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GENERAL

‘The detailed scope of work includes design, engineering, manufaciure, testing at
works, supply on FOR destination site basis, insurance, handling, storage,
erection testing and commissioning of various items and works as detailed

herein.

This section cover's the description of the following items.

Supply of

- String insulators and hardware

- AAC / ACSR conductor

- * Galvanised Steel Earthwire

- Aluminium Tubular Bus Bars

- - Spacers

- Bus post insulators

- Earthing & Earthing materials

- Lightning. protection materials

- Cabling material

- - Other items

Erection Of all items

String Insulators & Hardware

The insulators for suspension and tension strings shall .conform ito AEC-60383

and long. rod insulators shall conform 1o IEC-60433. Insulator-hardware shall

«confarm to:15:2486. Composite long vod inswlator shall conform4o 1EC:61109.

Construction Features

For'porcelain insulators {upto 765kV voltage level)

a) Suspension and {ension insulators shalf .be wet process porcelain with
ball and socket connection. Insuiators shall be interchangeable and shall
be suitable for forming either suspension or tension strings. ‘£ach
insulator shall have rated strength markings -on porcelain printed and
applled before firi iring.-

b) Porcelain used in insulator manufacture shall-be homogeneous, free from
laminations, cavities and other flaws-or imperfections that might affect the

mechanical -or dielectric-quality and shall be thoroughly vitrified, tougn and
impervious {o-moisture.




1.1.1.2

1.1.1.3

1.1.1.4

1.1.15
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c) Glazing of the porcelain shali be uniform brown colour, free from blisters,
burrs and other similar defects.

For glass insulators {(upto 765kV voltage level)

it shall be made of toughened glass. Glass used for the shelis shall be sound,
free from defects, flows bubbles, inclusions, etc.and be,of uniform toughness
over its entire surface. All exposed glass surfaces shall be smooth.

When operating at normal rated voltage there shall be no electric discharge
between conductor and insulator which would cause corrosion or injury to
conductors or insulators by the formation of substances due to chemical action.
No radio interference shall be caused when operating at normal rated volitage.

The design of the insulator shall be such that stresses due to expansion and

. contraction in any part of the insulator shall not lead to deterioration. All ferrous

parts shall be hot dip galvanized in accordance with the latest edition of 1S: 2629.

" The zinc used for galvanizing shall be of grade-Zn-99.95 as per IS-209. The zinc

coating shall be uniform, adherent, smooth, reasonably bright, continuous and
free from imperfections such. as flux, ash, rust stains buiky white deposits and
blisters. S

Bidder shall make available data on all the essential features of design including
the method of assembly of discs and metal parts, number. of discs per insulator
string insulators, the manner in which mechanical stresses are transmitted
through discs to adjacent parts, provision for meeting expansion stresses, results
of corona and thermal shock tests, recommended working strength and any

special design or arrangement employed to increase life under service
conditions. . :

Clamps for insulator strings and Corona Control fings shall be of aluminium alioy
as stipulated for clamps and connectors. '

Insulator hardware shall be of forged steel. Malleable cast iron shall not be
accepted except for insulator disc cap. The surface of hardware must be clean,
smooth, without cuts, abrasion or projections. No part shall be subjected to
excessive localized pressure. The metal parts shall not produce any noise.
generating corona under operating conditions.

The tension Insulator hardware assembly shall be designed for minimum 21000
kg tensile Joad for 765kV and minimum 12000 kg tensile load for below 765kV.
Earth wire tension clamp shall be designed for minimum 1000 kg tensile load

‘with a factor of safety of two (2).

The tension string assemblies shall be supplied alongwith suitable tumn buckle.
Sag compensation springs if required may also be provided.

* All hardware shall be bolted type. , -

Long Rod Porcelain Insulators {(upto 400kV voltage level)

As an alternative to disc insulator, Bidder can offer long rod porcelain insulators
strings, with suitable hardware. The combination shouid be suitable for
application specified and sh gr the identical/lequivalent parameters as
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1.3.1

Technical Specification, Section : SE
C/ENGG /SPEC/SE REV.NO: 08
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would be available from insulator string comprising disc insulators and hardware
combination.

All constructional features specified at Clause 1.1.1 of this Sec-ti'cn, shall also
apply to the long-rod insulator string.

Tests
in accordance with the stipulations of the specification, the suspension and

tension- strings, insulator and hardware shall be subjected to the following type
tests, acceptance tests and routine tests:

Type Tests on lnsulator Strings: The {est reports for following: type tests shall
be submitted for approvat as per clause 9:0 of Section --GTR.

.a) Power frequency voltage ‘withstand. test with corona control rings under

wet condition as per {EC--60383.
) Switching surge voltage W|thstand test [400 kV and. above class only].
under wet condition as per IEC-60383.

) Lightning Impuise voitage withstand test with corona control nhgs under
dry condition as per {EC-60383

) Voltage distribution. test {Dry)

The voltage across each insulator unit shall be measured by sphere gap
method. The result obtained shall be converted. into percentage. The
voltage across any disc shall not éxceed 6.5% for 765 kV suspension and
tension insulator strings, 9% and 10% for 408KV suspension siring and
tension insulator string respectively, 13% for 220KV suspension and
tension insulator strings, 20% and 22% for 132KV suspension and
tension-insulator strings respectively.

el Corona Extinction Voltage test (Dry)

The sample assembly when subjected to power frequency voltage shall
have a corona extinction voltage of not less than 508 kV (rms) for 765 kV,
320KV {rms) for 400KV and 156kV {rms) for 220kV line to ground under

~dry condition. There shall be no evidence of Corona on any part of the
sample. The atmospheric condition during testing. shall be recorded and
the test results shall be accordingly comrected with suitable correction
factor as stipulated in 1EC 60383.

) RIV Test{Dry)

Under the conditions as specified under (e) above the insulator string
alongwith complete hardware fittings shall have 2 radio interference
voltage level below 2500 microvolts at 1 MHz when subjected to 50 Hz
AC line to ground voltage of 508 kV for 765 kV and 1000 microvolts at 1
MHz when subjected to 50 Hz AC line to ground voltage of 320kV for
400kV and 156kV for 220kV strmg under dry conditions, Tﬁe‘\ test
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g) Mechanical strength test

The complete insulator string alongwith its hardware fitting excluding
arcing horn, corona control ring, grading ring, tension/suspension clamps
- shall be subjected to a load equal to 50% of the specified minimum
- ultimate tensile strength (UTS) which shall be increased at a steady rate
to 67% of the minimum UTS specified. The load shall be held for five
‘minutes and then removed. After removal of the load, the string
components shall not show any visual deformation and it shall be
possible to dismantle them by hand. Hand tools may be used to remove

cotter pins and loosen the nuts initially. The string shall then be -

- reassembled and loaded to 50% of UTS and the 1oad shall be further
increased at a steady rate till the specified minimum UTS and held for
one minute. No fracture should occur during this period. The applied load
shall then be increased until the failing load is reached and the value
recorded. :

1.3:2 Type Tests on Insulators
Type test report for Thermal Mechanical Performance tests as per IEC -
60575, Clause 3 / IEC: 61109, clause 5.1 (for composite. long rod
insulators) shall .be submitted for approval as per clause 9 2 of Section -
GTR.

1.3.3 Acceptance Tests for Insulators:

a) Visual examination as per IEC-60383/ IEC-61109 clause no. 7.2 {for
composite long rod insulators).

b)  Verification of Dimensions as per IEC- 60383,

c} Temperature cycle test as per IEC- 60383.

d) Puncturé Test as per [IEC-60383 {(Applicable only for porcelain insulators).
e) . Galvanizing Test as per IEC- 60383.

"f)  Mechanical perforrﬁance test as per IEC-60575 Cl. 4 / IEC-61109 clause
no. 7.2 (for composite long rod insulators).

gy Test on !ccking device for ball-and sccket coupling as per IEC-60372(2).

h} Porosity test as per IEC- 60383 {Applicable only for porcelain insulators).

i) Thermal shock test as per IEC60383 (Applicable only for glass _

insulators)
1.34 Acceptance Test on Hardware Fitting

a) Viéua! Examination as per Cl. 5.10 of [S:2486 (Part-!).

b) Verification of Dimensions as per Cl. 5.8 of 1S : 2486 (Part-l)

c) Galvanising/Electroplating testé as per CL 5.9 of IS : 2486 (Part).
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d)  Slip strength test as per C1 5.4 of 1S-2486 (part-l)

ey Shore hardness test for the Elastometer (if applicable as per the value
guaranteed by the Bidder).

fy Mechanical strength test for each component '(mcludmg gorona control
rings and arcing horns).

The load shalt be so applied that the component is stressed in-the same
way as it would be in actual service and the procedure as given in
1.2.13.1 (g) above shouid be followed.

¥ Test on locking devices for balt and sockst cohpling as per IEC -60372(2).

Routine Test on Insulator
a) Visual Inspection as per {EC-60383
by Mechanical Routine Test as per IEC-680383
c) Electrical Routine Test as per IEC-60383
1.3.6- Routine Test on hardware Fittings
ay Visual examination as per Ct 5.10 of IS : 2486 (Part-f) / {EC-61109 {for
composite long red-insulators).
b) ‘Mechanical strength Test as per Cl. 5.11 of IS : 2486 {Part-1)/ IEC-61 109
(for composite long:rod insulators).
1.3.7 Test duringmanufa.cture on all Components as applicable on insulator
ay Chemicalanalysis of zinc used for galvanising:
Samples taken from the zinc ingot shall be chemically analyzed-as per IS
1 209, The purity of zinc shall not be less than99:95%.
‘b Chemical Analysis, mechanical hardness tests and magnetic particle
inspection for malleable casting:
The chemical analysis, hardness tests and magnetic particle inspection
for malleable casting will he as per the internationally recognized
procedures for these tests. The sampling will be based on heat number
and heat treatment batch. The detaifs regarding tests will be as-discussed
and mutually agreed to by the Contractor and Owner in Quality
Assurance Program.
1.3.8 Test during manufacture on all components as appllcable on hardware

fittings:

a) Chemical analysis of zinc used for galvanising:

L L CLU Ul UL UL UDUUOUY
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1 209. The purity of zinc shall not be iess than 99.95%

Chemical analysis, hardness tests and magnetic particle for .
forgings:

- The chemical analySIs hardness tests and magnetic particle inspection

for forgings will be as per the internationally recognized procedures for
these tests. The sampling will be based on heat number and heat
treatment batch. ' The details regarding tests will be as discussed and
mutually agreed to by the Contractor and Owner in Quality Assurance
Programme.

Chemical analysis and mechanical hardness tests and magnetic particle
inspection for fabricated hardware:

. The chemical analysis, hardness tests and magnetic particle inspection

for fabricated hardware will be as per the intemationally recognized
procedures for these tests. The sampling will be based on heat number
and heat treatment batch. The details regarding tests will be as discussed
and mutually agreed to by the Contractor and Owner in Quality
Assurance programme.

Parameters

Disc Insulators

‘Sl No. | Description For 765kV | For 400/220/132kV
a) Type of insulators - -Antt Fog type Anti Fog type
b) Size-of insulator units (mm) 255x145 255x145
: or or
: L 280x145 280x145
c) Electro mechanical strength 210 kN 120 kN
d} |Creepage-distance of 460 mm 430 mm
individual insulator units -
[ (minimium and as required
1 to meet total creepage
{ distance) '
e) |[-Maikings
i) For Porcelain insulators Markings on | Markings on
, porcelain porcelain
ii). | For toughened glass Markings Markings shall be
insulators - shalt be done | done on initial parts
‘ on initial parts
f Power frequency puncture 1.3 times the | 1.3 times the actual
withstand voltage actual wet wet flashover
flashover voltage
voltage
INSULATOR STRING
Sl. | Description 765 kV | 400kV | 220kV | 132kV
No. |
aj-

. Tical SpeCIf' cation, Sectlon SE
CIENGGJ‘SPECISE REV NO: 08

Power frequency withstand 870 680 460 275
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| voltage of the -complete string
with corona control ring (wet)
— KV rms

b} | Lightning impuise withstand  { = 2100 | 1550 | * 1050 | 1650
- | Voltage of string-with-corona ; ! I
| controt rings {dry)- kVp

‘, c] 4 Switching surge withstand + 1550 +* 1050 | NA §"NA

] dy | Minimum corona extinction ‘.'_508 320 ] 156 | NA

4 voltage of string with corona
1-control rings (wet) - kVp

| voltage leve! of string with
Corona Contro! rings (dry) -kV
rms

| e} | Maximum RIV level in micro - 2500 {10600 31000 |NA
L volts of string with Corona ‘ ] '
Control rings at 508 kV {rms) 1
for 765 kV, 320 kV {(rms} for 4
- 400 kV string and 156 kV for - ]
L 226 KV string across300 Ohms
{ resistor at 1 MHz

fF |} Minimum total creepage © | 20000 10500 16125 3625
- distance of the insulator string ﬁ ]
(mmy l :

g) ] Total no: of discs per strings 44 25 {4 15 1 1o

For tension application, double insulator strings for 765 KV, 400 KV, 220 KV and
single insulator strings for 132 kV system shall be used. For suspension purpose
single suspension insulator string shaill be used for 765 kV, 400 KV, 220 KV &
132 kV system. : :

COMPOSITE LONG ROD-INSULATOR {upto 765kVvoitage level)

As. an alternative to. disc insulatorfiong rod porcelain, Bidder can also -offer
composite long-rod-insulators with suitable hardware.

Details of Composite Long Rod Insulators

Contractor shall offer such composite insutators which have -proven use -under
foggy/ humid operational conditions in polluted industrial environment combined

with smoke and-dust particles. The Bidder shall furnish evidence in the form of .-

certification from the power utifities that the simifar type of product supplied to
them had been performing satisfactory. The Bidder shall also submit certified test
report for an accelerated ageing test of 5000 hours such as that -described in
Appendix-C of IEC-61109 or test at muitiple stresses of 5000 hrs as described in
annexure —B of IEC-62217.

Insulators shall have sheds of the “open aero_dynamié profile without any under
ribs” with good seif-cleaning properties. Insulator shed profite, spacing projection
etc. shall be strictly in accordance with the recommendation of IEC-60815.

Ball and socket shall be 20 mm designation for 120 kN & 24 .mm designation for
210 kN insulators in .accordance with the slandard dimensions stated in
{EC:60120/ 1S:2486 {Part-1l). Insulators shaii be interchangeable gad-s
suitable for forming either suspension or tension strings. Each g

S

et
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have rated strength markings on each composite insulator rod unit. no negative
tolerance shall be applicable to creepage distance of composite insulators

All ferrous parts shall be hot dip galvanized to give a minimum average coating of
zinc equivalent to 610 gm/sq.m. and shall be in accordance with the latest
edition of 1S: 2629. The zinc used for gaivanizing shall be of purity of 99.95%.
The zinc coating shall - be uniform, -adherent, smooth; reasonably bright
continuous and free from imperfections such as'flux, ash rust stains, bulky white
deposits and blisters. The galvanized metal parts shall be guaranteed to
withstand at least six successive dips each’ lasting for one (1) minute duration
under the standard preece test. The galvanizing shail be carried out only after

any machining. -
Materials

Core

it shall be a glass-fiber reinforced (FRP rod} epoxy resin rod of high strength. The
rod shall be resistant to hydrolysis. Glass fibers and resin shall be optimized.
The rod shall be electrical grade corrosion resistant (ECR), boron free glass and
shall exhibit both high electrical integrity and high resistance to acid corrosion.

Housing & Weathersheds

The FRP rod shall be covered by a sheath of a silicone rubber combound of a

 thickness -of minimum 3mm. The housing & weathersheds should have silicon

content of minimum 30% by weight. it should protect the FRP rod against
environmental influences, external poliution and humidity. it shall be extruded or
directly molded on the core. The interface between the housing and the core
must be uniform and without voids. The strength of the bond shall be greater
than-the tearing strength of the polymer. The manufacturer shall follow non-
destructive technique (N.D.T.) to check the quality of jointing of the housing
interface with the core.

The weathersheds of the insulators shall be of alternate shed profile. The
weathersheds shall be vulcanized to the sheath (extrusion process} or molded as
part of the sheath (injection moulding process) and fres from imperfections. The
vulcanization for extrusion process shall be at high temperature and for injection
moulding shall be at high temperature & high pressure. Any seams/ burrs
protruding axially along the insulator, resulting from the injection moulding
process shall be removed completely without causing any damage to the
housing. The track resistance of housing and shed material shall be class 1A4.5
according to IEC60587. The strength of the weathershed to sheath interface shall
be greater than the tearing strength of the polymer. The composite insuiator

shall be capable of high pressure washing.
End Fittings

End fittings transmit the mechanical load to the core. They shall be made of
malleable cast iron/ spheroidal graphite or forged steel. They shall be connected
to the rod by means of a controlled compression technique. The manufacturer
shall have in-process Acoustic emission arrangement or - some other
arrangement to ensure that there is no damage to the core during crimping. This
verification shall be in-process and done on each insulator. The system of
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attachment of end fitting to the rod shall provide superior sealing performance
between housing and metal connection. The gap between fitting ard sheath shall

be sealed by a flexible silicone rubber compound. The seating shall stick 1o both

housing and metal end fitting. The sealing must be humidity proof and durable
with time.

End fittings shall have suitable -provisions for fixing grading rings at the correct
position as per design requirements. B -

Grading Rings

Grading rings. shall be used at both ends of each composite insulator unit for

reducing, the voltage gradient on and within the insulator and to reduce radio and
TV noise to acceptable levels. The size and placement of the 'metallic .grading
rings shall be designed to eliminate dry band arcing/corona cutting/ exceeding of
permissible electrical stress of material. The insulator supplier shall furnish
design calculations using appropriate electric field software showing. electric field
at surface of housing, inside housing & core arid at the interface of ‘housing and
metal fittings with the proposed placement and design of corona. ‘Grading rings
shall be capable of installation and removal with hot ‘line tools without
disassembling any other part of the insulator assembly.

The design & supply of grading. rings shall be in the scope of the composite
insulator supplier. : _

Tests and Standards
Type Tests

The test reports for following type tests.on long rod units, componenis, materials
or complete strings shall be submitted for approval as per clause 9.2 of Section -
GTR. : ' :

-On the complete composite Long Rod Insutator String with Hardware Fittings:-

Power frequency voltage withstand test with corona control rings/grading Ting
and arcing horns {if provided) under wet condition as per IEC:60383-1993/

Switching surge vdltage withstand test under wet condition as per 1IEC$50383-
1993. ' .
Impulse voltage withstand test under-dry condition as per IEC:60383-1993

Corona and RIV test under dry condition.

