints ar¢ made either by using sleeve joints or cast resin based kits, up
to voltage grade 11 kV. For 22 kV compound and 33 kV grade, filled
copper or brass sleeves along with cast iron, RCC or fibre glass protec-
tion boxes are used ( see Fig. 16).

kv e— Y
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“e—n
| Q2 -, 20
A ; T °
¢ ) '3 ? 8
1. Bitumen compound 9, Thread
2. Impregnated paper 10. Cord
3. Asbestos cord 11. Soldering sleeves
4. Sealing cord 12. Insulating tape
5. Lead inner sleeves 13. Tinned copper wire
6. Tinned 1iron wire 1 mm dia
1 mm dia 14, Lead foil & carbon paper
7. Tinned copper wire 15. Paper tape
2 mm dia 16 CI box
8. Earthing conductor 17. Insujating compound

F1G. 16 TyricaL €I STRAIGHT JOINT Box wiITH THREE LEAD
SLEEVES FOR 22 kV HSL TYPE CABLES

12.3.1.2 Typical drawings for straight through joints with all
essential components are shown in Fig. 17, 18, 19 and 20.

12.3.1.3 The cast iron protection boxes used up to 11 kV should
conform to relevant Indian Standard and moulds used for 11 kV joints
in cast resin joints should conform to relevant Indian standard. Since
22 kV and 33 kV cast iron boxes and moulds for HT joints in cast
resin system are not yet standardized, cable manufacturers or suppliers
may be consulted for their selection ( see Fig. 21).
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FIG. 21 TypPicaL STRAIGHT JOINT WITH COPPER SLEEVES FOR 33 kV
(H Type) CABLE SHOWING ALL IMPORTANT FEATURES

12.3.2 For PVC Cables Up to 11 kV

12.3.2.1 These joints are preferably done using cold setting casting
resins, primarily because of thermoplastic nature of insulation and sheath.
Cast iron boxes with bitumen based filling compounds can be used with
PVC cables with certain precautions.

12.3.2.2 Typical drawings for cast resin and bitumen compound
filled straight through joints are shown in Fig. 22 and 23 respectively.

RISER POURING HOL RISER

RIHING CONDUCTO
ARMOURING
PVC TAPE N\

CABLE

FiGg. 22 1'1 kV PVC CasLe JOINT WITH CAST RESIN

12.3.2.3 For 1'l kV grade, moulds conforming to relevant Indian
standard should be used. For voltages above this neither moulds nor
casting resins are standardized. Hence cable supplier may be consulted
for his advise on selection.

12.3.2.4 While jointing control cables having large number of cores
jointing of proper cores should be ensured, Core identification should
be properly studied for this purpose.

12.33 For XLPE Cables up to 11 kV

12.3.3.1 For XLPE cables up to 3'3 kV ( unscreened ), these joints
are done by using cold setting casting resins in suitable moulds.
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12.3.3.2 For cables above 33 kV andupto 11 kV (screened) self
amalgamating tapes ( both insulating and semiconducting) are used for
providing stress relieving mechanism to these joints. Cold setting
casting resins are used for further protection against water and corrosion.

12.3.3.3 All conductors are to be jointed by crimping/compression
or welding methods.

Note — Jointing by soldering may be resorted to provide the temperature of
conductor under short circuit conditions is not likely to exceed 160°C.

12.3.3.4 A typical drawing of straight through joint for HT ( high
tension ) screened type XLPE cable is shown in Fig. 24.

12.4 Tee or Branch Joints

12.4.1 These joints should be restricted to 11 kV grade cables. Tee
joints on HT cables up to and including !1 kV may be done only in
exceptional cases.

12.4.2 These joints are made either using cast resin kits or C.I. Boxes
with or without sleeves for PILC cables and cast resin kits for PVC and
XLPE cables.

12.4.3 A typical drawing showing the details of 11 kV, tee joint
using cast iron box and bitumen compound suitable for 11 kV paper
insulated cable is shown in Fig. 25.

12.4.4 A typical cast resin filled tee-joint is shown in Fig. 26. Moulds
for such joints should conform to IS : 9646-1980*.

12.5 End Terminations or Sealing Ends
12.5.1 For PVC Cables

12.5.1.1 For PVC cables up to 11 KV cast resin and terminations
are recommended both for indoor and outdoor connections.

12.5.1.2 Indoor terminations in dry and non-corrosive atmosphere
for 1'l kV grade can either be done by means of brass glands ot by
simple dressing as shown in Fig. 27.

12.5.1.3 For corrosive and aggressive atmospheres such as those
prevailing in chemical, fertilizer, cement, paper mills, etc, cast resin
terminations should be adopted.

*Dimensions for moulds suitable for cast resin-based tee-joints for cables for
voltages up to and including 1100 V,
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Fics. 27 TERMINATION FOR 1'1 KV PVC CABLES

P 12.5.1.4 Typical end termination for 11 kV grade is shown in
ig. 28.

12.5.2 For PILC Cables

12.5.2.1 Paper insulated cables up to {1 kV may be terminated either
using cast resin kits or cast iron boxes. A typical HV dividing box is
shown in Fig. 29. Termination procedures of 22 kV and 33 kV grades
vary widely with the design of the boxes and type of cables used.
Comprehensive jointing instructions should be obtained from the cable
manufacturer and should be followed ( sce Fig. 30).

12.5.2,2 Porcelain insulators, where used for terminations, should
have insulators conforming to IS : 2099-1973*.

