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1. POWER & CONTROL CABLES[ FOR WORKING 

VOLTAGES UP TO AND INCLUDING 1100 V] 
 

CRITERIA FOR SELECTION OF POWER & CONTROL CABLES 
 
1.1.1. Aluminium conductor XLPE insulated armoured cables shall be used for main 

power supply purpose from LT Aux. Transformers to control room, between 
distribution boards and for supply for colony lighting from control room. 

 
1.1.2 Aluminium conductor PVC insulated armoured power cables shall be used for 

various other applications in switchyard area/control room except for 
control/protection purposes. 

 
1.1.3 For all control/protection/instrumentation purposes PVC insulated armoured 

control cables of minimum 2.5 sq. mm. size with stranded Copper conductors 
shall be used. 

 
1.1.4 Employer has standardised the sizes of power cables for various feeders. 

Bidders are to estimate the quantity of cables and quote accordingly. The 
minimum sizes of power cables to be used per feeder in different application 
shall be as follows: 

 
 

S.No. From To Cable size Cable type 
1. Main Switch 

Board 
LT Transformer 2-1C X 630 

mm2 

 per phase  
1-1C X 630 
mm2 

 for neutral  

XLPE 
 
 
 

2. Main Switch 
Board 

AC Distribution 
Board 

 2-3½C X 300 
mm2 

XLPE 

3. Main Switch 
Board 

Oil Filtration Unit 1-3½C X 300 
mm2  

XLPE 

4. Main Switch 
Board 

Colony Lighting 1-3½C X 300 
mm2 

XLPE 

5. Main Switch 
Board 

HVW pump LCP 1-3½C X 300 
mm2 

XLPE 

6. Main Switch 
Board 

Main Lighting 
distribution board 

2-3½C X 300 
mm2 

XLPE 

7. AC Distribution 
Board 

D.G. Set AMF 
Panel 

2-3½C X 300 
mm2 

XLPE 

8. AC Distribution 
Board 

Emergency 
Lighting 
distribution board 

1-3½C X 70 
mm2 

PVC 

9. AC Distribution ICT MB 1-3½C X 70 PVC 
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Board mm2 
10. AC Distribution 

Board 
Bay MB 1-3½C X 70 

mm2 
PVC 

11. Bay MB AC Kiosk 1- 3 ½ x 70  
mm2 

PVC 

12. AC Distribution 
Board 

Battery Charger 1-3½C X 70 
mm2 

PVC 

13. DCDB Battery 2-1C X 150 
mm2 

PVC 

14. DCDB Battery Charger 2-1C X 150 
mm2 

PVC 

15. DCDB Protection/PLCC 
panel 

1-4C X 16 mm2 

 
PVC  

16. Main Lighting 
DB 

Lighting 
panels(Indoor) 

1-3½C X 35 
mm2 

PVC 

17. Main Lighting 
DB 

Lighting panels 
(outdoor) 

1-3½C X 70 
mm2 

PVC 

18. Main Lighting 
DB 

Receptacles 
(Indoor) 

1-3½C X 35 
mm2 

PVC 

19. Main Lighting 
DB 

Receptacles 
(Outdoor) 

1-3½C X 70 
mm2 

PVC 

20. Lighting Panel Sub lighting 
panels 

1-4C X 16 mm2 PVC 

21. Lighting Panel Street Lighting 
Poles 

1-4C X 16 mm2 PVC 

22. Lighting Panel/ 
Sub lighting 
panels 

Lighting Fixtures 
(Outdoor) 

1-2C X 6 mm2 PVC 

23. Bay MB Equipments 1-4C X 16 mm2 

/1-4C X 6 mm2 

/1-2C X 6 mm2 

PVC 

 
1.1.5 Bidder  may offer sizes other than the sizes specified in clause 1.1.4. In such 

case and for other application where sizes of cables have not been indicated in 
the specification,   sizing of power cables shall be done keeping in view 
continuous current, voltage drop & short-circuit consideration of the system.  
Relevant calculations shall be submitted by bidder during detailed engineering 
for purchaser’s approval. 

 
1.1.6 Cables shall be laid as per relevant IEC/International Standards. 
 
1.1.7 While preparing cable schedules for control/protection purpose following shall 

be ensured: 
 
1.1.7.1 Separate cables shall be used for AC & DC. 
 
1.1.7.2 Separate cables shall be used for DC1 & DC2. 
 
1.1.8 For different cores of CT & CVT separate cable shall be used 
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1.1.9 Atleast one (1) cores shall be kept as spare in each copper control cable of 4C, 
5C or 7C size whereas minimum no. of spare cores shall be two (2) for control 
cables of 10 core or higher size. 

 
1.1.10 For control cabling, including CT/VT circuits, 2.5 sq.mm. size copper cables 

shall be used per connection.  However, if required from voltage drop/VA 
burden consideration additional cores shall be used.  Further for potential 
circuits of energy meters separate connections by 2 cores of 2.5 sq.mm. size 
shall be provided. 

 
1.1.11 Technical data requirement sheets for cable sizes are being enclosed at Annex-

I.  
 
1.2. TECHNICAL REQUIREMENTS 
 
1.2.1. General 
 
1.2.1.1. The cables shall be suitable for laying in racks, ducts, trenches, conduits and 

underground buried installation with uncontrolled back fill and chances of 
flooding by water. 

 
1.2.1.2. They shall be designed to withstand all mechanical, electrical and thermal 

stresses under steady state and transient operating conditions. The XLPE /PVC 
insulated L.T. power cables of sizes 240 sq. mm. and above shall withstand 
without damage a 3 phase fault current of at least 45 kA for at least 0.12 
second, with an initial peak of 105 kA in one of the phases at rated conductor 
temperature ( 70 degC for PVC insulated cables and 90 degC for XLPE 
insulated cables).  The armour for these power cables shall be capable of 
carrying 45 kA for at least 0.12 seconds without exceeding the maximum 
allowable temperature of PVC outer sheath. 

 
1.2.1.3. The XLPE insulated cables shall be capable of withstanding a conductor 

temperature of 250°C during a short circuit without any damage. The PVC 
insulated cables shall be capable of withstanding a conductor temperature of 
160°C during a short circuit. 

 
1.2.1.4. The Aluminium/Copper wires used for manufacturing the cables shall be true 

circular in shape before stranding and shall be uniformly good quality, free 
from defects. All Aluminium used in the cables for conductors shall be of H2 
grade. In case of single core cables armours shall be of H4 grade Aluminium. 

 
1.2.1.5. The fillers and inner sheath shall be of non-hygroscopic, fire retardant 

material, shall be softer than insulation and outer sheath shall be suitable for 
the operating temperature of the cable. 

 
1.2.1.6. Progressive sequential marking of the length of cable in metres at every one 

metre shall be provided on the outer sheath of all cables. 
 
1.2.1.7. Strip wire armouring method shall not be accepted for any of the cables.  For 

control cables only round wire armouring shall be used.  
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1.2.1.8. The cables shall have outer sheath of a material with an oxygen index of not 

less than 29 and a temperature index of not less than 250°C. 
 
1.2.1.9. All the cables shall pass fire resistance test as per  IEC: 60502 (Part-I) 
 
1.2.1.10. The normal current rating of all PVC insulated cables shall be as per IEC: 

60502. 
 
1.2.1.11. Repaired cables shall not be accepted. 
 
1.2.1.12. Allowable tolerance on the overall diameter of the cables shall be plus or 

minus 2 mm. 
 
1.2.2. XLPE Power Cables  
 
1.2.2.1. The XLPE insulated cables shall be of FR type, C1 category conforming to 

IEC: 60502 (Part-I) and its amendments read alongwith this specification.  The 
conductor shall be stranded aluminium circular/sector shaped and compacted.  
In multicore cables, the core shall be identified by red, yellow, blue and black 
coloured strips or colouring of insulation.  A distinct inner sheath shall be 
provided in all multicore cables. For XLPE cables, the inner sheath shall be of 
extruded PVC to type ST-2 of IEC: 60502.  When armouring is specified for 
single core cables, the same shall consist of aluminium wires/strips. The outer 
sheath shall be extruded PVC to Type ST-2 of IEC: 60502 for all XLPE 
cables. 

 
1.2.3. PVC Power Cables  
 
1.2.3.1. The PVC (70°C) insulated power cables shall be of FR type, C1 category, 

conforming to IEC: 60502 (Part-I) and its amendments read alongwith this 
specification and shall be suitable for a steady conductor temperature of 70°C.  
The conductor shall be stranded aluminium.  The Insulation shall be extruded 
PVC to type-A of IEC: 60502.  A distinct inner sheath shall be provided in all 
multicore cables.  For multicore armoured cables, the inner sheath shall be of 
extruded PVC. The outer sheath shall be extruded PVC to Type ST-1 of IEC: 
60502 for all cables. 

 
1.2.4. PVC Control Cables  
 
1.2.4.1. The PVC (70°C) insulated control cables shall be of FR type C1 category 

conforming to IEC: 60502 (Part-1) and its amendments, read alongwith this 
specification.  The conductor shall be stranded copper.  The insulation shall be 
extruded PVC to type A of IEC: 60502.  A distinct inner sheath shall be 
provided in all cables whether armoured or not.  The over sheath shall be 
extruded PVC to type ST-1 of IEC: 60502 and shall be grey in colour . 

1.2.4.2. Cores shall be identified as per IEC: 60502  (Part-1) for the cables up to five 
(5) cores and for cables with more than five (5) cores the identification of 
cores shall be done by printing legible Hindu Arabic Numerals on all cores as 
per IEC: 60502 (Part-1).  
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2. HV POWER CABLES[ FOR WORKING VOLTAGES FROM 

3.3 kV AND INCLUDING 33 kV] 
 
2.1. HV  POWER CABLE FOR AUXILIARY POWER SUPPLY 

 The HV cable of 1Cx185 mm2 (Aluminium Conductor) or 1Cx120mm2 
(Copper Conductor) of voltage class as specified for 315 kVA LT transformer 
for interconnecting 315 kVA LT transformer to the NEA feeder shall be, 
XLPE insulated, armoured cable conforming to IEC: 60502 (Part-2).  
Terminating accessories shall conform to IEC 61442-1997/IEC60502-4 1998.  

 
2.2. Bidder may offer sizes other than the sizes specified in clause 2.1. In such case 

sizing of power cables shall be done keeping in view continuous current, 
voltage drop & short-circuit consideration of the system.  Relevant 
calculations shall be submitted by bidder during detailed engineering for 
purchaser’s approval. 

 
2.3. Constructional Requirements 

 
Cable shall have compacted circular Aluminium conductor, Conductor 
screened with extruded semi conducting compound, XLPE insulated, 
insulation screened with extruded semi conducting compound, armoured with 
non-magnetic material, followed by extruded PVC outer sheath (Type ST-2), 
with FR properties. 
 

2.4             Progressive sequential marking of the length of cable in metres at every one 
metre shall be provided on the outer sheath of the cable. 

 
2.5  The cables shall have outer sheath of a material with an Oxygen Index of not 

less than 29 and a Temperature index of not less than 250°C. 
 
2.6 Allowable tolerance on the overall diameter of the cables shall be plus or 

minus 2 mm. 
 
3         CABLE DRUMS 
 
3.1  Cables shall be supplied in returnable wooden or steel drums of heavy 

construction. Wooden drum shall be properly seasoned sound and free from 
defects. Wood preservative shall be applied to the entire drum. 

 
3.2 Standard lengths for each size of power and control cables shall be 500/1000 

meters. The cable length per drum shall be subject to a tolerance of plus or 
minus 5% of the standard drum length.  The owner shall have the option of 
rejecting cable drums with shorter lengths. Maximum, One (1) number 
nonstandard lengths of cable size(s) may be supplied in drums for completion 
of project. 

 
3.3  A layer of water proof paper shall be applied to the surface of the drums and 

over the outer most cable layer. 
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3.4  A clear space of at least 40 mm shall be left between the cables and the 

lagging. 
 
3.5  Each drums shall carry the manufacturer's name, the purchaser's name, 

address and contract number and type, size and length of the cable, net and 
gross weight stencilled on both sides of drum.  A tag containing the same 
information shall be attached to the leading end of the cable.  An arrow and 
suitable accompanying wording shall be marked on one end of the reel 
indicating the direction in which it should be rolled. 

 
3.6 Packing shall be sturdy and adequate to protect the cables, from any injury due 

to mishandling or other conditions encountered during transportation, handling 
and storage.  Both cable ends shall be sealed with PVC/Rubber caps so as to 
eliminate ingress of water during transportation and erection. 

 
4      TYPE TESTS 
 
4.1     All cables shall conform to all type, routine and acceptance tests listed in the relevant 

IEC. 
 
4.2       XLPE INSULATED POWER CABLES ( For working voltages up to and including 

1100V ):- 
 
4.2.1   Following type tests ( on one size in a contract) as per IEC: 60502 (Part 1) including 

its amendments shall be carried out as a part of acceptance tests on XLPE insulated  
power cables for working voltages up to and including 1100 V: 

 
a)  Physical tests for insulation 

i) Hot set test 
ii) Shrinkage test 

b) Physical tests for outer sheath 
i) Shrinkage test 
ii) Hot deformation 
iii) Heat shock test 
iv) Thermal stability 
 

4.2.2 Contractor shall submit type test reports as per clause no. 9.2 of Technical 
Specification, Chapter 2: GTR for the following tests- 

 
a) Water absorption (gravimetric) test. 
b) Ageing in air oven 
c) Loss of mass in air oven 
d)    Short time current test on power cables of sizes 240 sqmm and above 

on  
i) Conductors. 
ii) Armours. 

 e)       Test for armouring wires/strips. 
 f)       Oxygen and Temperature Index test. 
 g)      Flammability test. 
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4.3 PVC INSULATED POWER & CONTROL CABLES (For working voltages up to 

and including 1100V)- 
 
4.3.1 Following type tests ( on one size in a contract) as per IEC: 60502 (Part 1) including 

its amendments shall be carried out as a part of acceptance tests on PVC insulated 
power & control cables for working voltages up to and including 1100 V: 

a) Physical tests for insulation and outer sheath 
i) Shrinkage test 
ii) Hot deformation  
iii) Heat shock test 
iv) Thermal stability 

b) High voltage test. 
 

4.3.2 Contractor shall submit type test reports as per clause no. 9.2 of Technical 
Specification, Chapter 2: GTR for the following- 

  
a) High voltage test. 
b) Ageing in air oven. 
c) Loss of mass in air oven. 
d) Short time current test on power cables of sizes 240 sqmm and above on  

i) Conductors. 
ii) Armours. 

                        e)     Test for armouring wires/strips. 
 f)     Oxygen and Temperature Index test. 
 g)   Flammability test. 
 
4.4            XLPE INSULATED HV POWER CABLES( For working voltages from 3.3 kV 

and including 33 kV)- 
4.4.1  Contractor shall submit type test reports as per clause no. 9.2 of Technical 

Specification, Chapter 2: GTR for XLPE insulated HV power cables (as per IEC: 
60502 Part-2) and carry out acceptance test as per relevant IEC. 

 
4.5  Terminating/jointing accessories as per IEC 60840:1999/ IEC62067 
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TECHNICAL SPECIFICATION FOR 
 

AIR CONDITIONING SYSTEM 
 

 
1 GENERAL 
 
1.1 This specification covers supply, installation, testing and 

commissioning and handing over to Project of Air conditioning 
system for the control room building and switch-yard panel rooms. 

 
1.2 Air conditioning units for control room building shall be set to 

maintain the inside DBT  at  24 o C ± 2oC and the air conditioning 
system for switch-yard panel rooms shall be set to maintain DBT 
inside switch-yard panel rooms below 24oC. 

 
1.3 Controllers shall be provided in Control room and Battery room for 

controlling and monitoring the AC units in these rooms as detailed 
in clause no.2.3.4. 

 
1.4 Each switch-yard panel room shall be provided with temperature 

transducer to monitor the temperature of the panel room. The 
Temperature transducer shall have the following specification: 

 
Sensor : Air temperature sensor (indoor use) 
Output : 4 to 20mA 
Temperature range : -5oC to 60oC 
Resolution : 0.1oC 
Accuracy : 0.5oC or better. 

 
2 AIR CONDITIONING SYSTEM FOR CONTROL ROOM 

BUILDING & relay room. 
  

Air conditioning requirement of control room building shall be met 
using High wall type split AC units of 2TR. 

 
2.1 Scope 
 
 The scope of the equipment to be furnished and services to be 

provided under the contract are outlined hereinafter and the same 
is to be read in conjunction with the provision contained in other 
sections/ clauses.  The scope of the work under the contract shall 
be deemed to include all such items, which although are not 
specifically mentioned in the bid documents and/or in Bidder's 
proposal, but are required to make the equipment/system 
complete for its safe, efficient, reliable and trouble free operation. 

 
 
2.1.1 Required number of High wall type split AC units of 2TR capacity 

each complete with air cooled outdoor condensing unit having 
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hermetically sealed compressor and high wall type indoor 
evaporator unit with cordless remote controller. 

 
2.1.2 Copper refrigerant piping complete with insulation between the 

indoor and outdoor units as required. 
 
2.1.3 First charge of refrigerant and oil shall be supplied with the unit. 
 
2.1.4 GSS/Aluminium sheet air distribution ducting for distributing 

conditioned dehumidified air along with supply air diffusers and 
return air grilles with volume control dampers and necessary 
splitters etc., suitable fixtures for grilles/diffusers and supports for 
ducting complete with insulation. 

 
2.1.5 Local start/stop facility for local starting/ stopping of all electrical 

equipment/ drives. 
 
2.1.6 All instruments and local control panels alongwith controls and 

interlock arrangements and accessories as required for safe and 
trouble free operation of the units. 

 
2.1.7 PVC drain piping from the indoor units upto the nearest drain 

point. 
 
2.1.8 Supply and erection of Power and control cable and earthing. 
 
2.1.9 MS Brackets for outdoor condensing units, condensers as 

required. 
 
2.2 Technical specifications. 

 
2.2.1 High wall type split AC units 
 
2.2.1.1 The split AC units shall be complete with indoor evaporator unit, 

outdoor condensing units and cordless remote control units. 
 
2.2.1.2 Outdoor unit shall comprise of hermetically/semi hermetically 

sealed compressors mounted on vibration isolators, propeller type 
axial flow fans and copper tube aluminium finned coils all 
assembled in a sheet metal casing. The casing and the total unit 
shall be properly treated and shall be weatherproof type. They 
shall be compact in size and shall have horizontal discharge of 
air. 

 
2.2.1.3 The indoor units shall be high wall type. The indoor unit shall be 

compact and shall have elegant appearance. They shall have low 
noise centrifugal blowers driven by suitable motors and copper 
tube aluminium finned cooling coils. Removable and washable 
polypropylene filters shall be provided. They shall be complete 
with multi function cordless remote control unit with special 
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features like programmable timer, sleep mode and soft dry mode 
etc. 

 
2.2.1.4 Cooling capacity of 2TR AC units shall not be less than 

22000btu/hr.  and shall have energy efficiency rating of 3star or 
above. 

 
2.2.2 Controllers shall be provided in Control room and Battery room, 

one controller for each room,  to control and monitoring of AC 
units and shall have the following facilities; 

 
 Standby units shall come in to operation automatically 

whenthe running main unit fails 
 Main and standby units shall be changed over periodically 

which shall be finalised during detailed engineering. 
 Following alarms shall be provided: 

 
a. Compressor On/OFF condition of each unit 
b. Compressor failure of each unit 
c. Power OFF to AC unit 
d. High temperature in room. 

 
2.3 The Split AC units shall be of Carrier, Voltas, Blue Star, Hitachi, 

Daikin, LG, National, O’General or Samsung make. 
 

2.4 Warranty 
 
All compressors shall have minimum 5 years Warranty from the 
date of commissioning. 

 
3 AIR CONDITIONING SYSTEM FOR SWITCHYARD PANEL 

ROOMS. 
 
3.1 Air conditioning system shall be provided in the switchyard panel 

rooms used for housing control and protection panels. These 
panel rooms will be located in the switchyard area and generally 
unmanned. Therefore, the air-conditioning system shall be 
rugged, reliable, maintenance free and designed for long life. 

 
3.2 Air conditioning system is required for maintaining the 

temperature below 24oC for sub-station control and protection 
panels. This shall be achieved using Packaged AC units with free 
cooling arrangement as per clause 3.4. The system shall be 
designed for 24 Hours, 365 Days of the year operation to 
maintain the inside Switchyard panel rooms temperature for 
proper operation of the critical equipment. 

 
3.3 Number and rating of the units for each panel room shall be as 

follows: 
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i. For panel room of length not more than 6 metres.: 2 nos. (1 
working + 1 standby) AC units of 2TR capacity each.  

ii. For panel room of length more than 6 metres.: 2 nos. (1 
working + 1 standby) AC units of 3TR capacity each. 

 
3.4 Technical specification for Packaged AC units with Free 

Cooling. 
 
3.4.1 Each AC unit shall be complete with air cooled condensing unit 

with scroll compressor, direct expansion type evapourating unit 
and microprocessor controller.  AC units shall be provided with 
free cooling arrangement. In free cooling mode, the refrigerant 
cycle of AC unit shall be switched off and outside air (after 
filtration) shall be circulated inside the conditioned space through 
the operation of dampers provided with suitable sensors. This 
mode shall come into operation in the following conditions; 

 
 i. When the ambient temperature is below a preset value, which 

is to be decided during detailed engineering. 
 ii. In case of failure of refrigeration system of both the units. 

 
3.4.2 One of the air-conditioners shall be running at a time and shall 

maintain the required temperature. On failure of the running air-
conditioner, the other air-conditioner shall start automatically. To 
ensure longer life of the system and to keep the AC units healthy, 
change over of the standby unit shall be done periodically through 
the controller. Further, if inside temperature of the room reaches 
35oC due to any emergency condition, the standby air-conditioner 
shall also start running to maintain the temperature less than 
24oC and system shall generate an alarm for such a situation. 
After achieving this temperature, the standby unit shall again shut 
off. However any hunting situation shall be reported. No heating 
or humidification is envisaged for the air conditioning system 
inside the Switchyard panel rooms. 
 

3.4.3 Packaged AC units with free cooling shall be designed for high 
sensitive cooling with sensible heat factor of 90% or above.  

 
3.4.4 Each air conditioner shall be completely self-contained. All 

components of the units shall be enclosed in a powder coated 
cabinet. The unit shall be assembled, wired, piped, charged with 
refrigerant and fully factory tested as a system to ensure trouble 
free installation and start up. Suitable isolation or other by-
passing arrangement shall be provided such that any 
unit/component could be maintained/ repaired without affecting 
the running standby unit.  

 
3.4.5 The AC units shall be mounted on the wall and the maintenance 

of unit shall be possible from outside the Switchyard panel room. 
 

3.4.6 Required Features of Various Components 
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 The compressor shall be very reliable, trouble free and long life i.e. 

hermetically sealed Scroll type of reputed make suitable for 
continuous operation. Compressor should be installed on vibration 
isolated mountings or manufacturer’s recommended approved 
mounting. Valve shall be provided for charging/topping up of 
refrigerant. The bidder shall furnish details of their compressor 
indicating the MTBF, life of compressor and continuous run time of 
compressor without failure. The contractor shall also furnish details 
of all accessories i.e. refrigeration system, evaporator coil, 
condenser coil, evaporator blower, filter, cabinet, indoor supply 
and return grill etc. during detailed engineering. 

 
3.5 Warranty 

 
All compressors shall have minimum 5 years Warranty from the 
date of commissioning 

 
3.6 For owner’s remote monitoring purposes, necessary digital inputs 

shall be provided for ‘ON’ and ‘OFF’ condition of each 
compressor. 
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CHAPTER 11: DIESEL GENERATOR SET 
 
 
 

1.1. SCOPE OF SUPPLY 
 
1.1.1. The scope covers supply of. Diesel Generator set of stationary type having a net 

electrical output of 125kVA capacity at specified site conditions of 50o C ambient 
temperature and 100% relative humidity on FOR site basis.  DG set shall be equipped 
with: 
(i) Diesel engine complete with all accessories. 
(ii) An alternator directly coupled to the engine through coupling, complete with all 

accessories. 
(iii) Automatic voltage regulator. 
(iv) Complete starting arrangement, including two nos. batteries & chargers. 
(v) Base frame, foundation bolts etc. 
(vi) Day tank of 990 Litre capacity. 
(vii) Engine Cooling and lubrication system. 
(viii) Engine air filtering system. 
(ix) Exhaust silencer package. 
(x) Set of GI pipes, valves, strainers, unloading hose pipes as required for fuel 

transfer system from storage area to fuel tank including electrically driven fuel 
pump. 