The sample assembly when subjected to power frequency voltage shall have a
corona extinction voltage of not less than 508kV {rms) for 765kV, 320KV {rms) {or
400kV and 156kV (rms) for 220kV fine to ground under dry condition. There shall
be no evidence of Corona on any part of the sample. The atmospheric condition
during testing shall be recorded and the test results shall be accordingly
corrected with suitable correction factor as stipulated in {EC 60383. '

‘Under the conditions as specified above the insulator string alongwith -complgte
hardware fittings shall have a radio interference voltage level belmdsSIRI0e
microvolts at 1 MHz when subjected to 50 Hz AC line to ground voltals 6T6eR

X

i g an e e A S R RS




15212

SECTION - (SE)
SWITCHYARD ERECTION

to 50 Hz AC line to ground vottage of 156kV for 220kV under dry conditions. The
test procedure shall be in accordance with IS 8263/{EC 60437.

Mechanical Strength test

The complete insulator string alongwith its hardware fitting excluding arcing

horn, corona controf™ring, -grading ring, tension/suspension clamps shall be -

subjected to a load equatl to 50% of the specified minimum ultimaie fensile
strength (UTS) which shall be increased at a steady rate to 67% of the minimum
UTS specified. The load shalt be held for five minutes and then removed. After
removatl of the load, the string components shall not show any visuatl deformation
and it shall be possible to dismantle them by ‘hand. Hand tools may be used to
remove cotter -pins and loosen the nuts initially. The string shall then be
reassembied and loaded to 50% of UTS and the load shall be further increased

at a steady rate {ill the specified minimum UTS and held for one minute. No
fracture should occur during this period. The applied load shall then be inicreased

until the failing load is reached and the value recorded.

Sali-fog pollution withsfand test as per IEC: 60507. The salinity level for

composite long rod insulators shall be 160 Kg/m3 NACL.

On Composite Insulator Units

Tests on interfaces and connections of metalfittings as per IEC: 61109-2008.
Assembled core load time test as per IEC:.61109-2008. |

Damage limit proof test and test of tightness of lntextface between end firings and
insulator housmg as per IEC: 61109-2008

High Pressure washing test

The washing of a complete insulator of each E&M rating is to be carried out at
3800 kPa with nozzles of -6 mm diameter at a distance of 3m from nozzles to the
insulator, The washing shall be carried out for 10minutes. There shall be no
damage to the sheath or metal fiting to -housing interface. The verification shall
be 1 minute wet power frequency withstand test at 680kV r.m.s for 400KV.

Brittle frécture resistance test

The test arrangement shall be according to Damage limit proof test with
simultaneous application of 1N-HNO3 acid directly in contact with naked FRP

-rod. The contact length of acid shall not be less than 40mm and thickness around

)

ihe core not less than 10mm.The rod shall withstand 80% of SML for 96 hours.
Dye penetration test as per IEC: 61 109-2008 |
Water diffu,sibﬁ test as per tEC: 61109-2008

Tracking and erosioﬁ test as per IEC: 61109-2008.

Hardness test as per IEC: 61109-2008.

Accelerated weathenng test as per IEC: 61109-2008.
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Flammability test as per IEC: 61109-2008.

Silicone content test

~ Minimum content of silicone as guaranteed by supplier shall be verified through

FT-IR spectroscopy & TGA analysis or any other suitable method mutually
agreed between Employer & Supplier in Quality Assurance Programme.

m) Recovery of Hydrophobicity test

0)

Technical Specification, Section : SE
C/ENGG/SPEC/!/SE REV. NO:08

1. The surface of selected samples shall be cleaned with isopropyl alcohol.
Allow the surface to dry and spray with water. Record the HC classification.
Dry the sample surface.

2. Treat the surface with corona discharges to destroy the hydrophobicity.
This can be done utilizing a high frequency corona tester, Holding the
“electrode approximately 3mm from the sample surface, slowly move the
electrode over an area appraximately 1" x 1". Continue treating this area
for 2 — 3 minutes, operating.the tester at maximum OLtpuUi.

3. Immediately after the corona treatment, spray the surface with water and
record: the HC classification. The surface should be hydrophilic, with an HC
value of 6 or 7. If not, dry the surface and repeat-the corona treatment for a
longer time untit-an HC of 6-or 7 is obtained. Dry the sample surface.

4.  Allow the sample to recover and repeat the hydrophobicity measurement at
several {ime intervals. Silicone rubber should recover to HC 1 — HC 2 within
24 to- 48 hours, depending on the material and the intensity of the corona
treatment.

Torsion test

Fhree complete insulators of each E&M rating shall be subjected to a torsional
load of 55Nm: The tarsional strength test shall be made with test specimen
adequately secured to the testing machine. The torsional load shall be applied to
the test specimen through a torque member so consfructed that the test
specimen is not subjected fo any cantilever stress. The insulator after torsion test
must pass the Dye Penetration Test as per |IEC 61109.

'Accelerated-ageing test of 5000hrs as described in appendix-C of IEC 61109 or
Test at multiple stresses of 5000 hrs as described in Annex-B of IEC 62217

Acceptance Tests:

For Composite Long Rod Insulators

a. {. Verification of dimensions | {EC :81109-2008
b. | Galvanizing test 1+EC : 80383
c. | Verification of end fittings —[4EC 611092008




1.5.23
1.5.2.3.1

1.5.3

- 1.6.31

SECTION - (SE)

SWITCHYARD ERECTION

d. | Recovery of Hydrophobicity

As per above

between end fittings and

e. | Verification of tightness of interface
insulator
housing and of specified mechanical foad

IEC : 61109-2008

metal fittings

f. .| Tests on interfaces and cohnections of 1

IEC: 61109-2008

g. | Silicone content test

1 As per above

h. | Brittle fracture resistance test

As per above

i. Dye penetration test

IEC : 61109-2008

i. | Water diffusion test

; _i‘?Speciﬁcation, Section : SE
GG SPEC/SE REV.NO: 08

I1EC - 61109-2008

" In the event of failure of the sample to satisfy the acceptance test{s) specified in

4.2 above, the retest procedure shall be as per I[EC 61109.

Routine Tests

For Composite Long Rod Insulator Units

a) Visual Examination

1 As per 1EC:61109-2008

b) Mechanical routine test

As per |IEC:61109 -2008

Guarantee_d Technical Particulars

Electrical system Data

U U U U U

| phase to earth voltage

{ St. | Parameters Unit System Voitage
- Nominal Volitage [ kv 765 1400 | 220 132
2. | Maximum system | kV 800 | 420 245 145
voltage: ) ' : .-
3. | BIL (Impulse) kV #2100 | +1550 | +1050 +650
: .| (Peak}
| 4. | Power frequency kV (rms) | 870 680 460 275
withstand voltage (Wet) .
5. | Switching surge KV {(rms) | 1550 1050 NA NA
withstand voltage
{Wet)
6. | Minimum Corona kV (rms} | 508 320 156 NA
: extinction voltage at 50 | phase to
Hz AC system under | earth
dry condition .
7. | Radio interference Micro 2500 | 1000 1000 NA
voltage at one MHz for | Volis - {Max) |{(Max) {Max)
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2.0

2.1

2.2

2.2.1

222

2.3

231

232

23.3

2.3.4

Technical Specification, Section : SE .
C/ENGG /SPEC/SE REV.NO: 08

W g
161
SECTION - (SE) '
SWITCHYARD ERECTION
1 of 508 KV underdry
condition. | _
8. | Minimumcreepage | mm | 20000 {10500 | 6125 3625
{ distance . 1 ]
IS, [ Electromechanical | kN 210 - | 120 {120 120
1 strength of Inswiator ' ]
. Unit. ’
AAC / ACSR-CONDUCTOR

Details of AAC Conductor

The Conductor shall conform to 1S: 398 {Part V) - 1992 .except where otherwise
specified herein.

The contractor shall supply the conductor as-per the standard guaranteed technical ,

particulars enclosed in Annexure-E of the technical specification, Section —

Switchyard Erection and separate approval is not required during detailed
engineering, ' '

Details of ACSR-Conductor

The Conductor shall conform o 1S: 398 (Part V) - 1992 except where -otherwise
specified herein.

The details of the ACSR Bersimis, ACSR Moose, ACSR Zebra and ACSR ‘Panther
conductors shall be as per the standard guaranteed technical particulars enclosed in
Ammexure-E, ‘

Workmanship

The finished conductor shali be smooth, m'mpact, uniform and free from ail
imperfections. including kinks (protusion of wires), wire cross over, .over riding,

~ looseness (wire being dislocated by finger/hand pressure and/or unusual bangle

noise .on tapping), material inclusions, white rust, powder formation-or black spot (on
account of reaction with trapped rain water etc.), dirt,grit etc.

All the Aluminium and steel strands shall be smooth, uniform .and free from all

_imperfections, such as spills and splits, diemarks, scratches, abrasions, efc., after

drawirig.

The steetl strands shall be hot dip galvanised ‘and shall ‘have a minimum zinc-coating
of 260 gms/sq.m. after stranding of the uncoated wire surface. The zinc coating shail
be smooth, continuous and of uniform thickness, free from imperfections and shali-
withstand minimum three dips in standard Preece test. The finished strands and the
individual wires shall be of uniform ‘quality and have the same properies and
characteristics as prescribed in ASTM designation : B 498-74.

The steel strands shall be preformed and post formed in order to prevent spreading-.,
of strands in the event of .cutting of composite core wire. Care shall be taken to~
avoid, damages 1o -galvanisation during pre-forming and post-forming operation.

Industry
Sector




Qo

S 44

SECTION - (SE)
SWITCHYARD ERECTION

2.4 Joints in Wires
2.41 Aluminium Wires
Joints in aluminium wires shall be as per 1S:398.

2.4.2 Steel Wires

There shall be no joint of any kind in the finished wire entering into the manufacture
of the strand. There shall also be no strand joints or strand splices in any length of
the completed stranded steel core of the conductor.

2.5 . ‘Tolerances

The manufacturing tolerances shall be as per 1S:398.
2.6 Materials '
261  Aluminium

“The aluminium strands shall be hard drawn from electrolytic -aluminium rods having
purity not less than 99.5% and a copper content not exceeding 0.04%.

2.6.2 Steel

The steel wire strands shall be drawn from high carbon steel wire rods and shall
conform to the following chemical composition:

Element % Composition
. Carbon . .~ 0.50 t0 0.85
Manganese 0.50-t0 1.10
Phosphorous , " Not more than 0.035
Sulphur Not more than (.045
- Silicon o ' 0.10100.35

2.6.3 Zinc

The zinc used for galvanising shail be electrolytic High Grade Zinc of 99.95% purity.
It shalf conform to and satisfy alt the requirements of 15:209 -1979.

2.7 Standard Leﬁgth

2.'7.1' The conductor shall be supplied as required. No joint shall be aliowed WEthin a single |
span of stringing, jumpers and equipment interconnection.

2.8 Tests :

.2.8.1 The following t;/pe, acceptance & routine tests and tests during manufacturing shall -

be carried out on the conductor.
Type Tests
In accordance with the stipulation of specification, the féilowing type tests reports of

the conductor shall be submitted for approval as per clause 9.2 of Section -GTR.

¥ 8

: \ lr,dusti;y
VoidE S Q’_%‘I;S'peciﬁca;tion, Sectior : SE
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SECTION - (SE)
SWITCHYARD ERECTION

UTS teston stranded
conductor.

Corona extinction
voltage test (dry)

Radio-interference
voltage test (dry)

~ DC resistance test

on stranded conductor

2.8.3 Acceptance Tests

a)

b)

cy

d)

g)-.

hy

NOTE:

Visual check for joints,
scratches etc. and
lengths of conductor -

Dimensional check on
steetl and aluminium
strands

Check for lay ratios
of various layers

Galvanising test on steet

strands

- Torsien and Elongation

test on steetstrands.
Breaking-load test on
steel and aluminium
strands

Wrap teston steetand
aluminium strands

DC resistance test on
aluminium strands

UTS test on welded.

- joint of aluminium

strands

N e S vt oo Syt St s’ e N bt Syt

S i gt

i A N T S

As per Annexure-A

As per Annexure - A

~-do-

15:398(Part V), 1982
Clauses 12.5.2, 12.7
& 128

As per Annexure - A

All the above tests except fest mentioned at {a) shall be carred out on aluminium

and steel strands after stranding only.

2.84 Routine Tests

a)

Technical Specification, Section : SE
C/ENGG/SPEC/SE REV.NO: 08

Check to ensure that the joints are as per specification.




SECTION - (SE)

T 18 I SWITCHYARD ERECTION
b) Check that there are no cuts, fins etc. on the strands.
c) Alt acceptance test as mentioned in Clause 2.7.3 above to be carried out
on each coil,
285 Tests During Manufacture
a) ' Chemical analysis of }
zinc used for galvanising )
)
b) . Chemical analysis of )
aluminium used for ) As per Annexure - A
making aluminium strands )
)
C) Chemical analysis of }
. steelused for making )
steel strands )

286 Sample Batch for Type Testing

The Contractor shall offer materiat for selection of samples for type testing, only after
getting -quality assurance plans approved from Owner's Quality Assurance
Department. The sample shall be manufactured strictly in accordance with the
Quality Assurance Plan approved by Owner.,

3.0 Galvanised Steel Earth wire
3.1 Details of Earth wire
3.1.1 The .galvanised steel earth wire shall generally co,nfo:;-m to the specification of ACSR

core wire as mentioned in [S: 308 (Part-11)-1976, except where otherwise specified-
herein. -

The contractor shall supply the earthwire as per the standard guaranteed technical
particulars  enclosed in Annexure-E of the technical specification, Section —
Switchyard Erection and separate approval is not required during detailed

engineering.
3.2 - Workmanship _
3.21 All steel strands shall be smooth, uniform and free from all imperfections, such as

spilts and splits, die marks, scratches, abrasions and kinks after drawing and aiso
after stranding.

3.2.2 The finished material shall -have minimum britdeness as it will be subjected to
appreciable vibration while in use.

323 The steel strands shall be hot dip galvanised (and shall have minimum Zinc coating
of 275 gms/sq.m) after stranding of the uncoated wire surface. The zinc coating shali ,
be smooth, continuous, of  uniform ihickness, free from imperfections and shall
withstand three and a half dips after stranding in standard Preece test. The steel wire
rod shall be of such quality and purity that, when drawn to the size of the strands
specified and coated with zing, the finished sirands shall be of uniform quality and

have the same properties and characteristics as prescribed in ASTM designation -
B498-74.
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3.4

3.5
3.51

3.5.2

3.6
3.6.1
3.8

3.8.1

3.8.2

Technical Specification, Section : SE
‘CHENGG/SPEC/SE REV.NO: (8

SECTION - (SE)
SWITCHYARD ERECTION

The steel strands shall be preformed and post formed in order o prevent spreading
of strands while cutting of composite earth wire. Care shall be taken to.avoid damage

" {o-galvanisation during preforming and postforming operation.

To avoid susceptibility towards wet storage stains (white rust), the finished materiat
shall be provided with a protective coating of boiled linseed oil.
Joints in Wires

There shall be no joint of any kind in the finished steel wire strand entering into the
manufacture of the earth wire. There shall be no strand joints or strand splices in any
length of the completed stranded earth wire.

Tolerances

The manufacturing tolerance to the extent of the following limits only ‘shall be
permitted in the diameter of the individual steel strands and lay length of the earth
wire:

Standard: Maximum Minimum
Diameter 3.66-mm 3.75mm :3.5?' mim
Lay length 181 mm 198 mm 165 mm
Materials
Steet

The steek wire strands shalt be drawn from high carbon steel rods and shail
conform to the following requirements as to the chemical composition.

Element : % Composition
Carbon ‘ ‘Not more than 0.55
Manganese 04009
Phasphorous ’ Not more.than 0.04
- Sulphur Not more than 0:04
Silicon - 01510 0.35
Zing

" The zinc used for galvanising shall be electrolytic High Grade Zinc of 99.95%
purity. it shall conform to and satisfy all the requirements of 1S: 209 -1979.

Standard Length
The earth-wire shall be supplied in standard drum length-of manufacturer.

TESTS

The following type, routine & acceptance tests and tests durmg manufacturlng
shall becarried out on the earthwire. -

TYPE TESTS
In accordance with the stipulation of specification, the following type tests reporis

-of the earthwire shall be submitted for approval as per clause 9.2 of Sgctlon -
GTR.




P )
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d) Lay length check

- ' SECTION - (SE)
- SWITCHYARD ERECTION
a) UTS test )
) As per Annexure - B
b) DC resistance test )
383 - ACCEPTANCE TESTS
a) Visuai check for joints, )
scratches etc. and )
length of Earthwire )
, )
b) Dimensional check ) As per Annexure - B
. ) :
c) Galvanising test )
)
)
)
)

) Torsion test

) Elongation test

N N’ St

qg) Wrap test

h) DC resistance test )
: )} 15:398 (Part-ll) - 1976
iy Breaking foad test )
i Chemical Analysis of )
 steel
384 ROUTINE TESTS |
a)y  Check that there are no cuts, fins efc. on the strands.
by - Check for correctness of stranding.
3.8.5 _ TESTS DURING MANUFACTURE
a) Chemical analysis of As per Annexure - B

)
zinc used for galvanising )
L . )
b)  Chemical analysis of steel )
3.86 SAMPLE BATCH FOR TYPE TESTING

The Contractor shall offer material for sample selection for type testing, only after
getting quality assurance programme approved by the Owner. The samples for
type testing shall be manufactured strictly in accordance with the Quality
Assurance Programme approved by the Owner. :

TUBULAR BUS CONDUCTORS

General

‘-;';,f g
Techinica
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4.2

421

422

423

4.3

4.4

5.0

5.1

5.2

521

Technical Specification, Section : SE
C/ENGG/SPEC/SE REV.NO: @8

_ENo. | TUBE TUBE | TUBE { TUBE
t. | Size 3"IPS{EH [4"IPS  145"IPS 5"1PS{H
: | Type) (EH Type) | (EH Type) { Type)
2. | Quter diameter 1 88.9 mm 1142 mm { 120.00 mm } 141.30 mm
- 3. [ Thickness 762mm  |{851mm 11200mm |'9.53mm
| 4. | Crossesectional { 194676 | 282561 | 4071.50 3945.11
: - area - Sg.mm {sqmm  {sg.mm 1 sq.mm
5. | Weight 15.26 kg/m | 7.7 kg/m 11.034 kgfm | 10.652kg/m {

P
<

SECTION - (SE)
SWITCHYARD ERECTION

The contractor shall supply the aluminium tubes as per the standard -guarénteed
technical particulars enciosed in Annexure- £ of the fechnical specification,
Section — Switchyard Erection and separate approvat is not required .during

detailed engineering.