*Specification for bushings for alternating voltages above 1 000 volts (first revision).
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Fig. 28 Cast RESIN TERMINATION FOR 11 kV PVC CABLES
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Fii. 30 TirMINATION OF PILC CasrLe ‘H’ Type 33 kV
12.8.3 For XLPE Cables

12.5.3.1 Up to 33 kV (unscreened ) cables, cast resin terminations
are recommended for indoor and outdoor terminations.

12.5.3.2 Indoor terminations up to 3'3 kV (unscreened ) in dry and
non-corrosive atmosphere can be done by means of brass glands only.

12.5.3.3 For indoor terminations up to 3’3 kV (unscreened) in
corrosive atmosphere, cast resin terminations may be adopted.

12.5.3.4 For XLPE cables above 3'3 kV and up to ! kV (screened ),
self-amalgamating tapes ( both insulating and semiconducting ) are used
for providing stress-relieving mechanism in the joints. Preformed
stress-relieving cloths or tubes are also used for stress relieving mechanism
in place of self-amalgamating tapes.

12.5.3.5 All conductors of XLPE terminations are to be terminated
either by crimping/compression or by welding methods.

12.5.3.6 A typical drawing of 66 kV (UE), indoor type cable
termination on XLPE cables is given 1n Fig. 31,
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COMPRESSION TYPE CABLE LUG(ALUMINI M)

SELF AMALGAMA
TING TAPE

\JAPE

S ARMOUR
CAST RESIN

PYC SHEATH

FiG. 31 GENFRAL ARRANGFMENT OF 6'6 kV (UF) Inpoor TYPE
CABLE TERMINATION ON XLPE CABLF

12.6 Aluminium Conductor Connections

12.6.1 There are number of methods of jointing aluminium conductors.
Four standard methods which are most commonly used are:
a) Fluxelss friction solder method ( see 12.6.2);
b) Soft soldering method using organic fluxes ( see 12.6.3);
¢) Welding method ( see 12.6.4); and
d) Crimped or compressed connection ( see 12.6.5 ).
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12.6.2 Fluxless Friction Solder Method — In this method each strand
of the conductor is carefully cleared and scraped with scraper tongs to
remove oxide film. Then all the strands are tinned by rubbing a special
friction solder stick over the heated strands. This is known as metallizing.
Aluminium conductor thus prepared may be soldered on to copper cable
lugs, ferrule, terminal studs using 60 percent solder. No flux is used in any
of the operation. This method is not recommended for jointing
conductors in XLPE cables.

12.6.3 Soldering Method Using Organic Flux

12.6.3.1 The individual strands should be separated and cleaned
thoroughly by a scraper and the impregnation compound and oil if any,
should be removed. If necessary the strands can be stepped. The
conductors should then be preheated by basting with solder, the tempe-
raturc of which should be maintained at 316°C or as recommended by
manufacturers. The excess solder should then be wiped off quickly and
aluminium solder flux should be applied to the conductor by a stiff brush
on all sides of conductor.

12.6.3.2 The conductor should then be basted several times with
solder. Tf necessary the flux shouid be applied again and the conductor
basted with solder till a bright shining appearance is obtained.

12.6.3.3 The copper ferrule, which is generally of a weak-back type,
should be tinned and fitted on to the conductor and closed firmly but not
completely.

12.6.3.4 The ferrule should then be basted with solder and the gap
should be filled in with the solder. The ferrule should then bYe closed
firmly and basted with solder, till the solder solidifies. The excess solder
should be wiped off and the joint allowed to cool.

12.6.3.5 During jointing operation copious fumes are given off when
the flux is heated. These fumes contain small quantities of fluorine and
it is, therefore, advisable to avoid inhaling them as far as possible. It is
also recommended that proper ventilation be maintained at the place of
jointing.
12.6.3.6 Organic fluxes tend to char and are rendered ineffective
when exposed to temperature in excess of 300°C. Emphasis should,
therefore, be laid on the need to control pot temperature.

12.6.4 Welding Method (see Fig. 32) — Welding method gives the best
possible results. Welded conductor joints have lesser resistance and equal
or better mechanical strength than the conductor itself. Welding, therefore,
should be given preference for all larger cross sections. For smaller
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cross section welding may not always be feasible or economical. In this
method the end of the stranded conductor are first welded to the cable
lug, terminal stud or to each other, in open or closed mould using alumi-

nium welding yods or strands taken from conductor. After cooling
welded connections are filed smoothened and cleaned.

Sector shaped bare conductor

Sohdly welded head o prece Solidly welded hesa
- added aluminium sheet-steel mouid added aluminium

'f~f-—-7 - Binding of 2 mm dia
2 t 54 Carbon tube 1ron wire
-
¢ f 1
+ used conductor 7z Asbestos cord serving,
é if mould too large or
sare conductor — — 4 4 with sector-shaped
7 conductors
Asbestos cord _ © Flame shield 'o
& X Z J [w Al -
|EEEREREES:)
~. ’d
~ / WLILLIL)

Insulated core
bound with
flameproof tape

Cooling tongs

a - Bore length of cable

lug | 20 * 30 mm Core

b = 5 to 10 mm, depending
on cross section

32A C€onductor ends with 32B Conductor ends prepared
slip-on carbon tube for solid welding, with
for solid welding mould in place

Fi1G. 32 WELDING METHODS

12.6.5 Crimped or Compressed Connections — In this method conduc-
tor and lug ferrules are pressed together firmly by means of tools and
dies to form a joint. The methods normally used are indent compression,
hexagonal compression or circular compression. Tools and accessories
should meet the requirement of relevant Indian Standards where
available.