(xi) All lubricants, consumable, touch up paints etc. for first filing, testing & 
commissioning at site.  The fuel oil for first commissioning will also be provided by 
the contractor. 

(xii) AMF panel for control, metering and alarm. 
(xiii) Enclosure for silent type D.G. Set 

 
1.2. SCOPE OF SERVICE 
 
1.2.1. The Contractor shall provide following services: 

a) Design, manufacture, shop testing including assembly test. 
b) Despatch, transportation to site. 
c) Erection, testing & commissioning with all equipments/materials required for the 

purpose. 
d) Drawings, data, design calculations and printed erection, operation & 

maintenance manual. 
e) Certification and compliance for meeting noise level & emission parameters and 

other requirements in accordance with latest Notification of MOEF. 
 
1.3. TECHNICAL REQUIREMENTS 
   
1.3.1. The rating of DG sets are as follows : 
 

DG set net out put after considering deration for engine and alternator separately due to 
temperature rise in side the enclosure and on account of power reduction due to 
auxiliaries  shall be 125kVA, 1500RPM, 0.8Pf, 400V, 3 phase, 50Hz.  The above ratings 
are the minimum requirements.  

1.3.1.1. DG sets shall also be rated for 110% of full load for 1 hour in every twelve hrs of 
continuous running. 

 
1.3.2. The output voltage, frequency and limits of variation from open circuit to full load shall be 

as follows : 
a) Voltage variation   +10% of the set value provision shall exist to adjust 

the 
                                                      set value between 90% to 110% of nominal Generator 
                                                      voltage of 400V. 
 
b) Frequency   50Hz  +2.5% 
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1.3.3. The Diesel Generator and other auxiliary motor shall be of H class with temperature rise 

limited to Class-F for temperature rise consideration. 
 
1.3.4. NOISE LEVEL & EMISSION PARAMETERS : These shall be  as per latest Notification of 

MOEF 
 
1.4. PLANT DESIGN 
 
1.4.1. DIESEL ENGINE 
 
1.4.1.1. The engine shall comply with the BS 5514/ISO 3046; latest edition 
 
1.4.1.2. Diesel engine shall be turbo charged multicylinder V-type in line type with mechanical fuel 

injection system.  
 
1.4.1.3. The engine with all accessories shall be enclosed in a enclosure to make it work Silently 

(within permissible noise level) without any degradation in its performance. 
 
1.4.1.4. The Diesel Engines shall be directly water cooled. Cooling of water through radiator and 

fan as envisaged.  
 
1.4.1.5. The fuel used shall be High Speed Diesel oil (HSD) or Light Diesel Oil (LDO). 
 
1.4.2. AIR SUCTION & FILTRATION  
 
1.4.2.1. Suction of air shall be from indoor for ventilation and exhaust flue gasses will be let out to 

outside atmosphere, Condensate traps shall be provided on the exhaust pipe. 
 
1.4.2.2. Filter shall be dry type air filter with replaceable elements. 

 
1.4.3. FUEL AND LUBRICATING OIL SYSTEM 
 
1.4.3.1. The engine shall have closed loop lubricating system.  No moving parts shall require 

lubrication by hand prior to the start of engine or while it is in operation. 
 
 
 
1.4.4. ENGINE STARTING SYSTEM 
 
1.4.4.1. Automatic electric starting by DC starter motor shall be provided.     
 
1.4.5. FUEL INJECTION AND REGULATOR 
 
1.4.5.1. The engine shall be fitted with electronic governor. 
 
1.4.5.2. The engine shall be fitted with a heavy, dynamically balanced fly wheel suitable for 

constant speed governor duty. 
 
1.4.6. ALTERNATOR 
 
1.4.6.1. The alternator shall comply with IEC 60034; latest edition. 
 
1.4.6.2. The alternator shall be of continuously rated duty, suitable for 400 V, 3 phase, 50 Hz.  

Power development having brush-less, synchronous, self-excited, self-regulating system. 
 
1.4.6.3. The alternator shall be drip-proof, screen protected as per IP-23 degree of Protection. 
 
1.4.6.4. The rotor shall be dynamically balanced to minimize vibration. 
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1.4.6.5. The alternator shall be fitted with shaft mounted centrifugal fan. 
 
1.4.6.6. It shall have the winding of class H but limited to Class-F for temperature rise 

consideration.   
 
1.4.6.7. The Alternator regulator shall be directly coupled to the engine and shall be complete with 

the excitation system, automatic voltage regulation of +/- 1%, voltage adjusting 
potentiometer and under/over speed protection. 

 
1.4.6.8. TERMINAL BOX 
 
1.4.6.8.1. Six (6) output terminals shall be provided in alternator terminal box. Terminals shall be 

Suitable for 3½Core as per design requirement (>=300 mm2 ) XLPE cable for 125kVA DG 
set. The neutral shall be formed in AMF panel. The generator terminal box shall be 
suitable to house necessary cables and should be made of non-magnetic material. 

 
1.4.6.9. The alternator with all accessories shall be enclosed in a enclosure to make it work 

Silently (within permissible noise level) 
 
1.4.7. COUPLING 
 
1.4.7.1. The engine and alternator shall be directly coupled by means of self-aligning flexible 

flange coupling to avoid misalignment. 
 
1.4.7.2. The coupling shall be provided with a protecting guard to avoid accidental contract. 
 
1.4.8. MOUNTING ARRANGEMENT 
 
1.4.8.1. The engine and alternator shall be mounted on a common heavy duty, rigid fabricated 

steel base frame constructed from ISMC of suitable sections. 
 
1.4.8.2. Adequate number of anti-vibration mounting pads shall be fixed on the common base 

frame on which the engine and the alternator shall be mounted to isolate the vibration 
from passing on to the common base frame or the foundation of the D.G. Set. 

 
1.4.9. PERIPHERALS 
 
1.4.9.1. FUEL TANK 
 
1.4.9.1.1. The Fuel tank of 990 Litre capacity shall be provided on a suitably fabricated steel 

platform. The tank shall be complete with level indicator marked in litres, filling inlet with 
removable screen, an outlet, a drain plug, an air vent, an air breather and necessary 
piping. The tank shall be painted with oil resistant paint and shall be erected in 
accordance with Nepal Explosive Act. Fuel tank shall be kept outside of enclosure. The 
fuel piping shall be carried out to connect the D.G set kept inside. 

 
1.4.9.1.2. For transferring fuel to Fuel tank transfer pump is envisaged.  The capacity of transfer 

pump shall be adequate to fill the day tank in about 30 minutes. Fuel pump shall be 
electrically driven. 

 
1.4.9.2. BATTERY and BATTERY CHARGER 
 
1.4.9.2.1. Two nos. 24V batteries complete with all leads, terminals and stand shall be provided. 

Each battery shall have sufficient capacity to give 10 nos. successive starting impulse to 
the diesel engine.  

 
1.4.9.2.2. The battery charger shall be complete with transformer, suitable rating (400 V, 3 Ph., 50 

Hz./230V, 1Ph., 50 Hz) rectifier circuit, charge rate selector switch for “trickle”/’boost’ 
charge, D.C. ammeter & voltmeter, annunciation panel for battery charge indication / 
loading / failures. 
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1.4.9.2.3. The charger shall float and Boost Charge the battery as per recommendation of 

manufacturer of battery.  The charger shall be able to charge a fully discharged battery to 
a state of full charge in 8 Hrs. with 25% spare capacity. 

 
1.4.9.2.4. Manual control for coarse and fine voltage variation shall be provided.  Float charger shall 

have built-in load limiting features. 
 
1.4.9.2.5. Ripple shall not be more than 1%(r.m.s) to get smooth DC voltage shall be provided. 
 
1.4.9.2.6. Charger shall be provided with Out-put Voltmeter & Ammeter. 
 
1.4.9.2.7. Changeover scheme for selecting battery and battery charger by changeover switch 

should be provided. 
 
1.5. CONTROL AND INSTRUMENTATION 
 
1.5.1. Each D.G. Set shall be provided with suitable instruments, interlock and protection 

arrangement, suitable annunciation and indications etc. for proper start up, control, 
monitoring and safe operation of the unit. One local AMF control panel alongwith each 
D.G. set shall be provided by the Supplier to accommodate these instruments, protective 
relays, indication lamps etc.  The AMF Panel shall have IP-52 degree of Protection as per 
IEC: 60529.  

 
1.5.2. The D.G. sets shall be provided with automatic start facility to make it possible to take full 

load within 30 seconds of Power Supply failure. 
 
1.5.3. Testing facility for automatic operation of D.G. Set shall be provided in AMF panel. 
 
1.5.4. A three attempt starting facility using two impulse timers and summation timer for engine 

shall be proved and if the voltage fails to develop within 40 sec. from receiving the first 
impulse, the set shall block and alarm to this effect shall be provided in the AMF panel. 

 
1.5.5. Following instruments shall be provided with Diesel Engine 

a) Lub oil pressure gauge  
b) Water temperature thermometers  
c) Engine tachometer/HR  
d) Any other instruments necessary for DG Set operation shall be provided. 

 
1.5.6. DG set shall be capable of being started/ stopped manually from remote as well as local.  

(Remote START/STOP push button shall be provided in 400V ACDB).  However, 
interlock shall be provided to prevent shutting down operation as long as D.G. Circuit 
breaker is closed. 

 
1.5.7. The diesel generator shall commence a shutdown sequence whenever any of the 

following conditions appear in the system : 
a) Overspeed 
b) Overload 
c) High temperature of engine and cooling water. 
d) High temperature inside enclosure  
e) Low lube oil pressure 
f) Generator differential protection 
g) Short circuit protection 
h) Under voltage 
i) Over voltage 
j) Further interlocking of breaker shall be provided to prevent parallel operation of 

DG set with normal station supply. 
 
1.5.8. Following indication lamps for purposes mentioned as under shall be provided in AMF 

panel : 
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1.5.8.1. Pilot indicating lamp for the following : 

a) Mains ON 
b) Alternator ON 
c) Charger ON/OFF 
d) Breaker ON/OFF 
e) Main LT Supply ON/OFF 

 
1.5.8.2. Visual annunciation shall be provided for set shut down due to : 

a) engine overheating 
b) low oil pressure 
c) lack of fuel 
d) Set failed to start in 30 secs after receiving the first start impulse 
e) high cooling water temperature 
f) Low level in daily service fuel tank 
g) Overspeed trip 
h) Audio & visual Annunciation for alternator fault. 

 
1.5.9. Thermostatically controlled space heaters and cubicle illumination operated by Door 

Switch shall be provided in AMF panel.  Necessary isolating switches and fuses shall also 
be provided. 

                      
1.5.10. AMF panel shall have facility for adjustment of speed and voltage including fine 

adjustments in remote as well as in local mode. 
 
 Following shall also be provided in AMF panel: 

a) Frequency meter 
 
b) 3 Nos. single phase CT's for metering 
 
c) 3 Nos. (Provided by LT swgr manufacturer) single phase CT's with KPV 300V & 

RCT 0.25 ohm for differential protection of DG Set on neutral side only for 125 
kVA (if required). 

d) .One (1) DC Ammeter (0-40A) 
 
e) One (1) DC Voltmeter (0-30V) 
 
f) One (1) Voltmeter Selector switch 
 
g) One (1) AC Ammeter 
 
h) One (1) AC Voltmeter 
 
i) Three (3) Timers (24V DC) 
 
j) Two (2) Auto/Manual Selector Switch 
 
k) Two (2) Auto/test/Manual Selector Switch 
 
l) Eleven (11) Aux. Contactors suitable for 24V DC 
 
m) One (1) Motorised potentiometer for voltage adjustment 
 
n) Two (2)  Set Battery charger as specified in Technical Specification 
 
o) One (1) Set Phase & Neutral busbars. 
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p) Any other item required for completion of Control scheme shall be deemed to be 
included. 

 
1.6. D.G. SET ENCLOSURE 
 
1.6.1. General requirements 
 
1.6.1.1. Diesel engine, alternator, AMF panel, Batteries and Chargers shall be installed outdoor in 

a suitable weather-proof enclosure which shall be provided for protection from rain, sun, 
dust etc. Further, in addition to the weather proofing, acoustic enclosures shall also be 
provided such that the noise level of acoustic enclosure DG set shall meet the 
requirement of MOEF The diesel generator sets should also conform to Nepal 
Environment (Protection) Rules. An exhaust fan with louvers shall be installed in the 
enclosure for temperature control inside the enclosure. The enclosure shall allow 
sufficient ventilation to the enclosed D.G. Set so that the body temperature is limit to 
50°C.  The air flow of the exhaust fan shall be from inside to the outside the shelter. The 
exhaust fan shall be powered from the DG set supply output so that it starts with the 
starting of the DG set and stops with the stopping of the DG set. The enclosure shall have 
suitable viewing glass to  view the local  parameters on the engine.   

 
1.6.1.2. Fresh air intake for the Engine shall be available abundantly; without making the Engine 

to gasp for air intake. A chicken mess shall be provided for air inlet at suitable location in 
enclosure which shall be finalised during detailed engineering. 

 
1.6.1.3. The Enclosure shall be designed and the layout of the equipment inside it shall be such 

that there is easy access to all the serviceable parts. 
 
1.6.1.4. Engine and Alternator used inside the Enclosure shall carry their manufacturer’s Warranty 

for their respective Models and this shall not degrade their performance. 
 
1.6.1.5. Exhaust from the Engine shall be let off through Silencer arrangement to keep the noise 

level within desired limits. Interconnection between silencer and engine should be through 
stainless steel flexible hose/ pipe. 

 
1.6.2. All the Controls for Operation of the D.G. Set shall be easily assessable.  There should be 

provision for emergency shut down from outside the enclosure. 
 
1.6.3. Arrangement shall be made for housing the Battery set in a tray inside the Enclosure. 
 
1.6.4. CONSTRUCTION FEATURES: 
 
1.6.4.1. The enclosure shall be fabricated from at least 14 Gauge CRCA sheet steel and of  

Modular construction for easy assembling and dismantling.  The sheet metal components 
shall be pre-treated by Seven Tank Process and Powder coated (PURO Polyester based) 
both-in side and out side – for long life. The hard-ware and accessories shall be high 
tensile grade. Enclosure shall be given a lasting anti-rust treatment and finished with 
pleasant environment friendly paint.  All the hardware and fixtures shall be rust proof and 
able to withstand the weather conditions.  

 
1.6.4.2. Doors shall be large sized for easy access and provided with long lasting gasket  to make 

the enclosure sound proof. All the door handles shall be lockable type. 
 
1.6.4.3. The Enclosure shall be provided with anti-vibration pads (suitable for the loads and 

vibration they are required to carry) with minimum vibration transmitted to the surface the 
set is resting on. 

 
1.6.4.4. High quality rock wool of required density and thickness shall be used with fire retardant 

thermo – setting resin to make the Enclosure sound proof. 
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1.6.5. Provision for Neutral/Body Earthing 
1.6.5.1. Points shall be available at two side of the enclosure with the help of flexible copper wires 

from alternator neutral, and electrical panel body respectively. The earthing point shall be 
isolated through insulator mounted on enclosure. 

 
1.7. INSTALLATION ARRANGEMENT 
 
1.7.1. DG set enclosed in enclosure shall be installed on Concrete Pedestal 300mm above 

FGL.  
 
1.8. DOCUMENTS 
 
1.8.1. Following drawings and data sheet shall be submitted for approval: 

(i) Data sheet for Engine, Alternator, Battery, AMF panel and Enclosure 
(ii) GA drawing of DG set 
(iii) Layout of DG set in the enclosure along with sections 
(iv) GA and schematic of AMF panel 
(v) Arrangement of inclined roof and pedestal.  

 
1.8.2. The D G Set shall be supplied with 

(i) D G Set test certificate 
(ii) Engine Operation & maintenance Manual. 
(iii) Engine Parts Catalogue. 
(iv) Alternator Operation, maintenance & Spare parts Manual. 
(v) Alternator test certificate. 

 
1.9. TESTS 

a) The Diesel generator sets shall be tested for routine and acceptance tests as per the 
relevant IEC standards. 

 
1.10. COMMISSIONING CHECKS 
 

In addition to the checks and test recommended by the manufacturer, the Contractor shall 
carryout the following commissioning tests to be carried out at site. 

 
1. Load Test 

 
The engine shall be given test run for a period of atleast 6 hours.  The set shall be 
subjected to the maximum achievable load as decided by Purchaser without exceeding 
the specified DG Set rating: 

 
During the load test, half hourly records of the following shall be taken: 

 
a) Ambient temperature. 
b) Exhaust temperature if exhaust thermometer is fitted. 
c) Cooling water temperature at a convenient point adjacent to the water output 

from the engine jacket. 
d) Lubricating oil temperature where oil cooler fitted. 
e) Lubricating oil pressure. 
f) Colour of exhaust gas 
g) Speed 
h) Voltage, wattage and current output. 
i) Oil tank level 

 
The necessary load to carryout the test shall be provided by the purchaser. 

 
2. Insulation Resistance Test for Alternator 
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Insulation resistance in mega-ohms between the coils and the frame of the alternator 
when tested with a 500V megger shall not be less than IR=2x(rated voltage in KV)+1 

 
3. Check of Fuel Consumption 

 
A check of the fuel consumption shall be made during the load run test.  This test shall be 
conducted for the purpose of proper tuning of the engine. 

 
4. Insulation Resistance of Wiring 

 
Insulation resistance of control panel wiring shall be checked by 500V Megger.  The IR 
shall not be less than one mega ohm. 

 
5. Functional Tests 

 
a) Functional tests on control panel. 
b) Functional test on starting provision on the engine. 
c) Functional tests on all Field devices. 
d) Functional tests on AVR and speed governor. 

 
6. Measurement of Vibration 
 

The vibration shall be measured at load as close to maximum achievable load and shall 
not exceed 250microns. 

 
7. Noise Level shall be less than 75dBA at a distance of one meter. 
 
8. The tests shall be carried out with the DG set operating at rated speed and at maximum 

achievable load. Necessary correction for Test environment condition & background 
noise will be applied as per applicable IEC/International Standards. 
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1.0 GENERAL 
 
 The detailed scope of work includes design, engineering, manufacture, 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 Chapter covers the description of the following items. 
 
A. 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 
   
B. Erection Of all items 
 
1.1 String Insulators & Hardware 
 
 The insulators for suspension and tension strings shall conform to IEC-60383 and 

long rod insulators shall conform to IEC-60433. Insulator hardware shall conform to 
equivalent international standard. Composite long rod insulator shall conform to IEC: 
61109. 

 
1.1.1 Construction Features 
 
1.1.1.1 For porcelain insulators  
 
 a)  Suspension and tension insulators shall be wet process porcelain with ball 

and socket connection. Insulators shall be interchangeable and shall be 
suitable for forming either suspension or tension strings. Each insulator shall 
have rated strength markings on porcelain printed and applied before firing. 

 
 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, tough and 
impervious to moisture. 

 
 c)  Glazing of the porcelain shall be uniform brown colour, free from blisters, 

burrs and other similar defects. 
 
1.1.1.2 For glass insulators 
  
 It shall be made of toughened glass. Glass used for the shells shall be sound, free 

from defects, flows bubbles, inclusions, etc and be of uniform toughness over its 
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entire surface. All exposed glass surfaces shall be smooth. 
 
1.1.1.3 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 voltage. 

 
1.1.1.4 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.  The zinc used for galvanizing shall be of grade Zn-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. 

 
1.1.1.5 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. 

 
1.1.1.6 Clamps for insulator strings and Corona Control rings shall be of aluminium alloy as 

stipulated for clamps and connectors. 
 
1.1.1.7 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. 

 
1.1.1.8 The tension Insulator hardware assembly shall be designed for 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). 

 
1.1.1.9 The tension string assemblies shall be supplied alongwith suitable turn buckle. Sag 

compensation springs if required may also be provided. 
 
1.1.1.10 All hardware shall be bolted type. 
 
1.2 Long Rod Porcelain Insulators  
 
1.2.1 As an alternative to disc insulator, Bidder can offer long rod porcelain insulators 

strings, with suitable hardware. The combination should be suitable for application 
specified and should offer the identical/equivalent parameters as would be available 
from insulator string comprising disc insulators and hardware combination. 

 
1.2.2 All constructional features specified at Clause 1.1.1 of this Chapter shall also apply to 

the long rod insulator string. 
 
1.3 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: 

 
1.3.1 Type Tests on Insulator Strings: The test reports for following type tests shall be 

submitted for approval as per clause 9.0 of Chapter 2 - GTR.  
 
 a) Power frequency voltage withstand test with corona control rings under wet 

condition as per IEC- 60383. 
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 b) Lightning Impulse voltage withstand test with corona control rings under dry 

condition as per IEC-60383 
 
 c) 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 exceed 13% for 220KV suspension and tension 
insulator strings, 20% and 22% for 132KV suspension and tension insulator 
strings respectively.   

 
 e) Corona Extinction Voltage test (Dry) :- (As per Annexure – C) 
 
  The sample assembly when subjected to power frequency voltage shall have 

a corona extinction voltage of not less than 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 corrected with suitable 
correction factor as stipulated in IEC 60383. 

 
 f) RIV Test (Dry) 
 
  Under the conditions as specified under (e) above the insulator string 

alongwith complete hardware fittings shall have a radio interference voltage 
level below 1000 microvolts at 1 MHz when subjected to 50 Hz AC line to 
ground voltage of 156kV for 220kV string under dry conditions. The test 
procedure shall be in accordance with IEC 60437. 

 
 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 load 
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 Chapter 2 - 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. 
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 d) Puncture Test as per IEC-60383 (Applicable only for porcelain insulators). 
 
 e) Galvanizing Test as per IEC- 60383. 
 
 f) Mechanical performance test as per IEC-60575 Cl. 4 / IEC-61109 clause no. 

7.2 (for composite long rod insulators). 
 
 g) Test on locking device for ball and socket coupling as per IEC-60372(2).  
 
 h) Porosity test as per IEC- 60383 (Applicable only for porcelain insulators). 
 
 i) Thermal shock test as per IEC-60383 (Applicable only for glass insulators) 
 
1.3.4 Acceptance Test on Hardware Fitting 
 
 a) Visual Examination as per Cl. 5.10 of IS:2486 (Part-I). 
 
 b) Verification of Dimensions as per Cl. 5.8 of IS : 2486 (Part-I) 
 
 c) Galvanising/Electroplating tests as per Cl. 5.9 of IS : 2486 (Part-I). 
 
 d) Slip strength test as per Cl 5.4 of IS-2486 (part-I) 
 
 e) Shore hardness test for the Elastometer (if applicable as per the value 

guaranteed by the Bidder). 
 
 f) Mechanical strength test for each component (including corona control rings 

and arcing horns). 
 
  The load shall 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 should be followed. 

 
 g) Test on locking devices for ball and socket coupling as per IEC -60372(2). 
 
1.3.5 Routine Test on Insulator 
 
 a) Visual Inspection as per IEC-60383 
 
 b) Mechanical Routine Test as per IEC-60383 
 
 c) Electrical Routine Test as per IEC-60383 
 
1.3.6 Routine Test on hardware Fittings 
 
 a) Visual examination as per IEC-61109 (for composite long rod insulators). 
 
 b) Mechanical strength Test as per IEC-61109 (for composite long rod 

insulators). 
 