Constructional Features

For outside diameter (OD) & thickness of the tube there shall be no minus )
tolerance, other requirements being as perIS: 2678 and 1S: 2673. ’

The aluminium tube shall be supplied in suitable cut length to minimize‘

_wastage.

The welding of aluminium tube shall be done by the qualified welders duly
approved by the owner.

Tesis ‘

In accordance with- stipulations of the specification, Routine tests shall -be
conducted on tubular bus conductors as per 15:5082. Also the wall thickness
and-ovality of the tube shall be measured by the ultrasonic method. In addition o
the above tests, 0.2% proof tests on both parent metal and Aluminium tube after
welding shall be conducted.

Technical Parameters

I Sl Description 3"AL. | 4" AL. 45" AL. 5” AL,

EARTHING CONDUCTORS

General

All conductors buried in earth and concrete shall be of mild steel. All conductors
above ground level and earthing feads shall be of galvanised steel, except for
cable trench earthing. The minimum sizes of earthing -conductor to be used are
as indicated in clause 8.4 of this Section. '

Constructional Features . -

Galvanised Steel : - e

a) Steel conductors above ground level shall be galvanised according 9\1 5
15:2629. ‘ a T

b) The minimum weight of the zinc coating shall be -6




5.3

6.0

6.1

6.2

6.2.1

6.2.2 .

6.2.3

6.3

cal Specification, Secﬁon :SE
G ISPEC/SE REV.;' NO: 08

il ~ SECTION - (SE)
¥ SWITCHYARD ERECTION

P

minimum thickness shalt be 85 microns.

c) The galvanised surfaces shall consist of a continuous and uniformiy thick
coating of zinc, firmly adhering to the surfaces of steel. The finished
surface shall be clean and smooth and shall be free from defecis like

- discoloured patches, bare spots, unevenness of coating, spelter which is
ioosely attached to the steel globules, spiky deposits, blistered surfaces,
flaking or peeling off etc. The presence of any of these defects noticed
on visual or microscopic inspection shall render the material liable to
rejection.

Tests

In accordance with stipulations of the specifications galvanised steel shall be

subjected to four one minute dips in copper sulphate solution as periS : 2633.

SPACERS

General

Spacers shall conforn to 1S: 10162. The spacers are 10 be located at a suitable
spacing to limit the short circuit forces as per IEC -60865. Wherever Employer's
765KV, 400 kv, 220kV & 132kV standard gantry structures are being used, the
spacer- span(s) for different conductor / span configurations and corresponding

~ short circuit forces shall be as per Annexure-D. For strung buses, flexible type

spacers shall be used whereas for jumpers and other connections rigid type
spacers shall be used,

Wherever. E_mbloygfs ZGSRV, 400 kV, 220kV & 132KV standard gantry structures

- are not being used, necessary spacer span calcutation shall be provided by the

¢cantractor during detailed engineering for the approvat of Employer.

Constructional Features

‘No magnétic material shall be used in the fabrication of spacers except for Gl

bolts and nuts.

Spacer design shall be made .to take care of fixing and removing during
installation and maintenance. ' -

The design of the spacers shall be such that the conductor does not come in
contact with any sharp edge.

Tests

Each type of spacers shall be subjected to the following type tests, acceptance
tests and,routine tests: '

——

Type Tests: Following type test reports shall be submitted for approval as per
clause 9.2 of Section - GTR.

a) Clamp slip tests

‘Fhe sample shall be installed on test span of twin conductor bundle string
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5 b

or quadruple conductor bundie siring (as applicable) at a tension of 44.2
kN. One of the clamps of the sample when subjected to a longitudinal
pult of 2.5 kN parallel to the axis of the conductor shall not slip on the
conductor. The permanent displacement between the conductor and the
clamp of sample measured after removal of the load shall not exceed 1.0
mm. Similar tests shall be performed on the other clamps .of the same
sample. :

Fault current test as per Cl 5.14.2 of IS: 10162

k)

c) Corona Extinction Voltage Test (Dry).
This test shall be performed on 765 kV, 400 kV and 220-kV equipment as
per procedure mentioned at Annexure - C, Minimum Corona Extinction
voltage shali be 508 kV (rms), 320 kV {rms} line 1o ground and 156 kV
(rms}line to ground for 765 kV, 400 kV and 220-kV spacers respectively.

d}y  RW Test (Dry) | |
This test shalt be performed as per procedure menﬁ:one'd at Annexure -C,
Maximum RI level-at 508 kV {rms), 305 kV {rms)1ine to ground and 156
kV (rms) line to ground for 765 kV, 400 kV and 220 kV spacers
respectively shall be 1000 micro volts, across 300.ohm resistor at + MHz

e) Resilience tést—(if applicable). |

) Tension Test

a} Log decremant test (if applicable)

i) Compression test

i) Galvanising test

6.3.2 Acceptance Test (As per IS : 10162 )

a) Visual examination

by ‘Dimensional verification

¢) . Movement teét

d) Clamp slip test

e) . Clamp bolt torque test {if applicable)

. f) ~ Assembly torque test
Q) Compression test
h) Tensioﬁ test

Technical Specification, Section : SE
CHENGG/SPEC/SE REV.NO:08

Galvanising test

b e S A R -
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7.0

74

71
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SECTION - (SE)
SWITCHYARD ERECTION

i) Hardness test for neoprene (if applicable)

The shore hardness of different points on the elastometer surface of '

cushion grip clamp shall be measured by shore hardness meter. It shall
be bétween 65 to 80.

k) Ultimate Tensile Strehgth Test

The UTS of the retaining rods shall bé measured. It shall not be less than
35 kg/Sq. mm.

Routine test

a) Visual examination

5} - Dimensional verification
BUS POST INSULATORS

The post lnsulators shall conform in general 1o [atest IS: 2544 1EC-60168, IEC
60273 and IEC-60815.

Constructional Features

Post type insulators’ Sh&lF consist of a porcelain part permanenthy secured in a

metal base to be mounted on the supporting structures. They shall be capable of
being rmounted upright. They shall be designed to withstand any shocks to which
they may be subjected to by the operation of the associated equipment. Only
solid core insulators witl ber acceptable. .

Porceiain used shall be homogeneous free from lamination, cavities and other
flaws or imperfections that might affect the mechantcal or dielectric quality and
shalt be thorough[y wtrsf ed, tough andi impewlous to moisture.

Glazing of the porcelalmshall be of uniform brown in colour, free from blisters,
burrs and other similar defecls,

The insulator shall have alternate long and short sheds with'aerodynamic profile,
The shed profile shall aiso meet the reqmrements of IEC-60815 for the specified
pollution level.

When operating at normal rated voltage there shall be no electric discharge
between conductor and insulators which would cause corrosion or injury to

~ conductors or insulators by the formation of substance produced by chemical

action.

The design of the insulators shall be such that stresses due to expansion and
contraction in any-part of the insulator shall not fead to deterioration.

All ferrous parts shall be hot dip galvanised in accordance with the latest edition
of IS: 2633, & IS: 2629. The zinc used for galvanising shall be grade Zn 99.95 as
per 1S: 209. The zinc coating shall be uniform, adherent, smooth, reasonably
bright, continuous and free from imperfections such as flux ash, rust stains, bulky
white deposits and blisters. The metal parts shall not produce any noise
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7.18 a) Every-bolt shall-be provided with a steel washer under the nut sa-that part
of the threaded portion of the bolts is within the thickness of the parts
bolted together.

o) ~ Flat washer shall be circular of a diameter 2.5 times -tﬁat--of bolt and of

“suitable thickness. Where -bolt heads/nuts -bear upon the beveled
surfaces they shall be provided with square tapered washers of suitable
thickness to afford a seating square with the axis of the bolt.

c} All -bolts .and nuts shall be of steel with well formed ‘hexagonal heads
forged from the solid and shall be hot dip galvanised. The nauts shall-be
-good it on the bolts and two clear threads shall show through the nut
when it has been finally tightened up. : )

7.1.9 Bidder shall make available data on all the .essential features of design including

the method of assembly of shells and metals parts, number of shells per
insulator, the manner in which mechanical stresses are #ransmitted through
shells to adjacent parts, provision for meeting expansion stresses, results .of
corona and thermal shock tests, recommended working strength and .any special
design or arrangement-employed to increase fife under service conditions.

7.2 . Tests

in accordance with the stipulations of the specification, the post insulators shall

be subject to-type, acceptance, sample and routine tests as per IS : 2544 and

H=C-60168, -

7.2.1 in addition to acceptance/samplefroutine tests as per 1S; 2544 and IEC-60168,

the following-tests shal also be camied out.

a} Ultrasonic test as am acceptance fest

b) Soundness test, metaliurgical tests and magnetic test .on MC! caps and
pedestal tests as acceptance test.

c) All hot dip galvanised components shall be subjectto check for.uniformity
of thickness and weight of zinc coating on sample basis.

d} The bending test shall be carried out at 50% minimum failing Joad in four
directions as a routine test and at 100% minimum failing load in four
directions as an acceptance test.

e} Acceptance norms for visual defects allowed at site and also at works
shall be agreed in the Quality plan.

7.2.2 in accordance ‘with thie stiplitation of specification, the following type tests reports

of the post insulators shall be submitted for approval as per clause 9.2 of Section

-GTR.

a) Power frequency withstand test (dry & wet)

b)  Lightning impulse test (dry)

Technical Specification, Section : SE .
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generating corona under the operating conditions.
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Switching impulse test (wet) (For-420 kV and above class Insulator only)

c)
d) Measurement of R.LV (Dry) (As per Annexure —C)
e) - Corona extinction voitage test (Dry) (As per Annexure — CY
) Test for deflection under load
@) - Testfor mechanical strength.
7.3 Technical Parameters of Bus PostInsulators.
Sl. | Description 1800kV |420kV | 245 kV 145 kV
No. : '
a} | Type Solid Solid Solid Solid
' Core Core Core Core
-1 b} | Voltage Class (kV) 800 1420 . 245- -145
¢) { Dry and wet one minute - 680 {460 [ 275
- power frequency ; :
withstand voltage(kV
1 ¥ms)
d} | Dry lightning impulse - + 2100 | 11425 + 1050 +650
| withstand Voltage (kVp) , i '
e} | Wet switching surge + 1550 +1050 — —
 withstand voltage {(kVp)
fy | Max. radio interference | 2500 500 1 500 500
‘ 1 voltage (in microvolts) at :
 voltage of 508 kV (rms),
305 KV (rms) and 156
{rms) for 765 kV, 400 kV
' &220 kV respectively
belween phaseto
. ground. :
g) | Corona extinction voltage | 508 320 156 105
KV rmsy {min.} - '
h) | Cantilever Strength
(iy | Total minimum cantilever | 800 800 1 800 600
strength {(Kg) ' '
{ii} | Total minimum.breaking | 1000 1000 1000 720
strength {Kg)
i) Minimum torsionat As per As per As per As per
moment o |IEC- IEC- IEC- IEC-
50273 60273 60273 60273
i) Total height of insulator 3650 {12300
{mm) |
k) P.C.D Top (mm) . 225 127 127 127
Bottom (mm)~ 325 300 254 - 254
) No. of bolts ' ;
Top 4 4 4 4
Botitom 8 18 8 8
m)}- | Diameter of bolt/holes :
(mm)
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ey

 Top M16 | M16 1 M16 M16
- Bottom dia 18 18 18 18 -
1 ny | Pollution level as per Heavy(if) | Heavy(ll} | Heavy(il) | Heavy(iH) .
EC-815 - :
o) | Minimum total creepage {20000 | 10500 | 6125 3165
- distance for Heavy 1
Pollution (mm}

if corona extinction voltage is to be achieved with the help of corona ring-or any
other similar device, the same shall be deemed to be included in the scope.of the
Contractor.

EARTHING

The earthing shail be done in accordance with requirements given hereunder and
drawing-titled- ‘Earthing Details’ enclosed with the specification. The spacing for
the- main earthmat shall be provided by the owner and the earthmat layout
drawings shall be prepared by the contractor based on the spacing provided by
the owner. The resistivity of the stone for spreading over the ground shall be
considered as 3000 ohm-m. The resistivity measurement of stone {to be used for
stone spreading) shall also be done by the Contractor to confirm the minimum
resistivity value of stone considered in earth mat -design. For measurement
purpose, one sample of stones from each source (in case stones are supplied
from more than one source) shall be used. The main earthmat shall be laid in the
switchyard area in accordance with the approved earthmat {fayout.

Neutral points of systems of different voltages, metallic enclosures and frame
works associated with all current carrying equipments and extraneous metal
works associated with electric system shall be connected to a single earthing
system unless stipulated otherwise.

Earthing.and-lightning: protection system installation shall be in strict accordance
with-the latest editions of Indian Electricity Rules, relevant Indian Standards and
Codes of practice and Regulations existing in the locality where the system is
installed: .

a),r - Code of practice for Earthing IS: 3043

b) Code of practice for the protection of Building and allied structures
against lightining 1S: 23009.

c} Indian Electricity Rules 1956 with latest amendments.

d) Nationat Electricity Safety code IEEE-80.

Details of Earthing System

SI. | ttem Size T Material
No. | . 4
a) | Main Earthing Conductor to be 40mm dia 1 Mild Steel rod

| ‘buried in-ground

b) | Conductor above ground&
earthing leads (for equipment)

75x12mm G.S. flat | Galvanised paim

v}
Vi

1 Steel T

L} | Conductor above ground& ! 75x12mm G.S. ftat
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earthing leads(for columns & aux. Steel
structures) .

d} | Earthing of indoor LT panels, 50x6 mm G.S. flat | Galvanised
Control panels and out door - Steel

marshalling boxes; MOM boxes,
“Junction boxes& Ltghtmg Panels .

. efc. .o S .
e) | Rod Earth Electrode 40mm dia, Mild Steel
- 3000mmlong |
f) Pipe Earth Electrode (in treated 40mm dia, Galvanised
earth pit) as per iS. 3000mm long steel
gy | Earthing for motors 25x3mm GS flat Galvanised

1 steel

h} | Earthing conductor along outdoor 50x6mm MS fiat Mild steel
cable trenches

)] Earthing of Lighting Poles 20 mm dia 3000 Mild steel rod

mm long

-

The sizes of the earthing conductor indicated above are the minimum sizes.
Earthing Conductor Layout

Earthing conductors in outdoor areas shall be buried at least 600 mm below
finished ground level unless stated otherwise.

Wherever earthing conductor crosses cable trenches, underground service
ducts, pipes, tunnels, railway tracks etc., it shall be-laid minimum 300 mm below
them and shall be circumvented in case it fouls with equipment/structure
foundations.

Tap-connectlons from the earthing grid to the equipment/structure to be earthed

shall be terminated. on the earthing terminals of the equipment/structure as per

“Standard Earthing Details — Dfg No. C/ENG/STD/EARTHINGS” enclosed with .

this specification in Annexure-F.

Earthing conductors or leads along their run on-cable trench, ladder, walls etc.
shall be supported by suitable welding/cleating at intervals of 750-mm. Wherever
it passes through walls, floors etc., galvanised iron sieeves shalt be provided for
the passage of the conductor and both ends of the sleeve shall be sealed fo
prevent the passage of water through the sleeves.

Earthing conductor around the building shall be buried in earth at a minimum
distance of 1500 mm from the outer boundary of the building. In case high
temperature is encountered at some location, the earthing conductor shall be {aid
minimum 1500 mm away from such location.

Earthing conductors crossing the road shall be faid 300 mm below road or at
greater depth o suit the site conditions.

Earthing conductors embeded in the concréte shall have approxnmately 50 mm

concrete cover.
Equipment and Structure Earthing

Earthing pads shall be provided for the apparatus/equipment at accessible
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position. The connection between earthing pads and the earthing grid shall be
made by two short earthing. leads {one direct and another through the support
structure) free from kinks and-splices. n case earthing pads are not provided on

the item to be earthed, same shall be provided in consultation with Owner.

Whether specifically shown in drawings or not, steel/RCC columns, metallic stairs
etc. shall be connected to the nearby earthing grid conductor by two earthing
leads. Electrical continuity shall be ensured by bonding ‘different sections of
hand-rails and metallic stairs. ;

Metallic pipes, conduits and cabie tray sections for cable installation shall be
bonded to ensure efectrical continuity and connected to earthing conductors at
regular interval. Apart from intermediate connections, beginning -points shall also
be connected fo earthing system.

Metallic conduits shall not be used-as earth continuity conductor.

Wherever earthing conductor crosses or runs along metallic structures such as
gas, water, steam conduits, etc. and steel reinforcement in concrete it shall -be
bonded to the same.

Light poles, junction boxes on the poles, cable and cable ‘boxes/glands, lockout
switches efc. shall be connected to the earthing conductor running. alongwith the
supply cable which inturn shall be connected to earthing grid conductor at a
minimum two- points whether specifically shown or not.

Railway tracks within switchyard area shall be earthed at a spacing of 30m and
also at both ends.

Earthing: conductor shall be buried 2006 mm outside the -switchyardﬁ fence. All
the gates and every alternate post of the fence shall be -connected: to- earthing
grid.

The stone spréading- shall also be done 2000 mm outside sWitchyar-d fence. The
criterian for stone spreading. shall be followed in line with requirement specified
elsewhere in the specification.

Flexible earthing: connectors. shall be provided-for the moving parts.