13. EARTHING AND BONDING

13.1 The metal sheath, metal screen (if any) and armour of any cable
should be efficiently earthed at both ends.
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13.2 In case of single-core cables of larger sizes, the armour, lead
sheath and metal screen, ifany, is bonded at times only at one point.
Attention is drawn in this case to the presence of standing voltages along
armour or lead sheath and to the considerable increase in such voltages
when cables carry fault currents. These voltages must be taken into
account when considering safety and outer sheath insulation requirement.

13.3 All metal pipes or conduits in which the cables have been installed
should be efficiently bonded and earthed.

13.4 Where cables not having metallic sheath are used, embedding
additional earth electrodes and connecting the same with steel armour
of cable becomes necessary.

13.5 Earthing snd bonding <hould bc done in accordance with
IS : 3043-1966*

SECTION 4 TESTING OF CABLE INSTALLATION

14. TESTING AND ELECTRICAL MEASUREMENTS OF CABLE
INSTALLATIONS

14.1 Insulation Resistance Test on Newly Installed Cables Before
Jointing — All new cables should be tested for insulation resistance
before jointing. After satistactory results are obtained cable jointing and
termination work should commence. It should be noted here that
insulation resistance test gives only approximate insulation resistance
and the test is meant to reveal gross insulation fault(s). A fairly low
insulation resistance reading compared to the values obtained at factory
testing should not be a cause of worry since the insulation resistance
varies greatly with parameters such as length and temperature. This is
particularly more pronounced in the case of PVC cables. The voltage
rating of the insulation resistance tester for cables of diflerent voltage
grades should be chosen from the following table:

Voltage Grade of Cable Voltage Rating of IR Tester
1'1 kV 500 V
33kV 1000V
66 kV 1 000 V
11 kv 1 000 V
22 kV 2'5 kV ( see Note )
33 kv 2'5 kV ( see Note )

Note — For long feeders, motorized insulation resistance tester should be used.

*Code of practice for earthing.
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14.1.1 More accurate insulation resistance values can be measured
only by a portable resistance measuring bridge.

14.2 Test Resuit of Completed €able-Installation — The test of com-
pleted installation may be measured and entered into record book for
comparison purposes during service life of cable installation and during
fault location.

14.2.1 /nsulation Resistance — Insulation resistance is measured by a
suitable bridge. In non-screened cables, the insulation resistance of
each core is measured against all the other cores and armour/metal
sheath connected to earth. With screened construction the insulation
resistance of each core is measured against all the other cores and the
metal screen connected to earth,

14.2.2 Conductor Resistance (dc)

14.2.2.1 — The resistance of conductor is measurcd by a suitable
bridge. For this purpose conductors at other end are looped together
with connecting bond of at least same effective electrical cross-section
as conductor. The contact resistance is kept to a minimum by proper
clamped or bolted connections. With properly installed and jointed
cables, values thus measured and corrected to 20°C, are in gencral agree-
ment with values given in test certificates.

14.2.2.2 The measured loop resistance is converted to ohms per km
per conductor as :

R
R, = 3L
where
R = measured loop resistance in ohms at temperature, t°C;
R: = measured resistance per conductor at t°C in ohms; and

L = length of cable (not the loop) in km.

The ambient temperature at the time of measurement to be record-
ed and the conductor resistance to be corrected to 20°C by the following
formula:

R:
= ——————ohm/km at 20°C
Re = e (—20) OPm/km
where
R,, = conductor dc resistance at 20°C in ohm/km,
t = ambient temperature during measurement in °C, and
« = temperature coefficient of resistance

(3'93 x 10-* ohms/°C for aluminium).
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14.2.3 Capacirance

14.2.3.1 For unscreened cables, capacitance is measured for one
conductor against others and metal sheath/armour connected to earth.
In case of screened cable it is measured between conductor and screen.
Capacitance bridge is used for this purpose. This measurement may
be carried in case of cables above 11 kV; alternatively values given in
test certificate are considered sufficient.

14.2.4 High Voltage Test

14.2.4.1 Cables after jointing and terminating are subjected to
dc high voltage test. The recommended values of test voltages are

given in Table 6. The leakage current shall also be measured and
recorded for future reference.

TABLE 6 DC TEST VOLTAGES AFTER INSTALLATION (BEFORE

COMMISSIONING)
RATED VOLTAGE TesT VOLTAGE BETWEEN DURATION
oF CABLE r A N
Any Conductor and Conductor 1o
Metallic Sheath/Screen/ Conductor ( For
U, /U Armour Unscreened Cables )
kV kV kV Minutes
) 2) 3) 4
0'65/1'1 3 3 J
1'9/3°3 5 9 |
3-3/33 9 9 |
3-8/6°6 10°5 18 |
6°6/6°6 18 18 be 5
6°35/11 18 30 ]
11/11 30 30 |
12:7/22 irs — |
19/33 60 _— J

14.2.4.2 Generally dc test should be preferred as test equipment
required is compact, easily portable and power requirements are low.

14.2.4.3 The cable cores must be discharged on completion of dc high
voltage test and cable should be kept earthed until it is put into service.

14.2.4.4 DC test voltage for old cables is 1'5 times rated voltage or
less depending on the age of cables, repair work or nature of jointing work
carried out, etc. In any case, the test voltage shbuld not be less than the
rated voltage. Test voltage in these cases should be determined by the
Engineer-in-charge of the work.
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14.2.4.5 It may be noted that frequent high voltage tests on cable
installations should not be carried out. This test should be carried only
when essential. During the high voltage test, all other electrical equip-
ment related to the cable installation, such as switches, instrument trans-
formers, bus bars, etc, must be earthed and adequate clearance should be
maintained from the other equipment and framework to prevent flash-
overs.