1.3.7 Test during manufacture on all Components as applicable on insulator  
 
 a) Chemical analysis of zinc used for galvanising: 
 
  Samples taken from the zinc ingot shall be chemically analyzed. The purity of 

zinc shall not be less than 99.95%. 
 
 b) Chemical Analysis, mechanical hardness tests and magnetic particle  
  inspection for malleable casting: 
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  The chemical analysis, hardness tests and magnetic particle inspection for 

malleable casting 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 Program. 

 
1.3.8 Test during manufacture on all components as applicable on hardware fittings: 
 
 a) Chemical analysis of zinc used for galvanising: 
 
  Samples taken from the zinc ingot shall be chemically analyzed.  The purity 

of zinc shall not be less than 99.95% 
 

b) 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. 

 
 c) 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 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. 

 
1.4 Parameters 
 
1.4.1 Disc Insulators 
  

Sl. No. Description For 220/132kV 
a) Type of insulators Anti Fog type 

b) Size of insulator units (mm)  255x145  
or  

280x145 
c) Electro mechanical strength 120 kN 
d) Creepage distance of individual 

insulator units (minimum and as 
required to meet total creepage 
distance) 

430 mm 

e) Markings 
i) For Porcelain insulators Markings on 

porcelain    
ii) For toughened glass insulators Markings shall be 

done on initial parts 
f) Power frequency puncture withstand 

voltage 
1.3 times the actual 
wet flashover voltage 

  
1.4.2 INSULATOR STRING 
                          

Sl. 
No. 

Description 220kV 132kV 
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a) Power frequency withstand   voltage of the 
complete string with corona control ring (wet) 
– KV rms 

460  
  

275 
  

b) Lightning impulse withstand Voltage of string 
with corona 
control rings (dry) - kVp 

+ 1050             + 650 

c) Switching surge withstand voltage of string 
with corona 
control rings (wet) - kVp 

NA NA 

d) Minimum corona extinction voltage level of 
string with Corona Control rings (dry) - kV 
rms 

156      NA 

e) Maximum RIV level in micro volts of string 
with Corona Control rings at 508 kV (rms) for 
765 kV, 320 kV (rms) for 400 kV string and 
156 kV for 220 kV string across300 Ohms 
resistor at 1 MHz 

1000 NA 

f) Minimum total creepage distance of the 
insulator string (mm) 

6125 3625 

g) Total no. of discs per strings 15 10 
 
 For tension application, double insulator strings for 220 KV and single insulator 

strings for 132 kV system shall be used. For suspension purpose single suspension 
insulator string shall be used for 220 KV & 132 kV system. 

 
1.4.2.1             INSULATOR STRING ( 11 KV ) 

                                                                                                 
 a) Power frequency withstand : 28              
  voltage of the complete  
  string with Corona Control 
  ring (wet) - kV rms 
 
 b) Lightning impulse withstand : ±75 
  Voltage of string with corona 
  control rings (dry) – kVp 
 c)  Power frequency puncture with- : 1.3 times actual wet flashover 
  stand voltage for a string insulator  voltage of the unit 
   
 d) Total creepage distance of the  : 300 
  complete insulator string (mm) 
 
                
1.5  COMPOSITE LONG ROD INSULATOR  
 
 As an alternative to disc insulator/long rod porcelain, Bidder can also offer composite 

long rod insulators with suitable hardware. 
 
1.5.1              Details of Composite Long Rod Insulators 
 
1.5.1.1    Contractor shall offer such composite insulators 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 utilities that the similar 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 multiple stresses of 5000 hrs as described in annexure –B of IEC-
62217. 

 
1.5.1.2  Insulators shall have sheds of the “open aerodynamic profile without any under ribs” 

with good self-cleaning properties. Insulator shed profile, spacing projection etc. shall 
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be strictly in accordance with the recommendation of IEC-60815.  
 
 1.5.2  Ball and socket shall be 20 mm designation for 120 kN  & 24 mm designation for 210 

kN Insulators in accordance with the standard dimensions stated in IEC:60120. 
Insulators shall be interchangeable and shall be suitable for forming either 
suspension or tension strings. Each insulator shall have rated strength markings on 
each composite insulator rod unit. no negative tolerance shall be applicable to 
creepage distance of composite insulators 

 
1.5.3 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 
equivalent International standard.  The zinc used for galvanizing 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 shall be carried out only after any machining. 

  
1.5.4 Materials 
 
1.5.4.1  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. 

 
1.5.4.2  Housing & Weathersheds 
 
 The FRP rod shall be covered by a sheath of a silicone rubber compound 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 pollution 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 free 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 insulator shall be capable of high pressure 
washing.  

 
1.5.4.3  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 attachment of end fitting to the rod shall 
provide superior sealing performance between housing and metal connection. The 
gap between fitting and sheath shall be sealed by a flexible silicone rubber 
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compound. The sealing shall stick to 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. 
 

1.5.4.4  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.  

 
1.5.2 Tests and Standards 

1.5.2.1         Type Tests 

 The test reports for following type tests on long rod units, components, materials or 
complete strings shall be submitted for approval as per clause 9.2 of Chapter 2 - 
GTR.  

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

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

 
b)   Switching surge voltage withstand test under wet condition as per IEC:60383-

1993. 
 

                   c)  Impulse voltage withstand test under dry condition as per IEC:60383-1993 
 
       d)   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 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 corrected with suitable correction factor as stipulated 
in IEC 60383. 

 
 Under the conditions as specified above the insulator string alongwith complete 

hardware fittings shall have a radio interference voltage level below 1000 
microvolts at 1 MHz when subjected to 50 Hz AC line to ground voltage of 156kV 
for 220kV under dry conditions. The test procedure shall be in accordance with 
IEC 60437. 

 
e) 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 load 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. 
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f)    Salt-fog pollution withstand test as per IEC: 60507. The salinity level for composite 

long rod insulators shall be 160 Kg/m3 NACL. 
 
1.5.2.1.2 On Composite Insulator Units 
 

a) Tests on interfaces and connections of metal fittings as per IEC: 61109-2008. 
 

b)  Assembled core load time test as per IEC: 61109-2008. 
 

c) Damage limit proof test and test of tightness of interface between end firings and         
insulator housing as per IEC: 61109-2008 

 
d) 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 fitting to housing interface.  

 
e) Brittle fracture 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 the core not less than 10mm.The rod shall withstand 80% of SML for 96 
hours. 

 
f) Dye penetration test as per IEC: 61109-2008 

 
g) Water diffusion test as per IEC: 61109-2008 

 
h) Tracking and erosion test as per IEC: 61109-2008. 

 
i) Hardness test as per IEC: 61109-2008. 

 
j) Accelerated weathering test as per IEC: 61109-2008. 

 
k) Flammability test as per IEC: 61109-2008. 

 
l) 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 
 

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 approximately 1” x 1”.  Continue treating this area for 2 – 3 
minutes, operating the tester at maximum output. 

 
3.   Immediately after the corona treatment, spray the surface with water and 

record the HC classification.  The surface should be hydrophilic, with an HC 
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value of 6 or 7.  If not, dry the surface and repeat the corona treatment for a 
longer time until 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 time 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. 

 
n) Torsion test 

 
 Three complete insulators of each E&M rating shall be subjected to a torsional 

load of 55Nm. The torsional 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 constructed that the test 
specimen is not subjected to any cantilever stress. The insulator after torsion 
test must pass the Dye Penetration Test as per IEC 61109. 

 
o) 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 
  
1.5.2.2       Acceptance Tests:  

1.5.2.2.1  For Composite Long Rod Insulators 
 

a. Verification of dimensions IEC : 61109-2008 

b. Galvanizing test IEC : 60383 

c. Verification of end fittings IEC : 61109-2008 

d. Recovery of Hydrophobicity  As per above 

e. Verification of tightness of interface between 
end fittings and insulator housing and of 
specified mechanical load 

 

IEC : 61109-2008 

f. Silicone content test As per above 

g. Brittle fracture resistance test As per above 

h. Dye penetration test IEC : 61109-2008 

i. Water diffusion test IEC : 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 IEC 61109.  

 
1.5.2.3   Routine Tests 

1.5.2.3.1     For Composite Long Rod Insulator Units              

a) Visual Examination As per  IEC:61109-2008  

b) Mechanical routine test As per  IEC:61109 -2008 

 
1.5.3              Guaranteed Technical Particulars 

1.5.3.1   Electrical system Data 
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Sl.  Parameters Unit System Voltage 

1. Nominal Voltage kV 220 132 

2. Maximum  system voltage kV 245 145 

3. BIL (Impulse) kV (Peak) +1050 +650 

4. Power frequency withstand voltage 
(Wet) 

kV (rms) 460 275 

5. Switching surge withstand voltage  
(Wet)   

kV (rms) NA NA 

6. Minimum Corona extinction voltage at 
50 Hz AC system under dry condition 

kV (rms) 
phase to 
earth 

156 NA 

7. Radio interference voltage at one MHz 
for phase to earth voltage of 508 KV 
under dry condition. 

Micro 
Volts 

1000 
(Max) 

NA 

8. Minimum creepage distance . mm 6125 3625 

9.  Electromechanical strength of Insulator 
Unit. 

kN 120 120 

 
2.0 AAC / ACSR CONDUCTOR 
 
2.1 Details of AAC Conductor 
 
2.1.1 The contractor shall supply the conductor as per the standard guaranteed technical 

particulars enclosed in Annexure-B of the technical specification, Chapter 12 – 
Switchyard Erection and separate approval is not required during detailed 
engineering. 

  
 Owner has also standardised the guaranteed technical particulars for the conductors 

which are enclosed in Annexure-E of the technical specification, Chapter 12 – 
Switchyard Erection. The contractor shall supply the conductor as per the standard 
guaranteed technical particulars.  

  
2.1.2 The details of the AAC Bull conductor are tabulated below: 
  

Sl. 
No. 

Description Unit AAC  
BULL 

a) Stranding and wire diameter mm 61/4.25  
b) Number of Strands   
 1st Aluminium Layer Nos. 1 
 2nd Aluminium Layer Nos. 6 
 3rd Aluminium Layer Nos. 12 
 4th Aluminium Layer Nos. 18 
 5th Aluminium Layer Nos. 24 
c) Total sectional area Sq.mm 865.36  
d) Overall diameter mm 38.25  
e) Approximate weight kg/ km 2400 
f) Calculated d.c. resistance at 

20oC 
ohm/km 0.0334 

g) Minimum UTS kN 139  
 
 
2.1.3   The details of Aluminium strand are as follows: 
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Sl. 
No. 

Description Unit AAC  
BULL 

a) Minimum breaking load of 
strand before stranding 

KN 2.23   

b) Minimum breaking load of 
strand after stranding   

KN 2.12  

c) Maximum D.C. resistance of 
strand at 20 deg. Centigrade  

Ohm/KM 3.651  

 
2.2 Details of ACSR Conductor 
 
2.2.1 The details of the ACSR Moose conductors shall be as per the standard guaranteed 

technical particulars enclosed in Annexure-A are tabulated below: 
  
  ACSR MOOSE CONDUCTOR: 
 

Sl. 
No. 

Description Unit ACSR 
MOOSE 

a) Stranding and wire diameter mm 54/3.53 (Al)+ 
7/3.53 (Steel) 

b) Number of Strands   
 Steel centre Nos. 1 
 1st Steel Layer Nos. 6 
 1st Aluminium Layer Nos. 12 
 2nd Aluminium Layer Nos. 18 
 3rd Aluminium Layer Nos. 24 
c) Sectional area of Aluminium Sq. 

mm 
528.5 

d) Total sectional area Sq. 
mm 

597.00  

e) Overall diameter mm 31.77  
f) Approximate weight kg/ 

km 
2004 

g) Calculated d.c. resistance at 
20oC 

ohm/
km 

0.05552 

h) Minimum UTS kN 161.2  
 
2.2.2    The details of Aluminium strand are as follows: 
 
 ACSR MOOSE CONDUCTOR: 
 

Sl. 
No. 

Description Unit ACSR 
  MOOSE 

a) Minimum breaking load of strand 
before stranding 

KN 1.57 

b) Minimum breaking load of strand 
after stranding   

KN 1.49 

c) Maximum D.C. resistance of 
strand at 20 deg. Centigrade  

Ohm/
KM 

2.921 

 
2.2.3   The details of steel strand are as follows: 
 
  ACSR MOOSE CONDUCTOR: 
 

Sl. Description Unit ACSR  
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No. MOOSE 
a) Minimum breaking load of strand 

before stranding 
KN 12.86 

b) Minimum breaking load of strand 
after stranding   

KN 12.22 

c) Minimum number of twists to be  
withstood in torsion test when 
tested on a gauge length of 100 
times diameter of wire 

Nos. 18 (Before 
stranding) 

16 (Before 
stranding 

  
2.3 Workmanship 

 
2.3.1 The finished conductor shall be smooth, compact, uniform and free from all 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. 

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

imperfections, such as spills and splits, diemarks, scratches, abrasions, etc., after 
drawing. 

 
2.3.3 The steel 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 shall be 
smooth, continuous and of uniform thickness, free from imperfections and shall withstand 
minimum three dips in standard Preece test. The finished strands and the individual wires 
shall be of uniform quality and have the same properties and characteristics as prescribed 
in ASTM designation : B 498-74. 

 
 
2.3.4 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 to galvanisation during pre-forming and post-forming operation. 

 
2.4 Joints in Wires 
 
2.4.1 Aluminium Wires 
 
 Joints in aluminium wires shall be as per relevant International standard. 
 
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 relevant International standard. 
 
 A.  AAC Bull  and AAC Tarantala conductor: 
 
 

a) Diameter of Aluminium and Steel Strands 
  AAC BULL AAC TARANTALA 
  Standard Maximum Minimum Standard Maximum Minimum 



Chapter 12 – General Technical Requirement, Switchyard Erecton  12-14 

OCB No: PMD/EGMPAF/CPCUGTLP-079/80-01 Procurement of Plant Single-Stage:Two-Envelope 
 

 Aluminium 4.25 mm 4.29 mm 4.21  mm 5.23 5.28 5.18 
b) Lay ratio of Conductor 
   AAC BULL AAC TARANTALA 
    Maximum Minimum Maximum Minimum 
 Aluminium 6  wire layer 16 10 16 10 
  12 wire layer 16 10 16 10 
  18 wire layer 16 10 16 10 
  24 wire layer 14 10 - - 

 
 B.  ACSR Bersimis and ACSR Moose conductor: 
 
 

a) Diameter of Aluminium and Steel Strands 
  ACSR BERSIMIS ACSR MOOSE 
  Standard Maximum Minimum Standard Maximum Minimum 
 Aluminium 4.57 mm 4.61 mm 4.53 mm 3.53 mm 3.55 mm 3.51 mm 
 Steel 2.54 mm 2.57 mm 2.51 mm 

 
3.53 mm 3.60 mm 3.46 mm 

b) Lay ratio of Conductor 
   ACSR BERSIMIS ACSR MOOSE 
    Maximum Minimum   
 Steel 6 wire layer 18 13 

 
18 16 

 Aluminium 8/12 wire layer 17 10 14 12 
  14/18 wire layer 16 10 13 11 
  20/24 wire layer 14 10 12 10 

 
2.6 Materials 
 

2.6.1  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 to 0.85 
Manganese 0.50 to 1.10 
Phosphorous Not more than 0.035 
Sulphur Not more than 0.045 
Silicon 0.10 to 0.35 

  
2.6.3 Zinc 
 
 The zinc used for galvanising shall be electrolytic High Grade Zinc of 99.95% purity.  
 
2.7 Standard Length 
 
2.7.1 The conductor shall be supplied as required. No joint shall be allowed within a single 

span of stringing, jumpers and equipment interconnection. 
 
2.8  Tests : 
 
2.8.1 The following type, acceptance & routine tests and tests during manufacturing shall be 

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

conductor shall be submitted for approval as per clause 9.2 of Chapter 2 -GTR.  
 
 a) UTS test on stranded  .   
  conductor. 
 
 b) Corona extinction   
  voltage test (dry)  
     
 (c) Radio Interference  
  voltage test (dry)  
     
 (d) DC resistance test  
  on stranded conductor  
 
2.8.3 Acceptance Tests 
 
 a) Visual check for joints,  
  scratches etc. and   
  lengths of conductor  
 
 b) Dimensional check on  
  steel and aluminium  
  strands  
     
 c) Check for lay ratios 
    of various layers   
     
 d) Galvanising test on steel   
  strands  
     
 e) Torsion and Elongation  
  test on steel strands  
  
 f) Breaking load test on  
  steel and aluminium  
  strands  
     
 g) Wrap test on steel and   
  aluminium strands   
      
 h) DC resistance test on  
  aluminium strands  
 
 i) UTS test on welded   
  joint of aluminium  
  strands  
 
 NOTE: 
 
 All the above tests except test mentioned at (a) shall be carried out on aluminium and 

steel strands after stranding only. 
 
2.8.4 Routine Tests 
 
 a) Check to ensure that the joints are as per specification. 
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 b) Check that there are no cuts, fins etc. on the strands. 
 
 c) All acceptance test as mentioned in Clause 2.7.3 above to be carried out on 

each coil. 
 
2.8.5 Tests During Manufacture 
 
 a) Chemical analysis of   
  zinc used for galvanising  
     
 b) Chemical analysis of  
  aluminium used for   
  making aluminium strands  
     
 c) Chemical analysis of   
  steel used for making  
  steel strands  
 
2.8.6 Sample Batch for Type Testing 
 
 The Contractor shall offer material 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 contractor shall supply the earthwire as per the standard guaranteed technical 
particulars enclosed in Annexure-E of the technical specification, Chapter 12 – 
Switchyard Erection and separate approval is not required during detailed engineering. 

 
 Owner has also standardised the guaranteed technical particulars for the earthwire which 

are enclosed in Annexure-E of the technical specification, Chapter 12 – Switchyard 
Erection. The contractor shall supply the earthwire as per the standard guaranteed 
technical particulars.  

 

3.1.2 The basic details of the earth wire are tabulated below: 

Sl.No. Description Unit  Value 

1. Stranding & Wire diameter mm 7/3.66 (steel) 

2.  Strands 

a) Steel Core 

b) Outer layer 

 

No. 

No. 

 

1 (one) 

6 (six) 

3. Total sectional area Sq. mm. 73.65 

  
 Other technical details are furnished in of Annexure -E of this Specification. 

3.2 Workmanship 

3.2.1 All steel strands shall be smooth, uniform and free from all imperfections, such as spills 
and splits, die marks, scratches, abrasions and kinks after drawing and also after 
stranding. 
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3.2.2 The finished material shall have minimum brittleness as it will be subjected to appreciable 
vibration while in use. 

3.2.3 The steel strands shall be hot dip qalvanised (and shall have minimum Zinc coating of 
275 gms/sq.m) after stranding of the uncoated wire surface. The zinc coating shall be 
smooth, continuous, of uniform thickness, 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 zinc, the finished strands shall be of uniform quality and have the same properties 
and characteristics as prescribed in ASTM designation B498-74. 

3.2.4 The steel strands shall be preformed and post formed in order to prevent spreading of 
strands while cutting of composite earth wire. Care shall be taken to avoid damage to 
galvanisation during preforming and postforming operation. 

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

3.3 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. 

3.4 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 3.75 mm 3.57 mm 

   Lay length   181 mm 198 mm 165 mm 
  

3.5 Materials 

3.5.1 Steel 

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

Element  % Composition 
Carbon  Not more than 0.55 
Manganese 0.4 to 0.9 
Phosphorous Not more than 0.04 
Sulphur Not more than 0.04 
Silicon 0.15 to 0.35 

 

3.5.2 Zinc 

 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 IS: 209 -1979/ Equivqlent BS 
standard. 

3.6 Standard Length 

3.6.1 The earth wire shall be supplied in standard drum length of manufacturer. 

3.8 TESTS 
 
3.8.1 The following type, routine & acceptance tests and tests during manufacturing shall 

be carried out on the earthwire.   
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3.8.2 TYPE TESTS 
  

In accordance with the stipulation of specification, the following type tests reports of 
the earthwire shall be submitted for approval as per clause 9.2 of Chapter 2 - GTR. 

 
 a) UTS test     
        
 b) DC resistance test   
 
3.8.3 ACCEPTANCE TESTS 
 
 a) Visual check for joints,  
  scratches etc. and  
  length of Earthwire  
     
 b) Dimensional check    
     
 c) Galvanising test  
     
 d) Lay length check  
     
 e) Torsion test  
 
 f) Elongation test  
     
 g) Wrap test  
 
 h) DC resistance test  
       
 i) Breaking load test  
     
 j) Chemical Analysis of  
  steel 
 
3.8.4 ROUTINE TESTS 
 
 a) Check that there are no cuts, fins etc. on the strands. 
 
 b) Check for correctness of stranding. 
 
3.8.5 TESTS DURING MANUFACTURE 
 
 a) Chemical analysis of   
  zinc used for galvanising  
     
 b) Chemical analysis of steel  
    
3.8.6 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. 

 
4.0 TUBULAR BUS CONDUCTORS 
 
4.1 General 
 
 The contractor shall supply the aluminium tubes as per the standard guaranteed  
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 technical particulars enclosed in Annexure- E of the technical specification,  
 Chapter 12 – Switchyard Erection and separate approval is not required during  
 detailed engineering.  
 
 Owner has also stardardised the guaranteed technical particulars for the aluminium 

tube which are enclosed in Annexure- E  of the technical specification, Chapter 12 – 
Switchyard Erection. The contractor shall supply the aluminium tube as per the 
standard guaranteed technical particulars.  

 
4.2 Constructional Features 
 
4.2.1 For outside diameter (OD) & thickness of the tube there shall be no minus tolerance, 

other requirements being as per relevant International standard. 
 
4.2.2 The aluminium tube shall be supplied in suitable cut length to minimize     wastage. 
 
4.2.3 The welding of aluminium tube shall be done by the qualified welders duly approved 

by the owner. 
 
4.3 Tests 
 
 In accordance with stipulations of the specification, Routine tests shall be conducted 

on tubular bus conductors.  Also the wall thickness and ovality of the tube shall be 
measured.  In addition to the above tests, 0.2% proof tests on both parent metal and 
Aluminium tube after welding shall be conducted. 

 
4.4 Technical  Parameters 
 

Sl. 
No. 

Description 4” AL. TUBE 

1. Size 4" IPS (EH Type)  
2. Outer diameter   114.2 mm 
3. Thickness  8.51 mm 
4. Cross-sectional area  2825.61  sq.mm 
5. Weight  7.7 kg/m 

 
 
5.0 EARTHING CONDUCTORS 
 
5.1 General 
 
 All conductors buried in earth and concrete shall be of mild steel.  All conductors 

above ground level and earthing leads shall be of galvanised steel, except for cable 
trench earthing.   

 
5.2 Constructional Features 
 
5.2.1 Galvanised Steel 
 
 a) The minimum weight of the zinc coating shall be 618 gm/sq. m. and minimum 

thickness shall be 85 microns. 
 
 b) The galvanised surfaces shall consist of a continuous and uniformly thick 

coating of zinc, firmly adhering to the surfaces of steel. The finished surface 
shall be clean and smooth and shall be free from defects like discoloured 
patches, bare spots, unevenness of coating, spelter which is loosely 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. 
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5.3 Tests 
  
 In accordance with stipulations of the specifications galvanised steel shall be 

subjected to four one minute dips in copper sulphate solution as per IS : 2633// 
Equivqlent BS standard. 

 
6.0 SPACERS 
 
6.1 General 

 
 The spacers are to be located at a suitable spacing to limit the short circuit forces as 

per IEC -60865.  Wherever Employer’s 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 Employer’s 220kV & 132kV standard gantry structures are not being used, 
necessary spacer span calculation shall be provided by the contractor during detailed 
engineering for the approval of Employer. 

 
6.2 Constructional Features 
 
6.2.1 No magnetic material shall be used in the fabrication of spacers except for GI bolts 

and nuts. 
 
6.2.2 Spacer design shall be made to take care of fixing and removing during installation 

and maintenance. 
 
6.2.3 The design of the spacers shall be such that the conductor does not come in contact 

with any sharp edge. 
 