All lighting: panels, junction boxes, receptacles fixtures, conduits etc. shall be
grounded: in complianece with- the provision of L.E, rules

A continuous ground -conductor of 16 SWG Gl wire shall be run -all along each
conduit run. The conductor shall be connected to each panel ground bus. All
junction boxes, receptacles, switches, lighting fixtures etc. shall be connected to
this 16 SWG ground conductor. '

50mm x 6mm MS flat-shall run on the top tier and alt along the cable trenches

-and the same shall be welded to .each of the racks. Further this flat shall be

earthed at both ends and at an intervat of 30 mtrs. The M.S. flat shall be finally
painted with two coats of Red oxide primer and two coats of Post Office red

. enamel paint.
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frame and cover shall be provided to connect each down conductor of surge
arresters, capacitive voltage transformers, lightning masts and towers with peak.

Jointing

Earthing connections with equipment earthing pads shall be bolted type. Contact
surfaces shall be free from scale, paint, enamel, grease, rust or dirt. Two bolts
shall be provided for making each connection. Equipment bolted connections,
after being checked and tested, shall be painted with anti corrosive
paint/compound. :

Connection between equipment earthing lead and main earthing conductors and
between main earthing conductors shall be welded type. For rust protections, the
welds should be treated with red lead and afterwards coated with two layers
bitumen compound to prevent corrosion.

Steel to copper connections shali be brazed type and shall be treated to pi"event
moisture ingression. - . .. . -

' Resistance of the joint shall not be more than the _resistahce of the equivalent

Spe'.t;ifi'cation, Section I: SE
{SPEC/SE REV.NO:08

length of the conductor. : -

Al ground connections shall be made by electric arc welding. All welded joints
shall be allowed to cool down gradually to atmospheric temperature before put-
ting any load on if. Adtificial cooling shall not be allowed.

Bending of earthing rod shalt be done preferably by gas heating.

All arc welding with large dia. conductors shall be done with low hydrogen
content electrodes. ‘ '

The 75x12mm GS flat shall be clamped with the equipment support structures at
1000mm interval.

Power Cable Earthing .

Metallic sheaths and armour of all multi core power cables shall be earthed at
both equipment and switchgear end. Sheath and armour of single core power
cables shalt be earthed at switchgear end only. -

Specific Requirement for Earthing Systems

Each earthing lead from the neutral of the power transformer/Reactor shail be
directly connected to two pipe electrodes in treated earth pit (as per IS) which in
turn, shall be buried in Cement Concrete pit with a cast iron cover hinged to a-
cast ifon frame to have an access 1o the joints. Al accessories associated with
transformer/reactor like cooling banks, radiators etc. shall be connected to the
earthing grid at minimum two points. - o -

Earthing terminal of each lightning arrester & capacitor voltage transformer shafl
be directly connected to od.earth electrode which in turn, shall be connected to
station earthing grid. '

Auxiliary -earthing ma’t-corﬁbrising’ of 40mm dia M.S. rods closely spaced (300
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mm x 300 mm) conductors shall be provided at depth of 300mm from ground
tevel below the operating-handles of the M.O.M. Box of the isolators. M-O.M.
boxes shall be directly connected to-the auxiliary earthing mat.

INSULATING MATS:

The SCOpe covers supply and [aymg of insulating mats of “class A’ conformmg o
152 15652-2006. =

These insulating mats shall be laid in front of all floor mounted AC and -DC
switchboards and-controt panels located in controf room building.

The insulating mats shall be made of elastomer material free from any insertions
leading to deterioration -of insulating properties. it shall be resistant to acid, il
and-low temperature. '

Upper surface of the insulating mats shall have small aberration {rough surface
without edges) to avoid slippery effects while the lower surface shall be -plain or
could- be finished slip resistant without affecting adversely the dielectric property
of the mat.

Insulating mats shalt be of pastable type, to be fixed permanently on the front
and-rear side of the panels except for the chequred plate area which shall not be
pasted. The insulating mats shall generally be fixed and joints. shall be weided as
per recommendations in Annexure-A of IS: 15652.

Width of insulating mats shall generally be of 1.5 meters or as per S|te
requirements. Length shall'be supplied as per site requirements.

The insutating mats. offered- shait conform to all type, routine and acceptance
tests as per [S: 156562-2006.Type test reports of insulating mats shall be
submitfed for owner’s acceptance in line clause 9:2, Section-GTR.

Main Bus Bars (Applicable for Aluminium tube)

The brief description. of the bus switching scheme, bus bar layout and equipment
connection to be adopted are indicated elsewhere in the specification. The bus
bar arrangements are shown in drgs enclosed with the bid documents.

The-Contractor shall furish-supporting calculations where applicable for the bus

barsfconductors to show adequacy of design parameters for:

a) Fibre-stress
b) Cantilever strength of post insulators
c} | Aeolain vibrations
d) Vertical deflec—:tion -of bus ~iaars
e) Short circuit forces in bundie conductor and 'spacer-location for each span
of ACSR conductor stringing as per layout drawings. , :;5“,‘“:".~::‘,.“

The welds in the aluminium tubes shall be kept to the minimyA
not be more than one weld per span. The procedure and def
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be subject to Owner’s épproval‘ Material for welding sleeve shall be same as that
of Aluminijum tube. Welding sleeve shall be of 600mm length

Corona bells shall be provided wherever the bus extends beyond the clamps and
on free ends, for sealing the ends of the tubular conductor against rain and
moisture and to reduce the electrostatic discharge loss at the end points. There
shall be a small drain hole in the corona-bell. The material of Corona bell shall be

“Aluminium alloy similar to that of clamps & connectors.

To minimise the vibrations in the aluminium tubes, damping conductor shall be
provided inside the aluminium tubes. For this purpose, the cut pieces of ACSR
conductor which otherwise are considered wastages, shall be used as damping
conductor.

Details of past experience of the persons proposed to be employed for
Aluminium tube welding and the test reports of the welded pieces o prove the
electrical and mechanical characteristics shall also be furnished along with the
bid. Welding at site shall be done by adopting a qualified procedure and
employing qualified welders as per ASME-Section [X. ‘

BAY EQUIPMENT

The disposition of various bay equipments shall be .as per single line diagrams
and layout drawings. :

Bay Marshalling Kiosk:-

One no. of bay marshalling kiosk shall be provided for each 765 kV, 400 kV, 220
kV and 132 kV bay under present scope. For one and half breaker scheme, one
number bay marshalling kiosk shall be provided for each controlling feeder (Line/
transformer/ bus reactor etc) of the diameter and no bay marshalling kiosks are
required to be provided for the tie bays. In addition to the requirements specified
elsewhere in the specification, the bay marshalling kiosk shall have two distinct
compartments for the following purpose:- ‘

(i) To receive two incoming 415V, 3 phase, 63Amps, AC supply with auto
changeover and MCB unit and distribute minimum six (four in case of $/S
having highest voltage 132kV) outgoing 415V, 3 phase, 16 Amps AC
supplies controlled by MCB. _ -

(i} To distribute minimum teh (six in case of S/S having highest voltage
- 132kV) outgoing 240V, 10 Amps single phase supplies to be controlled by
MCB to be drawn from above 3 phase incomers.

(iiiy - 200 (100 in case of s/s having highest voltage 132 kV) nos. terminal
blocks in vertical formation for interlocking facilities for substations without
automation system. L

(iv) Necessary Terminal Blocks for terminating cables from_ ACDB and
switchyard panel rooms.

BAY AND PHASE IDENTIFICATION

The name plate for the bays shall be proQided by the contractor as per standard

. drawing (Drawing no. C/ENG/STD/BAY NAME PLATE) enclosed in this technical
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specification.

All the phases are o be identified by Red, Yeliow and Blue colour as per asbuilt
condition. Phase identification colour is. to be provided around the top of the
structure with colour of 100 mm width at a height of approximately 2000mm from
the finished-ground level. '

" LIGHTNING PROTECTION

birect stroke lightning protection (DSLP) shall be provided in the EHV switchyard
by lightning masts and shield wires. The fayout drawings enclosed indicate the
tentative atrangement. The final arrangement shall be decided after approval of
the DSLP calculations.

The lightning protection system shall not be in direct contact with underground
metaliic service ducts and cab.

'Conductors of the lightning protection system shall not be .connected with the
conductors of th_e safety earthing system above ground fevel.

-Down conductors shall be cleated on the structures at ZOOQ mm interval.

Connection between each down conductor and rod electrodes shall be made via
test joint {pad type compression clamp) located approximately 1500 mm above
ground level. The rod electrode shall be further joined with the main earthmat.

. Lightning conductors shall not pass through or run inside G.1. conduits.

EQUIPMENT ERECTION DETAILS

For equipment interconnection, the surfaces of equipment terminal pads,
Aluminium tube, conductor & terminal clamps and connectors shall be properly
cleaned. After cleaning, contact grease shall be applied on the contact surfaces
of equipment terminal pad, Aluminium tube/conductor and terminal clamps to
avoid- any air gap im between. Subsequently bolts of the terminal paditerminal’
connectors. shall be tightened and the surfaces shall be cleaned properly after
squipment interconnection.

Muslin or leathercloth shall-be used for cleaning the inside and outside of hollow
insulators. ‘

All support insulators, circuit breaker interrupters and -other fragile -eqijipment
shall preferably be handled with -cranes having suitable booms and -handling
capacity. "~ :

Bending of Aluminium tube and compressed air piping if any should be done by a
bending machine and through cold bending only. Bending shall be such that
inner diameter-of pipe is not reduced.

Cutting .of the pipes wherever required shalf be such as to avoid flaring of the

* ends. Hence only a-proper pipe cutting tool shall be used. Hack-saw shall not-be -~
“used.

Handling of equipment shall be done strictly as per manufacturer'slsuppfi,é?fs?’;s\

instructions/instruction - manual.
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erection for strength.

The slings shall be of sufficient length to avoid any damage to insulator due to
excessive swing, scratching by sling ropes efc.

STORAGE

- - -

The Contractor shall provide and construct adequate storage shed for proper

storage of equipments, where sensitive equipments shall be stored indoors. All -

equipmenis during storage shall be- protected against damage due to acts of
nature or accidents. The storage instructions of the equipment
manufacturer/Owner shall be strictly adhered to.

CABLING MATERIAL

CABLE TAGS AND MARKERS

Each cable and conduit run shall be tagged with-numbers that appear in the
cable and conduit schedule. :

 The tag shall be of aluminium with the number punched on it and securely
attached to the cable conduit by not less than two turns of 20 SWG Gl wire

conforming to [S:280. Cable tags shall be of rectangular shape for power cables
and of circular shape for controf cables.

Location of cables {aid directly underground shall be clearly indicated with cable
marker made of galvanised iron plate.

Location of underground cable joints shall be indicated with cable marker with an
additional inscription “Cabie joints”.

The marker shail project 150 mm above ground and shall be spaced at an
interval of 30 meters and at every change in direction. They shall be located on
both'sides of road and drain crossings.

Cable tags shall be provided on all cables at each-end (just before entering the

- equipment enclosure), on both sides of a wall or floor crossing, on each

duct/conduit entry and at each end & tuming point in cable trayftrench runs.
Cable tags shall be provided inside the switchgear, motor control centres, control
and reflay panels etc., wherever required for cable-identification, where a number
of cables enter together through a gland plate.

Cable Supports and Cable Tray Mounting Arrangements

The Contractor shall provide embedded steef inserts on concrete floors/walis {o

- 'secure supports by welding to these inserts or available building steel structures.

The supports shall be fabricated from stahdard'structural steel members.

Insert plates will be provided at an interval of 750 mm wherever cables are to be
supported without the -use of cable trays, such as in trenches, while at all other
places these will be at an interval of 2000 mm.

- Verlical run of cables on equipment support structure shall be supported on
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perforated cable trays of suitable width which. shall be suitably bolted/clamped with the
equipment support structure.

Cable Termination and Connections

The termination and connection of cables shallbe done strictly in accordance
with cable and termination kit manufacturers instructions, drawmg andior -as
directed by the Owner. - P

The work shalt include all clamping, fi ttmgs fixing, p[umbmg, soldering, drilling,
cutting, taping, heat shrinking (where applicable), connecting to .cable terminal,
shorting and grounding as required to complete the job.

Supply of ali consumable material shall be in the scopé of Contractor.

The equipmeni will be genérally provided with undrilled gland plates for
cables/conduit entry. The Contractor shall be responsible for drilling of gland
plates, painting and touching-up. Holes shail not be made«by -gas cutting.

Control cable cores entering control paneifswﬁchgeariMCCBfMCCI :
miscellaneous panels shall be neatly bunched, clamped andtied with nylon strap

or PVC perforated strap to keep them in position.

The Contractor shalt tagfferrule control cable cores at all termmat:ons as
instructed by the Owner. In panels where a large -number of cables are 40 be
terminated and cable identification may be difficuft, each core ferrule may include
the complete cable number as well.

Spare cores shall be similady tagged with-cable numbers and: coiled up.

All cable entry points shall.be sealed- and- made vermin and dust proof. Unused
openings. shalt be effectively closed.

Pouble compressien type nicketl plated (coating thickness not less than 1D
microns) brass cable glands shall be provided by the Contractor for all power and
controt cables to provide dust and weather proof terminations.

The table gilands shail conform to BIS:6121. They shall comprise of heavy-duty
brass casting, machine finished and nickel plated, to avoid corrosion and oxida-
tion. Rubber components used in cable glands shall be neoprene and of tested
quality. Cable glands shall be of approved make.

The cable glands shall also be suitable for dust proof and weather proof
termination. The test procedure, if required, has to be discussed and agreed to
between Owner and cable gland manufacturer.

If the cable-end box or terminal enclosure provided on the eguipment is found
unsuitable and requires modification, the samé shall -be carried out by the
Contractor, as directed by the Owner.

Crimping tool used shall be of approved design and make.
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Solderless crimping of terminals shall be done by using corrosion inhibitory
compound. The cable lugs shall suit the type of terminals provided. .

Storage and handling of Cable Drums

Cable drums shall be unlpaded, handled and stored in an approved manner and
rolling of drums shall be avoided as far as possible. For short distances, the
drums may be rolled provided they are rolled stowly and in proper direction as
marked on the drum.

DIRECTLY BURIED CABLES

The Contractor shall construct the cable trenches required for directly buried
cables. The scope of work shall include excavation, preparation of sand bedding,
soil cover, supply and installation of brick or concrete protective covers, back
filling and ramming, supply and installation of route markers and joint markers.
The Bidder shalt ascertain the soil conditions prevailing at site, before submitting
the bid. :

" The cable {power and controf) between LT station, control room, DG set location

and fire lighting pump house shall be laid in the buried cable trenches. In
addition to the above, for lighting purpose also, buried cable trench can be used
in outdoor area. - )

Cable route and joint markers and RCC warning covers shaff-be provided
wherever required. The voltage grade of cables shall-be engraved-on the marker.

INSTALLATION OF CABLES

Cabling in the control room shall be done on ladder type cable trays for vertical
runs whiile cabling in switchyard area shall be done on angles in the trench.

Al 'cables from bay cable trench to equipments including and all interpole cables
(both power and controf) for all equipment, shiall be laid in PVC pipes of minimum
50 mm nominal outside diameter of class 4 as per IS 4985 which shall be buried
in the ground at a depth of 250mm below finish formation level. Separate PVC

" pipes shall be laid for control and power cables. Cable pull boxes of adequate

size shall be provided if required.

Cables shall be generally located adjoining the electrical equipment through the

pipe insert embedded in the floor. In the case of equipments located away from -

cable trench either pipe inserts shall be embedded in the floor connecting the
cable trench and the equipment or in case the distance is smaill, notchfopening
on the wall shalt be provided. In all these cases necessary bending radius as
recommended by the cable manufacturer shall be maintained.

Cable. racks- and supports- shall be painted after installation with.two coats. of
metal primer {comprising of red oxide and zinc chromate in a synthetic medium)
followed by two finishing coats of aluminium paint. The red oxide and zinc
chromate shall conform to 1S:2074.

Suitable arrangement should be used between fixed pipe / cable trays and
equipment termiqg}_boxes, where vibration is anticipated. :
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16. 11

‘1612

16.13

16.14 -

16.15

Technical Specification, Section : SE
C/ENGG/SPEC/SE REV.NO: 08 N

o
feis
&9

SECTION - (SE)
SWITCHYARD ERECTION

Power and control cébies-in the cable trench shall be laid in separate tiers. The
-order of laying of various cables shall be as follows, for cables other than directly
buried.

a) . Power cables ontop tiers. ..
b) Control instrumentation and-other service cables in botiom tiers.

Single core cables in trefoil formation shall be laid with a distance -of three times
the diameter of cable between trefoil centre lines. All power cables shall be 1aid
with- & minimum centre ta centre distance equal to twice the diameter.of the cable
of higher size of cables.

Trefoil clamps for single core cables shall be of pressure die cast aluminium (LM-
6% Nylon -6 or fibre glass and shail include fiecessary fixing Gl nuts, bolts,
washer eic. These are required at every 2 metre of cable runs.

Power and controt cables shall be securely fixed to the trays/supports with self
locking type nylon ties with deinterlocking facility at every 5 metre interval for
horizontal run. Vertical and. inclined cable runs shall be secured with 25 mm
wide and 2 mm thick aluminium strip clamps.at every 2m.

Cables shall not be bent below the minimum permissible fimit. The permissible
limits are as follows:

Table of Cable and Minimum bending radius
Power cable 12D
Contrq'trcab!e 10D

1} is overalt diameter of cable

Where cables cross roads, drains and rail tracks, these shall be laid in reinforced
spup concrete or steel pipes buried at not less than one ‘metre-depth.

In-each cable run some extra length shafl be kept at a suitable point to enable
one {for LT cables)two (for H.T. cables) straight through joints to be -made in
case the cable develap fault at a ater date. '

Selection of cable drums for each run shall be so planned as to avoid using
straight through joints. Cable splices will not be permitted except where called
for by the drawings, unavoidable or where permitted Hy the Owner. if straight
through: joints are unavoidable, the Contractor shall use the straight through
joints. Kit of reputed make. '

Conirol cable -te'rminatiéns..inside equipmient endlosures shall have sufficient
lengths so that changing of termination in terminal blocks can be done without
requiring any splicing.

Metal screen and armour of the cable shalf be bonded to the earthing system of
the station, wherever required by the Owner. < ;
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'Specification, Section : SE
[{SPEC/SE REV. NO: 08

) 4 il * SECTION - (SE)
' SWITCHYARD ERECTION

Rollers shall be used at intervals of about two metres while pulling cables.

All due care shall be taken during unreeling, laying and termination of cable to
avoid damage due to twist, kinks, sharp bends, etc.