14.2.4.6 In each test, the metallic sheath/screenfarmour should be
connected, to earth.

15. CABLE INSTALLATION PLAN

15.1 On completion of laying, terminating and jointing of the cables,
a plan should be prepared, which should contain the following details of
the instaliation.

a) Type of cables, cross-section area, rated voltage. Details of
construction, cable number and drum number;

b) Year and month of laying;
c) Actual length between joint-to-joint or ends;

d) Location of cables and joints in relation to certain fixed
reference points, for example, buildings, hydrant, boundary
stones, etc;

e) Name of the jointer who carried the jointing work:
f) Date of making joint; and

g) Results of original electrical measurements and testing on cable
installation.

15.2 All subsequent changes in the cable plan should also be entered.

SECTION 5 MAINTENANCE
16. MAINTENANCE OF CABLE INSTALLATION

16.1 General — The maintenance of cable installation includes inspec-
tion, routine checking of current loading, maintenance and care of all
cables and end terminations.

16.2 Inspection

16.2.1 Whenever the cables or joints are accessible as in manholes,
ducts, distribution pillars, etc, periodical inspection should be made so
that timely repairs can be made before the cables or joints actually cause
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by interruption to service. The frequency of inspection should be deter-
mined by each electric supply undertaking from its own experience.
Important heavily loaded lines will require more frequent attention than
less important lines.

16.2.2 Cables laid direct in the ground are not accessible for routine
inspection, but such cables are often exposed when the ground is ex-
cavated by other public utilities for installing or repairing their own
properties. Preventive maintenance in the form of regular inspection of
all digging operations by other utilities or persons, carried out in areas
where electric cables exist is of utmost importance.

16.2.3 In a city where the roads are congested with services of other
utilities, the likelihood of damage to electric cables is very high. Cable
inspectors should patro! the various sections of the city and where it is
found that cables are exposed, these should be examined thoroughly for
any signs of damage: such as deformation or dents in the cable or damage
to earthenware troughs or ducts.

16.3 Checking of Current Loading

16.3.1 The life of paper-insulated cables is considerably reduced
through overloading. It is, therefore, essential to check the loads as
frequently as possible to ensure that the cables are not loaded beyond
the safe current-carrying capacities. The derating factors due to group-
ing of several cables, higher ambient ground temperature and higher
thermal resistivity of soil, should not be neglected.

16.3.2 In the case of HV feeder cables emanating from generating
station, receiving station, or sub-station, panel-mounted ammeters which
are usually provided, should be read daily. In the case of medium voltage
distribution cables emanating from distribution pillars, the loads are
conveniently checked by ‘clip-on’ type portable ammeters. Distributor
loads should be checked at intervals not exceeding three months.

16.4 Maintenance of Cables — Repairs of cables generally involve
replacement of a section of the defective cable by a length of new cable
and insertion of two straight joints. All repairs and new joints in con-
nection with repairs should be made in the same manner as joints on
new cables (see 12). In some cases where the insulation has not been
damaged severely, or where moisture has not obtained ingress into the
ifn‘slulation,- it may only be necessary to install a joint at the point of cable
ailure,

62



IS : 1255 - 1983

16.S Maintenance of End Terminations — In case of cable termination
filled with liquid insulating compound, it is necessary to check
periodically the compound level in the termination boxes and to
add compound if required.

16.6 Protection of Electric Cable When Exposed by Other Public Bodies —
Under the Indian Electricity Act, 1910, it is mandatory for any person
proposing to excavate a public road, to give prior intimation to the
owner of electric cables that lav under the ground.

16.6.1 When any cables are exposed during the work of other public
bodies and such cables are required to be temporarily supported until
the work is completed, the overhanging lcngth of the cable should be
well supported either by means of temporary piers erected below the
cable at short intervals or by lashing the cable to a wooden plank laid
helow it and supported by further lashings at short intervals to a wooden
beam placed above the trench parallel to the cable. Particular attention
should be given to joints, as the slightest tension may result in the pulling
out of the conductors at the ferrules in the joints.

16.6.2 If the depth of the excavation carried out by another public
body below the cable is considerable, it is necessary to build a perma-
nent masonary support below the cable before filling in the trench. This
eliminates the possibility of the cable sinking duc to subsidence of the
backfilling as it gradually consolidates. On completion of the work, the
original protection covers should be carefully replaced over a bedding of
soft earth and the trench filled in.

SECTION 6 FAULT LOCALIZATION

17. FAULT LOCALIZATION OF CABLE
17.1 General

17.1.1 In order to restore supply at the earliest possible movement
after the occurrence of a fault, it is essential to proceed with the fault
localization in a systematic manner so that no time may be wasted by
using unsuitable tests or carrying out unnecessary excavation work.

17.1.2 The first step is to isolate the faulty cable, as far as possible,
by opening any links or section switches, and thus reducing the length on
test to a minimum. The faulty length of cable having been isolated, any
exposed sealing ends or other insulators should be cleaned, and insulation

_resistance tests and conductor resistance tests made as described under
17.2,
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17.1.3 Excavation is usually carried out at the located position and
also at the nearest joint to this. While excavation is proceeding, the
calculations may be checked and the test may be repeated from other
end of the cable. If possible, the location should be checked by another
independent test. If the equipment is available to carry out the induction
test (see 17.3.9), or capacitor discharge test (see 17.3.10), the fault
location can be pin-pointed in many cases.

17.1.4 If the ground is opened and the cable exposed for about 45 or
9 m on either side of the located position without any signs of the
breakdown being seen, the most usual method is to break open the joint
nearest to the located position and retest from the joint position.