6.3 Tests 
 
 Each type of spacers shall be subjected to the following type tests, acceptance tests 

and routine tests: 
 
6.3.1 Type Tests:  Following type test reports shall be submitted for approval as per clause 

9.2 of Chapter 2 - GTR. 
 
 a) Clamp slip tests 
 
  The sample shall be installed on test span of twin conductor bundle string or 

quadruple conductor bundle string (as applicable) at a tension of 44.2 kN.  
One of the clamps of the sample when subjected to a longitudinal pull 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. 

 
 b) Fault current test.  
 
 c) Corona Extinction Voltage Test (Dry). 
 
  This test shall be performed on 220 kV equipment as per procedure 

mentioned at Annexure - C,   Minimum Corona Extinction voltage shall be 
156 kV (rms) line to ground for 220 kV spacers. 

 
 d) RIV Test (Dry) 
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  This test shall be performed as per procedure mentioned at Annexure - C,  
Maximum RIV level at 156 kV (rms) line to ground for 220 kV spacers shall 
be 1000 micro volts, across 300 ohm resistor at 1 MHz 

 
 e) Resilience test (if applicable) 
 
                           f) Tension Test 
 
 g) Log decremant test (if applicable) 
 
 h) Compression test 
 
 i) Galvanising test 
 
6.3.2 Acceptance Test  
 
 a) Visual examination 
 
 b) Dimensional verification 
 
 c) Movement test 
 
 d) Clamp slip test 
 
 e) Clamp bolt torque test (if applicable) 
 
 f) Assembly torque test 
 
 g) Compression test 
 
 h) Tension test 
 
 i) Galvanising test 
 
 j) 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 between 
65 to 80. 

 
 k) Ultimate Tensile Strength Test 
 
  The UTS of the retaining rods shall be measured.  It shall not be less than 35 

kg/Sq. mm. 
 
6.3.3 Routine test 
 
 a) Visual examination 
 
 b) Dimensional verification 
 
7.0 BUS POST INSULATORS  
 
 The post insulators shall conform in general to latest  IEC-60168, IEC 60273 and 

IEC-60815. 
 
7.1 Constructional Features 
 
7.1.1 Post type insulators shall consist of a porcelain part permanently secured in a metal 

base to be mounted on the supporting structures.  They shall be capable of being 
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mounted 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 will be acceptable.   

 
7.1.2 Porcelain used shall be homogeneous, free from lamination, cavities and other flaws 

or imperfections that might affect the mechanical or dielectric quality and shall be 
thoroughly vitrified, tough and impervious to moisture. 

 
7.1.3 Glazing of the porcelain shall be of uniform brown in colour, free from blisters, burrs 

and other similar defects. 
 
7.1.4 The insulator shall have alternate long and short sheds with aerodynamic profile, The 

shed profile shall also meet the requirements of IEC-60815 for the specified pollution 
level. 

 
7.1.5 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. 

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

contraction in any part of the insulator shall not lead to deterioration. 
 
7.1.7 All ferrous parts shall be hot dip galvanised.  The zinc used for galvanising shall be 

grade Zn 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 metal parts shall not produce any noise generating 
corona under the operating conditions. 

 
7.1.8 a) Every bolt shall be provided with a steel washer under the nut so that part of 

the threaded portion of the bolts is within the thickness of the parts bolted 
together. 

 
 b) Flat washer shall be circular of a diameter 2.5 times that 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 nuts shall be good fit 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 transmitted 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 life 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 IEC-60168. 
 
7.2.1 In addition to acceptance/sample/routine tests as per IEC-60168, the following tests 

shall also be carried out. 
 
 a) Ultrasonic test as an acceptance test 
 
 b) Soundness test, metallurgical tests and magnetic test on MCI caps and 
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pedestal tests as acceptance test. 
 
 c) All hot dip galvanised components shall be subject to 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 load 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 the stipulation of specification, the following type tests reports of 

the post insulators shall be submitted for approval as per clause 9.2 of Chapter 2 - 
GTR. 

 
 a) Power frequency withstand test (dry & wet) 
 
 b) Lightning impulse test (dry) 
 
 c) Measurement of R.I.V (Dry)     
 
 d) Corona extinction voltage test (Dry) 
. 
 e) Test for deflection under load 
 
 f) Test for mechanical strength. 
 
7.3 Technical Parameters of Bus Post Insulators. 

 
Sl. 
No. 

Description 245 kV 145 kV 

a) Type Solid Core       Solid Core       
b) Voltage Class (kV) 245 145 
c) Dry and wet one minute power frequency 

withstand voltage(kV rms) 
460 275 

d) Dry lightning impulse withstand Voltage (kVp) + 1050 +650 
e) Wet switching surge withstand voltage (kVp) —- —- 
f) Max. radio interference voltage (in microvolts) 

at voltage of  508 kV (rms) , 305 kV (rms) and 
156 (rms) for 765 kV, 400 kV &220 kV 
respectively between phase to ground. 

500 500 

g) Corona extinction voltage  (kV rms)   (min.)     156   105   
h) Cantilever Strength   
(i) Total minimum cantilever strength (Kg) 800 600  
(ii) Total minimum breaking strength (Kg) 1000 720  
i) Minimum torsional moment As per 

IEC-273 
As per 
IEC-273 

j) Total height of insulator (mm) 2300  
k) P.C.D Top (mm) 127 127 
 Bottom (mm) 254 254 
l) No. of bolts   
 Top  4 4 
 Bottom  8 8 
m) Diameter of bolt/holes (mm)   
 Top M16 M16 
 Bottom dia 18 18 
n) Pollution level as per            IEC-815 Heavy(III)      Heavy(III) 
o) Minimum total creepage distance for Heavy 6125 3165 
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Pollution (mm) 
 
7.3.1            11kV Bus Post Insulators. 

a) Type                                             Solid Core        
 
 b) Voltage class (kV) 12 
 
 c) Dry and wet one minute power 28   
  frequency withstand voltage(kV rms)  
 
 d) Dry lightning impulse ±75 
  withstand Voltage (kVp) 
 
 e) Total minimum cantilever 450   
  strength (Kg) 
 
 f) Minimum torsional moment As per IEC-273  
 
  g)  Total height of insulator (mm) As per requirement 
  
 h) Pollution level as per                 Heavy(III)  
  IEC-815 
 
 i) Minimum creepage distance for 300 
  Heavy  Pollution (mm) 
  
7.3.2 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. Material of Corona ring shall be aluminium/aluminium alloy of 63401W 
grade or equivalent. 

 
8.0  GROUNDING SYSTEM 
 
8.1 GENERAL 
 

This specification covers the design, supply, delivery, installation and testing of the 
complete grounding system as described below. 
The complete station grounding work shall be in accordance with the 
recommendation in the "Guide for Safety in Substation Grounding" IEEE No. 80 and 
the requirements of  this section. 

 
8.2 GROUNDING INSTALLATION FEATURES 

 
8.2.1 The installation shall be complete in all respects for efficient and trouble free service. 

All work shall be carried out in a first class neat workman like manner. Grounding 
conductors shall be handled carefully to avoid kinking and cutting of the conductors 
during laying and installation.All exposed ground conductors runs shall be taken in a 
neat manner, horizontal, vertical and parallel to building walls or columns and shall 
not be laid haphazardly. 

 
8.2.2 For all connections made to equipment or to the structures, the grounding conductor, 

connectors and equipment enclosures shall have good clean contact surfaces. 
Grounding conductor connection to all electrical equipment, switchgear, transformers, 
motors, panels, conduit system, equipment enclosures, cable trays, distribution 
boards, equipment frames, bases, steel structure, etc. shall be by pressure type or 
bolting type connectors. 

 
8.2.3  All lap, cross and tee connections between two grounding conductors shall be made 

by thermowelding process or compression type connector. The various joints shall 
have adequate mechanical strength as well as necessary electrical conductivity not 
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less than that of the parent conductors of the joints. All accessories for grounding 
installation shall be of quality and design approved by the Employer. The earthing 
connection between earthing pad of equipment/structures shall be made by two 
earthing leads. 

  
8.2.4  Ground conductors, when crossing underground trenches, directly laid underground 

pipe and equipment foundation, if any, shall be at least 300mm below the bottom 
elevation of such trenches/pipes. 

 
8.2.5  The maximum size of each grid of grounding mat shall not exceed 4X4 meters. The 

terminals for connecting ground mat and equipment shall be terminated whenever 
necessary. (The new grounding shall be bonded with existing grounding network.) at 
Dhalkebar and Hitauda Substations. 

 
8.3                      GROUNDING CONDUCTOR 
 
8.3.1   Main Ground Grid 

The main ground system shall consist of a grounding grid buried minimum 0.6 meter 
below grade level. The grounding grid shall consist of copper flat conductor cable or 
stranded copper wire of minimum size (cross sectional area) 160sq. mm. 

 
8.3.2   Ground Electrodes 

The ground electrodes shall be 16mm diameter and 3.0 meter long (min.) copper clad 
steel. Theseshall be driven into ground and connected to the main ground grid. 

 
8.3.3    Risers 

The risers shall consist of copper conductor of adequate size (but not less than 160 
sq. mm.) connected at one end to the main ground mat and at the other end to the 
equipment. 

 
8.4   DESIGN REQUIREMENTS 

 
8.4.1  The Contractor shall measure the soil resistivity in presence of the Employer. Based 

on the resistivity the contractor shall calculate the total length of buried ground 
conductor, number of grounding electrode and their depth and spacing to achieve a 
grounding system resistance of less than 1.0 (One) Ohm. 

 
8.4.2  The Contractor shall calculate the cross-section considering the maximum fault level 

of 40 kA. 
  

8.4.3  The Contractor shall submit the details of calculations of the grounding system for the 
Employer’s approval. The earthing system shall be of single earthing system for the 
whole substation i.e. all earthings shall be connected to main earthing grid. 

 
8.5   TESTS 
 

On completion of the installation, either wholly or in sections, it shall be tested in 
compliance with relevant Code by the Contractor in presence of the Employer. The 
cost of any test including labor, material and equipment charges shall be borne by the 
Contractor. If the ground grid resistance can not be obtained as per his design, then 
additional grounding conductors shall be buried in the earth, or if necessary, buried in 
treated soil to obtain the required low ground resistance without any additional cost. 

 
8.6   LIGHTNING PROTECTION 
 

The outdoor equipment of the substation and the substation building shall be 
protected against lightning. The lightning protection shall be achieved by an overhead 
lightning shield system of galvanized steel wire of 7/3.35 mm, which shall be 
connected to the main grounding grid by steel conductor of 7/3.35 mm. Lighting mast 
with electrode length of 2.5mtr (maximum) may be used in sqitchyard area for lighting 
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protection as per requirement. The above electrode may be connected to the main 
grounding grid by steel conductor of  7/3.35 mm . The design of the lightning 
protection system shall be subject to the approval of the Employer. 

 
8.7   DRAWINGS 
 

After award of the Contract, the Contractor shall furnish the grounding layout drawing 
with dimensions showing the location of grounding grids, electrodes, test link 
chambers and risers, backed up by necessary calculations for Employer's approval. 
The work shall have to be started at site only after getting approval from the 
Employer. If alteration is required for any work done before getting Employer's 
approval, the same shall have to be done by the Contractor at no extra cost to the 
Employer. 

 
STATION GROUNDING SYSTEM 

 
DESCRIPTION UNIT REQD 

1. Main ground grid conductor material  Copper 
2. Main ground grid conductor size  Sq.mm  ≥ 160 
3. Cross section of riser conductors  Sq mm  ≥ 160 
4. Ground electrodes   

              -Material   Copper clad steel 
              -Diameter  mm  ≥16 
              -Length  meter  3 

5. Material of risers   Copper 
6. Earthing system designed for  ohm ≤ 1 

   
 
 
9.0 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. 

 
9.1 The Contractor shall furnish supporting calculations where applicable for the bus 

bars/conductors to show adequacy of design parameters for: 
 
 a) Fibre-stress 
 
 b)  Cantilever strength of post insulators 
 
 c)  Aeolain vibrations 
 
 d)  Vertical deflection of bus bars 
 
 e)  Short circuit forces in bundle conductor and spacer location for each span of 

ACSR conductor stringing as per layout drawings. 
 
9.1.1 The welds in the aluminium tubes shall be kept to the minimum and there shall not be 

more than one weld per span. The procedure and details of welding shall be subject 
to Owner’s approval.  Material for welding sleeve shall be same as that of Aluminium 
tube. Welding sleeve shall be of 600mm length 

 
9.1.2 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.  

 



Chapter 12 – General Technical Requirement, Switchyard Erecton  12-27 

OCB No: PMD/EGMPAF/CPCUGTLP-079/80-01 Procurement of Plant Single-Stage:Two-Envelope 
 

9.1.3 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. 

 
9.1.4 Details of past experience of the persons proposed to be employed for Aluminium 

tube welding and the test reports of the welded pieces to 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 IX. 

 
10.0 BAY EQUIPMENT 
 
10.1 The disposition of various bay equipments shall be as per single line diagrams and 

layout drawings.  
 
10.2 Bay Marshalling Kiosk:- 
 
 One no. of bay marshalling kiosk shall be provided for each  220 kV and 132 kV bay 

under present scope. 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 400V, 3 phase, 63Amps, AC supply with auto 
changeover and MCB unit and distribute minimum six outgoing 400V, 3 
phase, 16 Amps AC supplies controlled by MCB. 

 
 

(ii) To distribute minimum ten outgoing 230V, 10 Amps single phase supplies to 
be controlled by MCB to be drawn from above 3 phase incomers. 

 
 
(iii) 200 nos. terminal blocks in vertical formation for interlocking facilities for 

substations without automation system. 
 
(iv) Necessary Terminal Blocks for terminating cables from ACDB and switchyard 

panel rooms. 
  
 
 
11.0 EQUIPMENT ERECTION DETAILS 
 
11.1 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 in 
between.  Subsequently bolts of the terminal pad/terminal connectors shall be 
tightened and the surfaces shall be cleaned properly after equipment interconnection. 

 
11.2 Muslin or leather cloth shall be used for cleaning the inside and outside of hollow 

insulators. 
 
11.3 All support insulators, circuit breaker interrupters and other fragile equipment shall 

preferably be handled with cranes having suitable booms and handling capacity. 
 
11.4 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. 
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11.5 Cutting of the pipes wherever required shall 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. 

 
11.6 Handling of equipment shall be done strictly as per manufacturer’s/supplier’s 

instructions/instruction manual. 
 
11.7 Handling equipment, sling ropes etc. should be tested periodically before erection for 

strength. 
 
11.8 The slings shall be of sufficient length to avoid any damage to insulator due to 

excessive swing, scratching by sling ropes etc. 
 
12.0 STORAGE 
 
12.1 The Contractor shall provide and construct adequate storage shed for proper storage 

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

 
13.0 CABLING MATERIAL 
 
13.1 CABLE TAGS AND MARKERS 
   
13.1.1 Each cable and conduit run shall be tagged with numbers that appear in the cable 

and conduit schedule. 
 
13.1.2 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 GI wire.  Cable tags shall be 
of rectangular shape for power cables and of circular shape for control cables. 

 
13.1.3 Location of cables laid directly underground shall be clearly indicated with cable 

marker made of galvanised iron plate. 
 
13.1.4 Location of underground cable joints shall be indicated with cable marker with an 

additional inscription “Cable joints”. 
 
13.1.5 The marker shall 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. 

 
13.1.6 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 & turning point in cable tray/trench runs. Cable tags shall be 
provided inside the switchgear, motor control centres, control and relay panels etc., 
wherever required for cable identification, where a number of cables enter together 
through a gland plate. 

 
13.2 Cable Supports and Cable Tray Mounting Arrangements 
 
13.2.1  The Contractor shall provide embedded steel inserts on concrete floors/walls to 

secure supports by welding to these inserts or available building steel structures. 
 
13.2.2 The supports shall be fabricated from standard structural steel members.  
 
13.2.3 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. 

 
13.2.4 Vertical 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. 

. 
13.3 Cable Termination and Connections 
 
13.3.1  The termination and connection of cables shall be done strictly in accordance with 

cable and termination kit manufacturer’s instructions, drawing and/or as directed by 
the Owner. 

 
13.3.2 The work shall include all clamping, fittings, fixing, plumbing, soldering, drilling, 

cutting, taping, heat shrinking (where applicable), connecting to cable terminal, short-
ing and grounding as required to complete the job. 

 
13.3.3  Supply of all consumable material shall be in the scope of Contractor. 
 
13.3.4  The equipment will be generally provided with undrilled gland plates for 

cables/conduit entry.  The Contractor shall be responsible for drilling of gland plates, 
painting and touching up.  Holes shall not be made by gas cutting. 

 
13.3.5  Control cable cores entering control panel/switchgear/MCCB/MCC/ miscellaneous 

panels shall be neatly bunched, clamped and tied with nylon strap or PVC perforated 
strap to keep them in position. 

 
13.3.6 The Contractor shall tag/ferrule control cable cores at all terminations, as instructed 

by the Owner.  In panels where a large number of cables are to be terminated and 
cable identification may be difficult, each core ferrule may include the complete cable 
number as well. 

 
13.3.7 Spare cores shall be similarly tagged with cable numbers and coiled up. 
 
13.3.8 All cable entry points shall be sealed and made vermin and dust proof. Unused 

openings shall be effectively closed. 
 
13.3.9 Double compression type nickel plated (coating thickness not less than 10 microns) 

brass cable glands shall be provided by the Contractor for all power and control 
cables to provide dust and weather proof terminations.  

 
13.3.10 They shall comprise of heavy duty brass casting, machine finished and nickel plated, 

to avoid corrosion and oxidation.  Rubber components used in cable glands shall be 
neoprene and of tested quality.  Cable glands shall be of approved make. 

 
13.3.11 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.  

  
13.3.12 If the cable-end box or terminal enclosure provided on the equipment is found 

unsuitable and requires modification, the same shall be carried out by the Contractor, 
as directed by the Owner.   

 
13.3.13  Crimping tool used shall be of approved design and make. 
 
13.3.14 Cable lugs shall be tinned copper solderless crimping type conforming to IS-8309 & 

8394/ Equivqlent International standard. Bimetallic lugs shall be used depending 
upon type of cables used. 

 
13.3.15 Solderless crimping of terminals shall be done by using corrosion inhibitory 

compound. The cable lugs shall suit the type of terminals provided. 
 
13.4 STORAGE AND HANDLING OF CABLE DRUMS 
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13.4.1 Cable drums shall be unloaded, 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 slowly and in proper direction as marked on 
the drum. 

 
14.0 DIRECTLY BURIED CABLES 
 
14.1 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 shall 
ascertain the soil conditions prevailing at site, before submitting the bid. 

 
14.2 The cable (power and control) 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.  

 
14.3 Cable route and joint markers and RCC warning covers shall be provided wherever 

required. The voltage grade of cables shall be engraved on the marker. 
 
15.0 INSTALLATION OF CABLES 
 
15.1 Cabling in the control room shall be done on ladder type cable trays for vertical runs 

while cabling in switchyard area shall be done on angles in the trench.  
  
15.2 All cables from bay cable trench to equipment’s including  and all interpole cables 

(both power and control) for all equipment, shall be laid in PVC pipes of minimum 50 
mm nominal outside diameter 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.    

 
15.3 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 small, notch/opening on the wall shall be 
provided. In all these cases necessary bending radius as recommended by the cable 
manufacturer shall be maintained. 

 
15.4 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.   

15.5 Suitable arrangement should be used between fixed pipe / cable trays and equipment 
terminal boxes, where vibration is anticipated. 

 
15.6 Power and control cables 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 on top tiers. 
 
 b) Control instrumentation and other service cables in bottom tiers. 
 
15.7 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 laid with a 
minimum centre to centre distance equal to twice the diameter of the cable of higher 
size of cables. 

 
15.8 Trefoil clamps for single core cables shall be of pressure die cast aluminium (LM-6), 

Nylon -6 or fibre glass and shall include necessary fixing GI nuts, bolts, washer etc.  
These are required at every 2 metre of cable runs. 
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15.9 Power and control 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.   

 
15.10 Cables shall not be bent below the minimum permissible limit.  The permissible limits 

are as follows: 
 
 Table of Cable and       Minimum bending radius   
 
 Power cable                   12 D 
 
 Control cable             10 D   
 
 D is overall diameter of cable 
 
15.11 Where cables cross roads, drains and rail tracks, these shall be laid in reinforced 

spun concrete or steel pipes buried at not less than one metre depth. 
 
15.12 In each cable run some extra length shall 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 develop fault at a later date.  

 
15.13 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 by the Owner.  If straight through joints are 
unavoidable, the Contractor shall use the straight through joints kit of reputed make. 

 
15.14 Control cable terminations inside equipment enclosures shall have sufficient lengths 

so that changing of termination in terminal blocks can be done without requiring any 
splicing. 

 
15.15 Metal screen and armour of the cable shall be bonded to the earthing system of the 

station, wherever required by the Owner. 
 
15.16 Rollers shall be used at intervals of about two metres while pulling cables. 
 
15.17 All due care shall be taken during unreeling, laying and termination of cable to avoid 

damage due to twist, kinks, sharp bends, etc. 
 
15.18 Cable ends shall be kept sealed to prevent damage. In cable vault, fire resistant seal 

shall be provided underneath the panels. 
 
15.19 Inspection on receipt, unloading and handling of cables shall generally be in 

accordance with relevant international standard. 
 
15.20 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 cable, shall be supplied, installed and properly sealed by the 
Contractor at no extra charges. 

 
15.21 Contractor shall remove the RCC/Steel trench covers before taking 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.     

 
15.22 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. 
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15.23 Contractor shall paint the tray identification number on each run of trays at an interval 
of 10 m. 

 
15.24 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.  In case 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. 

 
15.25 All cable terminations shall be appropriately tightened to ensure secure and reliable 

connections.  The Contractor shall cover the exposed part of all cable lugs whether 
supplied by him or not with insulating tape, sleeve or paint. 

 
15.26 Cable trays 
 

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

 
ii)   The Contractor shall perform all tests and inspection to ensure that material 

and workmanship are according to the relevant standards.   
 
 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 along 
the length of the tray.  The maximum deflection at the mid-span shall not exceed 
7mm. 

 
15.27 Conduits, Pipes and Duct Installation 
 
15.27.1 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, pull 
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.  

 
15.27.2 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. 

 
15.27.3 All conduit/pipes shall be extended on both sides of wall/floor openings. The 

fabrication and installation of supports and the clamping shall be included in the 
scope of work by Contractor. 

 
15.27.4 When two lengths of conduits are joined together through a coupling, running threads 

equal to twice the length of coupling shall be provided on each conduit to facilitate 
easy dismantling of two conduits. 

 
15.27.5 Conduit installation shall be permanently connected to earth by means of special 

approved type of earthing clamps.  GI pull wire of adequate size shall be laid in all 
conduits before installation. 

 
15.27.6 Each conduit run shall be painted with its designation as indicated on the drawings 

such that it can be identified at each end. 
 
15.27.7 Embedded conduits shall have a minimum concrete cover of 50 mm. 
 
15.27.8 Conduit run sleeves shall be provided with the bushings at each end. 
 
15.27.9 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 
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help of bushings.  Bushings shall have rounded edges so as not to damage the 
cables. 

 
15.27.10 Where embedded conduits turn upwards from a slab or fill, the termination 

dimensions shown on the drawings, if any, shall be taken to represent the position of 
the straight extension of the conduit external to and immediately following the bend. 
At least one half of the arc length of the bend shall be embedded. 

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

cables are pulled, the ends of conduits/pipes shall be sealed in an approved manner 
to prevent damage to threaded portions and entrance of moisture and foreign 
material. 

 
15.27.12 For underground runs, Contractor shall excavate and back fill as necessary. 
 
15.27.13 Contractor shall supply, unload, store and install conduits required for the lighting 

installation as specified. All accessories/fittings 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 steel), 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 supplied by the Contractor.  The conduit fittings shall be of 
the same material as conduits. 

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

fixtures, receptacles etc. 
 
15.27.15 Size of conduit for lighting shall be selected by the Contractor during detailed 

engineering. 
 