Cable ‘ends shall be kept sealed to prevent damage In cab[e vaull, fire resistant
seal shall be provided underneath the panels.

Inspection on receipt, unloading and handling of cables shail generally be in
accordance with 1S:1255 and other Indian Standard Codes of practices.

Wherever cable pass through floor or through wall openings -or other partitions,
GI/PVC wall sleeves with bushes having a smooth curved internal surface so as
not to damage the cabie, shall be supplied, installed and properly sealed by the
Contractor at no exira charges.

Contractor shall remove the RCC/Steel trench covers before takmg up the work '

and- shall replace all the trench covers after the erection-work in that particular
area is completed or when further work is not likely to be taken.up for some time.

Contractor shall furnish three copies of the report ‘on work carried out in a
particular week, indicating cable numbers, date on which laid, actual length and

route, testing carried out, terminations carried out, along with the marked up copy

of the cable schedule and interconnection drawing wherever any modifications
are made.

Contractor shall paint the tray identification number on each run of frays at an
interval of 10 m.

In case the outer sheath of a cable is damaged during handling/installation, the

Contractor shall repair it at his own cost to the satisfaction of the Owner. Incase

any other part of a cable is damaged, the same shall be replaced by a healthy
cable at no extra cost to the Owner, i.e. the Contractor shall not be paid for
installation and removal of the damaged cable.

All cable terminations shall be appropriately tightened to ensure. secure and
refiable connections. The Contractor shall cover the exposed part of all cable
lugs whether supplied by him or not with insulating tape, sleeve or paint.

Cable trays .

i} ‘The cable trays shall be of G.S.sheet and minimum thickness of sheet
shall be 2mm.

iy The Contractor shall perform all tests and inspection to ensure that
material and workmanship are according io the relevant standards.
‘Contractor shall have to demonstrate all tests as per specification and

. equipment shall comply with all requirements of the specification.

a) Test for galvanising (Acceptance Test)
The test shall be done as per approved standards.

b) Deflection Test : (Type Test)
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-16.27.1

16.27.2

16.27.3
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16.27.5
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Technical Specification, Section : SE
C/ENGG/SPEC/SE REV.NO:;: 08

~ SECTION - (SE)
SWITCHYARD ERECTION

A 2.5 metre straight section of 300mm, 600mm wide cable tray shall be simply
supported at two ends. A uniform distributed load of 76 kg/m shall be applied
atong the length of the tray. The maximum deflection at the mid-span shall not
exceed 7mim.

Conduits, Pipes and Duct Installation -

Contractor shall supply and install all rigid conduits, mild steel pipes,flexible
conduits, hume pipes etc. including all necessary sundry materials such as tees,
elbows, check nuts, bushing, reducers, enlargers, coupling cap, nipples, gland
sealing fittings, pult boxes etc as specified and to be shown in detailed drawing.
The size of the conduit/pipe shall be selected on the basis of 40% fill criterion.

Contractor shall have his own facility for bending, cutting and threading the
conduits at site. Cold bending should be used. All cuts & threaded ends shall be
made smooth without leaving any sharp edges. Anticorrosive paint shall be
applied.at all field threaded portions. .

Al conduit/pipes shall be extended on both sides of wallffloor openings. The
fabrication and installation of supports and the clamping shall be included in the
scope of work by Contractor.

When two lengths of conduits are joined together through a coupling, running
threads equat to twice the length of coupling shali be provided on each conduit to

_ facilitate easy dismantling of two conduits.

Conduit installation shall be permanently connected to earth by means of special
approved type of earthing clamps. Gl pull wire of adequate size shall be laid in
all conduits before installation,

Each conduit run shall be painted with its designation as indicated on the
drawings such that it can be identified at each end.

Embedded conduits 'shall have a minimum concrete cover of 50 mm.
Conduit run sleeves shall be provided with the bushings at each end.

Metallic conduit runs at termination shall have two locknuts and a bushing for
connection. Flexible conduits shall also be suitably clamped at each end with the
help of bushings. Bushings shall have rounded edges so as not to damage the
cables. C

Where embedded conduits turn upwards from a slab or fill, the termination
dimensions shown on the drawings, if any, shalf be taken fo represent the
position of the straight extension of the conduit external to and immediately
following the bend. At ieast one half of the arc length of the bend shali .be
embedded.

"~ All conduits/pipes shall have their ends closed by caps until cables are pulled.

After cables are pulted, the ends-of conduits/pipes shall be sealed in an approved
manrler to prevent damage fo threaded portions and entrance of mojstyre. and

foreign material. : N
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16.27.14
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16.27.18
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SECTION - (SE)
SWITCHYARD ERECTION

Contractor shaif supply, unload, store and install conduits required for the lighting
installation as specified. All accessoriesffittings required for making the
installation complete, including but not limited to pull out boxes, ordinary and

inspection tees and elbow, checknuts, male and female bushings (brass or

galvanised steet), caps, square headed male plugs, nipples, gland sealing fittings
pull boxes, conduits terminal boxes, gaskets and box covers, saddle terminal
boxes, and all steel supporting work shall be supptied by the Contractor. The
conduit fi ttsngs shall be of the same material-as conduits.

All unarmoured cables shall run within the conduits from lighting panels to

lighting fixtures, receptacies etc.

Size of conduit for lighting shall be selected by the Contractor during detailed

engineering.

Exposed conduits shall be run in straight lines parallel to building colufmns,
beams and walls. Unnecessary.bends and crossings shall be avoided to present

a neat appearance.

. ‘Conduit supports shall be provided at an interval of 750mm for horizontal runs
and 1000mm for vertical runs.

‘Condunt supports shall be clamped on the approved type spacer plates or
brackets by saddles or U- bolts. The spacer plates or brackets-in turn, shall be
securely fixed to the building steet by welding and to concrete or brick work by

grouting or by nyion rawl plugs.

Wooden plug inserted in the masonary or

concrete for conduit support is.not acceptable.

Embedded condults shall be securely fixed in position to preclude any
" movemént. In fixing embedded conduit, if welding or brazing is used, extreme
care should be taken to avoid any lnjury {0 the inner surface of the conduit.

Spacmg of embedded conduits shall be such as to permit flow of concrete

between them.

. Where conduits are placed alongwith cable trays, they shall be ‘clamped to

supportmg steel.at an interval of 600mm.

For dlrectly embedding in soil, the conduits shali be coated with an asphalt-base
. compound. Concrete pier or anchor shall be provided wherever necessary to
support the conduit rigidiy and to hold it in place.

Conduit shall be installed in such a way as to ensure against trouble from

trapped condensation.

Conduits shall be kept, wherever possible, at least 300mm away from hot pipes,
- heating devices efc.. when it is ‘evident that such proximity may reduce the

service life of cables.

'pecification, Section : SE

CIENGG!SPECISE REV. NO: 08

Slip joints shall be provided when conduits cross structural expansion joints or
where long run of exposed conduits are installed, s0 that temperature change will
cause no distortion due to expansion or contraction of conduit run.
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16.27.26
16.27.27

16.27.28

16.27.29

16.27.30

16.27.31

16.27.32

17.0

18.0

18.1

Technical Specification, Section : SFi-‘
C/ENGG/SPEC/SE REV.NO:08

Bty

SECTION - (SE)
SWITCHYARD ERECTION

7

For long conduit run, pull boxes shall be provided at suitable intervals to facuhtate
wiring.

Conduit shall be securely fastened to junction boxes or.cabinets, each with adock

nut inside and outside the box.

Conduits joints and cannections shall be made thoroughly water- 1|ght and rust
proof by application of a thread- compound which insulates the joints.” White igad
is suitable for application on embedded conduit and red-{ead for exposed conduit.

Field bends shall have a minimum radius of four (4) times -the conduit diameter.
All bends shall be free of kinks, indentations of flattened surfaces. Heat shall not
be applied in making any conduit bend. Separate bends may be used for this
purpose. .

Fhe entire metallic conduit system, whether embedded or exposed, shall be
electrically continuous and thoroughly grounded. Where slip joints are used,
suitable bounding shall be prowded around the jomt to ensure a.continuous
ground-circuit. . -

After instaliation, the conduits shall be thoroughly cleaned by compressed air
before puliing in the wire.

Lighting fixtures shall not be suspended directly from the junction box in the main
conduit run.

JUNCTION BOX

aj The Contractor shall supply and install junction boxes complete. with
terminats as required. The brackets, bolts, nuts, screws etc required for
erection are also included i in the scope of the Contractor.

b} Junction boxes having volume less than 1600 cubic centimeters may be
' instalfed without any support other than that resulting from connecting
-conduits where two or more rigid metallic conduits enter and accurately
position the box. Boxes shall be instailed so. that they are level, plumb

and properly aligned to presént a pleasing. appearance.

c} Boxes with- vo!umes equal to or greater than 1600 cubic cm, and smaller
boxes terminating. on less than two rigid metallic conduits or for other
reasons not rigidly held, shall be adequately supported by auxiliary steel
of standard steel shapes or plates to be fabricated and installed. The
Contractor shall perform all drilling, cutting, welding, shimming and bolting
required for attachment-of supports.

TESTING AND COMMISSIONING

An indicative list- of “tests for testing- and commlssmmng is given below.
Contractor shall perform any additional test based on specialities of the items as
per the field Q.P finstructions of the equipment Contractor or Owner without any
extra cost to the Owner. The Contractor shall arrange all equapments
instruments and auxiliaries required for testing and cormmissioning -of equ:pments
alongwith calibration certificates and shall furnish the {ist of ins Nt ’
Owner for approval.
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aI Specnf’ cation, Sectlon SE
CLENGGISPECISE REV. NO 08

SECTION - (SE)
SWITCHYARD ERECTION

18.2 GENERAL CHECKS
(a) Check for physical damage.
(b} - Visual examination of zinc coating/plating.
(c) Check from name plate that all items are as per order/specification.
{d) ' Check tightness of all bolts, clamps and connectmg terminals using
forque wrenches.
{e) For oil filied equipment, check for oil leakage if any. Also check oil level
and top up wherever necessary.
N Check ground connections for quality of weld and application of zinc rich
paint over weld joint of galvanised surfaces.
(g) . Check cleanliness of insulator and bushings.
(h) Alt checks and tests specified by the manufacturers in their drawings and
manuals as well as all tests specified in the relevant code of erection.
Q] Check for surface finish of grading rings (Corona control ring).
{i) Pressure test on all pneumatic lings at 18. 2 times the rated pressure shall
be conducted.
18.3 -STATION EARTHING
ay Check s0il resistivity
b) Check continuity of grid wires
c) Check earth resistance of the entire grid as well as various sections of the
same.
d) Check for weld joint and app!lcatlon of zinc rich paint on galvan:sed
surfaces.
C.e) Dip test on earth conductor prior to use.
184 AAC/ ACSR STRINGING WORK, TUBULAR BUS WORK AND POWER
' CONNECTORS
a) | Physical check for finish
b) Electrical clearance check
+— c} Testing of torque by torque wrenches on all bus bar power connectors
and other d@ccessories.
d)

Milfivolt drop test on all power connectors.
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SECTION - (SE) -

SWITCHYARD ERECTION . 8 4 g
e) Sag andtension check on conductors.
185 ALUMINIUM TUBE WELDING

&) Physical check -

b) | Millivolt drop test on all joints.

c) Dye penetration test & Radiography test on 10% sample basis on weld
joints.

) Testcheck on 5% sample joints after.cutting-the weld piece to
cbserve any voids etc. .

18.6 INSULATOR
Visual examination for finish, damage, creepage-distance etc.
18.7 All-prefcommissioning activities and“Worké work for substation equipment

shaill be carried out in accordance with owner's "Pre- Lommissioning
procedures and formats for substation bay equipments"” by the contractor.

This document shall be provided to the successful contractor during

detailed engineering stage.

Technical Specification, Section : SE
CIENGG/SPEC/SE REV.NO:08

e
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Spediﬁé:ation, Section : SE
/SPEC/SE REV.NO:08

SECTION - (SE)
SWITCHYARD ERECTION

ANNEXURE “A”
(Tesﬁng Procedure for ACSR ‘MOOSE’ Conductor) '
UTS Test on Stranded Conductor

Circles perpendicular to the axis of the conductor shal be marked at two places
on a sample of conductor of minimum 5 m length suitably compressed with dead

end clamps at either end. The load shall be increased at a steady rate upfo 80

kN and held for one minute. The circles drawn shall not be distorted due fo
Relative movement-of strands. Thereafter the load shall be increased at a steady
rate fo 161.2 kN and held for ore minute. The applied load shall then be
increased until the failing load is reached and the value recorded.

Corona Extinction Voltage Test

Two samples-of conductor of 5m length shall be strung with a spacing of 450 mm .-

between them at a height not exceeding 8.0 m above ground. This .assembly
shalt be tested as per Annexure-C, Corona extinction voltage shall not be less
than 510 kV (rms) & 320 KV (RMS) Line -to ground for 765 kV & 400 kV
respectively.

Radio Interference Voltage Test

The samp{e assembly similar to that specified under (2.0) above shall be tested
as per Annexure - C. Maximum RIV level {across 300 ohm resistor at 1 MHz) at

510 kY & 305 KV (RMS) line to ground voltage for 765 kV & 400 kv voitage'

respectively, shall be 1000 micro volts.
D.C Resistance Test on Stranded Conductor

On a conductor sample of minimum 5 m length two contact clamps shall be fixed
with a pre-determined bolt torque. The resistance shall be measured by a Kelvin
double bridge by -placing the clamps initially zero metre and subsequently one
metre apart. The test shall be repeated at least five times.and the average value
recorded. The value obtained shall be corrected to the value at 20°C as per
clause no. 12.8 of 1S:398-(Part V)-1982. The resistance cormrected at 20°C shall
conform to the requirements of this spemﬁcatlon

Chemicat Analysis of Zinc

Samples taken from the zinc ingots shall be chemically/spectrographicaily

analysed. The same shail be in conformity to the requirements stated in this

-specification.
Chemical Analysis of Aluminium and Steel

Samples taken from the Aluminium ingots/coils/strands shall  be
chemically/spectrographically analysed. The same shall be in.conformity to the
requirements stated in this specification.

Visual Check for Joints, Scratches etc.
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Technical Specification, Section : SE
CIENGG /SPEC/SE REV.NO:18

i 4}

SECTION - (SE)
SWITCHYARD ERECTION

‘Conductor drums shall be rewound in the presence of the inspector. The
inspector shall visually check for scratches, joints, etc. and that the conducior
generally conform to the requirements of this specification. The fength of
conductor wound on the drum shall be measured with the help of counter meter
during rewinding. '

‘Dimensional Check for Steel and Aluminium Strands.

The individual strands shall be dimensionally checked to -ensure that they
conform to the requirements of this specification. '

Check for Lay-ratios of various Layers.

The lay-ratios of various layers shall be checked to ensure that they conform 4o
the requirements of this specification and clause no. 9.4 and 9.5 of 1S-398 {Part -
VY1982,

Gra_lhva-n-ising Test

The test procedure shall be as specified in 1S:4826-1968. The material ‘shall
conform to the requirements of this specification.

Torsion and Elongation Tests on Steel Strands

The test procedures shall be as per relevant clause of 1S:398 {PPart V), 1982. In.
torsion test, the number of complete twists before fracture shall not be less than
18 on-a length equal to 100 times the standard diameter -of the strand before
stranding & 16 after stranding. In case test sample length of less or more than
100 times the standard diameter of the strand, the minimum number of twist will
be proportionate to the length and if number comes in the fraction then it will-be
rounded- off to next higher whole number. In elongation test, the elongation of
the strand shall not be less than 4% for a gauge {ength of 200 mm.

Breaking load test on welded Aluminium strand:

Two Aluminium wires, shall be welded as per the approved-qudlity plan and shall
be subjected to tensile load. The welded point of the wire shall be .able to with-
stand- the minimum breaking load of the individual strand guaranteed by the
bidder. -




SEGTION - (SE) ~

SWITCHYARD ERECTION -

ANNEXURE “B” -

(Testing proéedure for Galvanised Steel Earthwire) ‘ -

1. UTS TEST ' - -
Circles perpendicular to the axi$ of the ear_thwire shall be marked at Ht‘:wo b!aces -

on a sample of earthwire of minimum 5m length suitably compressed with dead
. end clamps at either end. The load shall be increased at steady rate upto 34 KN e
and held for one minute. The circles drawn shall not be distoried due 1o relative
movement of strands.” Thereafter, the load shall be increased at a steady rate of
68.4 KN and heid for one minute. The earthwire sample shall not fail during this
pericd. The applied load shall then be increased until the failing load is reached
and value recorded. '

2. DC RESISTANCE TEST

On an earthwire sample of minimum 5m length, two contact clamps shall be fixed
with a predetermined Bolt torque. The resistance shall be measured by a Kelvin
double-bridge by placing the clamps initially zero meter and subseguently one
meter apart. The test shall be repeated at least five times and the average value
recorded. The value obtained shall be corrected to the value at 20°C shall
.conform to the requirements of this specification.

. Ay
LJ

oW

3. Visual check for joints, scratches etc. and length of earthwire

J

Earthwire drums shall be rewound in the presence of the inspector. The
.inspector shall visually check for joints, scratches etc. and see that the earthwire
generally conforms to the requwements of this specification. The length of
earthwire wound on the drum shall be measured with the help of counter meter
during rewinding.

LU

)

4. TORSION AND ELONGATION TESTS

- The test procedure shall be as per relevant clause of 15:398 (Part-V}). The

- minimum number of twists which a single steel strand shall withstand during
torsion fest shall be eighteen for a length equal to 100 times the standard
diameter of the strand. In case the test sample length is less or more than 100
times the standard diameter of the strand, the minimum number of twists will be
proportionate to the length and if number comes in the fraction then it will be
rounded off to nexi higher whole number. In elongation test, the elongation of
the strand shall not be less than 64% or a gauge length of 200 mm.

SNE

LU U U

5. - DIMENSIONAL CHECK.

o

The individual strands shall be dimensionally checked to ensure thai they
conform ta the *equ1rements of this specmoatlon

LAY LENGTH CHECK

The tay length shall be checked o ensure that they conform to the reqmrements
of this specification.

CouU U U
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Technical Specification, Section : SE
C/ENGG/SPEC/SE 'REV.NO: 08

SECTION - (SE)
SWITCHYARD ERECTION

GALVANISING TEST

The test procedure shall as specified in 1S:4826-1968. The material shall
conform to the requirements of this specification.