17.1.5 It occasionally happens that there are no external signs of
failure, the sheath and armour being undamaged. If a second test made
after the joint has been opened indicates the same position as the first.
this is probably the correct position.

17.1.6 In the case of a heavy fault on a HV cable, it will often be
found that the pavement is cracked or the paving slabs are displaced and
observation of disturbances of this nature may save much time. Again,
local residents can sometimes give useful information as to subterranean
noises which may have been heard at the time corresponding with the
time of breakdown.

17.1.7 The majority of failures are caused by mechanical damage, and
an inspection of the route near the suspected position may often show
that the ground has been opened for laying cables, pipes, etc, or that a
gate post has been put up above the cable.

17.2 Analysis of Fault

17.2.1 Much time may often be saved by making a careful analysis of
the fault conditions before the actual location test is made. If this is not
done, it is possible that the wrong type of test may be applied and a
misleading result obtained. The exact nature of the fault can be ascertain-
ed by taking the following tests which may be made with an insulation
testing set and a Wheatstone bridge or a resistance tester of the bridge
type. If none of the cotes is likely to be burnt through or broken, tests (a)
and (b) given below may be made and the conductor resistance
tests limited to the cores actually used during the location :

a) Measure insulation resistance between each core and earth with
the far end of the cable open and free from earth;

b) Measure insulation resistance between cores with the far end of
the cable as given in (a); and
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¢) Measure conductor resistance of each pair of conductors with
all conductors connected together and free from earth at far end
of line, and compare with the calculated resistance.

17.2.2 The measured conductor resistance should agree closely with
the calculated value, but if a considerably higher value is obtained on
any pair it is probable that one or both of the conductors are severed at
the fault. If an unbroken loop can be found in the cable, it is possible
to test each conductor against one of the continuous conductors and thus
ascertain which conductors are broken and which are continuous, but if
no loop can be found, the conductors should be earthed at the far end
and a test to earth made on each conductor in turn to determine if an
unbroken conductor remains. In the case of power cables, the conductor
resistance test may indicate that the conductors have burned through and
fused together. [In such a case, core-to-earth tests (with all cores earthed
at the far end) should be made.

17.2.3 It will, in general, be found that the insulation resistance of
a cable with a ‘wet’ fault due to moisture entering through damaged
sheathing or at joints will gradually increase if a positive potential be
applied to the faulty core, while the application of a negative potential will
cause it to decrease. When the amount of moisture is very smalli, the above
remarks still apply if the voltage is low but if a potential of several
hundreds of volts is applied, the fault tendsto dry out and the insulation
resistance rises considerably.

17.2.4 The nature of fault having been determined, it becomes neces:
sary to decide upon the most suitable location method to adopt. It is a
good practice to choose a test which can be applied with the fault condi-
tions as found. Having obtained the location with one method. the
fault conditions may be changed, if necessary, by fault burning to suit an
alternative method.

17.2.4.1 Fault burning method — For obtaining continuous good
results in locating cable faults, it is essential that test conditions are
suitable for the methods employed. After initial tests are completed, the
fault conditions can be converted to suit a particular test by ‘fault burn-
ing’. This process consists of a judicious application of voltage, which
has the effect of lowering the fault resistance by burning it down. Large
ac test sets or in case of higher voltages, rectifiers have been used for
fault burning. But for large currents required for burning down the
faults, the size of test equipment becomes very bulky. Also, in case gf
high breakdown voltage, the application of dc does not always result in
permanent low resistance fault. The resonance fault burning instrument,
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which obtains high voltage from an oscillating circuit has been developed
to overcome the same. Its dimensions and weight ip relation to output
are very small.

17.2.5 Since the greater portion of the cable in this country is laid
direct in the ground, the suggested tests are intended to apply particularly
to cables installed in this manner.

17.3 Classification of Fault Localization Tests — The fault localization
tests may be classified as follows :

a) Direct loop test ( see 17.3.1),

b) Varley loop test ( see 17.3.2),

c) Murray loop test ( see 17.3.3),

d) Fall of potential test ( see 17.3.4),

¢) dc charge and discharge test ( se¢ 17.3.5),
f) ac capacitance test ( see 17.3.6 ),

g) ac inductance test ( see 17.3.7 ),

h) Radar test ( see 17.3.8),

J) Induction test (see 17.3.9 ),

k) Capacitor discharge test (17.3.10),

m) Pulse echo test ( see 17.3.11), and

n) Acoustic cable tracing and fault locator ( see 17.3.12).

17.3.1 Direct Loop Test — This test is a modification of the Murray
loop test where instead of the slide wire being connected across the sound
core and faulty core at the same and a CTS or a VIR cable is made to
run along the sutface exactly above the route of the cable and connected
to the two ends of the faulty core to form a slide wire. The battery
terminal is connected to a long piece of wire at the other end of which
a knife edge is provided to make contact with the CTS or VIR cable
placed above ground as described before. The point where the balance
is obtained is thus the exact point where the faulu exists. A reference to
Fig. 33 makes this clear.

i ~KNIFE EDGE
%TS WlERE
N TH
SQUND RETURN CORE SURFACE
GALVANOME TER
LINKH
...:-L. .
—_— FAULTY
ar— ( ORE
= 5

—

F1G. 33 Dmect Loop Test
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17.3.2 Varley Loop Test — This test provides for the measurement of
the total loop resistance instead of obtaining it from the known lengths
of cable and their resistance per unit length. The connections are shown
in Fig. 34 for both the ground and short-circuit test — (A )and (B)
respectively. In this test the ratio arms P and Q are fixed, balance being
obtained by adjustment of a variable resistance S, placed in series with
the section of the loop having a smaller resistance. When the balance
is obtained with the throw-over switch in the battery circuit on contact c,
then, in either of the above tests, the magnitude of the resistance X may
be obtained from the setting of S for balance, together with the values of

P and Q and of the resistance R 4+ X ( that is the total resistance of the
loop ).