15.27.16 Exposed conduits shall be run in straight lines parallel to building columns, beams 

and walls.  Unnecessary bends and crossings shall be avoided to present a neat 
appearance. 

 
15.27.17 Conduit supports shall be provided at an interval of 750mm for horizontal runs and 

1000mm for vertical runs. 
 
15.27.18 Conduit 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 steel by welding and to concrete or brick work by grouting  or by nylon  
rawl plugs.  Wooden plug inserted in the masonary or concrete for conduit support is 
not acceptable. 

 
15.27.19 Embedded conduits shall be securely fixed in position to preclude any movement.  In 

fixing embedded conduit, if welding or brazing is used, extreme care should be taken 
to avoid any injury to the inner surface of the conduit. 

 
15.27.20 Spacing of embedded conduits shall be such as to permit flow of concrete between 

them. 
 
15.27.21 Where conduits are placed alongwith cable trays, they shall be clamped to supporting 

steel at an interval of 600mm. 
 
15.27.22 For directly embedding in soil, the conduits shall be coated with an asphalt-base 

compound. Concrete pier or anchor shall be provided wherever necessary to support 
the conduit rigidly and to hold it in place. 

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

condensation. 
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15.27.24 Conduits shall be kept, wherever possible, at least 300mm away from hot pipes, 
heating devices etc. when it is evident that such proximity may reduce the service life 
of cables. 

 
15.27.25 Slip joints shall be provided when conduits cross structural expansion joints or where 

long run of exposed conduits are installed, so that temperature change will cause no 
distortion due to expansion or contraction of conduit run. 

 
15.27.26 For long conduit run, pull boxes shall be provided at suitable intervals to facilitate 

wiring. 
 
15.27.27 Conduit shall be securely fastened to junction boxes or cabinets, each with a lock nut 

inside and outside the box. 
 
15.27.28 Conduits joints and connections shall be made thoroughly water-tight and rust proof 

by application of a thread compound which insulates the joints.  White lead is suitable 
for application on embedded conduit and red lead for exposed conduit. 

 
15.27.29 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. 

 
15.27.30 The entire metallic conduit system, whether embedded or exposed, shall be 

electrically continuous and thoroughly grounded.  Where slip joints are used, suitable 
bounding shall be provided around the joint to ensure a continuous ground circuit. 

 
15.27.31 After installation, the conduits shall be thoroughly cleaned by compressed air before 

pulling in the wire. 
 
15.27.32 Lighting fixtures shall not be suspended directly from the junction box in the main 

conduit run. 
 
16.0 JUNCTION BOX 
 
 a) The Contractor shall supply and install junction boxes complete with 

terminals as required. The brackets, bolts, nuts, screws etc required for 
erection are also included in the scope of the Contractor. 

 
 b) Junction boxes having volume less than 1600 cubic centimeters may be 

installed 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 installed so that they are level, plumb and 
properly aligned to present a pleasing appearance. 

 
 c) Boxes with volumes 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. 

 
17.0  TESTING AND COMMISSIONING 
 
17.1 An indicative list of tests for testing and commissioning is given below.  Contractor 

shall perform any additional test based on specialities of the items as per the field 
Q.P./instructions of the equipment Contractor or Owner without any extra cost to the 
Owner.  The Contractor shall arrange all equipments instruments and auxiliaries 
required for testing and commissioning of equipments alongwith calibration 
certificates and shall furnish the list of instruments to the Owner for approval. 
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17.2 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 connecting terminals using torque 

wrenches. 
 
 (e) For oil filled equipment, check for oil leakage, if any.  Also check oil level and 

top up wherever necessary. 
 
 (f) 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) All checks and tests specified by the manufacturers in their drawings and 

manuals as well as all tests specified in the relevant code of erection. 
 
 (i) Check for surface finish of grading rings (Corona control ring). 
 
 (j) Pressure test on all pneumatic lines at 18.5 times the rated pressure shall be 

conducted. 
 
 
 
 
 
17.3 STATION EARTHING 
 
 a) Check soil 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 application of zinc rich paint on galvanised surfaces. 
 
 e) Dip test on earth conductor prior to use. 
 
17.4 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 accessories. 
 
 d) Millivolt drop test on all power connectors. 
 
 e) Sag and tension check on conductors. 
 
17.5 ALUMINIUM TUBE WELDING 
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 a) Physical check 
 
 b) Millivolt drop test on all joints. 
 
 c) Dye penetration test & Radiography test on 10% sample basis on weld joints. 
 

c) Test check on 5% sample joints after cutting the weld piece to 
  observe any voids etc. 

 
17.6 INSULATOR 
 
 Visual examination for finish, damage, creepage distance etc. 
 
17.7 All pre/commissioning activities and works work for substation equipment shall be 

carried out in accordance with owner's ''Pre- Commissioning procedures and formats 
for substation bay equipments" by the contractor. This document shall be provided to 
the successful contractor during detailed engineering stage. 

 
 
 
 
 
 
 

 
ANNEXURE – A 

 
      A. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 220 kV GANTRY STRUCTURE 

                   
Sl. 
No. 

Max. Span Conductor 
Configuration 

Ph-Ph 
Spacing 

Normal 
Tension 

SCF per 
Phase 

Spacer 
span 

 
I. 

 
For Fault Level of 40 kA for 1 sec. 
 

1. 54 mtr QUAD ACSR 4.5 mtr 4 T 5.00 T 2.5 mtr 
2. 54 mtr TWIN ACSR 4.5 mtr 2 T 3.50 T 2.5 mtr 
3. 74 mtr TWIN ACSR 4.5 mtr 4 T 5.00 T 2.5 mtr 
4. 54 mtr QUAD ACSR 4.0 mtr  4 T 5.70 T 2.5 mtr 
5. 54 mtr TWIN ACSR 4.0 mtr 2 T 3.50 T 2.5 mtr 
6. 74 mtr TWIN ACSR 4.0 mtr 4 T 5.70 T 2.5 mtr 
7. 48 mtr QUAD ACSR 4.0 mtr 4 T 5.30 T 2.5 mtr 
8. 52 mtr QUAD ACSR 4.0 mtr 4 T 5.35 T 2.5 mtr 
9. 68 mtr TWIN ACSR 4.0 mtr 4 T 5.20 T 2.5 mtr 
10. 56 mtr QUAD ACSR 4.0 mtr 4 T 5.50 T 2.5 mtr 
11. 72 mtr TWIN ACSR 4.0 mtr 4 T 5.27 T 2.5 mtr 

 
 
NOTE:  ACSR conductor as mentioned above indicates that it is suitable for ACSR MOOSE 

conductor.  
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      B. SHORT CIRCUIT FORCES AND SPACER SPAN FOR 132 kV GANTRY STRUCTURE 
                   

Sl. 
No. 

Max. Span Conductor 
Configuration 

Ph-Ph 
Spacing 

Normal 
Tension 

SCF per 
Phase 

Spacer 
span 

 
I. 

 
For Fault Level of 31.5kA for 1 sec. 
 

1. 36 mtr Twin Moose/ 
Zebra ACSR 

3 mtr 1 T 2.15 T 2.5 mtr 

2. 31.5 mtr Twin Moose/ 
Zebra ACSR 

2.7mtr 1 T 2.15 T 2.5 mtr 

3. 48 mtr Single Moose/ 
Zebra ACSR 

3 mtr 1 T 2.05 T NA 

4. 42 mtr Single Moose/ 
Zebra ACSR 

2.7 mtr 1 T 2.03 T NA 
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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 ACSR MOOSE conductor: 

Sl. Description Unit ACSR MOOSE 

1.0 Applicable Standard  IEC-61089 

2.0 Raw Materials 

2.1 Aluminium 

a) Minimum purity of Aluminium % 99.50 

b) Maximum copper content % 0.04 

2.2 Steel wires/ rods 

a)  Carbon % 0.50 to 0.85 

b) Manganese % 0.50 to 1.10 

c) Phosphorous %  Not more than 0.035 

d) Sulphur % Not more than 0.045 

e) Silicon % 0.10 to 0.35 (Max.) 

2.3 Zinc 

a) Minimum purity of Zinc % 99.95 

3.0 Aluminium strands after stranding 

3.1 Diameter 

a) 
 

Nominal mm 3.53 

b) Maximum mm 3.55 

c) Minimum mm 3.51 

3.2 Minimum Breaking load of strand   

a) Before stranding KN 1.57 

b) After stranding KN 1.49 

c) Maximum D.C. resistance of strand at 20 
deg. Centigrade  

Ohm/
KM 

2.921 

3.3  Maximum resistance of 1 m length of 
strand at 20 deg. C 

Ohm 0.002921 

4.0 Steel strand after stranding 

4.1 Diameter 

a)  Nominal mm 3.53 
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Sl. Description Unit ACSR MOOSE 

1.0 Applicable Standard  IEC-61089 

2.0 Raw Materials 

2.1 Aluminium 

b) Maximum mm 3.60 

c)  Minimum mm 3.46 

4.2 Minimum Breaking load of strand 

a) Before stranding KN 12.86 

b) After stranding KN 12.22 

4.3 Galvanising 

a) Minimum weight of zinc coating per 
sq.m.  

gm 260 

b) Minimum number of  dips that the 
galvanised strand can withstand in the 
standard preece test  

Nos. 2 dips of  one minute & 1 
dip of  half minute 

c)  Min. No. of twists in guage length 
equal 100 times the dia. of wire which 
the strand can withstand in the torsion 
test (after stranding) 

Nos 16 (After stranding) 
18 (Before stranding) 

5.0 ACSR Conductor 

5.1.a) Stranding  Al -54/3.53 mm+ 
Steel-7/3.53 mm 

b) Number of Strands   

i. Steel centre Nos. 1 

ii. 1st Steel Layer Nos. 6 

iii. 1st Aluminium Layer Nos. 12 

iv. 2nd Aluminium Layer Nos. 18 

v. 3rd Aluminium Layer Nos. 24 

5.2 Sectional Area of aluminium Sq. 
mm 

528.50 

5.3 Total sectional area Sq. 
mm 

597.00 

5.4 Approximate Weight Kg/m 2.004 

5.5 Diameter of the conductor mm 31.77 

5.6 UTS of the conductor kN  161.20 (Min.) 

5.7 Lay ratio of the conductor mm Max               Min 

a) 
 

 Outer Steel layer mm 18                    16 

b) 8/12 wire Aluminium layer mm 14                    12 

c) 14/ 18 wire Aluminium layer mm 13                    11 

d) 20/24 wire Aluminium layer mm 12                    10 

5.8 DC resistance of  the conductor at 
20°C 

ohm/ 
km 

0.05552 

5.9 Standard length of the conductor  m  1800 
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Sl. Description Unit ACSR MOOSE 

1.0 Applicable Standard  IEC-61089 

2.0 Raw Materials 

2.1 Aluminium 

5.10 Tolerance on Standard length % (+/-) 5 

5.11 Direction of lay of outer layer  - Right Hand 

5.12 Linear mass of the conductor                    

a) Standard  kg/ 
km 

2004 
 

b) Minimum kg/ 
km 

1965 

c) Maximum kg/ 
km  

2045 

5.13 Modulus of Elasticity (Final State)  Kg/sq
.mm 

6860 

5.14 Co-efficient of Linear Expansion  Per 
Deg. 
C 

19.3x10-6 

5.15 Minimum Corona Extinction Voltage KV 
(rms) 

320 

5.16 RIV at 1 Mhz  under dry condition Micro
volts 

Max. 1000 at 320 kV (rms) 

6.0 Drum Dimensions   

a) Flange Diameter mm 1800 

b) Traverse width mm 950 

c) Barrel Diameter mm 650 

d) Flange thickness mm 50x50 

  

1.2 Guaranteed technical particulars of Galvanised Steel Earthwire 

 Description Unit Standard Values 

1.0 Raw Materials 

1.1 Steel wires / rods 

a) Carbon % Not more than 0.55 
b) Manganese % 0.40 to 0.90 
c) Phosphorous % Not more than 0.04 
d) Sulphur % Not more than 0.04 
e) Silicon % 0.15 to 0.35 

1.2 Zinc 

a) Minimum purity of Zinc % 99.95 
2.0 Steel strands 

2.1 Diameter 

a) Nominal mm 3.66 
b) Maximum mm 3.74 
c) Minimum mm 3.58 

2.2. Minimum breaking load of strand 
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a) After stranding KN 10.58 

2.3 Galvanising 

a) Minimum weight of zinc 
coating per sq.m. after 
stranding 

gms. 275 

b) Minimum number of dips 
that the galvanized strand 
can withstand in the 
standard preece test 

Nos. 3 dips of 1 minute and one dip of ½ 
minute 

c) Minimum number of twists 
in a gauge length equal to 
100 times diameter of wire 
which the strand can 
withstand in the torsion 
test, after stranding 

Nos. 18 

3.0 Stranded Earth wire 

3.1 UTS of Earth wire KN 68.4 (min.) 

3.2 Lay length of outer steel layer 

a) Standard mm 181 
b) Maximum mm 198 
c) Minimum mm 165 

3.3 Maximum DC resistance 
of earth wire at 200 C 

Ohm/km 3.375 

3.4 Standard length of earth 
wire 

M 2000 or actual quantity whichever is 
less. 

3.5 Tolerance on standard 
length 

% ±5 

3.6 Direction of lay for 
outside layer 

 Right hand 

3.7 Linear mass    
a) Standard Kg/km 583 
b) Maximum Kg/km 552 
c) Minimum Kg/km 600 

3.8 Overall diameter mm 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 3" IPS (EH Type) 4" IPS (EH Type) 
2. Material Aluminium Alloy 6101 T6 confirms to 63401 

WP (range 2) of IS 5082 : 1998/Equivqlent 
BS standard 

3. Chemical Composition 
i) Cu 0.05 Max 
ii) Mg 0.4 to 0.9 
iii) Si 0.3 to 0.7 
iv) Fe 0.5 Max 
v) Mn 0.03 Max 

Vi) Al Remainder 
4. Outer diameter   88.90 mm 114.2 mm 
5. Tolerance on outer diameter +2.2 mm, - 0.0 mm +2.2 mm, - 0.0 mm 
6. Thickness  7.62 mm 8.51 mm 
7. Tolerance on thickness +2.2 mm, - 0.0 mm +2.2 mm, - 0.0 mm 
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8. Cross-sectional area  1945.76 sq.mm 2825.61  sq.mm 
9. Weight  5.25 kg/m 7.7 kg/m 

10. Moment of Inertia  1621589.99 mm4 3972577.97 mm4 
11. Section Modulus 36481.21 mm3 69572.29 mm3 
12. Minimum Ultimate Tensile 

Strength  
20.5 Kg/sq.mm 

13. Temperature co-efficient of 
resistance 

0.00364 per Deg.C 

14. Minimum Electrical 
Conductivity at 20 deg.C 

55% of IACS  

15. Linear Temperature Co-
efficient of Expansion (20 
Deg.C -200 Deg.C) 

0.000023 

16. Modulus of Elasticity 6700 Kg/sq.mm 
17. Minimum Elongation on 50 

mm 
10% 

18. Thermal Conductivity at 100 
Deg.C 

0.43 Calories/sec/sq.mm/cm/deg.C 

19. Minimum 0.2% proof stress 17.34 Kg/sq.mm 
20 Minimum Yield point  17.50 Kg/sq.mm 17.50 Kg/sq.mm 
21 Minimum Breaking Strength 20.42 Kg/sq.mm 20.42 Kg/sq.mm 
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CORONA AND RADIO INTERFERENCE VOLTAGE (RIV) TEST 

1. General 

 Unless otherwise stipulated, all 220kV & 132kV 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). 

2.     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. 

3.   Test Methods for RIV: 

3.1 RIV tests 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. 

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

3.3  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. 

3.4  Ambient noise shall be measured before 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 
voltage for all equipment unless otherwise specified.  The specified RIV test voltage for 
220 KV is listed in the detailed specification together with maximum permissible RIV level 
in microvolts. 

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

3.6  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 noisel meter. 

4. Test Methods for Visible Corona 

 The purpose of this test is to determine the corona extinction voltage of apparatus, 
connectors 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 voltage and maintained there for five minutes. In case corona 
inception does not take place at 110%, test shall be stopped, otherwise test shall be 
continued and the voltage will then be decreased slowly until all visible corona 
disappears. The procedure shall be repeated at least 4 times with corona inception and 
extinction voltage recorded each time. The corona extinction voltage 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 complete 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 two 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 f/5.6 or equivalent. The photographic process shall be such 
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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 inception does not take place at 110%, voltage shall not be increased 
further and corona extinction voltage shall be considered adequate. 

4.1 The test shall be recorded on each photograph. Additional photograph shall be taken 
from each camera position with lights on to show the relative position of test object to 
facilitate precise corona location from the photographic evidence. 

4.2 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 shall be provided to indicate camera positions and angles. The 
precise location of camera shall be approved by Purchaser’s inspector, after determining 
the best camera locations by trial energisation of test object at a voltage which results in 
corona. 

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

4.4 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 will be allowed. Simultaneous RIV and visible corona extinction voltage testing may 
be permitted at the discretion of Purchaser’s inspector if, in his opinion, it will not 
prejudice other test. 

5. Test Records: 

 In addition to the information previously mentioned and the requirements specified as per 
CISPR or NEMA 107-1964 the following data shall be included in test report: 

 a)     Background noise before and after test. 

 b)     Detailed procedure of application of test voltage. 

 c)     Measurements of RIV levels expressed in micro volts at each level. 

 d)   Results and observations with regard to location and type of interference sources 
detected at each step.                     

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

 f)     Onset and extinction of visual corona for each of the four tests required shall be 
recorded 
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1.0 GENERAL 
 

The scope of specification covers design, fabrication, trial assembly, supply and 
erection of galvanized steel structures for towers, girders, lightning masts and 
equipment support structures. Structures shall be lattice or Pipe type structure 
fabricated from structural steel conforming to relevant British standard Codes (BS 
Codes)/ equivalent International Standards.   

        
          Line diagrams of Towers, girders, Lightning mast, equipment support structures, 

gantries for 220/132/66kV structures enclosed with the tender document are for 
information only. However, The line diagram of all structures of 220 kV, 132kV, 66kV 
and 33/11 kV for new switch yards shall be prepared by the contractor based on their 
design during detailed engineering stage. The fabrication drawing/line diagram of 
structures for extension of existing switch yards shall be furnished by NEA/Consultant 
to the successful bidder progressively during detailed engineering stage. The bidder 
shall mention in their bid for the type of proposed structure i.e. Pipe or lattice type 
structure. The fabrication drawings, proto corrected drawings along with Bill of 
Material (BOM) for all the structures (Both Gantry and Equipment support structures) 
shall be prepared by the contractor during detailed engineering for submission to 
NEA/Consultant for their approval. Support structure for circuit breaker shall also be 
designed by the Manufacturer/Contractor.   

 
    It is the intent of the NEA/Consultant to provide structures which allow 

interchangeability of equipments at a later stage. Accordingly, Contractor is expected to 
design the equipment support structures with the provision of stool. Stools shall be 
provided by the Contractor between the equipment and its support structure to match 
the bus bar height. The top of stool shall be connected to the equipment and the bottom 
of the stool shall be connected to the Base support structure.   

 
     The scope shall include supply and erection of all types of structures including bolts, 

nuts, washers, step bolts, inserts in concrete, gusset plates, equipment mounting bolts, 
structure earthing bolts, foundation bolts, spring washers, fixing plates, ground mounted 
marshalling boxes (AC/DC Marshalling box & equipment control cabinets), structure 
mounted marshalling boxes and any other items as required to complete the job. 

 
   The connection of all structures to their foundations shall be with base plates and 

embedded anchor/foundation bolts. All steel structures and anchor/foundation bolts, 
fasteners (Nuts,bolts,washers) shall be fully galvanized as per relevant British standard 
Codes (BS Codes) / equivalent International Standards.  The weight of the zinc coating 
shall be at least 610 grammes /sq. m for anchor bolts/foundation bolts and for structural 
members. One additional nut shall be provided below the base plate which may be used 
for the purpose of leveling. 

 
     Contractor shall provide suitable arrangement on the equipment support structures 

wherever required to suit fixation of accessories such as marshalling boxes, MOM 
boxes, Control Cabinets, Junction box, surge counter, etc. in the equipment structure 
fabrication drawings.   
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2.0     DESIGN REQUIREMENTS FOR STRUCTURES 
 
2.1 For design of steel structures loads such as dead loads, live loads, wind loads etc. shall     

be based on relevant British standard Codes (BS Codes) / equivalent International      
Standards. 

 
2.2 For materials and permissible stresses, relevant British standard Codes (BS Codes) / 

equivalent International Standards. Shall be followed in general. However, additional 
requirements given in following paragraphs shall be also considered.    

 
2.3  Minimum thickness of galvanized lattice structure member shall be as follows: 

 
                               Members Min Thickness   (mm) 
 
                               Leg members, Ground wire              5 
                       Peak members\/Main members        5    
                               Other members                                  4  
                               Redundant members                          4 
 

2.4  Maximum slenderness ratios for leg members, other stressed members and redundant 
members for compression force shall be as per relevant British standard Codes (BS 
Codes) / equivalent International Standards. 

 
2.5   Minimum distance from hole center to edge shall be 1.5 x bolt diameter. Minimum 

distance between center to center of holes shall be 2.5 x bolt diameter. 
 

2.6   All bolts shall be M16 or higher as per design requirement. 
 
2.7        Step Bolts 
 

In order to facilitate inspection and maintenance, the tower structures shall be 
provided with climbing devices. Each tower shall be provided with M16 step bolts 
175mm long spaced not more than 450mm apart, staggered on faces on diagonally 
opposite legs extending from about 0.5 meters above plinth level to the top of the 
tower. The step bolt shall conform to relevant British standard Codes (BS Codes) / 
equivalent International Standards. Ladders along with safety guard shall be provided 
for the Lightning Mast Tower. 

 
2.8 Design Criteria  
 

a) All gantry structures shall be designed for the worst combination of dead loads, 
live loads, wind loads and Seismic forces as per relevant British standard Codes 
(BS Codes) / equivalent International Standards.  (latest),  loads due to 
deviation of conductor, load due to unbalanced tension in conductor, torsional 
load due to unbalanced vertical and horizontal forces, erection loads, short 
circuit forces including “snatch” in the case of bundled conductors etc. Short 
circuit forces shall be calculated considering a fault level of 40.0 kA for 220kV, 
31.5KA for 132kV/66kV and 25KA for 33kV/11kV or as applicable. Relevant 
British standard Codes (BS Codes) / equivalent International Standards. May be 
followed for evaluation of short circuit forces. 

 
b) Switchyard gantry structures shall be designed for the two conditions i.e. 

normal condition and short circuit condition. In both conditions the design of 
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all structures shall be based on the assumption that stringing is done only on 
one side i.e. all the three (phase) conductors broken on the other side. 
Factor of safety of 2.0 under normal conditions and 1.5 under short circuit 
condition shall be considered on all external loads for the design of switchyard 
structures. 

 
c)      Vertical load of half the span of conductors/string and the earth wires on either 

side of the beam shall be taken into account for the purpose of design. Weight 
of man with tools shall be considered as 150 kgs. for the design of structures. 

 
d)    Terminal/line take off gantries shall be designed for a minimum conductor 

tension of 2 metric tonnes per phase for 220 kv, 1 Metric tonne per phase for 
132 kV and 0.50 Metric Tonne for 33 kV or as per requirements whichever is 
higher. The distance between terminal gantry and dead end tower shall be taken 
as 200 meters for 220kV, 150m for 132kV and 80 m for 33 kV switch yard. 
The design of these terminal gantries shall also be checked considering +/- 30 
deg deviation of conductor in both vertical and horizontal planes. For other 
gantries the structural layout requirements shall be adopted in design. 

 
e)     The girders / beams shall be connected with lattice/Tower columns by bolted 

joints. 
 

f)    All equipment support structures shall be designed for the worst combination of 
dead loads, erection load. Wind load/seismic forces, short circuit forces and 
operating forces acting on the equipment and associated bus bars as per 
relevant British standard Codes (BS Codes) / equivalent International 
Standards.  

 
g)    If luminaries are proposed to be fixed on gantries/towers, then the proper loading 

for the same shall be considered while designing. Also holes for fixing the 
brackets for luminaries should be provided wherever required. 

 
h)   Foundation bolts shall be designed for the loads for which the structures are 

designed. 
 

i)    The height of Lightning Mast shall be   as per approved structural layout and 
designed for diagonal wind condition. . The lightning mast shall be provided 
with platform for mounting of lighting fixtures and a structural steel ladder 
within its base up to the level of platform. The ladder shall be provided with 
protection rings The platforms shall also have protection railing. The details of 
lighting fixtures would be as per approved drawings of electrical fixtures. 