CHEMICAL ANALYSIS OF ZINC USED FOR GALVANIZING

Samples {aken from zinc ingots shall be chemically/spectrographically analysed.
The same shall be in conformity to the requirements stated in this specification.

CHEMICAL ANALYSIS OF STEEL

Samples taken- from steel ingotsfcoilsfstrands shall be <chemically/
spectrographically analysed. The same shall be in conformity to the
requirements stated in this specification. .

o it R A
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3.3

34

3.5
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; SECTION - (SE)
SWITCHYARD ERECTION

_ ANNEXURE-C
CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST

General’’

Unless otherwise stipulated, all equipment together with its associated connectors,
where applicable, shall be tested for external corona both by observing the voltage
level for the extinction of visible corona under falling power frequency voltage and by
measurement of radio interference voltage (RIV).

Test Levels:

The test voltage levels for measurement of external RIV and for corona extinction
voltage are listed under the relevant clauses of the specification.

Test Methods for RIV:

RIV fests shall be made according to measuring circuit as per International Special-
Committee on Radio Interference {CISPR) Publication 16-1(1993). Part -1. The
measuring circuit shall preferably be tuned to frequency with 10% of 0.5 Mhz but
other frequencies in the range of 0.5 MHz to 2 MHz may be used, the measuring
frequency being recorded. The results shall be in microvolts.

Alternatively, RIV tesis shall be in accordance with NEMA standard Publication No.
107-1964, except otherwise noted herein.

In measurement of, RIV, temporary additional external corona shielding may be
provided. In measurements of RIV only standard fittings of identical type supplied

with the equipment and a simulation of the connections as used.in the actual

installation will be permitted in the vicinity within 3.5 meters of terminals.

Ambient noise shall be measured befbre and after each series of tests to ensure

that there is no variation in ambient noise level. If variation is present, the lowest -

ambient noise level will form basis for the measurements. RiV levels shall be
measured at increasing and decreasing voltages of 85%, 100% and 110% of the
specified RIV test voliage for all equipment unless otherwise specified. The

specified RIV test voltage for 765 kV, 400 kV, 220 KV is listed in the detailed

specification together with maximum permissible RIV level in microvolts.

The metering instruments shall be as per CISPR recommendation or equivalent
device so long as it has been used by other testing authorities.

The RIV measurement may be made with a noise meter. A calibration procedure of
the frequency to which noise meter shall be tuned shall establish the ratio of voltage
at the high voltage terminal to voltage read by noise! meter.

Test Methods for Visible Corona

The purpos.e of this test is to determine the corona exti'nction.-voiiage of apparatus,

conmectors etc. The test shall be carried-out in the same ‘manner as RIV test -

described above with the exception that RIV measurements are not required during
test and.a search technique shall be used near the onset and extinction voltage,
when the test voltage is raised and lowered to determine their precise values.The
test voltage shall be raised to 110% of RIV test vollage and maintained there for five
minutes. In case corona inception does not take place at 110%, test shall be
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slowly until all visible corona disappears. The procedure shall be repeated at least 4
times with-corona inception and extinction voltage recorded each fime. The corona.
extinction voitage for purposes of determining compliance with the specification shall
be the lowest of the four values at which visible corona (negative .or positive polarity)
disappears. Photographs with laboratory in compiete darkeness shall be taken
under test conditions, at all voltage steps i.e. 85%, 100%, and 110%. Additional
photographs shall be taken at corona inception and. extinction voltages. At least twa
views shall be photographed in each-case using Panchromatic film with- an ASA
daylight rating of 400 with an exposure of two minutes at a lens aperture of {/5.6 or
equivalent. The photographic process shall be such that prints are available for
inspection and comparison with conditions as determined from -direct observation.
Photographs shall be taken from above and below the level of connector so as to
show corona on bushing, insulators and all parts of energised connectors. The
photographs shall be framed such that test object essentially, fills the frame with no
cut-off.

In- case corona incép-iion does not take place at 110%, voltage shall not be
increased further and corona extinction voltage shall be considered adequate.

The test shall be recorded on each photograiBh. Additional photograph shall be
taker fromr each camera position with lights on to show the relative position of test
object to facititate precise corona focation from the photographic evidence.

In addition- to photographs of the test object preferably four photographs shall be
taken of the complete test assembly showing relative positions of all the test
equipment and test objects. These four photographs shall be taken from four points

equally spaced around the test arrangement to show its features from all sides. -

Drawings of the laboratory and test set up locations shalt be provided fo indicate
camera positions and angles. The precisé location of .camera shall be. approved by
Purchaser's inspector, after determining the -best camera locations by tral
energisation of test object at a voltage which resulis in corona.

The test to determine the visible corona extinction voltage need-not be carried out
simuklianeously with test to-determine RIV levels.

However, both test shall be- carried out with the same test set up and as little time
duration between tests as possible. No modification -on treatment of the sample

between tests. wilt be allowed. Simultaneous RIV and visible corona extinction .

voltage testing- may be permitied- at the discretion of Purchaser's inspector if, in his
opinion; it wilk not prejudice other test.

Test Records:

In addition. to- the information previously mentioned and the 'requirements speciﬁe'd
as per CISPR or NEMA 107-1964 the following data shall be inciuded in test repori:

ay  Background noise before and after test.
D)  Detailed procedure of application of test voltage. ,
¢) Measurements of RIV levels.expressed in micro volis at each level.

=d}  Resuits-and observations with regard to {focation and type of interference -

sources. detected at each step.

e) Test voltage shall be recorded when measured RIV passes through..100
microvoits in each direction.

) Onset and extinction of visual corona for each of the four tests re:if;ui
be recorded. : i
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ANNEXURE — D

A. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 765kV GANTRY STRUCTURE

Sl Max. Span Conductor Ph-Ph Normal SCFper | Spacer
1 No. - Configuration Spacing { Tension Phase span

l. | For Fault Level of 40kA/50 kA for 1 sec.

54:0 mir | QUAD AAC BULL| 15 mir 396T 59871 3.5 mir

N JL

56.0 mir | QUAD AACBULL| 15 mir 4527 6777 4.0 mir

879 mtr | QUAD AACBULL| 15 mtr 835T 1+ 11227 | 65mir

- )

N

104.0 mtr | QUAD AAC BULL] 15 mir 9.00T 1 12727 7.5 mir

P Pl B

108.61 mtr QUA‘D AAC BULL| 15 mir 9.00T 1272T | 8.0mir

B. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 400kV GANTRY STRUCTURE

Sl Max. Span= Conductor Ph-Ph | Normal SCF per | Spacer |
No. ‘ ) Configuration | Spacing | Tension | Phase span

For Fault Level of 40 kA for 1 sec.

S54mir | QUADACSR | 7mfr 4T 5647 | 6mir

UL OULULUUUU WL Lo

1 -.

2. Omir | TWINACSR | 7mtr 4T | 5647 5 mtr
3. 54mir | QUADACSR 6 mir 4T - 5107 5 mir
4, 70mtr | TWIN ACSR 6 mtr 4T 510T 5 mtr
5. 48mtr | QUADAGCSR | 6mftr 4T 4827 | Smir

| 6. 525mir -| QUADACSR | 6mtr 4T 4.85T 5 mir

. 56.5-mir | QUAD ACSR 6 mtr | AT 4.88T 5 mfr
8. 52.5 mir TWIN ACSR 6 matr 4T 4977 5 mir
9. | 56.5mtr |  TWIN ACSR 6mtr | 4T | 5007 | b5Hmir
il. | For Fault Level of 50 kA for 1 sec.

1. 48 mir QUABD AAC BULL] 6 mtr | 4T 5.10T 4 mir
2. 525 mtr QUAD ACSR 6 mir 4T 518 T 4 mir
3. 56.5 mtr QUAD ACSR 6mir 4T 5207 4 mir
lll. | For Fault Level of 63 kA for 1 sec.

1. 48 mtr - 1 QUAD AACBULL] 6 mtr | 4T 6007 | A4Amir
2. 52.5 mir QUAD ACSR 6 mtr 4T 6337 | 4mir
3. 56.5mir 1 QUADACSR | 6mir 4T 6.37 T 4 mir .

=

SHhical Spec:f;catlon Section : SE Page - 48 of 60

CI;ENGG i SPECISE REV. NO: 08

UL Ll UL ULUULUUY



SECTION - {SE)

B SWITCHYARD ERECTION
o ANNEXURE - D
™ C. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 220 kV.-GANTRY STRUCTURE
o) .| Sk | Max.Span | Conductor Ph-Ph Normai { SCFper | Spacer
Yy MNo. . . Configuration | Spacing Tension ] Phase span
I. .| For Faulf Level of 40 kA for 1 sec.
i - ‘
- 1 54mtr | QUAD ACSR 4.5 mitr 47T 5.00T 2.5 mtr

! - 2 S54mir | TWIN ACSR 4.5 mtr 27T 3507 2.5 mir
oY 3 T4mir | TWINACSR | 4.5mtr 4T 500T 2.5 mtr

) 4. 54mtr | QUADACSR | 40mtr 4T 5707 2.5 mtr

| D 5. 54 mir ¢ TWIN ACSR 4.0 mir 27T 3507 2.5 mir
p - 6. 74 mtr TWIN ACSR 4.0 mtr 4T 5707 2.5-mtr
o 7. | 48mir__| QUADACSR | 4.0 mtr aT 5307 | 25mir
) 8. B2 mitr QUAD ACSR 4.0 mir 4T 535T 2.5 mir

- A 68mir .. | TWIN ACSR 4.0 mir 4T 5207 2.5 mir
M - 10. 56mir | QUADACSR 4.0 mir 47T 5507 2.5 mtr
~ 11, 72 mtr - TWIN ACSR 4.0 mtr 4T 27T 2:5 mir
-2 li. {For Fault Level of 50 kA for 1 sec.
®.

’ 1. 483 mir | QUAD ACSR 4.0 mir 4T 5417 20 mir
7 . 2. SZmtr | QUAD ACSR 4.0 mir 47T 550T 20 mir
~ . 3 36mir | TWINACSR 4.0 mtr 2T 3507 20 mir
) NOTE: ACSR cond:uctof as mentioned above indicates that it is suitable for both ACSR
D MOOSE as well as ACSR BERSIMIS conductor.

"2 D. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 132 KV GANTRY STRUCTURE
e - SL | Max. Span Conductor Ph-Ph Normal SCF per Spacer
oy o - No. f .. | Configuration | Spacing Tension ] Phase span
. | For Fault Level of 31.5kA for 1 sec.
L : .
- -t 36mtr | Twin Moose/ 3 mir 17T 2157 25 mir
- Zebra ACSR
> 2 31.5 mtr Twin Moose/ | 2.7mtr 17 2167 25 mtr
‘  Zebra ACSR -

) 3. 48 mtr Single Moosef 3 mtr 1T 2057 NA

Zebra ACSR | S

J 4. 42 mtr Single Moose/ | 27mtr { 1T 203T CNA
Ty Zebra ACSR ) : ’ T : 1
v
3
)

W
)
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ANNEXURE-E

STANDARD TECHNICAL DATA SHEETS FOR AAC/ACSR CONDUCTORS,
GS EARTHWIRE AND ALUMINIUM TUBE

1.0 GENERAL

= — Owner has stardardised the guaranteed technical particulars for the following -
AAC/ACSR conductors, Galvanised steel earthwire and aluminum tube. The
contractor shall supply the conductors as per the standard GTP mentioned below.
Any deviation to the following GTP shall be clearly brought out by the bidder in
their bid. .

1.1 Guaranteed Technical Particulars (GTP) for conductors:

A GTP of AAC BULL and AAC TARANTULA conductdr:

Sl Description . Unit | AAC BULL AAC
' . R . TARANTULA
1.0 Applicable Standard 1S:398
120 Raw Materials
|21 | Steel Wire / Rods
1241 Aluminium
ay | Minimum purity of - % 99.50 99.50
1 Aluminium ' _
b} 1 Maximum copper % 0.04 1 0.04
| - |'content
| 3.0 Aluminum strands after stranding
¥314 | Diameter o
- a) | Nominal mm | 4.25 - 5.23
b) { Maximum mm {4.29 528
{ ¢){ Minimum mm | 4.21 518
3.2 Minimum breaking load of strand.
- a} | Before stranding KN 2.23 1 3.44
b} | After stranding 1 KN 212 3.27
¢} | Maximum D.C. Ohm | 3.651 | 3.627
resistance of strand at KM '
20 deg. Centigrade
3.3 Maximum resistance of | Ohm | 0.00203 0.001341
1 m length of strand at
20 deg.C
4.0 AAC Conductor
4.1.a) | Stranding Al~61/426 mm | Al- 37/5.23 mm’
b) | Number of Strands
i--_ 1st Aluminium Layer Nos. 1
ii. | 2nd Aluminium Layer Nos. | 6 6
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SWITCHYARD ERECTION
' ANNEXURE-E
SL Description Unit | AAC BULL AAC
, ' TARANTULA
fii. | 3rd Aluminium Layer | Nos. ] 12 {112
iv. { 4th Aluminium Layer { Nos. 118 {18
v. | 5th Aluminium Layer I Nos. [24 -
1 4.2 | Sectional Area of 18q. |865.36 794.80
- 1 aluminium _ tmm 1 - '
| 4.3 | Total sectional area 18q. ]865.36 179480
{mm ]
| 4.4 Approximate Weight Ka/m ;i 2.4 12191
| 4.5  Diameter of the { mm | 38.25 ] 36.60
conductor ‘ 1 ]
46 UTS of the conductar kiN- | 139{Min.) 120 (Min.) _
4.7 | Lay ratio of the {mm | Max Min fMax —~  Min -
conductor _ '
a} | 6 wire Aluminium layer fmm |16 104 16 10 ;
by | 12 wire Aluminium mm | 16 10116 10
- layer ) I3 _
¢yt 18 wire Aluminium imm {16 10| 14 107
{ layer 1 : ‘
d} | 24 wire Aluminium mm 114 101 - -
i layer » '
4.8 DC resistance of the ohm/ } 0.03340 0.03628
conductor at 20°C km |
4.9 ' 'St'and‘ard length of the m 1000 1000
- | conductor . : ‘
| 410 | Tolerance on Standard i % {+-) 5 1{(+-)5
‘  length : — '
'4.11 | Direction of lay of " | Right Hand . Right Hand
outer layer '
4.12 i Linear mass-of the conductor
a) | Standard Tkg/ | 2400 2192
1km 1§ :
b} { Minimum 1kg/ 12355 12150
: tkm | ;
¢) | Maximum kgt {2445 2234
'  km
4.13 Modulus of Elasticity 1 Ka/sg} 4709 (nitial) 4708 {Initiat)
; , am | 5869 {Final) 5868 {Final)
414 | Co-efficientofLinear  { Per |23.0x10° 23:0x10°°
' Expansion 1 Deg. j ’
‘ . C. ] .
[ 415 Minimum Corona KV 508 320
‘ Extinction Voltage (rms) :
416 | RIVat1Mhz 1 Micro1 Less than 1000 | Less+han 1000 at
_ voits 1 at 508 kV (rms) | 320 kKV{rms)
5.0 Drurn Dimensions 1 Generally conforms to IS:1778

Technical Specification, Section :.SE
C/ENGG{SPEC/{SE REV.-NO: 08
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ANNEXURE-E
Sl. - Description Unit | AACBULL AAC
' TARANTULA
a) | Flange Diameter mm | 1855 18565
b} | Traverse width mm | 925 925
'c) | Barrel Diameter mm {850 _ 8507
d) | Flange thickness mm | 50x50 50x50
GTP of ACSR BERSIMIS and ACSR MOOSE conductor:
Sl Description Unit | ACSR | ACSR MOOSE
BERSIMIS
1.0 Applicable Standard 1S:398 / 1IEC - 1089
2.0 - Raw Materials
2.1 Aluminium - _
a) { Minimum purity of % {9950 199.50
Aluminium
b) | Maximum copper % 0.04 0.04
content ) - '
2.2 Steel wires/ rods
[ ay| Carbon % ]0.50100.85 050 t0.0.85
b) | Manganese % 0.5010 1.10 1 0.50G10 1.10
c) | Phosphorous % Not more than - Not more than
: 0.035 0.035
- d) | Sulphur % | Notmore than Not more than
0.045 1 0.045
e) | Silicon % 0.101t0 0.35 0.10 10 0.35
{(Max.) (Max.)
123 1 Zinc
a) | Minimum purity ofZinc | % . 99.95 199.95
3.0 Aluminunt strands after stranding
31 Diameter
a) | Nomina} mm | 4.57 3.53
b) 1 Maximum mm | 4.61 3.55
c) | Minimum mm | 4.53 3.51
3.2 Minimum breaking load of strand
a) | Before stranding {KN [264 11.57
b} | After stranding 1 KN 2.51 1.49
¢) | Maximum D.C. , “Ohm/| 1.738 1 2.921
resistance of strand at | KM
20 deg. Centigrade | : ,
33 Maximum resistance of | Ohm | 0.001738 0.002921

20 deg. C

s

cification, Section : SE
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SECTION -{SE) -