At balance, in either the ground or short-circuit test,

r _ R
g X+
P+0Q _ RH+X+S
o = X+ S
+ X + S
Hence, X + S .. Q(R )

P rQ

Q(R+X+S8)—S(P+ Q)

or X = P+ Q

Q(R+ X)—SP
P+ Q

Now, P, @ and S being known, R - X may be mqasurcd by
throwing-over to contact d and obtaining a balance by adjustment of
S as in the ordinary Wheatstone bridge network. In the ground test
shown in Fig. 34A at balance,
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P _ R+X
Qo S,
where
S, is the new setting of S. Thus R + X can be found. In Fig.
34B at balance,
P S
where 0 T RH+X

S, again is the required setting of S, for balance. The measured
value of R + X is then used in the calculation of X, from whose value
the position of the fault is obtained as before.

SOUND CABLE

= 2
%
g ?
r GALVANOMETER %
7
Q o X ——tb—— R g é
T
S FAULTY CABLE
d
_'“l' I ——
<

1

34A Circuit diagram for ground fauit

- |

o SHORT- CIRCUIT

l Ted FAULT
 S— R 2
2
GALVANOMETER 2
?
e Z

SOUND CABLE
348 Circuit diagram for short-circuit fault
FiG. 34 VarLey LooP Test
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17.3.3 Murray Loop Test

17.3.3.1 This is the most accurate method of locating faults and
should be made use of whenever circumstances permit. In its simplest
form, the faulty conductor is looped to a sound conductor of the same
cross-sectional area, and a slide wire or resistance box with two sets of
coils is connected across the open ends of the loop. A galvanometer is
also joined across the open ends of the loop and a battery or a dc hand
generator supplies the current for the test (see Fig. 35). Balance is
obtained by adjustment of the slide or resistance and the fault position
is given by the formula:

. a
Distance to fault = --———— = loop length
a-+b
<SLIDE WIRE
SOUND RETURN CORE
b GALVANOMETER
a FAULTY
i CORE

T V

1|

35A Using slide wire

[

I
SOUND RETURN CORE

& GALVANOMETER
Q FAULTY
CORE

356B Using resistance box
Fic. 35 Murray Loop TesT
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where
a == length (or resistance ) of the bridge arm joined to the faulty
core;
b = length ( or resistance ) of the bridge arm joined to the sound
core; and

x -+ y = loop length, that is twice the route length,

NoTtr — When a loop test is taken on a cable made up of length of different cross-
sections and conductor material, it is necessary to find out the ‘equivalent length® of
the loop which may be greater or less than the actual loop length,

The cable will usually consist mainly of one size and this may be
taken as standard. The equivalent length of cach of the other sizes is
given by:

cross-section of standard
cross-section of cable

Equivalent length = actual length X

The equivalent lengths of the various portions of the loop are added
and the equivalent {oop length thus obtained. The distance to the fault
in equivalent length having been found out, it is necessary to convert
it to actual distance of the fault.

This is, however, not necessary if the size and the conductor
material of the cable is same throughout.

17.3.3.2 In the -case of high resistance faults, either the battery
should be substituted by a high voltage dc supply obtained through a
rectifier set or the galvanometer should be replaced by a sensitive
electronic detector.

17.3.3.3 Modified Murray loop test — When 4 sound return of the
same cross-section as the faulty conductor is not available, the following
modified forms of Murray loop test are adopted, details of which are
usually found in text-books:

a) Murray loop test from each end ( see Fig. 36 ).

S ———— X route length

a+b + a + by
when a slide wire is used, a + & = &, + b; and the formula reduces to:

Distance of fault from 4 end =

Distance of fault from 4 end = X route length.

a
a+ b
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IA' E‘ﬂo o ,a' END
SOUND RETURN CORE

f GALVANOME TER

ot o] 1 f—a
(&
o

TEST 1

‘A’ END ‘8’ END
SOUNN RETURN CORE
GALVANOME TER

R &

-IH“H..—.—‘\»

FAULTY
CORE

an

TEST 2

|

Fic. 36 MurraY Loop TesT FROM EAcH END
( WiTH ONE RETURN OF UNKNOWN RESISTANCE )

b) Murray loop test from one end using fisher connection (see
Fig. 37).

i _ala - by
Distance from test end = o @ ¥ b

If slide wire is used, the formula reduces to:

x route length

. a
Distance from test end = o x route length

Note — For Test 2, a three volt battery is suitable while the voltage for batterv
for Test 1 is determined by the fault resistance.
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o o/ ]

Y SOUND RETURN CORES

& GALVANOME TER

¥ 50uUND RETURN CORES
) GALVANOMETER
<
el
1 21 FAULTY
CORE
TEST 2

FiGg. 37 MurraYy LooP TeST WITH TWO RETURNS OF
UNKNOWN RESISTANCE ( FISHER TEST )

c) Murray toop test from using overlap modification (see Fig. 38).

ay — b1
Distance of fault — bar + b; — X route length
from 4 end = t 4+

01‘+'b1 a+b

If a slide wire 1s used, the formula reduces to:

a, — by

=) T @ =5) X route length

Distance of fault from 4 end =
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- FAULTY o
CORE ! B8' END
l'
FAULTY
CORE 2
TEST 1
GALVANOMETER
, FAULTY .
‘AEND CORE 1 8' END
t -
FAULTY - l
CORE 2 =