 
3.0        DESIGN, DRAWINGS, BILL OF MATETRIALS AND DOCUMENTS 
 
3.1      The Contractor shall submit design and line diagram of each structure for approval of 

NEA/Consultant. Fabrication drawing based on approved line diagram shall be 
prepared by the contractor for approval of NEA/Consultant. The BOM (Bill Of 
Material) shall be prepared by the contractor based on approved fabrication drawing. 
The Line diagram should indicate not only profile, but section, numbers and sizes of 
bolts and details of typical joints. In case NEA/Consultant feels that any design or 
drawings are to be modified even after its approval, Contractor shall modify the 
designs & drawings and resubmit the same for approval. 

3.2    The fabrication drawings shall indicate complete details of fabrication and erection 
including all erection splicing details and typical fabrication splicing details, lacing 
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details, weld sizes and lengths. Bolt details and all customary details in accordance 
with standard structural engineering practice. The fabrication drawing and bill of 
material based on design/line diagram shall be submitted to NEA/Consultant for 
approval. Approved bill of materials prepared on the basis of fabrication drawing 
shall be the basis for payment. 

 
3.3       Such approvals shall, however, not relieve the contractor of his responsibility for 

safety and durability of the structure and good connection and any loss occurring due 
to defective fabrication, design or workmanship shall be borne by the contractor. 

 
3.4      The contractor shall submit editable soft copy of all designs preferably in Staad / excel 

form and drawings in AutoCAD to NEA/Consultant. The list of British standard 
codes relevant to steel structures have been given in Chapter-14-Civil section of 
technical specification This list is illustrative but not exhaustive. The contractor shall 
submit the copy of relevant portion of BS codes/equivalent International standard 
referred to NEA/Consultant for reference if necessary during detailed engineering 
stage. 

 
4.0 FABRICATION  AND ERECTION 
 
4.1     The fabrication and erection works shall be carried out generally in accordance with 

relevant British standard Codes (BS Codes) / equivalent International Standards. All 
materials shall be completely shop fabricated and finished with proper connection 
material and erection marks for ready assembly in the field. 

 
4.2 The component parts shall be assembled in such a manner that they are neither 

twisted nor otherwise damaged and shall be so prepared that the specified camber, if 
any, is provided. In order to minimize distortion in member the component parts shall 
be positioned by using the clamps, clips, dogs, jigs and other suitable means and 
fasteners (bolts and welds) shall be placed in a balanced pattern. If the individual 
components are to be bolted, paralleled and tapered drifts shall be used to align the 
part so that the bolts can be accurately positioned. 
 

4.3       Sample towers, beams and lightning masts and equipment support structures may be 
trial assembled in the fabrication shop to ensure fitment of various members and to 
avoid problems during erection.  
 

4.4        For all structures, BOM along with fabrication drawings in hard and editable soft 
copies shall be submitted to NEA/Consultant as document for information.  The 
responsibility of correctness of such fabrication drawing and BOM shall be fully with 
the contractor. 

 
4.5        Approval of fabrication drawings and BOM shall, however, not relieve the Contractor 

of his responsibility for the safety and durability of the structure and good 
connections and any loss or damage occurring due to defective fabrication, design or 
workmanship shall be borne by the Contractor. 

 
4.6       The Contractor should arrange on his own all plant and equipment, welding set, tools 

and tackles, scaffolding, trestles equipments and all other accessories and ancillaries 
required for carrying out erection without causing any stresses in the members which 
may cause deformation and permanent damage. Minor modification if any, required 
during erection shall be done at site with the approval of NEA/Consultant. 

 
5.0 BOLTING 
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i)   Every bolt shall be provided with a washer under the nut so that no part of the 
threaded portion of the bolt is within the thickness of the parts bolted together. 

  
ii)      In case of fasteners, the galvanizing shall confirm to relevant British standard 

Codes (BS Codes) / equivalent International Standards. The spring washer shall 
be electro galvanized as per relevant British standard Codes (BS Codes) / 
equivalent International Standards. 

  
6.0 WELDING 
 
 The work shall be done as per approved fabrication drawings which shall clearly 

indicate various details of joints to be welded, type of weld, length and size of weld, 
Symbols for welding on erection and shop drawings shall be according to relevant 
British standard Codes (BS Codes) / equivalent International Standards. Welding 
shall be carried out in accordance to relevant British standard Codes (BS Codes) / 
equivalent International Standards. 

 
7.0 FOUNDATION BOLTS 
 
7.1 Foundation bolts for the towers and equipment supporting structures and elsewhere 

shall be embedded in first stage concrete while the foundation is cast.  The Contractor 
shall ensure the proper alignment of these bolts to match the holes in the base plate. 

 
7.2 The Contractor shall be responsible for the correct alignment and leveling of all steel 

work on site to ensure that the towers/structures are plumb. 
 

7.3    All foundation bolts for lattice structure, pipe structure are to be supplied by the 
Contractor. 
 

7.4        All foundation bolts shall be fully galvanised so as to achieve minimum 610 grammes 
Per Sq.m. of Zinc Coating as per relevant British standard Codes (BS Codes) / 
equivalent International Standards. 
 

7.5       All foundation bolts and its material shall conform to relevant British standard Codes 
(BS Codes) / equivalent International Standards. All foundation bolts shall be 
provided with two number standard nuts, one check nut, one plain washer and MS 
plate at the bottom of foundation bolt. 

 
8.0 STABILITY OF STRUCTURE 
 

 The Supplier shall be responsible for the stability of the structure at all stages of its 
erection at site and shall take all necessary measures by the additions of temporary 
bracings and guying to ensure adequate resistance to wind and also to loads due to 
erection equipment and their operations. 

 
 
9.0        GROUTING  
 
 The method of grouting the column bases shall be subject to approval of 

NEA/Consultant and shall be such as to ensure a complete uniformity of contact over 
the whole area of the steel base. No additional payment for grouting shall be 
admissible. 

 
10.0      GALVANISING 
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10.1   All structural steel works (Gantry structures, Equipment support structures) and 
foundation bolts shall be galvanized after fabrication. The galvanization shall be done 
as per requirement relevant British standard Codes (BS Codes) / equivalent 
International Standards. 

 
10.2 Zinc required for galvanizing shall have to be arranged by the 

Contractor/manufacturer.  Purity of zinc to be used shall be 99.95% as per relevant 
British standard Codes (BS Codes) / equivalent International Standards. 

 
10.3    The Contractor shall be required to make arrangement for frequent inspection by the 

owner as well as continuous inspection by a resident representative of the owner, if so 
desired for fabrication work. 

 
11.0       TOUCH-UP PAINTING  

 Minor defects in hot dip galvanized members shall be repaired by applying zinc rich 
primer and two coats of enamel paint to the satisfaction of NEA/Consultant before 
erection.  

 
12.0       INSPECTION BEFORE DISPATCH 
 

 Each part of the fabricated steel work shall be inspected as per approved quality 
plans and certified by NEA/Consultant or his authorized representative as 
satisfactory before it is dispatched to the erection site.  Such certification shall not 
relieve the Contractor of his responsibility regarding adequacy and completeness of 
fabrication. 

13.0      TEST CERTIFICATE 
 
 Copies of all test certificates relating to material procured by the   Contractor for the 

works shall be submitted to NEA/Consultant. 
 
14.0 MODE OF MEASUREMENT 
 
 The measurement of the structure, fasteners (Nuts, Bolts, and Washers) and 

foundation bolts including its nuts washers and MS Plate at bottom shall be done as 
per Bid price schedule (BPS).  

 
15.0       SAFETY PRECAUTIONS 
 

 The Contractor shall strictly follow all precautions at all stages of fabrication, 
transportation and erection of steel structures. The stipulations contained in relevant  

 
British standard Codes (BS Codes) / equivalent International Standards.  for Safety 
during erection of structural steel work shall also be adhered to. 

 
16.0      MANUFACTURING QUALITY PLAN 
             The material specification shall also be as per relevant British standard Codes (BS 

Codes) / equivalent International Standards.  
            The Contractor shall prepare the manufacturing quality plan to accept/check the 
material, galvanization and welding as per relevant international standards/BS codes 
within 1 month after award of work and submit the same to NEA/ Consultant for 
approval. 
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1.0 GENERAL 
 
 The intent of specification covers the following: 
 
 Design, engineering, drawing and construction of all civil works at sub-station. All civil 

works shall also satisfy the general technical requirements specified in other Sections 
of Specification and as detailed below. They shall be designed to the required service 
conditions/loads as specified elsewhere in this Specification or implied as per relevant 
British standard codes (B S Codes)/ equivalent International Standards. 

 
 All civil works shall be carried out as per applicable Standards and Codes. All 

materials shall be of best quality conforming to relevant International Standards and 
Codes. In case of any conflict between Standards/ Code and Technical Specification, 
the provisions of Technical Specification shall prevail. 

 
 The Contractor shall furnish all design, drawings, labour, tools, equipment, materials, 

temporary works, constructional plant and machinery, fuel supply, transportation and 
all other incidental items not shown or specified but as may be required for complete 
performance of the Works in accordance with approved drawings, specifications and 
direction of  NEA/Consultant. 

 
 The work shall be carried out according to the design/drawings to be developed by 

the Contractor and approved by the NEA/Consultant. For all buildings, structures, 
foundations etc. necessary layout and details shall be developed by the Contractor 
keeping in view the functional requirement of the substation facilities and providing 
enough space and access for operation, use and maintenance. Certain minimum 
requirements are indicated in this specification for guidance purposes only. However, 
the Contractor shall quote according to the complete requirements. 

ISED CLAUSE 
2.0 GEOTECHNICAL INVESTIGATION 
 
2.1 The Contractor shall perform a detailed soil investigation to arrive at sufficiently 

accurate, general as well as specific information about the soil profile and the 
necessary soil parameters of the Site in order that the foundation of the various 
structures can be designed and constructed safely and rationally. 

 A detailed soil report including field data duly certified by site engineers of 
NEA/Consultant will be submitted by the Contractor for specific approval of 
NEA/Consultant. The report shall contain all soil parameters along with 
recommendation of soil consultant for type of foundation i.e. pile or open type, soil 
treatment if any etc. to be used for the design of civil foundations. 

 
2.2 The Contractor may visit the site to ascertain the soil parameters. Any variation in soil 

data shall not constitute a valid reason for any additional cost & shall not affect the 
terms & conditions of the contract. Field tests must be conducted covering entire 
substation area including all the critical locations i.e. Control Room and GIS Building, 
township buildings, Lightning Mast. Towers, transformer/Reactor etc. 

 
2.3 SCOPE OF WORK 
 

 This specification covers all the work required for detailed soil investigation and 
preparation of a detailed report. The work shall include mobilisation of necessary 
equipment, providing necessary engineering supervision and technical personnel, 
skilled and unskilled labour etc. as required to carry out field investigation as well as, 
laboratory investigation, analysis and interpretation of data and results, preparation of 
detailed Geo-technical report including specific recommendations for the type of 
foundations and the allowable safe bearing capacity for different sizes of foundations 
at different founding strata for the various structures of the substation. The Contractor 
shall make his own arrangement for locating the co-ordinates and various test 
positions in field as per the information supplied to him and also for determining the 
reduced level of these locations with respect to the benchmark indicated by the 
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NEA/Consultant. The soil investigation for substation extension in existing switch yard 
has not been envisaged. Soil data of existing substation shall be referred for the 
design of foundations in switch yard extension under present scope of work. 

 
 All the work shall be carried out as per latest edition of the corresponding relevant 

British standard codes (B S Codes)/ equivalent International Standards. The Agency 
carrying out the soil investigation work must have the experience of carrying out soil 
investigation successfully in the relevant field. NEA shall assess the capability of the 
agency for soil investigation work for which technical inputs may be furnished by 
consultant to NEA. 

 
2.3.1 Bore Holes 
 
 Bore holes of Minimum 150 mm diameter in accordance with the provisions of 

relevant international standards/British standards(BS) at the rate of minimum one 
number bore hole per hectare or minimum 3 locations up to 20meter depth(Minimum) 
or to refusal which ever occur earlier shall be drilled for new areas (220 kV Yards and 
220/132/33 kV yards wherever applicable). In any case number of boreholes shall not 
be less than three for new substations. By refusal it shall mean that a standard 
penetration blow count (N) of 100 is recorded for 30 cm penetration. Number of 
boreholes may be increased in case soil strata are varying from borehole to borehole 
in order to have fair idea of soil profile. In case of deep pile foundations soil 
investigation is to be carried out up to 30 m depth from ground level or refusal 
whichever is earlier. In case rock is encountered, coring in all the boreholes shall be 
carried out up to 3 meter in rock. 

 
 Performing Standard Penetration Tests at approximately 1.5 m interval in the 

borehole starting from 1.5 m below ground level onwards and at every change of 
stratum. The disturbed samples from the standard penetrometer shall also be 
collected for necessary tests. Standard   Penetration Test shall be performed as per 
relevant British standard codes (B S Codes)/ equivalent International Standards. 

 
 Undisturbed samples shall be collected in accordance with the recommendation of 

relevant British standard codes (B S Codes)/ equivalent International Standards. Or 
an alternative recognize method as agreed by NEA/Consultant. Undisturbed samples 
shall be taken in cohesive material or weak cemented granular material where ever 
possible at 1.0 m interval or at each change in stratum.  

 
 The depth of Water Table, if encountered, shall be recorded in each borehole. In case 

the soil investigation is carried out in winter/summer, the water table for rainy season 
shall be collected from reliable sources and recorded in the report. 

 
 All samples, both disturbed and undisturbed, shall be identified properly with the 

borehole number and depth from which they have been taken. 
 
 The sample shall be sealed at both ends of the sampling tubes with wax immediately 

after the sampling and shall be packed properly and transported to the Contractor’s 
laboratory without any damage or loss. 

 
 The logging of the boreholes shall be compiled immediately after the boring is 

completed and a copy of the bore log shall be handed over to the Engineer-in-
change. 

 
2.3.2 Trial Pits 
 
 The Contractor shall excavate one number trial pits per substation (New) and as 

directed by NEA/Consultant, of area 2m*2m and not exceeding 4 m depth. 
Undisturbed samples shall be taken from the trial pits as per the direction of the 
NEA/Consultant. All Trial Pits shall be re-filled with approved material after the tests 
are complete and shall be compacted in layers of not more than 500mm. 
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2.3.3 Electrical Resistivity Test 
 
 This test shall be conducted to determine the Electrical resistivity of soil required for 

designing safety-grounding system for the entire station area. The specifications for 
the equipments and other accessories required for performing electrical resistivity 
test, the test procedure, and reporting of field observations shall confirm to relevant 
British standard codes (B S Codes)/ equivalent International Standards. The test shall 
be conducted using Wagner’s four electrode method as specified in relevant British 
standard codes (B S Codes)/ equivalent International Standards..  Unless otherwise 
specified at each test location, the test shall be conducted along two perpendicular 
lines parallel to the coordinate axis. On each line a minimum of 8 to 10 readings shall 
be taken by changing the spacing of the electrodes from an initial small value of 1 m 
upto a distance of 50.0 m. 

 
2.3.4 Plate load test 
 

 Two number of Plate load tests per substation (for new substations) shall be 
conducted each at the location of control room/ GIS building and township area as 
applicable only to determine the bearing capacity, modulus of sub grade reaction and 
load/settlement characteristics of soil at shallow depths by loading a plane and level 
steel plate kept at the desired depth and measuring the settlement under different 
loads, until a desired settlement takes place or failure occurs. The specification for 
the equipment and accessories required for conducting the test, the test procedure, 
field observations and reporting of results shall conform to relevant BS standard. 
Plate load test shall be performed at the proposed foundation depth below finished 
ground level for bearing capacity. 

 
 Undisturbed tube samples shall also be collected from the pit at 1.0 m depth and 

bottom of pit from natural ground level for carrying out laboratory tests. 
 
The size of the pit in plate load test shall not be less than five times the plate size and 
shall be taken up to the specified depth. All provisions regarding excavation and 
visual examination of pit shall apply here. 

 
 Unless otherwise specified the reaction method of loading shall be adopted. 

Settlement shall be recorded from dial gauges placed at four diametrically opposite 
ends of the test plate.  

 
 The load shall be increased in stages. Under each loading stage, record of Time vs. 

Settlement shall be kept as specified in relevant British standard codes (B S Codes)/ 
equivalent International Standards. 

 Backfilling of the pit shall be carried out as per the directions of the NEA/Consultant.  
Unless otherwise specified the excavated soil shall be used for this purpose. In cases 
of gravel-boulder or rocky strata, respective relevant codes shall be followed for tests. 

 
2.3.5 Water Sample 
 

 Representative samples of ground water shall be taken when ground water is first 
encountered before the addition of water to aid drilling of boreholes. The samples 
shall be of sufficient quantity for chemical analysis to be carried out and shall be 
stored in air-tight containers. 

 
2.3.6 Back Filling of Bore Holes 
 
 On completion of each hole, the Contractor shall backfill all bore holes as directed by 

the NEA/Consultant. The backfill material can be the excavated material. 
 
2.3.7 Laboratory Test 
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1. The laboratory tests shall be carried out progressively during the field work 
after sufficient number of samples has reached the laboratory in order that 
the test results of the initial bore holes can be made use of in planning the 
later stages of the field investigation and quantum of laboratory tests. 

 
2. All samples brought from field, whether disturbed or undisturbed shall be 

extracted/prepared and examined by competent technical personnel, and the 
test shall be carried out as per the procedures laid out in the relevant British 
standard codes (B S Codes)/ equivalent International Standards.  

 
  The following laboratory tests shall be carried out  
  a) Visual and Engineering Classification 
 
   b) Atterberg limits Tests. 
 
  c) Natural moisture content, bulk density and specific gravity. 

  d) Grain size distribution analysis. 

  e) Swell pressure and free swell index determination. 

  f) California bearing ratio. 

  g) Consolidated drained test with pore pressure measurement.  
 

h) Chemical tests on soil and water to determine the carbonates, 
sulphates, nitrates, chlorides, Ph value, and organic matter and any 
other chemical harmful to the concrete foundation. 

 
i) In case rock is encountered, the soil test required for rock as per 

relevant British standard codes (B S Codes)/ equivalent International 
Standards including following tests shall also be conducted. 
(i) UCC test. 

                                      (ii) Point load index test. 
 
2.3.8 Test Results and Reports 
 
 The Contractor shall submit the detailed report in two (2) copies wherein information 

regarding the geological detail of the site, summarised observations and test data, 
bore logs, and conclusions and recommendations on the type of foundations with 
supporting calculations for the recommendations. The contractor shall also submit the 
bearing capacity calculation in editable soft copy to NEA/consultant. Initially the 
contractor shall submit draft report and after the draft report is approved, the final 
report in four (4) copies shall be submitted. The field and laboratory test data shall 
bear the signatures of the Investigation Agency, Contractor and also site 
representative of NEA/Consultant. 

 
 The report shall include, but not limited to the following:- 

a)     A plan showing the locations of the exploration work i.e. bore holes, trial pits. 
Plate load test, electrical resistivity test, CBR sample location etc. 

 
b)     Bore Logs: Bore logs of each bore holes clearly identifying the stratification 

and the type of soil stratum with depth. The values of Standard Penetration 
Test (SPT) at the depths where the tests were conducted on the samples 
collected at various depths shall be clearly shown against that particular 
stratum. 

 
 Test results of field and laboratory tests shall be summarised strata wise as well in 

combined tabular form. All relevant graphs, charts tables, diagrams and photographs, 
if any, shall be submitted along with report. Sample illustrative reference calculations 
for settlement, bearing capacity, pile capacity shall be enclosed. 
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 Recommendations: The report should contain specific recommendations for the 

type of foundation for the various structures envisaged at site. The Contractor shall 
acquaint himself about the type of structures and their functions from the 
NEA/Consultant. The observations and recommendations shall include but not limited 
to the following: 

 
a) Geological formation of the area, past observations or historical data, if 

available, for the area and for the structures in the nearby area, fluctuations 
of water table etc. 

 
b) Recommended type of foundations for various structures. If piles are 

recommended the type, size and capacity of pile and groups of piles shall be 
given after comparing different types and sizes of piles and pile groups. 

 
             c) Allowable bearing pressure on the soil at various depths for different sizes of 

the foundations based on shear strength and settlement characteristics of soil 
with supporting calculations. Minimum factor of safety for calculating net safe 
bearing capacity shall be taken as 3.0 (three). Recommendation of 
liquefaction characteristics of soil if applicable shall be provided. 

 
             d) Recommendations regarding slope of excavations and dewatering schemes, 

if required. 
 

e) Comments on the Chemical nature of soil and ground water with due regard 
to deleterious effects of the same on concrete and steel and 
recommendations for protective measures. 

 
f) If expansive soil is met with, recommendations on removal or retainment of 

the same under the structure, road, drains, etc. and thickness of treatment 
shall be given. In the latter case detailed specification of any special 
treatment required including specification or materials to be used, 
construction method, equipments to be deployed etc. shall be furnished. 
Illustrative diagram of a symbolic foundation showing details shall be 
furnished. 

 
g) Recommendations for additional investigations beyond the scope of the 

present work, if considered such investigation as necessary. 
 

f) In case of foundation in rocky strata, type of foundation and recommendation 
regarding rock anchoring etc. should also be given. 

  
3.0 CONTOUR SURVEY, SITE LEVELLING 

 
3.1 CONTOUR SURVEY & SITE LEVELLING: 
 The land for construction of substation will be handed over to the successful bidder 

as on where basis progressively after award of work. The contractor shall carry out 
survey work by taking spot level at 05 m x05 m grid interval with respect to temporary 
bench mark transferred from permanent bench mark in the locality if available either 
on bridge , government buildings of local authorities or any other permanent 
structure. The contractor shall submit the spot levels (in grid format) in editable soft 
copy in excel format and contour map with contour interval of 0.5 m in editable auto 
cad soft drawing.  

 
 The contractor will level the area required for construction of substation work either at 

single level, multi level or gradual slope with the finished ground level as approved by 
NEA/Consultant during detailed engineering based on highest flood level. The 
levelling area shall be decided by NEA/Consultant during detailed Engineering stage. 

 
             The layout and levels of all structure etc. shall be made by the Contractor at his own 
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cost from the general grids of the plot and benchmarks set by the Contractor and 
approved by NEA/Consultant. The Contractor shall provide all assistance in 
instruments, materials and personnel to NEA/Consultant for checking the detailed 
layout and shall be solely responsible for the correctness of the layout and levels. 

 
3.2 SCOPE 

 
 This clause covers clearance of site, contour survey, site levelling, maintaining 

finished ground level by cutting/filling in all types of soil and soft/ disintegrated rock, 
supplying and compaction of fill material if required. Cutting/felling of trees and their 
disposal has not been envisaged under the present scope. 

 
3.3 GENERAL 
 
 Site shall be cleared, surveyed and levelled/sloped by the contractor as per approved 

general arrangement drawing or levelling area decided during detailed engineering 
after award of work. 

 
             Work covered under this clause comprises the site clearance, survey work/setting out 

and making profiles (preparation of plot plan, setting up Bench Mark and taking spot 
levels at 05m x 05 m interval, preparation of contour plan with contour interval of 0.20 
m), Earth work in Excavation &filling in specified area with all lifts and leads and earth 
work in filling with borrowed earth with all leads and lifts (Borrow areas including 
payment of royalty for borrowed earth shall be arranged by the contractor at his own 
cost). During detailed engineering stage, the contractor will prepare the levelling 
proposal for optimum levelling and submit to NEA/Consultant for approval. Contractor 
shall submit the hard copy and editable soft copy of levelling proposal (levelling 
quantity calculation in Excel form and levelling drawing in Auto CAD) to 
NEA/Consultant for approval. 