SWITCHYARD ERECTION
ANNEXURE-E
1 8L | Description Unit | ACSR ACSR MOOSE
3 f -' BERSIMIS ]
. 4.0 - Steel strand after stranding
14.1 - Diameter
a) | Nominat tmm [ 2564 1353
.. b)} Maximum [ mm | 257 1360
“ c) | Minimum mm | 2,51 1346
- 4.2 { Minimum breaking load of strand.
a) | Before stranding I KN | 687 112.86
_ b) | After stranding KN | 6.53 {12.22
4.3 -Galvanising-
a) [ Minimum weight of Lgm | 260 260
- zinc coating per sg.m. - :
b} { Minimum number of ' Nos. | 2dips of one 1 2 dips of one 3
- dips that the - minute & 1 dip of { minute & 1dip of
galvanised strand can nalf minute | hatf minute
| withstand in the '
. standard preece test -
c¥ | Min. No. of twists in Nos {16 (After strandingy | 16 (After stranding) |
b guage length equat 18 {Before 1 18 (Before '
- 10Q tindes the dia. of stranding) stranding)
- wire which the strand
- can withstand in the
. torsion test (after
 stranding)
-5:0 - ACSR Conductor
' 5:1.a) | Stranding ¥ Al-42/4. 57 mm+ | Al -54/3.53 mm+
' 3 , { Steel-7/2.54 mm | Steel-7/3.53 mm
b) | Number of Strands
i. { Steel centre - Nos. | 1 ,
i. I TstSteel Layer ' Nos. | 6 6
fi. st Aluminium Layer Nos. |8 {12
iv. [ 2Znd Aluminium Layer Nos. | 14 18
‘ v. | 3rd Aluminium Layer | Nos. 120 . 24 .
| 5.2 ' Sectional Area of Sq. |689.50 | 528.50
| aluminium L mim l
53 Total sectional area Sq. | 725.00 | 697.00
mm
54 Approximate Weight | Kg/m | 2.181 {.2.004
55 Diameter of the mm | 35.05 31.77
] 1 conductor
56 | UTS of the conductor kN 154 (Min.) 161.20 {Min.)
| 5.7 Lay ratio of the mm | Max Min | Max . .. .Min
conductor , : e SR
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ANNEXURE-E
SL Description t Unit | ACSR ACSR MOOSE
BERSIMIS
a) | Outer Steel layer mm |24 16 | 18 16
b} | 8/12 wire Aluminium mm | 17 10 {14 ‘ 12 -
| layer - - ' s
c) | 14/ 18 wire Aluminium mm |16 10 | 13 11
layer .
d} | 20/24 wire Aluminium mm |13 10 [ 12 10
| layer
{58 DC resistance of the | ohm/ | 0.04242 0.05552
conductor at 20°C } km
59 - Standard length of the | m 1800 1800
conductor ‘
5.10 Tolerance on Standard | % {+-}5 (+/-) 5
length '
511 Direction of lay of - RightHand -~ | Right Hand
outer layer ’
5.12 1 Linear mass of the conductor
a) | Standard ka/ 2181 2004
km |
b} { Minimum ka/ 2142 1965
km
¢) | Maximum - kg/ 2221 2045
' km
5.13 Modulus of Elasticity Kafsq| 6860
: (Final State) .mm ] _
-5.14 - | Co-efficient of Linear Per | 21.5x10% 19.3x10°
Expansion - [ Deg. }
: . c
5.15 Minimum Corona- LKV | 320 320
‘ | Extinction-Voltage (rms) | - |
5.16 RIV at 1 Mhz under Micro } Max. 1000 at Max. 1000 at 320.
o dry condition voits | 320 kV (rms) kV {rms)
6.0 Drum Dimensions ‘Generally conforms to 1S:1778
a) | Flange Diameter mm | 1800 1800
b) | Traverse width -mm | 950 950
c¥ { Barrel Diameter mm | 650 650
d) | Flange thickness mm | 50x50 50x50

- B. GTP of ACSR ZEBRA and ACSR PANTHER conductor:

Sl

Description

Unit T

ACSR ZEBRA

ACSR PANTHER

19

Applicable Standard

1S5:398 / IEC-1089

Raw Materials

Aluminium

Minimum purity of

99.50

Aluminium
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ANNEXURE-E
i Sl Description 1 Unit. | ACSR ZEBRA ACSR PANTHER
b) | Maximum copper 1% |004 { 0.04
} content ;
122 ° | Steel wires/ rods
a)| Carbonr [% 1050100.85 ~1050t00.85
" b) | Manganese % 10.50t0 1.10 0.50t0 1.10
¢} | Phosphorous % | Not more than Not more than
‘ . ' 10.035 0.035
d¥ | Sulphur 1% - | Notmorethan -|Notmore than
‘ , ‘ 0.045 1710:045
e) | Silicon %  |0.140100.35 10.10100.35
: : {Max.) - 1{Max.}
123 - Zihe
f a} { Minimum purity of Zinc 1%  [-99.95 19995
3.0 | Aluminum strands after stranding
13.1 | Diameter
a) | Nominal {mm | 3.18 4 3.00
bj | Maximum ['mm {321 1303
: ¢} | Minimurn {mm {3.15 1297
3.2 | Minimum breaking load of strand
ay | Before stranding | KN [ 1.29 |17
b} £ After stranding | KN 1.23 111
+3:3 | Maximum resistance of Ohm | 0:003626 1 0.004107
- - 1 m length of strand at :
 20.deg. C ‘
1 4.0 { Steel strand after stranding
4.1 1 Diameter
a) | Nominal tmm | 3.18 {3.00
b} } Maximum mm | 3.24 13.06 .
<) | Minimum mm | 3.12 1294
4.2 | Minimum breaking load of strand _ _
' a} | Before stranding- KN 10.43 1929
7 b} | After stranding TKN {991 | 885
4.3 L Galvanising
a) | Minimum weight of ,gm 260 i260
_ zinc coating persq.m. | ' | ]
b} [ Minimum number of | Nos. | 2dips-of one { 2udips of one 7
1 dips that the | 'minute & 1 dip of |-minute & 1 dip of .
galvanised strand can 1 -haif minute 1 falf minute
withstand in the '
standard preece test
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| can withstand in the
torsion test (after

ANNEXURE-E
Sl Description Unit | ACSR ZEBRA ACSR PANTHER
c) | Min. No. of twists in Nos | 16 (After 16 (After-sfranding).
guage length equal -stranding} 18 (Before
100 times the dia. of 18 (Before stranding)
“wire which the strand _ | stranding}

Steel-7/3.18 mm

stranding)
5.0 ACSR Conductor )
t 5.1.a) { Stranding Al -54/3.18 mm+ | Al -30/3.00 mm+

Steel-7/3.00 mm

b)’ Number of Strands

UV UL UwUU YUY U U

v U o

i. | Steelcentre "Nos. |1 1
ii. | 1stSteelLayer ‘Nos. {6 6
- dii. "} 1st Aluminium Layer | Nos. | 12 |12
iv. [ 2nd Aluminium Layer | Nos. | 18 18
. V. | 3rd Aluminium Layer 1 Nos. | 24 NA
5.2 | Sectional Area of §Sq. | 428.9 | 212,10
. - aluminium | mm
53 Total sectional area 1 Sq. 484.5 261.50
1mm |
{54 .| Approximate Weight 1-Kgfm | 1.621 0.974
55 - Diameter of the | Mm | 2862 21.00
_ ' | conductor [ N .
56 | UTS of the conductor | kN "1 130.32(Min.) 89.67 (Min.)
57 ‘L‘ay ratio of the 1 mm |-Max Min | Max Min
| conductor ] '
a)t Outer Steel layer mm | 28 13128 16
b) 12 wire Alumtnaum mm |17 10116 10
layer ' ' .
c) | 18 wire Aluminium 1mm |16 10 | 14 10
layer
- d) | 24 wire Aluminium Imm (14 10 | NA
layer NA
5.8 | DC resistance of the ohm/ | 0.06868 0.140
conductor at 20°C Km :
5.9 | | Standard length ofthe i m 1800 1800
conductor )
5.10 Tolerance on Standard | % {+/-)5 (+/-) 5
tength
51 Direction of lay of Right Hand | Right Hand
outer layer
1 5.12 Linear mass of the conductor
5 a) | Standard kg/! 1621 974
: : ) km .
b) | Minimum kg/ 1589 954

4

Page - 56 of 60

,\.
NS

Couw oL

SO WEIE G Y



-

)

SR

sy
o

N '\. o,
Py

S
fN o

CU U U YU

L

VRN

S

R

o OO

£ 9
SECTION - (SE) 539
SWITCHYARD ERECTION
ANNEXURE-E
Sl. Description ‘ Uﬂjl: _ ACSR ZEBRA ACSR-PANTHER "‘
c) | Maxirmum ' tkg/ 11653 993
: km
1 5.13 | Modulus of Elasticity | Kg/sq} 18158
_ am o - - 1
5.14 | Co-efficientof Linear [ Per | 19.3x10% | 17.8x107
Expansion Peg. |
[6.45 | Minimum Corona 1KV 1154 192
; | Extinction Voltage (rms)
1516 RIVat1Mhz -1 Micro } Less than 1000 1 Less than 500
{ volts ! at 154 kV{rms) | at 92 kV{rms)
6.0 ‘Drum Dimensions _ Generally conforms-4o 1S:1778
" ay| Flange Diameter I'mm_"[ 1850 1850
b} | Traverse width imm {925 - {925
<} | Barrel Diameter mm {850 B850
d} | Flange thickness mm | 50x50 - 50x50
1.2 Guaranteed technical particulars of Galvanised Steel Earthwire
_ Description 1 Unit Standard Values
: 1.0 Raw Materiails
1.4 -Steel wires / rods _
a) | Carbon % T Notmore than 0.55
b} | Manganese 1% {10.40-10-0:90
c) | Phosphorous {% | Notmore-than0.04
) | Sulphur % 1 Not-more than D.04
: e} | Silicon 1% 10.15400.35
11.2 {Zinc -
| a) | Minimum purity of Zinc 1% | 99.:95
| 2.0 Steel strands
121 Diameter
aj { Nominal 1 mm 3:66 -
b) | Maximum mm {3.74
¢) 1 Minimum 1 mm 13.58
2.2. i Minimum breaking load of strand .
a} | After stranding JTKN - 10.58
2.3 | Galvanising
a) | Minimum weightof zinc coating | gms. 275 o
1 persq.m. afler stranding A
b) { Minimum number of dips that the { Nos. 3 «dips of 1 minute and .
. ga'Ivanized strand can withstand ‘

Technical Specification, Section : SE
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ANNEXURE-E
in the standard preece test one dip of 12 minute
c) | Minimum number of twists in a Nos. +18
gauge length equatl to 100 times '
_diameter of wire which the
strand can withstand in the_ —
torsion test, after stranding’
3.0 Stranded Earth wire
31 UTS of Earth wire JKN 1 68.4 (min.)
3.2 | Lay length.of outer steel layer
a) | Standard [ mm 181
b) | Maximum . mm 198
¢) 1 Minimum L mm 165
33 Maximum DC resistance of 1 Ohm/ikm | 3,375
'y earth wire at 20° C : ' -
13.4 Standard length of earth wire | M 2000 or actual quantity
: : | whicheveriis less.
3.5 | Tolerance on standard length | % 5 .
13.6 Direction of fay for outside : | Right hand
laver
13.7 | Linear mass ]
a) | Standard Kg/km 583
b} { Maximum Kg/km 5562
i ¢} | Minimum {Kglkm 1600
13.8 | Overall diameter mm 1 10.98
1.3 Guaranteed Technical Parameters of Aluminum Tube
A. GTP for 3” IPS & 4” IPS AL. TUBE
| Sl. No. | Description ¥ 3" AL. TUBE 4" AL. TUBE _
1.  Size . 13"IPS{EH Type) | 4"IPS{(EH Type)
2. | Material - Aluminium Altoy 6101 T8 confirms {0
- . 63401 WP (range 2) of IS 5082 : 1998
3. - Chemical Composition
i) | Cu .05 Max
i) |- Mg 0.4100.9
i) ] 8i - 0.310 0.7
iv) | Fe 0.5 Max
v} | Mn 0.03 Max
Vi) 1 Al Remainder
4. Outer diameter 88.80 mm 114.2 mm
5. Tolerance on outer +2.2mm, - 0.0 mm | +2.2 mm, - 0.0 mm
diameter 3 ‘
6. Thickness - - : 7.62 mm _ 8.51 mm :
2 7: Tolerance on thickness +2.2mm, -0.0 mm | +2.2 mm, - 0.0 mm
8. Cross-sectional area 1 1945.76 sg.mm 2825.61 sq.mm
9. | Weight 4 5.25 kg/m 7.7 kg/m
10. | Moment of Inertia 1 1621589.99 mm* | 3972577.97 mm*
11. | Section Modulus 36481.21 mm® 69572.29 mm®
; SpeCIficat:on, Section ¢ SE- Page - 58 of 60
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SECTION - {SE) 8’ 3 ?
SWITCHYARD ERECTION
' ANNEXURE-E
12. | Minimum Ultimate Tensile 20.5 Kgfsg.mm
 Strength
13. | Temperature co-efficient of | 0.00364.per Deg.C
. resistance ' '
L 14. | Minimum Electrical 55% of IACS
o Conductivity at 20 deg.C
¢ 5. Linear Temperature Co- -0.000023
efficient of Expansion (20
. Deg.C -200 Deg.C)
16. Modulus of Elasticity 6700 Kgfsg.mm
17. Minimum Elongation on 50 10%
- mim
18. { Thermal Conductivity at 100 0.43 Calories/sec/sg.mm/cmfdeq.C
| Deg.C ' -
19. Minimum 0.2% proof stress. | 17.34 Kg/sq.mm :
- 20 Minimum Yield point 1 17.50Kgfsg.mm | 17.50 Kg/sq.mm -
21 ” 1 Minimum Breaking Strength |  20.42 Kg/sq.mm | 2042 Kg/sg.mm
B. GTP for 4.5” IPS & 5” IPS AL. TUBE '
Sl No. | Description | 4.5" AL. TUBE { 5” AL. TUBE
. 1. I Size 4.5" IPS (EH Type) | 5" IPS -
2. Material Aluminium Alloy 6101 T6 confirmsfo
- 83401 WP {range 2) of IS 5082 : 1998
3. | Chemical Composition
iy | Cu .05 Max
iiY{ Mg 0.4100.9
iii): f Si 0:3{00:7
iv}i Fe 3.5.Max
v} Me $.03 Max
Vi) EAl . Remainder
4. - Quter diameter 120.0 mm - 141.3 mm
5. Tolerance on cuter +1.5 mm, 1 +2.8 mm,
- diameter - 0.0 mm -0:0mm
6. - Thickness 12.0-mm. 258 mm
7. | Tolerance on thickness " +1:0-mm, +(.8 mm,
' o - 0.0 mm { 0.0 mm
* 8 | Cross-sectionat area 4071.50 sq.mm 13945.11 sq.mm
9. Weight 10:993 kg/m 1 10.652 ka/m
10. | Moment of Inertia 6011958.58 mm* | 8610787.65 mm" |
11. | Section Modulus 100199.31 mm® { 121879.5t mm° . |
12. Minimum Ultimate Tensile | 20.5 Kg/sg.mm
Strength
13. | Temperature co-efficient of 0.00364 perDeg.C
| resistance :
14, § Minimum Electrical 55%of IACS .
Conductivity at 20 deg.C ’
15. Linear Temperature Co- 0.000023
efficient of Expansion (20
Deg.C -200 Deg.C) . -
16, | Modulus of Elasticity 6700 Kg/sq.mmi. 2.5
17. Minimum Elongation on 50

Technical Specification, Section : SE
C/ENGG/SPEC{SE REV. NO: 08
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SECTION - {SE)

SWITCHYARD ERECTION

) ANNEXURE-E
mm i
18. Thermal Conduciivity at 10 0.43 Caloriesfsec/sq.mmfcm/fdeg.C
Deg.C
19. Minimum 0.2% proof stress 17.34 Kg/sq.mm
20 Minimum Yield point 14.50 Kg/sg.mm 17.50 Kg/sgq.mm
;21 1 Minimum Breaking Strength 17.50 Kgfsg.mm | 20.42 Kg/sq.mm

~Fechnjehl Specification, Section : SE
GG/I'SPEC/SE REV, NO: 08
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NOTE : DIMENSIONS ARE INDICATIVE ONLY. =
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IT MAY VARY AS PER SITE REQUIREMENT.
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GENERAL INSTRUCTIONS FOR EARTHING:

1. Location of earthing conductors / risers shown in the earthmg drawmg may

- . change to suit the site condition.

2. Two different risers of one structure/equipment shall be connected to different

conductors of main eartimat.

3. Earthing conductor around the building shall be buried at a minimum distance
of 1500 mm from the outer boundary of the building.
4. Minimum distance of 6000 mm shall be maintained between two treated {pipe)

electrodes.

S>. For surge arrester, earthing lead from surge counter to main earthmat shall be
shortest in length as practically as possible. Earthing lead from surge arrester

shall not be passed through any pipe.

6. No welding is allowed in the over ground earthing leads/risers.
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DETAIL OF CROSS JOINT

g FGL
s
) |
- | ) |
M-S ROD—/ I 5 | : ARC WELD
| L8 i
ELEVATION T
" (CONDUCTORS KEPT ON “SIDES) M.S ROD
SECTION B. — B -
ARC WELD

M.S5 ROD- —m ' ™ |
S
4 150 ! ARC WELD
RNIRe
ELEVATION
(CONDUCTORS ONE ABOVE THE OTHER)

DETAIL OF LAP JOINT

(Typ-)

MS ROD- @
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PIPE ELECTRODE
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e ! : RADIATOR, TANK oottt -
N\......WM“ H ! " {TvP.) e——1 4 eeeccsnees - 50 x & mm GS FLAT
i e ’
! a NOTES =
] .
i - 1. Mo OF RISFRS := .
m i MAIN TANK = 2 Nos.
i A RADIATOR TANK = 4 Nog,
t i : oLTc - 2 Now {ICT only)
i = - M. BOX =~ 2 Nos,/M. BOx
i 5 ] NEUTRAL EARTH _
i . EWECTRODE # Nox,
i S —————— 2. No. OF PIPE ELECTRODE REQUIRED = 2 Nos,
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1 A ! .
i - : = : ==
* g ) )
i ) , L .
oo i mim i b s = -
i i Y1 ) 7///
i 1 1@ © : s
i . i A ! : _ EARTH CONDUCTOR (Typ)
i i i i - RELEASED FOR CONSTRUCTION
| i .
1 | . : 5
i i ! h : 4 . POWER GRID CORPORATION o A
Fomim !.._L_.. i i b s im0 e b e e b e B S ) : OF INDIA LIMITED ’

{ A Guvernment of Inilia Enlerprise )

1

I n

1
i PROJECT ;- STANDARD

Lomimnrnem :

PLAN

TITLE:- STANDARD EARTHING DE}

Drawing No.:
C/ENG/STD/ EARTHIN
.QAU BY | PRPD BY Date SHEET #7

FSndar | o Turken 277312008




EARTHING OF TRANSFORMER/ REACTOR

] L
I s
o .
= : ] | |
N - H
@D
! ) L I L
EARTHING CONDUCTOR
GS FLAT (Typ) lat e EARTHING CONDUCTOR
T GS FLAT (Typ) .
GL o FGL
\_..Nak 7 FZS
EARTHING RISER — "_ I3
i §
M.5. ROD (Typ) i/ e i ¥ m m 600
1 L L i
i 1 t !
! i1 i i [
p TR TR - ————— Beirros b il et < Brermr e b e 1 2 dimimimirmr ik e 7
© M—MAIN EARTHING CONDUCTGR !
M.S. ROD M- 10 PIRE
/‘.I]I("mrm.ﬁ._.mOUm
] ASED FOR CONSTRUCTION
LEGEND | Emrm D . |
T T T ] 40mme NS RO0 END_VIEW POWER GRID CORPORATION
——— i 75 % 12 tAm GS FLAT OF INDIA LIMITED .
llllllllllllll 50 x & mm GS FLAT . ' i i L ) _.o.,0:5.::_:.“_:.__‘._:.___..m:_e.._i_:.u& g ,

PROJECT - STANDARD

TITLE:- STANDARD EARTHING DETAILS

q0g | Drawing No.: i 1 Rev,
sFdan 12773/ 2008
N sataadl Rioes 2713/ 20 C/ENG/STD/EARTHINGS |
CKDBY | PRFDBY | Date SHEET #8

ARG ANONNONARONANO NN NN N NANG I e o I alie ie le Ie I e e i s




LGB
oD

EARTHING OF CIRCUIT BREAKER
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(COMMON)
A
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1
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m
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:<— EARTHING RISER
MS ROD (Typ)

CIRCUIT BREAKER (1 POLE)
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><1/Gs FLAT (Typ)
[3 { . N
FGL
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i=—— EARTHING RISER
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— st

v
I
-

MAIN EARTHING  CONDUCTOR
MS ROD (Typ)

ELEVATION

NOTES. :—

1.
1. Ne. OF RISERS FOR LADDER (IF Applicable} =
2.