TEST 2 _I_

F1G. 38 Puase TO PHASE FAULT WITH MURRAY Loor
TeST WiTH NO SounN RETURN ( OVERLAP METHOD )

17.3.4 Fall of Potential Test — In this test, the principle involved
depends upon the measurement of the voltage drop on the cable conductor
when a current is flowing through it. The only essential instruments
consist of an accumulator, rheostat, an ammeter and a low reading,
moving-coil voltmeter. The measurements give the voltage drop up to the
fault and by comparing the voltage measurements made from each end,
the position of the fault can be readily calculated. There are many
different circuit arrangements and the accuracy is not as high as that of
the Murray loop test (see Fig. 39).
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SOUND CORE

-G

FAULTY CORE

SOUND CORE

—i[il

FAULTY CORE

TEST 2

F1G. 39 FaLL ofF POTENTIAL TEST
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Distance of fault from test point = X loop length

Vi
W+V,
Note — To eliminate earth currents and emf which is usually present in the

fault, it is necessary to take the readings, ¥, and ¥, and then reverse the battery
and take a set of readings V, and V,. The true readings are given by:

Vit Vs, Vit ¥,
—Z——and 2

17.3.5 DC Charge and Discharge Test — This method is used for broken
cores with high resistance to earth. The usual method of measuring the
capacity is to charge the cable under test to a ceratin voltage for about
15 seconds and then discharge it through a moving-coil galvanometer,
the point to which the needle kicks being noted. A similar test is next
made on a standard condenser of known capacity. For the purpose of
locating breaks, it is usually sufficient to measure the relative values of
capacity from each end of the broken core. To avoid false readings, it is
necessary to earth all broken cores at the far end and all cores except
the one under test at the test point (see Fig. 40).

Distance of fault _ ___Deflection from 4 end X route length
from A end  Deflection from A end + deflection from B end
GALVANOME TER CABLE

‘B' END

K = Standard condenser.
K, K, == Capacitances of the sections of the faulty cable to ground, and
R == Resistance of the burnt portion of the cable.

Fi1G. 40 DC CHAr E AND DISCHARGE TEST

17.3.6 AC Capacitance Test — In the case of open-circuit faults with
low insulation resistance down to about 100 ohms to earth, the ac bn:ndge
test is suitable. Most faults of this type can be located with the aid of
a compensated capacitance bridge which embodies a resistance shunted
across the variable capacity arm for balancing out the resistance to earth
at the break (see Fig. 41).
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17.3.7 AC Inductance Test — If the resistance of the fault is less than
30 ohms, the ac inductance test may be used. The test is carried out with
an ac bridge in much the same way as the ac capacitance test. The
standard ac bridge is usually arranged to enable both the capacitance and
inductance tests to be made (see Fig. 41).

5%, .B_:B.LE
188
| K!I A

'O
&S

PQ = 100/100 ohm ratio arms;
Ks = 0-10 MFD variable condenser;
Rs = (-1 M Q variable resistance;

T = Balanced screened transformer;

D == Detector;

S = Double pole, double throw switch; and

K, X, = Capacitances of sections of the faulty cable to ground.

Fi1G. 41 CoMBINED INDUCTANCE AND CAPACITANCE BRIDGE

17.3.8 Radar Test — In this test, short electric voltage impulses are
impressed upon the cable. The impulses are reflected and the reflection from
the faults (insulation failure or conductor break) can be differentiated from
those obtained from cable joints, when viewed on the screen, of a cathode
ray tube. From a scrutiny of the image on the screen, the length of the
cable involved and the proportionate distance to the fault can be determi-
ned. It is not very essential to have conductor data for computing results.
This test can be used for all types of faults, High ohmic earth faults,
however, have to be burnt down by fault burning (see 17.2.4.1).

17.3.9 Induction Test — In this test, by the use of a fault burning set,
the fault is first converted as a core to core fauit. An audio-frequency
current is passed through the cable loop thus formed and a search coil
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with head-phones and an amplifier tuned to this signal is used to trace the
signal along the cable route. At the point where the signal current leaves
the faulty core, there is change in the note heard in the head-phones,
which thus gives a direct indication of the fault position.

17.3.10 Capacitor Discharge Test — In this test, the energy stored in a
large bank of capacitor is discharged into the faulty core so that the noise
created at the fault position can be detected above ground. A bank of
capacitors is connected to the faulty core through a spark gap. The
capacitors are charged from high voltage dc test set and the spark gap is
set to flash over at suitable voltage. The discharge is produced at the
fault at regular intervals. It is then necessary to listen in around the
region of the location indicated by some previous test. The periodic noise
will be audible, with the use of an acoustic detector. The intensity of
the noise is maximum above the exact location of fault. It i1s desirable to
set the spark gap to flash-over at as high a voltage as permissible to
obtain good results. In case, the discharge does not occur even at the
maximum permissible voltage, a fault burning .ct (see 17.2.4.1) can be
used. Where a large bank of capacitors is not available, healthy cores can
be employed as a capacitor as shown in Fig. 42.

SOUND CORE L FAULTY CORE

SPARK GAP

1L
1

<> oe :J:
SOURCE

LEAD SHEATH

4

Fi1G. 42 Capacitor DiscHARGE TeST USING HEALTHY
CoRE AS CAPACITOR

17.3.11 Puise Echo Test — This is a confirmatory test for pinpointing
a fault’ after an initial classic test for locating the fault within a short
region is carried out. Pulse echo test which now supersedes original
radar test, is an acoustic method of fault location. Within reasonable
accuracy, by using controlled capuacitor discharge and is particularly
useful where excavation in the faulty region is difficult or restricted.
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A solid state switching (ignition) is used in a triggering device for
discharge of a capacitor into the one fault at regular intervals and by
listening on the surface of the ground in the faulty region above the cable
run through a crystal probe detector coupled to a portable amplifier or
similar other hearing aids.