3.4 Filling material shall conform to relevant British standard codes (BS Codes)/ 
equivalent International Standards. Unsuitable filling material if any shall be removed 
and replaced by suitable fill material. The filling shall be compacted in layers to 
achieve 95% of standard Proctor’s density at Optimum moisture contents (OMC). 
Cohesion less material shall be compacted to 70% relative density (minimum). 
Levelling/Filling shall be carried out as per relevant British standard codes (B S 
Codes)/ equivalent International Standards. 

3.5     All materials involved in excavation shall be classified by NEA/ Consultant in the 
following groups: 

3.5.1   All kinds of soils and soft/disintegrated rocks (Not requiring blasting): The 
material which can be quaried/excavated with pick, shovel, jumpers, scarifiers, 
crowbars and mechanical implements and will include various types of soils, plain 
cement concrete, shingle, river/nallah boulders, soling of road/foot path, stone 
masonary, soft conglomerate and laterite stone, lime stone and hard conglomerate 
etc. 

3.5.2    Hard Rocks: All kinds of rocks which can only be excavated by machines and 
requires blasting, chiselling in edging or in another agreed method and will also 
include reinforcement cement concrete. 

3.6     The quantity of excavation in all types of soils and soft/disintegrated rock shall be 
worked out by using initial and final level and no void deduction shall be made to 
calculate net quantity of earth work with 95% compaction. 

3.7       The volume of hard rock shall be computed on the basis of stack of excavated rubble 
after making 50 % deduction for voids. 

3.8      The surface of excavation or filling shall be neatly dressed to the required formation 
level with tolerance of (±) 100 mm. 

 
4.0 SITE PREPERATION, EXCAVATION, BACKFILL & DISPOSAL OF SURPLUS     

EARTH. 
 
4.1        SITE PREPERATION 
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 The layout and levels of all structure etc. shall be made by the Contractor at his own 
cost from the general grids of the plot and benchmarks set by the Contractor and 
approved by the NEA/Consultant. The Contractor shall give all help in instruments, 
materials and personnel to the NEA/Consultant for checking the detailed layout and 
shall be solely responsible for the correctness of the layout and levels. 

 
4.2      SCOPE 
 
 This clause covers clearing of the site, maintaining the finished ground level with 

available surplus excavated suitable back fill material generated from foundation 
works etc.  

 
4.3      GENERAL 
 

1) The Contractor shall develop the site area to meet the requirement of the 
intended purpose. The site preparation shall conform to the requirements of 
relevant sections of this specification or as per stipulations of relevant British 
standard codes (B S Codes)/ equivalent International Standards. 

 
2) The fill material shall be suitable for the above requirement. The fill shall be 

with such a material that the site so designed shall not be affected by erosion 
from wind and water from its final compacted position or the in-situ position of 
undisturbed soil. 

 
3) Material unsuitable for founding of foundations shall be removed and 

replaced by suitable fill material to be approved by the NEA/Consultant. 
 
4) Backfill material around foundations or other works shall be suitable for the 

purpose for which it is used and compacted to the density described under 
Compaction. Excavated material not suitable or not required for backfill shall 
be disposed off in areas as directed by purchaser up to a maximum lead of 2 
km. 

5) Contractor may record the initial level of the site as per present condition and 
submit the quantity of volume of earthwork required. 

6) Contractor may propose any suitable alternative for better optimization of 
project. 

 
 
 
 
4.4 EXCAVATION AND BACKFILL 
 
 SCOPE 

 
 This clause covers excavation for foundation works of Towers, Equipment support 

structures, Transformer/Reactor foundations, External Lighting poles, Cable trenches, 
Buildings, Car parking shed, Fire Wall, DG set, Water tanks, etc, backfilling of 
Foundations Works. 

 
1. Excavation and backfill for foundations shall be in accordance with the 

relevant British standard codes (B S Codes)/ equivalent International 
Standards. 

 
2. Whenever water table is met during the excavation, it shall be dewatered and 

water table shall be maintained below the bottom of the excavation level 
during excavation, concreting and backfilling. 

 
3. When embankments are to be constructed on slopes of 15% or greater, 

benches or steps with horizontal and vertical faces shall be cut in the original 
slope prior to placement of embankment material. Vertical faces shall 
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measure not more than 1 m in height. 
 
4. Embankments adjacent to abutments, culverts, retaining walls and similar 

structures shall be constructed by compacting the material in successive 
uniform horizontal layers not exceeding 15 cm in thickness. (Of loose 
material before compaction). Each layer shall be compacted as required by 
means of mechanical tampers approved by the Purchaser. Rocks larger than 
10 cm in any direction shall not be placed in embankment adjacent to 
structures. 

 
5.  Earth embankments of roadways and site areas adjacent to buildings shall be 

placed in successive uniform horizontal layers not exceeding 20 cm in 
thickness in loose stage measurement and compacted to the full width 
specified. The upper surface of the embankment shall be shaped so as to 
provide complete drainage of surface water at all times. 

 
4.5 COMPACTION 
 

1. The density to which fill materials shall be compacted shall be as per relevant 
BS and as per direction of NEA/Consultant. All compacted sand filling shall 
be confined as far as practicable. Backfilled earth shall be compacted to 
minimum 95% of the Standard Proctor’s density at OMC. The sub grade for 
the roads and embankment filling shall be compacted to minimum 95% of the 
Standard Proctor’s density at OMC. Cohesion less material sub grade shall 
be compacted to 70% relative density (minimum). 

 
2. At all times unfinished construction shall have adequate drainage upon 

completion of the road’s surface course, adjacent shoulders shall be given a 
final shaping, true alignment and grade. 

 
3. Each layer of earth embankment when compacted shall be as close to 

optimum moisture content as practicable. Embankment material which does 
not contain sufficient moisture to obtain proper compaction shall be wetted. If 
the material contains any excess moisture, then it shall be allowed to dry 
before rolling. The rolling shall begin at the edges overlapping half the width 
of the roller each time and progress to the centre of the road or towards the 
building as applicable. Rolling will also be required on rock fills. No 
compaction shall be carried out in rainy weather. 

 
4.6 REQUIREMENT FOR FILL MATERIAL UNDER FOUNDATION 
 
            The thickness of fill material under the foundations shall be such that the maximum 

pressure from the footing, transferred through the fill material and distributed onto the 
original undisturbed soil will not exceed the allowable soil bearing pressure of the 
original undisturbed soil. For expansive soils, the fill materials and other protections 
etc. to be used under the foundation is to be got approved by the NEA/Consultant. 

 
4.7 DISPOSAL OF SURPLUS EARTH 
 
            The surplus earth generated from foundation work shall be disposed away from 

levelling area boundary at low lying areas within 2Km lead. The surplus earth if 
disposed within substation main boundary, the same shall be spread in uniform layers 
and compacted with suitable compacting equipment to achieve 95% compaction at 
O.M.C. 

 
5.0        ANTIWEED TREATMENT & STONE SPREADING 
 
5.1 SCOPE OF WORK 
 

The Contractor shall furnish all labour, equipment and materials required for complete 
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performance of the work in accordance with the drawings, specification. 
 
Stone spreading along with cement concrete layer shall be done in the areas of the 
switchyard under present scope of work within fenced area. However the stone 
spreading along with cement concrete layer in future areas within fenced area shall 
also be provided in case step potential without stone layer is not well within safe 
limits. 

 
5.2 GENERAL REQUIREMENT 
 

The material required for site surfacing/stone filling shall be free from all types of 
organic materials and shall be of standard quality, and as approved by the Purchaser. 
 
The material to be used for stone filling/site surfacing shall be 
uncrushed/crushed/broken stone of 40mm nominal size (ungraded single size) 
conforming to relevant BS.   Hardness, flakiness shall be as required for wearing 
courses shall be as are per relevant BS. 
 
(a) Hardness 
            Abrasion value as per relevant BS. 
            Impact value as per relevant BS. 
 
(b) Flakiness Index 

 One test shall be conducted as per relevant British standard codes (B S          
Codes)/ equivalent International Standards. 

  
After all the structures/equipments are erected, anti weed treatment shall be applied 
in the switchyard where ever stone spreading along with  cement concrete is to be 
done and the area shall be thoroughly de-weeded including removal of roots. The 
recommendation of local agriculture or horticulture department may be sought where 
ever feasible while choosing the type of chemical to be used. The anti weed chemical 
shall be procured from reputed manufacturers. The doses and application of chemical 
shall be strictly done as per manufacturer’s recommendation. Nevertheless the 
effectiveness of the chemical shall be demonstrated by the contractor in a test area of 
10MX10M (appx.) and shall be sprinkled with water at least once in the afternoon 
every day after forty eight hours of application of chemical. The treated area shall be 
monitored over a period of two to three weeks for any growth of weeds by the 
NEA/Consultant. The final approval shall be given by NEA/Consultant based on the 
results. 
 
NEA/Consultant shall decide final formation level so as to ensure that the site 
appears uniform devoid of undulations.  The final formation level shall however be 
very close to the formation level indicated in the approved drawing.      
 
After anti weed treatment is complete, the surface of the switchyard area shall be 
maintained, rolled/compacted to the lines and grades as decided by NEA/Consultant.  
The sub grade shall be consolidated by using half ton roller with suitable water 
sprinkling arrangement to form a smooth and compact surface.  The roller shall run 
over the sub grade till the soil is evenly and densely consolidated and behaves as an 
elastic mass. 

 
In areas that are considered by the NEA/Consultant to be too congested with 
foundations and structures for proper rolling of the site surfacing material by normal 
rolling equipments, the material shall be compacted by hand, if necessary.  Due care 
shall be exercised so as not to damage any foundation structures or equipment 
during rolling compaction. 

 
The sub grade shall be in moist condition at the time the cement concrete is placed.  
If necessary, it should be saturated with water for not less than 6 hours but not 
exceeding 20 hours before placing of cement concrete.  If it becomes dry prior to the 
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actual placing of cement concrete, it shall be sprinkled with water and it shall be 
ensured that no pools of water or soft patches are formed on the surface. 

 
Over the prepared sub grade, 75mm thick base layer of cement concrete in 1:5:10 (1 
cement :5  sand : 10 Stone aggregates) shall be provided in the area excluding 
roads, drains, cable trenches as per detailed engineering drawing.  For easy drainage 
of water, the slope of 1:1000 is to be provided from the ridge to the nearest drain.  
The ridge shall be suitably located at the centre of the area between the nearest 
drains.  The above slope shall be provided at the top of base layer of cement 
concrete in 1:5:10.  A layer of cement slurry of mix 1:6 (1 cement: 6 sand) shall be 
laid uniformly over cement concrete layer.  The cement consumption for cement 
slurry shall not be less than 150 kg. Per 100 sq.m. 
 
A final layer of 100mm thickness of uncrushed/crushed/broken stone of 40mm 
nominal size (ungraded size) shall be spread uniformly over cement concrete layer 
after curing is complete. 
 

6.0        SITE DRAINAGE 
 

Preparation of overall drainage layout, design, drawing and providing rain water 
drainage system within the substation boundary under the present scope including 
connection at one or more points to the outfall point located outside the substation 
boundary wall is in the scope of contractor. Invert level of drainage system at outfall 
point shall be decided in such a way that the water can easily be discharged outside 
the substation boundary wall. In case outfall point is more than  100 m  away from 
boundary wall, only 100 metre drain outside the boundary wall is in the scope of 
contractor. Outfall point shall be got approved from NEA/Consultant before 
commencement of construction. While designing the drainage system following points 
shall taken care of: 
 

(a) The surface of the switchyard shall be sloped to prevent 
accumulation of water. 

(b) Drain shall be constructed at suitable locations in such a way that 
substation is not flooded and roads are not affected with ponding of 
surface water. In the switchyard maximum spacing between two 
drains shall not be more than 100 meter. It will be ensured that no 
area is left undrained. 

(c) Open surface drains having 300mm bottom width and 300mm depth 
at starting point of drain shall be provided. The depth of drain shall be 
measured with respect to finished ground level of switch yard i.e. 
from bottom of switch yard stone filling. 

(d) Longitudinal slope shall not be less than 1 in 1000. 
(e) Open surface drains shall be constructed with brick masonry or 

concrete blocks. As per design of contractor. PCC (1:2:4) shall be 
laid over 40mm thick layer of PCC 1:4:8 (1 cement: 4coarse sand: 8 
stone aggregate 20mm nominal size.)  

(f) The side wall of the drains shall be 25 mm above the gravel level to 
prevent falling of gravel into drain. Groove of 125 mm width shall be 
provided at 2000 mm spacing with suitable mild steel grating.. 

(g) The maximum velocity for pipe drains and open drains shall be 
limited to 2.4m/sec and 1.8m/sec respectively. However, minimum 
non-silting velocity of 0.6m/sec shall be ensured.  

(h) Pipe drains shall be provided in areas of switchyard where 
movement of crane will be necessary in operating phase of the 
substation. 

(i) For pipe drains, concrete pipe of class NP2 shall be used. However, 
for road crossings etc. higher strength pipe of class NP3 shall be 
provided. For rail crossings, RCC pipes of class NP4 shall be 
provided. For design of RCC pipes for drains and culverts, relevant 
British standard codes (B S Codes)/ equivalent International 
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Standards. Shall be followed. 
(j) Two Nos. of portable pumps of 5 hp capacity for drainage of water 

shall be provided by the Contractor. 
(k) Pipe drains shall be connected through manholes at an interval of 

max.   30m. 
(l) If the invert level of outfall point is above the last drain point in the 

substation boundary, sump of suitable size has to be constructed 
with in the substation boundary. 

(m) The drainage scheme and associated drawings shall be got 
approved from NEA/Consultant before commencement of 
construction. 

 
6.1 RAINWATER HARVESTING: 
 

In addition to drainage of rainwater in accordance with above clause 6.0, the 
contractor shall design, prepare drawings and provide rainwater harvesting system 
also.  Rainwater harvesting shall not be done if the depth of underground water table 
is within 8.0m from finished ground level or as per provision of relevant British 
standard codes (B S Codes)/ equivalent International Standards. While designing the 
rain water harvesting system, following points may be taken care of: 

 
Rainwater harvesting shall be done by providing two numbers   recharge structures 
with bore wells.  The recharge structures shall be suitably located within the sub-
station.  Branch drains from the main drain carrying rainwater from entire switchyard, 
constructed in accordance with clause 5.0, shall be connected to the recharge 
structures. 

 
 

The internal diameter of recharge shafts shall be 4.5 meter with 230mm thick lining of 
brick work up to a depth of 2.0 meter from ground level and 345mm thick brickwork 
below 2.0 meter depth.  The brick/concrete block work shall be constructed with 
cement mortar 1:6 (1 cement: 6 coarse sand).  The overall depth of shaft shall be 5.0 
meter below invert level of drain.  The shaft shall be covered with RCC slab for a live 
load of 300 kg. Per sq. m.  Two openings of size 0.7 x 0.7 meter shall be provided in 
the RCC cover slab as shown in the drawing.  An iron cover made of 5mm thick 
chequered plate with hinges shall be provided on the openings.  Galvanized M.S. 
rungs of 20mm diameter at spacing of 300 mm shall be provided in the wall of shaft 
below the opening in the RCC slab to facilitate cleaning of shaft. 

 
A 300 mm diameter bore well shall be drilled in the centre of the shaft.  The depth of 
bore well shall be 5.0 meter more than the depth of sub soil water. 

 
A 100 mm dia medium duty MS pipe conforming to relevant BS shall be lowered in 
the bore well keeping bail plug towards bottom of bore well.  The pipe shall have 
1.58mm holes for 4.0 meter length starting from 1.0 meter from bottom of bore well.  
Holes of 3.0mm dia. shall be provided for a length of 2.0 meter starting from the 
bottom level of coarse sand and down wards.  The overall length of pipe shall be 
equal to total depth of bore well plus depth of shaft. 

 
Gravel of size 3mm to 6mm shall be filled around 100 dia. MS pipe in the bore well.  
The shaft shall be filled with 500 mm thick layers each from the bottom of shaft with 
boulders of size 50mm to 150mm, gravel of size 5mm to 10mm, coarse sand having 
particle size 1.5mm to 2.0mm and boulders of size not less than 200mm respectively. 
 

7.0 ROADS  
a) All the roads as shown in the General Arrangement drawing for the 

substation issued along with the tender documents are in the present scope. 
Adequate turning space for vehicles shall be provided and bend radii shall be 
set accordingly. Road to the Transformer /Reactor shall be as short and 
straight as possible. 
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b) All concrete roads within substation boundary wall shall be with 3.75 m RCC 

concrete pavement of suitable thickness and 1.3 m wide earthen shoulder on 
either side of the road. Below RCC concrete pavement, water bound 
macadam of adequate thickness as per design (WBM) shall be laid. 

 
d)   Strengthening of existing roads as shall be carried out with 2.5 cm thick 

premix carpet and 100 mm thick compacted layer of WBM (Water Bound 
Macadum) after filling the pot holes of existing roads with WBM material. 

 
e) All roads shall be designed as per relevant British standard codes (B S 

Codes)/ equivalent International Standards. All drawings of road and culverts 
shall be prepared by the contractor. 

 
f) All the culverts and allied structures (required for road/rail, drain, trench 

crossings etc.) shall be designed as per relevant British standard codes (B S 
Codes)/ equivalent International Standards. 

 
7.1  Road Outside NEA boundary (Access Road) 

 
The construction site will be accessible by vehicle during fair weather. The scope of 
works in this section comprises construction of access road and repair and 
maintenance of the same during the construction period so that it shall be left in well 
and good condition at the end of the project construction.  

 
 Asphalt Pavement 
 
 General 
 This specification covers all construction works for 4 - 6 meter wide driveway road within 

Employer's premises. 
 
 Grading 
 Finish grade of roads and packing area shall be as directed by Employer. 
 Pavement Materials 
 Sub-base 
 
 Sub-base shall be a non-plastic, sandy, granular material with a C.B.R. value greater 

than 15. It shall be free of deleterious material and subjected to the Employer's 
approval. Thickness of sub-base course shall be 30cm compacted. 
The compaction of the sub-base course shall be carried out by at least 8 ton capacity 
steel roller with proper watering. The required density for the applied sub-base 
course is at least 90%. 

 
 Base course 
 Base shall be of WBM (water bound macadam) using crushed aggregate with a CBR 

value greater than 80. The filler material for WBM shall be stone dust. It shall be free of 
deleterious material and subjected to the Employer's approval. Thickness of base 
course shall be 15cm compacted. 

 
 It shall conform to following gradation: 
 
 Sieve size    Percentage passing 
 1 1"/2     100 
 3/4"     90 - 100 
 3/8"     50 - 80 
 No.4     35 - 55 
 No.30     10 - 30 
 No.200     2 - 9 
 

Wearing course 
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Wearing course shall be of asphalt concrete mixture (min. 40mm compacted). 
 

Asphalt Concrete Mixture 
Asphalt concrete shall be a mixture of mineral aggregate and paving asphalt mixed at a 
central mixing plant. Its components shall be as specified herein. 
 
Paving asphalt shall be a stream -refined asphalt produced from crude asphalt 
petroleum or mixture of refined liquid asphalt and refined solid asphalt. It shall be 
homogeneous and free from water and residues of coal, coal tar or paraffin oil. It shall 
have a penetration grade of 85-100 when tested according to ASTM D-5. 
  

 Aggregate for asphalt concrete shall be a composition of coarse aggregate and fine 
aggregate. Both shall be clean and durable. 
  
Composition of Grading 
The grading of the combined aggregates and the percentage of asphalt shall be as 
follows. 
 
  Percentages shown are based on weight of dry aggregates. 

 Sieve size     Percentage passing 
     Minimum  Maximum 
 3/4"    100 
 1/2"    95   100 
 3/8"    72   88 
 No.4    46   60 
 No.8    28   42 
 No.30    15   27 
 No.50    10   20 
 No.200    4   7 
 Asphalt content (%)  4.8   6.0  
 

Road curb 
Both side of road edge shall be provided with R.C.C curb having  it's corner  chamfered. 
Minimum projection of curb from road surface shall not be less than 100mm. 
 
Payment 
The unit price bid in the Price Schedule shall include the cost of design, all labor, all 
material, civil construction works, etc. 
 
Payment for the Contract item "Asphalt Road" will be made at the unit price per sq. m. of 
finish surface bid, therefore in the Price Schedule, such unit price shall include full 
compensations for all costs incurred in grading, furnishing all materials, equipment and 
labor and all other operations. 

 
8.0 TRANSFORMERS/REACTOR FOUNDATION, RAIL TRACK/ RAIL CUM ROAD       

TRACK 
 

The Contractor shall design, prepare drawing and provide a RCC Rail cum road 
system integrated with the Transformer/Reactor foundation to enable installation and 
the replacement of any failed unit. The transfer track system shall be suitable to 
permit the movement of any failed unit fully assembled (including OLTC, bushings) 
with oil. This system shall enable the removal of any failed unit from its foundation to 
the nearest road. If trench/drain crossings are required then suitable R.C.C. culverts 
shall be provided in accordance with relevant BS. 

 
 The Contractor shall provide a pylon support system for supporting the fire fighting 

system. 
 

 Each Transformer /Reactor including oil conservator tank and cooler banks etc. shall 
be placed in a self-sufficient pit surrounded by retaining walls (Pit walls). The clear 
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distance of the retaining wall of the pit from the Transformer/Reactor shall be 20% of 
the Transformer /Reactor height or 0.8m whichever is more. The oil collection pit thus 
formed shall have a void volume equal to 200% volume for 220 kV & above and 
130% for 132 kV& below of total oil in the Transformer /Reactor. The minimum height 
of the retaining walls shall be 15 cm above the finished level of the ground to avoid 
outside water pouring inside the pit. The bottom of the pit shall have an uniform slope 
towards the sump pit. While designing the oil collection pit, the movement of the 
Transformer must be taken into account. 

 
 The grating shall be made of MS flat of size 40mmx 5mm placed at 30mm center to 

center and 25mmx5mm MS flat at spacing of 150mm at right angle to each other. 
Maximum length of grating shall be 2000mm and width shall not be more than 
500mm. The gratings, supported on ISMB 150mm, shall be placed at the formation 
level and will be covered with 100mm thick layer of broken/crushed/non-crushed 
stone having size 40mm to 60mm which acts as an extinguisher for flaming oil. All 
steel works used for grating and support in transformer foundation shall be painted 
with Zinc phosphate primer (two packs) conforming to relevant British standard codes 
(B S Codes)/ equivalent International Standards. 

 
 Each oil collection pit shall be drained towards a sump pit within the collection pit 

whose role is to drain water and oil due to leakage within the collection pit so that 
collection pit remains dry. 

 
8.1 MATERIALS 
 

 Complete foundation shall be made of reinforced cement concrete and shall be 
designed as per guidelines for design of foundations given in clause 10.0 in the 
specification.  

 
8.2 DRAINAGE 
 
 One 0.5 H.P pump for each pit shall be supplied and installed by the Contractor to 

evacuate the fire fighting& rain water from the sump pit in to the nearest drain.  
 

 
 

9.0 FIRE PROTECTION WALLS 
 
9.1 GENERAL 

 
 Fire protection walls shall be provided, if required, in accordance with Local Advisory 

Committee (LAC) recommendations. The scope of works covers design, preparation 
of drawing and construction of RCC fire protection walls. While designing the wall, 
following points may be taken care of: 

 
9.1.1 FIRE RESISTANCE 

 
 The firewall shall have a minimum fire resistance of 3 hours. The partitions, which are 

made to reduce the noise level, shall have the same fire resistance. The walls of the 
building, which are used as firewalls, shall also have a minimum fire resistance of 3 
hours. 

 
 The firewall shall be designed to protect against the effect of radiant heat and flying 

debris from an adjacent fire. 
 