3. CLEAT CLAMP SHALL BE PROVIDED- AT 1000mm INTERVAL.

No. OF RISERS FOR CIRCUIT BREAKER =-2 Nos. / PHASE
2 Nos.
No. OF RISERS FOR MAR. BOX = 2 Nos.

40mme MS ROD ]
75 x 12 mm GS FLAT

50 x 6 mm GS FLAT
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EARTHING OF ISOLATOR

A

|
i1l
|

MAIN Sw.

——

MECH. BGR'\ i
M

i -

[ FoL 1 |

nmes N P
L St U SN W S AUUE 5 A4S S VU S S S S, 2

\MAiN EARTHING CONOUCTOR

AUX. EARTH MAT {Typ)

{FrP.)
ELEVATION
X
Vo
MAEN I.;AT
Ty
MAIN SW, e )
h . EAR: Sw., .
Meck. Box L MECH, BOX - b
N7V Nol S
rrr: - e - - -
iy BEHCiT / : s
AT 3 / i /
[N |2 H) 3 ! 18k 7
Tt ARSI N AU, EARTH MATLETYR). t
vy K ' 1
EAR. SW. Ey ISt 3F / 2 Nos. 155 Sqmm, | l;
MECH. 80X} LILLivT N // FLEXIBLE I /
==t I g Cu, BRAID. (TYP)\ . 7
TO
MAIN MAT
{Typ}
X

RELEASED FOR CCNSTRUCTION
“PLAN '

POWER GRIID CORPORATION
OF INDIA LIMITED

{ A Government of India Enterprise )

PROJECT - STANDARD

KA P ks TER sk

Al
| CKD BY | PRPD BY




F
GO
L
G
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e mm—————— 50 x 8 mm G5 FLAT
NOTES :—

1. No. OF RISERS FOR ISOLATOR = 4 Nos. / PHASE.

2. No. OF RISERS FOR MAIN' MECH. BOX = 2 Nos.

3. No. OF RISERS FOR EARTH SW, MECH. BOX = 2 Nos. / BOX.
4. No. OF AUXILARY EARTH MAT = 1 Nos. FOR EACH MB

5. CLEAT CLAMP SHALL BE PROVIDED AT 1000mm INTERVAL

6

- NO. OF AUX. EARTHMAT IS INDICATIVE ONLY. IT SHALL BE EXECUTED AS PER
ACTUAL NUMBER/POSITION OF EARTH SWITCHES.
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NOTES :—
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EARTHING OF CAPACITIVE VOLTAGE TRANSFORMER (1 PH)

CAPACITOR EARTHING

EARTHING RISER
GS FLAT (Typ)

—JUNCTION BOX { ONE Ph, Only)

- EARTHING RISER
L GS FLAT {Typ)

FGL ' é‘] FGL
RS | 1O ROD e ) e % l THING RISE R//’(\\T
- 500 #LECTRODE A i l EAR NG RISER MS ROD- (Typ)
- L g -‘\:---- i
LEGEND ) ’ (ﬁgv)ammnc CONDUCTOR
— i — peeramv— 40mmﬁ MS ROD‘ ’ELEVAT[ON
75 x 12 mm GS FLAT '

---------------- 50 x 6 mm GS FLAT
NOTES :—

1. No. OF RISERS = 3 Nos. / PHASE.

No. OF RISERS FOR J. BOX = 2 Nos.

No. OF ROD ELECTRODE REQUIRED = 1 No. / PHASE.
CLEAT CLAMP SHALL BE PROVIDED AT 1000mm INTERVAL.
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EARTHING OF SURGE ARRESTER (1PH)

ARRESTER UNIT

CONNECTING LINK

70 Sg.mm. Cu. STRANDED——
WIRE / FLAT
(RECOMMENDED BY MFR.}

SURGE MONITOR

STRUCTURE EARTHING

v EARTHING RISER
i GS FLAT (Typ)

2 . No. OF ROD ELECTRODE REQUIRED = 1 No. / PHASE.
3 . CLEAT CLAMP SHALL BE PROVIDED AT t0OQmm INTERVAL.

RELEASED FOR CONSTRUCTION

FGL 14 B e
TR~ oD RN
Géi ELECTRODE ,.-‘ =— EARTHING RISER MS. ROD (Typ)
z-.. —_—r "._._e P.t-s.—..—._.’—..—.{
MAIN EARTHING CONDUCTOR
MS ROD (TYP.)
ELEVATION
‘ LEGEND
— — e AOmmM@ MS ROD
NOTES :— '
1 . No. OF RISERS = 3 Nos. / PHASE. 75 x 12 mm GS FLAT
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EARTHING OF WAVE TRAP (1PH)

. l TO MAIN EARTHING
GRID (Typ)

VIEW A — A

~ EARTHING RISER
GS FLAT (Typ) .

E

FGL
RN

1

| B

’ f+—— EARTHING RISER

: i M5 ROD {Typ)

AEE T S TS f —

MAIN FARTHING CONDUCTOR

ELEVATION
LEGEND
e e — 40mime MS RGD B
75 x 12 mm GS FLAT
NOTE :—

1. No. OF RISERS = ©§ Nos. / PHASE. :
2. CLEAT CLAMP SHALL BE PROVIDED AT 1000mm INTERVAL.
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NOTES -

EARTHING RISER
GS FLAT (Typ)

FGE _ . FGL
RN oF ] [! AR
8£ F -k EARTHING RISER MS ROD {Typ)
Ekemimimtlin e----LK---—'-'—m--'-'------e
MAIN EARTHING CONDUCTOR
MS ROD {TYP.}
EFEVATION

40mme MS ROD

75 % 12 mm GS FLAT

1. No. OF RISERS = 2 Nos. / PHASE.
2. CLEAT CLAMP SHALL BE PROVIDED AT 1000mm INFERVAL.
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TANDEM ISOLATOR

g

EARTHING RISER (Typ)

MAIN SW.
MECH. BOX

oI [Lu ' | FGL

FGL il
SN AR
B3O 3@ J.,. A0 X 1 :
A1 15 i ! ———FARTHING RISER MS ROD (Typ)
b a—" S A e O e T T |
AUX. EARTH MAT, \_ -
MS ROD ) . MAIN EARTHING CONDUCTCR

M5 RGD

Meg'l SW.
MECH. BOX
-
ll

-

i gle;=
/:1-.1'.1]:.1 y

AUX. EARTH MAT (Typ) 4

10
X MAIN MAT

(Typ)
L .
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EARTHING OF LIGHTNING MAST

LIGHTNING SPIKE
‘ LUG TO SUIT 10:98mme -GS WIRE
¥  BOLTED TO BASE OF SPIKE

J
1j 1]

CLEAT TYPE CLAMP {Typ.)
7 (AT 2000mm INTERVAL)
|
i
i

'V'IO.QBmmﬁ GS SHIELD WIRE {Typ)

CI_ . e

y,

LIGHTING. PLATFORM

\

— —TT

—"——"—""'“""——-n-——.
=

PAD TYPE COMPRESSION CLAMP

'STRUCTURE | L —RISER GS FLAT (Typ)
EARTHING :
FGL . m B FGL
VSN - _J[ \ l RN
6Q0-T0- ROD ELECTRODE [ TO ROD ELECTRODE

e

P | ._._._._.-._._._..7.4:‘;.-..3 P 2
RISER MS ROD (fyp) \——MAIN EARTHING CONDUCTOR

3. No. OF PAD TYPE CLAME = 2 Nos. 75 x 12 mm G5 AAT

ELEVATION
NOTES - ' LtEGEND —
1. No. OF RISERS_= 4 Nos. .  — . 40meme MS ROD
2. No. OF ROD- ELECTRODE REQUIRED = 2 Nos.
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EARTHING OF TOWER WITH PEAK

EARTH WIRE TENSION CLAWP

/—7/3.66mm GS WIRE

CLEAY TYPE TLAMP {Typ)
/_ (AT 2000mm INTERVAL)

7/3.66mm GS WIRE

PAD TYPE COMPRESSION CLAMP

STRUCTURE
EARTHING . .
EARTHING RISER 1900
GS FLAT {TYP.) i FGL
e

FoL :
| )

TO ROD ELECTRODE

; i*+———EARTHING RISER
4 i’ MS ROD (Typ)
-~

-
-

EL EVATION

LEGEND
NOTES :—
1. No. OF RISERS = 3 Nos.
2: No. OF ROD ELECTRODE REQUIRED = 1 No.
3. No. OF PAD TYPE CLAMP = 1 No.

— = = 40mme MS ROD

—_— 75 x 12 mm G5 FLAT
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LARTHING OF TOWER WITHOUT PEAK

EARTHING RISER STRUCTURE EARTHING

GS FLAT (Typ)

FGL o . . FGL
SRR j | : 7NN
0 E ta—— EARTHING RISER
’ & ! ‘MS ROD {Typ)
b e 1 A e 2
MAIN EARTHING CONDUCTOR
ELEVATION
LEGEND
— = . ——  40mm® MS ROD
75 x 12 mm GS FLAT
NOTFS :-—

1. No. OF RISERS = 2 Nos.
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EARTHING OF BAY MARSHALLING BOX

3 OUTDOOR
; /— MARSHALLING KIOSK

EARTHING TERMINAL

31 f::—-——EARTHJNG RISER
:—-' == GS FLAT (Typ)
g
FGL s ) FGL
PN 1 1 AIRN
600 S . Le—— EARTHING RISER
% : MS ROD (Typ)
T T e — z—-~-\-:—-l~ ------- -2
MAIN EARTHING CONDUCTOR
ELEVATION
LEGEND
m—— —— . ——  40mm® MS ROD.
75 x 12 mm GS FLAT
e ——————— S0 x & mm GS FLAT
NOTE :—

1. No. OF RISERS = 2 Nos.

RELEASED FOR CONSTRUCTION

R ER;

OGO uUU U U UL

POWER GRID CORPORATION
OF INDIA LIMITED

- {AGovernment of India Enterprise}  UTa<iires

PROJECT - STANDARD

TITLE:- STANDARD EARTHING DETAILS

: Drawing No.:
Bdar | Tt |27/3/2008 &
e e 73/ C/ENG/STD/EARTHINGS

PRPD BY Date * | SHEET #21

Rev.

. 00

L

L)

L)

vl

1

“

O

RN VNN

v U LU L



PEUEVESEVE

.
.

AR IR

O U U

RGN CING

Uy
/

J

[ N

-

-

-

Dag
UV
EARTHING OF RAIL TRACK .

"a

s"""‘"'"'{"""’"""z' EARTHING RISER

/ GS FLAT (TYP.}

i
1 ]

( ]

]

i

1

I RAIL TRACKS

a -i: -
{‘A MAIN EARTHING TONDUCTOR (Typ)

EARTHING RISER
,/ GS FLAT (TYP.)

i~—— EARTHING. RISER -j o
: MS ROO (Typ) ) E ]
% -l------—-------} o T — b —rmmry
L MAIN EARTHING CONDUCTOR

SECTION A — A

LEGEND
—  — e 40mme MS ROD

75 x 12 mm GS FLAT
NOTES. ;—

1. EACH RAIL SHALL BE EARTHED AT 30M INTERVAL AND ALSO AT BOTH ENDS.
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EARTHING OF CABLE TRENCH

GS FLAT - I
600 _\1

k)

.“ "'
. 4
h 300 &
N 7/

_\ MAIN EARTHING CONDUCTOR

TYPICAL CROSS SECTION OF CABLE TRENCH

CABLE TRENCH ——=f
WALL

PIPE SLEEVE

EARTHING .CONDUCTOR
‘.]50){6 MS FLAT

‘CABLE TRENCH
WALL

s

1SA 50x50x6

INSERT PLATE : A -
! 4l EARTHING CONDUCTOR
II/ 50x6 MS FLAT
—_—
DETAIL — X INSERT .
PLATE .
NOTES :—
1. MS FLAT SHALL RUN ON TOP TIER ALL ALONG - SECTION A — A

THE CABLE TRENCHES & WELDED TQ EACH OF THE RACKS.

2. MS FLAT SHALL BE EARTHED AT 30M INTERVAL
AND ALSO AT BOTH ENDS. :
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EARTHING OF GATES & FENCE

AENRYRVIVENRNCVEVEVY
ol ‘ { i

b4t

FLEXIBLE
BRAID. {Typ)
{50x6mm)

XXy —35
JEARTHING RISER
WELDING GS FLAT (Typ)
(Typ)
FGL = roL
RN TR~
; EARTHING RISER
: ! MS ROD (% !
oy Pt R ey L L T T TIeY Sysupppa) (Fye)
g Z MAIN EARTHING CQNDUCTOR
MAIN GATE
n
LEGEND |

1

Z .
3. ALL GATES. SHALL BE CONNECTER TO EARTHING GRID.

4,

40mme MS ROD.
75 x 12 mm GS FLAT

S x 6 mm M3$ FLAT

NOTES . — FENCE  MAIN
POST GATE
. No: OF RISERS REQUIRED- 1 2
No. OF FLEXIBLE BRAID - 4

EVERY ALTERNATE FENCE SHALL BE -
CONNECTED TO EARTHING GRID:

FARTHING RISER
GS FLAT (Typ)

FGL | FGL
rZ o

6'%0 ‘
B !
- i <

iwm EARTHING CONDUCTOR

FENCE POST
(ALTERNATE FENCE POST)
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EARTHING OF LT

TRANSFORMER

TO MAIN EARTH MAT

PIPE ELECTRODE

(Typ}

EARTHING RISER
GS FLAT(Typ.)

LEGEND

LV CABLE
" BOX

TO MAIN EARTH MAT

TO MAIN EARTH MAT

i

EARTHING RISER
GS FLAT(Typ.)
2
=
I
ol =
o
b
-------- = g
T g
= =
I O
= =4
x
=L
Lt
=z
E .
= 10 [ .
e 11,
TO- MAIN FARTH MAT
PLAN -
N
NOTES :—
40mme MS ROD 1. No. OF RISERS FOR MAIN TANK & TM. MAR. BOX = 4 Nos.
' 2. No. OF RISERS FOR LV CABLE BOX & RADIATOR = 4 Nos,
75 x 12 mm GS FlAT 3. No. OF RISERS FOR PIPE ELECTRODE = 2 Nos.
50 x 6 mm GS FLAT 4. No. OF PIPE ELECTRODES REQUIRED = 2 Nos.
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EARTHING OF LT TRANSEORMER

-

)
)

ek

]
I
-

S

e
T

o —— EARTHING RISER
/ GS FLAT(Typ.)
£

Lo i (\,

VR

“ - MR -
RSPV . " w
. " ' e B
A' _;—. A . i )
FGE 2 SR - FGL
RN . i H : RN
" L L
i | - 3 3
o 444 L S
- s S s i - T i EARTHING RISER
| o w i i " MS. ROD [iyp)
_____ D! ! D it e o E-.4.-.-.-.Y.—_--...-.-..'.-.-._.-....i_..........._.-.-._.-.-.-.-.-.------2
MAIN EARTHING CONDUCTOR
MS ROD (T
) END_ VIEW ivo)
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EARTHING OF PYLON-SUPPORTS

Pylon suppo&s shall be grounded through 50x6mm Gl flat-to-the ring around-the Pylon
supports of 75x12mm G flat which i e rris-connected to the main grid- {(40-mm dia MS
rod} at 2 to3 points as available: .

View-X T 75x12mm Gl
Pylon flat around the
Support transformer

I |
300 mm | B -. /J
T /

50x6mm Gl fiat welded to the main flat

Fig-- Elevation (Earthing of Pylon Supportsy

Ring of 75x12 Gl flat around. the pylon supports
[/ e

B b 65 F

B
' =% To main earth mat

Pylon < I

Supports “ha

] q g q

T —
\%' To main earth mat

Fig- Layout (Earthing of Pylon Supports)
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EARTHING OFHYDRANT/ HVW SPRAY PIPING

These pipes shall be grounded at pump house through 50x6mm Gl fiat connected-to the:
main fat, 75x2mm running around the room.
- View-X

View-X

F’umr}?_‘._[—j

House | t :

7
To,.7'5x12rr:m%““"“‘° 50x6mm Gt Bolted joint

Gl Flat around-the room fiat

Fig.-Earthing of Hydrant / HYW Spray Piping -

EARTHING OFHYDRANT POST/ HOSE BOX

A bolt-shall be-welded to these structures at the time of installation. which can be used to
connect them to the nearest riser or main 75x12mm G! flat through. 50x6mm G fiat.

Bolt head welded:
/ Fo the post
View- X 3
/
50x6 mm Gt flat
L mﬁ"“"‘*--bf’\
I i e
i )
View- X

Fig.- Earthing of hydrant box / hose box
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