17.3.12 Acoudtic Cable Tracing and Fault Locator — This test set is
used for fault determination as well as route tracing of buried cables.
The design is based on the principle that the conductor, carrying alterna-
ting current will give rise to a magnetic field and a .coil with its axis at
right-angles to the conductor will have an induced emf which may be
made into ‘AUDIBLE’ or ‘VISIBLE' by suitable amplification. In
multicore cables, alternating current supplied to two cores or in one core
and the sheath, will have an external magnetic field pattern that follows
the helical lay at the point of short circuit.

_ The acoustic detector, however, is not considered to be reliable for
high resistance (more than 100 ohms) faults for locating a single phase to,
earth fauit due to signal spread.

In tracing a buried cable, an alternating current is supplied between
earth and a single conductor, the remote end of the same conductor earth
and being earthed. The field intensity in such case, will not fluctuate but
will be steady along the cable route. It is also possible to trace a ‘live’
cable by connecting a suitable pulse generator as a load to the feeder
cable which is automatically switched ‘off’ and ‘on’ at predetermined
regular interval, and inductive probe being used to trace the cable route
at mains supply frequency.

APPENDIX A

( Clauses 3.2 and 4.2.1.1)
CONSTRUCTIONAL DETAILS OF POWER CABLES
A-1. PAPER INSULATED CABLES
A-1.1 Typical constructions and possible uses of paper insulated cables
are shown in Fig. 43,
A-2. PVC INSULATED CABLES

A-2.1 Typical coustructions of cables indicating their possible uses are
shown in Fig. 44
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44A

Unarmoured single core cable with

alumimium conductors, 1 1 kV

Unarmoured muiticore cables with

alumintum conductors, 1°1 kV

44C

Armoured mulicore cable with
aluminium conductors, 1°1 kV

z
=
LA
-
2

44D Armoured screened muiticore cable

with aluminium conductors, 1°1 kV (E)

Light weight and small per-
mussible bending radn make
single core PVC cables very
easy to install. These cables
are therefore particularly use-
ful in power stations and sub-
stations where a comparatively
large number of cables 1n short
lengths are to be used

These power cables are suita-
ble for use n generating
stations, sub-stations, house-
service  conmections,  street
lighting, ndustrial nstal-
lations, building wiring, etc
They can be nstalled indoors
or outdoors, 1n air or in cable
ducts

These power cables are suitable
for use in generating stations,
substations, distribution sys-
tems, house-service connections,
street lighting, industrial in-
stallations, etc. On account
of the armouring, the cables
can withstand rough instal-
lation and operation condi-
tions and tensile stresses, and
can be laid in water or buried
direct 1n the ground even on
steep slopes They can also
be installed indoors or out-
doors, in air or 1n cable ducts

11 kV PVC cables are suitable
for aill types of industrial
apphications and particularly
for hydro and thermal power
stations and  sub-stations.
They are ideally suited for
chemical and fertihzer indus-
tries on account of ther
better corrosion resistance or
m  heavy industries where
severe load fluctuations occur
and for systems where there
are frequent over voltages.

FiG. 44 ConsTRUCTION OF PVC INSULATED CABLES
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A-3. XLPE INSULATED CABLES
A-3.1 Typical construction of XLPE cables are shown in Fig. 45,

45A Single core, 1°9/3 3 kV cable, circular stranded compacted aluminium
conductor, XLPE nsulated, aluminium wire armoured and PVC
sheathed overall

References
1 Aluminium conductor 3 Aluminium wire armour
2 XLPE mnsulation 4 PVC sheath
1 2 3 4 ) 6

45B Single core—6°35/11 kV cable, circular stranded compacted aluminium
conductor, conductor screened, XLPE insulated, insulation screened
(semicon extruded), aluminium wire armoured and PVC sheathed

overall
References:
1. Aluminium conductor 4. Insulation screen
2. Conductor screen 5. Alumiium wire armour
3, XLPE insulation 6. PVC sheath,

Fic. 45 TypicaL CONSTRUCTION OfF XLPE CaBLes — Contd
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N » w o

46C Three core 6°35/11 kV cable circular stranded compacted aluminium
conductor, conductor screened, XLPE insulated, insulation screened
{semicon extruded+aluminium tape), PVC tape bedded, steel wire
armoured and PVC sheathed overall

References:
1  Alummnium conductor 4. Insulation screen 7. PVC tape bedding
2. Conductor screen 5 Aluminium tape 8. Steel wire armour
3. XLPE insulation 6. Filler 9. PVC sheath

- ~N ~™ < O [7-]

45D Single core 19/33 kV circular stranded compacted alu -
tor, conductor screened, XLPE insulated, screened (u'm:::' :)gtr‘t?::d
+ aluminium tape) and PVC sheathed overall

References:
1. Aluminium conductor 4. Insulation screen
2. Conductor screen S. Alumin,ium tape
3. XLPE ipsulation 6. PVC sheath

FiG. 45 TypicaL CONSTRUCTION oF XLPE Castss
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A-3.2 Applications — The preferred applications of XLPE cables are
,similar to that of paper and PVC insulated cables. In addition, these

cables can be used:
a) on vertical runs of unlimited difference in level,
b) at locations having severe vibration problems,
¢} at locations having higher ambient temperature up to 70°C,
d) at conditions demanding short time overload up to 120°C, and
¢) in systems having higher short circuit levels.
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