9.1.2 DIMENSIONS 
 
 The firewall shall extend 600 mm on each side of the Transformer /Reactors and 600 

mm above the conservator tank or safety vent. 
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 These dimensions might be reduced in special cases, as per the approval of owner 
where there is lack of space. A minimum of 2.0meter clearance shall be provided 
between the equipments e.g. Transformer /Reactors and firewalls. 

 
 The building walls, which act as firewalls, shall extend at least 1 m above the roof in 

order to protect it. 
 

9.1.3 MATERIALS 
 
 The firewall will be made of reinforced cement concrete as per the relevant British 

standard codes (B S Codes)/ equivalent International Standards. 
 
10.0 CABLE TRENCHES AND CABLE TRENCH CROSSINGS 
 
 The work covered under this clause comprises of design, drawing and construction of 

cable trenches and cable trench crossings. While designing, following points may be 
taken care of: 

 
a) The cable trenches and pre-cast removable RCC cover (with lifting 

arrangement) shall be constructed using RCC of M25 (Minimum) grade as 
per relevant British standard codes (B S Codes)/ equivalent International 
Standards. 

 
 b) The cable trench walls shall be designed for the following loads. 
 

(i) Dead load of 155 kg/m length of cable support + 75 Kg on one tier at the    
outer edge of tier. 

  (ii) Earth pressure + uniform surcharge pressure of 2T/m2. 
 
 c) Cable trench covers shall be designed for self-weight of top slab + 

concentrated load of 150 kg at centre of span on each panel. 
  
 d) Necessary sumps shall be provided and each sump shall be provided with 

pumps of 5 HP capacity shall be supplied for pumping out water collected in 
cable trench. Cable trenches shall not be used as storm water drains. 

 
 e) The top of trenches shall be kept at least 100 mm above the finished ground 

level. The top of cable trench shall be such that the surface rainwater do not 
enter the trench. 

 
 f) All metal parts inside the trench shall be connected to the earthing system. 
 
 g) Trench wall shall not foul with the foundation. Suitable clear gap shall be 

provided. 
 
 h) The trench bed shall have a slope of 1/500 along the run & 1/250 

perpendicular to the run. 
 
 i) Cable trenches shall be blocked at the ends if required with brick masonry in 

cement sand mortar 1:6 and plaster with 12mm thick 1:6 cement sand 
mortar. 

 J) Cable trench crossings shall be designed for critical load likely to be passed 
over the crossing. The cable trench crossing may be of either RCC box 
culvert type or RCC hume pipes embedded in plain concrete as per design of 
contractor.  

 
11.0 FOUNDATION / RCC CONSTRUCTION 
11.1      GENERAL 

1. Work covered under this Clause of the Specification comprises the design 
,drawing and construction of foundations and other RCC constructions for 
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switchyard tower structures, bus supports, equipment supports, cable 
trenches, Transformer /Reactors,  jacking pad, pulling blocks, fire protection 
walls, control cubicles, marshalling kiosks, auxiliary equipments, Control 
Room Cum Administrative building, GIS hall, Fire fighting Pump house, fire 
fighting water tanks, Auxiliary Building, Panel room, ,township buildings, 
Parking shed ,RCC retaining wall, or for any other equipment or service and 
any other foundation required to complete the work. This clause is as well 
applicable to the other RCC constructions. 

 
2. Concrete shall conform to the requirements mentioned in relevant British 

standard codes (B S Codes)/ equivalent International Standards. And all the 
tests shall be conducted as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. However, a minimum grade of M25 
(design Mix) concrete shall be used for all foundations and structural/load 
bearing members as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. 

 
3. If the site is sloppy, the foundation height will be adjusted to maintain the 

exact level of the top of structures to compensate such slopes. 
 

4. The switchyard foundation’s plinths and building plinths shall be minimum 
300mm and 500 mm above finished ground level respectively.  

 
5. Minimum 75mm thick lean concrete (1:4:8) shall be provided below all 

underground structures, foundations, trenches etc. to provide a base for 
construction. 

 
6. Concrete made with Portland slag cement shall be carefully cured and 

special importance shall be given during the placing of concrete and removal 
of shuttering. 

 
7. The design and detailing of foundations shall be done based on the approved 

soil data and sub-soil conditions as well as for all possible critical loads and 
the combinations thereof. The Spread footings foundation or pile foundation 
as may be required based on soil/sub-soil conditions and superimposed 
loads shall be provided. 

 
8. If pile foundations are adopted, the same shall be cast-in-situ driven/bored or 

pre-cast or under reamed type as per relevant parts of relevant British 
standard codes (B S Codes)/ equivalent International Standards. Only RCC 
piles shall be provided. Suitability of the adopted pile foundations shall be 
justified by way of full design calculations. Detailed design calculations shall 
be submitted by the contractor showing complete details of piles/pile groups 
proposed to be used. Necessary initial load test shall also be carried out by 
the bidder at their cost to establish the piles design capacity. Only after the 
design capacity of piles has been established, the Contractor shall take up 
the job of piling. Routine tests for the piles shall also be conducted. All the 
work (design & testing) shall be planned in such a way that these shall not 
cause any delay in project completion. 

 
11.2 DESIGN 
 
                         While designing foundations, following may be taken care of: 

11.2.1. All foundations except for external lighting poles shall be of reinforced cement 
concrete. The external lighting pole shall be embedded in plain cement 
concrete (1:2:4) foundation. The design and construction of RCC structures 
shall be carried out as per relevant BS and minimum grade of concrete shall 
be M-25 (design Mix). Higher grade of concrete than specified above may be 
used at the discretion of Contractor without any additional financial 
implication to the NEA/Consultant. 
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11.2.2. Limit state method or any other method as per relevant British standard 

codes (B S Codes)/ equivalent International Standards of design shall be 
adopted unless specified otherwise in the specification. 

 
11.2.3. For detailing of reinforcement relevant BS followed. Cold twisted deformed 

bars conforming to relevant British standard codes (B S Codes)/ equivalent 
International Standards. Two layers of reinforcement (on inner and outer 
face) shall be provided for wall & slab sections having thickness of 150 mm 
and above. Clear cover to reinforcement shall be as per relevant British 
standard codes (B S Codes)/ equivalent International Standards. 

 
11.2.4. RCC water retaining structures like storage tanks, etc. shall be designed as 

uncracked section in accordance with relevant British standard codes (B S 
Codes)/ equivalent International Standards.  However, water channels shall 
be designed as cracked section with limited steel stresses as per relevant 
BS. 

 
11.2.5. The procedure used for the design of the foundations shall be the most 

critical loading combination of the steel structure and or equipment and/or 
superstructure and other conditions which produces the maximum stresses in 
the foundation or the foundation component and as per the relevant British 
standard codes (B S Codes)/ equivalent International Standards of 
foundation design. Detailed design calculations shall be submitted by the 
bidder showing complete details of piles/pile groups proposed to be used.  

 
11.2.6. Design shall consider any sub-soil water pressure that may be encountered 

following relevant standard strictly. 
 

11.2.7. Necessary protection to the foundation work, if required shall be provided to 
take care of any special requirements for aggressive alkaline soil, black 
cotton soil or any other type of soil which is detrimental/harmful to the 
concrete foundations. 

 
11.2.8. RCC columns shall be provided with rigid connection at the base. 

 
11.2.9. All sub-structures shall be checked for sliding and overturning stability during 

both construction and operating conditions for various combinations of loads. 
Factors of safety for these cases shall be taken as mentioned in relevant 
British standard codes (B S Codes)/ equivalent International Standards or as 
stipulated elsewhere in the Specifications. For checking against overturning, 
weight of soil vertically above footing shall be taken and inverted frustum of 
pyramid of earth on the foundation should not be considered.  

 
11.2.10. Earth pressure for all underground structures shall be calculated using co-

efficient of earth pressure at rest, co-efficient of active or passive earth 
pressure (whichever is applicable). However, for the design of substructures 
of any underground enclosures, earth pressure at rest shall be considered. 

 
11.2.11. In addition to earth pressure and ground water pressure etc., a surcharge 

load of 2T/Sq. m shall also be considered for the design of all underground 
structures including channels, sumps, tanks, trenches, substructure of any 
underground hollow enclosure etc., for the vehicular traffic in the vicinity of 
the structure. 

 
11.2.12. Following conditions shall be considered for the design of water tank in 

pumps house, channels, sumps, trenches and other underground structures: 
 

a)    Full water pressure from inside and no earth pressure & ground 
water pressure & surcharge pressure from outside (application only 
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to structures which are liable to be filled up with water or any other 
liquid). 

 
b) Full earth pressure, surcharge pressure and ground water pressure 

from outside and no water pressure from inside. 
 
c) Design shall also be checked against buoyancy due to the ground 

water during construction and maintenance stages. Minimum factor 
of safety of 1.5 against buoyancy shall be ensured ignoring the 
superimposed loadings. 

 
11.2.13. Base slab of any underground enclosure shall also be designed for empty 

condition during construction and maintenance stages with maximum ground 
water table (GWT). Minimum factor of safety of 1.5 against buoyancy shall be 
ensured ignoring the super-imposed loadings. 

 
11.2.14. Base slab of any underground enclosure like water storage tank shall also be 

designed for the condition of different combination of pump sumps being 
empty during maintenance stages with maximum GWT. Intermediate dividing 
piers of such enclosures shall be designed considering water in one pump 
sump only and the other pumps sump being empty for maintenance. 

 
11.2.15. The foundations shall be proportioned so that the estimated total and 

differential movements of the foundations are not greater than the 
movements that the structure or equipment is designed to accommodate. 

 
11.2.16. The foundations of transformer/reactor and circuit breaker shall be of lock 

type foundation. Minimum reinforcement shall be governed by relevant British 
standard codes (B S Codes)/ equivalent International Standards. 

 
11.2.17. The tower and equipment foundations shall be checked for a factor of safety 

as per relevant British standard codes (B S Codes)/ equivalent International 
Standards for two conditions i.e. Normal condition and short circuit condition 
against sliding, overturning and pullout. The same factors shall be used as 
partial safety factor over loads in limit state design also. 

 
11.3 ADMIXTURES & ADDITIVES 
 

11.3.1. Only approved admixtures shall be used in the concrete for the Works. When 
more than one admixture is to be used, each admixture shall be batched in 
its own batch and added to the mixing water separately before discharging 
into the mixer. Admixtures shall be delivered in suitably labelled containers to 
enable identification. 

11.3.2. Admixtures in concrete shall conform to relevant British standard codes (B S 
Codes)/ equivalent International Standards. The water proofing cement 
additives shall conform to relevant BS. Concrete Admixtures/ Additives shall 
be approved by NEA/Consultant. 

 
11.3.3. The Contractor may propose and the NEA/Consultant may approve the use 

of a water-reducing set-retarding admixture in some of the concrete. The use 
of such an admixture will not be approved to overcome problems associated 
with inadequate concrete plant capacity or improperly planned placing 
operations and shall only be approved as an aid to overcoming unusual 
circumstances and placing conditions. 

 
11.3.4. The water-reducing setting-retarding admixture shall be an approved brand 

as per relevant British standard codes (B S Codes)/ equivalent International 
Standards. 

 
11.3.5 The water proofing cement additives shall be used as required/advised by 
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NEA/Consultant. 
 

12.0 CHAINLINK FENCING AND GATE  
 

12.1 General 
Work covered under this clause comprises of design, drawing, supply, 
fabrication,              erection, painting or galvanisation as specified etc of 
switch yard Fencing and gate, construction of foundation of steel posts and 
toe wall .While providing switch yard fencing and gate, Following points may 
be taken care of : 

 
12.2 Areas requiring Fencing 

 
12.2.1 Fencing shall be provided for complete switchyard as per drawing.  Separate 

gate shall be provided for men and equipment. 
12.2.2 Internal fence surrounding the various equipments (if) mounted on ground or 

a height lower than 2.5m.  Necessary gates shall be provided for each area 
so surrounded. 

 
 

12.3 Product materials 
The minimum requirements are as follows: 

 Chain link fence fabric (galvanization) in accordance to relevant British standard      
codes (B S Codes)/ equivalent International Standards. 

 
 
12.4 Posts 

 
The posts shall be of medium M.S. tubes of 50mm diameter conforming to grade as 
per relevant international /BS standard.  The tubes shall also conform relevant British 
standard codes (B S Codes)/ equivalent International Standards. The length of 
tubular post shall be 2600 mm. 

 
An M.S. base plate of size 160 X 160 X 6mm thick shall be welded with the tubular 
post. The post shall be provided on the top with M S plate.  

 
The tubular post shall be welded with 8 number of M S flat of size 50 x 6mm – 75mm 
long at suitable locations.  Two number of 13.5 mm diameter holes on each cleats 
shall be provided to bolt the fence fabric panel.  The cleats shall be welded at equal 
spacing in such a way that 4 numbers of cleats are on one side and remaining 4 
cleats are on the opposite side of the post.  The cleats on the corner posts shall be 
welded in such a way that it suits the site requirement. 

 
The whole assembly of tubular post shall be hot dip galvanized.  The zinc coating 
shall be minimum 610 gram per sq. meter.  The purity of zinc shall be 99.95% as per 
relevant BS. 

 
12.5 Fence Fabric & Fence Panel 

 
Chain link fencing shall be made of 3.15 mm diameter wire with 75 X 75 mm mesh 
size. Fence fabric shall be galvanised. Chain link fencing shall be fabricated in the 
form of panel 1300 X 2928 mm.  An M.S. flat of at least 50x6 mm size shall be 
welded all-round fence fabric to form a panel.  Four pairs of 13.5mm diameter holes 
on the vertical M S flat matching the spacing of holes in cleats fixed with pipe shall be 
provided to fix the fence panel with the tubular posts.  A washer shall also be 
provided below each nut.  The contractor, for fixing the panels, shall supply the 12mm 
diameter bolts including nuts and washers.  All nuts, bolts and washers shall be hot 
dip galvanized. 

  
The fence panel shall be provided with two or more coats of approved standard Zinc 
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paint over approved standard steel primer. 
 

12.6 Installation 
 

1. Fence shall be installed along the switchyard line as shown in the approved 
drawings. 

2. Post holes shall be excavated by approved method. 
3. All posts shall be 3.0m apart measured parallel to ground surface. 
4. Posts shall be set in 1:2:4 Plain Cement Concrete block of minimum 

0.40x0.40x1.2m depth.  75mm thick plain cement concrete 1:4:8 shall be 
provided below concrete blocks.  Posts shall be braced and held in plumb 
position and true alignment and elevation until concrete has set. 

5. Fence fabric shall not be installed until concrete has cured a minimum of 7 
days. 

6. Fence fabric panel shall be fixed to the post at 4 nos. MS flat each of 50x6, 
75 long through 2 nos. of bolts (12mm diameter) on each flat. 

 
12.7 Gate 

 
1. The gate shall be made of medium duty M.S. pipe conforming to relevant I.S. 

with welded joints.  The main frame (outer frame) of the gate shall be made 
of 40mm dia pipe and vertical pipes of 15mm dia @ 125mm spacing 
(maximum) shall be welded with the main frame. Two number of 1.25 mm 
thick and 125 mm wide MS plates (Horizontal) @ 500 mm centre to centre 
distance shall be welded on each gate leaf. Gate leaves shall be fixed with a 
vertical post of 2700 mm long two steel channels-150 welded together. A 8 
mm thick 200X 200 mm size MS plate shall be welded at the bottom of 
channel frame. 

2. The gates shall be fabricated with welded joints to achieve rigid connections.  
The gate frames shall be painted with one coat of approved steel primer and 
two coats of synthetic enamel paint. 

3. The gates shall be provided with suitable locking arrangement welded on 4 
mm thick MS plate on the gate leaf. 

4. The main gate shall be 5.0m wide and shall be of double leaf type (as shown 
in the drawing).  Next to the main gate, a men gate (1.25m wide single leaf) 
shall also be provided. 

5. Steel roller shall be provided with the gate. 
6. Gate shall be installed in location as shown in approved G.A. drawing. 
7. The vertical post of gate shall be embedded in PCC foundation of 500 

X500X1250 mm deep size. 
 
13.0 BUILDINGS  
 
13.1      GENERAL 

 
 The scope includes the design, drawing, engineering and construction including anti-

termite treatment, plinth protection, DPC of Building including sanitary, water supply, 
electrification, false ceiling etc as applicable,complete of control room building, fire 
fighting building, Auxiliary building and panel room. Electrification and air conditioning 
of building shall be provided as detailed in other sections of electrical portion. 

 
13.2 CONTROL ROOM CUM ADMINISTRATIVE BUILDING (GIS BUILDING, CONTROL 

ROOM IF ALTERNATIVE LAYOUT IS FOLLOWED) 
 

 GENERAL 
 The scope includes design, engineering and construction, including anti-termite 

treatment, plinth protection, DPC, peripheral drains, water supply, plumbing, 
sanitation, fire-fighting, electrification etc. of Control Room Building.  
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 The Control Room Building and other building shall be of size as per the quantity 
available in BOQ approximately. It will be a single / double storeyed RCC Framed 
structure if constructed separately away from GIS hall. The building shall follow 
Nepalese architect design with specifications as mentioned in Annexure B1 of 
Chapter 14. It shall be so designed that most of the area of switchyard is visible from 
the Control Room. 
The building auxiliary services like air conditioning systems, fire protection and 
detection systems and all other miscellaneous services shall be designed in 
accordance with the requirements as specified in relevant section or elsewhere in this 
Specification. The building shall be constructed as per the design and drawings to be 
developed by the contractor. Tentative carpet area requirement for different rooms of 
control room cum administrative building is given as below for guidance to the 
contractor: 

 

           TENTATIVEAREA REQUIREMENTS (Will be decided during detail engineering) 

 Control Room    As required 
 ACDB & DCDB Room  As per requirement. 
 Battery Room As per requirement. 
 Electrical Lab   
 Conference Room with attached   

Toilet 
 Telecom Room                                                                                

 

 
As per requirement 

 S/S-In-charge office with attached 
Toilet  

 

 Room for executives  
 Room for non-executives  
 Lobby -Reception  
 Corridor width  Minimum width of 

corridor shall be as per 
design. 

 Portico   
 Common Toilet-Men  
 Toilet for Women   
 Janitor Room  
 Pantry 
 Provision of shaft for electrical, 

sanitary, water supply facilities shall 
also be kept. 

 

  
             Minimum Height to be maintained in case alternative layout is followed. 
 
             132kV GIS Building  9m 
             11kV Room   5m 
             Control Room Building              4.5m 
 
             If the layout with combined alternative is followed during DDE considering the pile 

Foundation, payment for Transformer hall will be made as per the rate of 132kV GIS 
Hall.   

 
13.3 DESIGN CRITERIA 

 The Building shall be designed: 

 1. To the requirements of the International standards/British Standards. 

 2. for the specified climatic and loading conditions. 

3. To adequately suit the requirements of the equipments and apparatus contained 
in the buildings and in all respects to be compatible with the intended use and 
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occupancy. 

 4. with a functional and economical space arrangement. 

      5.  To be aesthetically pleasing. Different buildings shall show a uniformity and 
consistency in architectural design, as far as possible. 

      6.  To allow for easy access to the equipments as well as maintenance of the       
equipments. 

             7.   Wherever access to the roof is required, RCC stair case shall be provided. 

             8.  Fire retarding materials for walls, ceilings doors etc., which would prevent 
supporting or spreading of fire and wherever required, shall be decided by the 
bidder. 

9.  Suitable Expansion joints, wherever required, shall be provided as per Codal               
Provisions. 

            10. All the members of the buildings frame shall be designed for the worst 
combination of loads as per relevant British standard codes (B S Codes)/  
equivalent International Standards. 

 
11. Permissible stresses for different load combinations shall be taken as per     

relevant British standard codes (B S Codes)/ equivalent International Standards. 
 

12. Seismic coefficient Method or Response spectrum method shall be used for 
seismic analysis of the building for Earthquake forces, as per relevant British 
standard codes (B S Codes)/ equivalent International Standards. 

 
13. The architecture design of the buildings shall be as per the Nepalese 

Architecture & Style. Refer attached conceptual drawing and annexure B1 
of chapter 12. Drawing shall be developed as per requirement with 
complete details 

 

13.4      DESIGN LOADS 

1.  Building structure shall be designed for the most critical combinations of dead 
loads, super-imposed loads, equipment loads, erection loads, wind loads, seismic 
loads etc. Any other incidental load, if anticipated, shall be duly accounted for in 
the design, and shall be clearly mentioned by the bidder. 

2.  Dead loads shall include the weight of structures complete with finishes, fixtures 
and partitions, and shall be taken as per relevant British standard codes (B S 
Codes)/ equivalent International Standards. 

 
3.   Super-imposed loads in different areas shall include live loads, minor equipment 

loads, cable trays, small pipe racks/hangers and erection, operation and 
maintenance loads, wherever these loads are expected. Equipment loads shall 
constitute, if applicable, all load of equipments to be supported on the building 
frame. 

 

 AREA Load 

1. For Offices. 5.0 kN/m2 

If higher than 5.0 kN/m2. As per actual Requirement. 

2. For Equipment Floors. 10.0 kN/m2 

If higher than 10 kN/m2 (Based on 
Equipment weight and layout plans). 

As per actual Requirement. 
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4.  Wind loads shall be calculated as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. The Factors affecting the wind speed shall be 
taken based on the site conditions. 

5.  Earthquake loads shall be calculated as per relevant British standard codes (B S 
Codes)/ equivalent International Standards. 

       6.   Wind forces and Seismic forces shall not be considered to act simultaneously. 

       7.  All the load combinations to create worst combinations of loads shall be as per    
relevant International standards/British Standards. 

       8.  Floors/ Slabs shall be designed to carry loads imposed by equipments, cables, 
piping, movement of maintenance trucks (if required) and any other load 
associated with the building. In general, floors shall be designed for live loads as 
per relevant British standard codes (B S Codes)/ equivalent International 
Standards. Cable and piping loads shall also be considered in addition to the live 
loads for floors where these loads are expected. 

13.5 FLOORS, WALLS & ROOFS  
1.  All walls shall be non-load bearing in filled panel walls, in brickwork as per the 

specification. Minimum thickness of external walls shall be 230 mm (one brick) 
with 1:6 cement sand mortar. Ornamental Brick (Dachi Appa) shall be addedto 
the external walls as per design/ drawings. Partition walls if any shall be of 115 
mm thick brick masonary in cement sand mortar (1:4). 

2.  All Floor/Roof slabs shall be regular beam slab construction. However, sunken 
RCC slab shall be provided in toilet areas as per the requirement. 

3.   False ceiling as per requirement shall be provided as detailed in Table-1 (Detailed 
Finish Schedule).    

4.   Minimum height of skirting above finished floor level shall be 150 mm. The skirting 
material shall match with the floor finish. 

5.   Minimum height of the parapet walls shall be 750 mm. 
           6.  Ground floor finish shall be laid over 20 mm thick cement sand mortar,100 mm 

thick plain cement concrete (PCC) 1:4:8 (1 cement: 4 sand : 8 stone 
aggregates),100 mm thick local sand filling. The earth below ground floor shall be 
well rammed before laying sand filling. 

7.  First floor details shall comprise of finish as per schedule, 20 mm cement sand 
mortar and 50 mm thick PCC(1:4:8) over RCC slab. 

13.6 DETAILS OF ROOF 

 Roof of the Building shall consist of Cast-in-situ RCC slab treated with a water 
proofing system which shall be an integral cement based treatment conforming to 
relevant British standard codes (B S Codes)/ equivalent International Standards. The 
water proofing treatment shall be of following operations: 
(a)  Applying and grouting a slurry coat of neat cement using 2.75 kg/m2 of cement 

admixed with proprietary water proofing compounds conforming to relevant 
British standard codes (B S Codes)/ equivalent International Standards. Over the 
RCC slab including cleaning the surface before treatment. 

(b)  Laying cement concrete using broken stone of size from 25mm to 100mm size 

3. Staircases & Balconies. 5.0 kN/m2 

4. Toilets. 2.0 kN/m2 

5. Chequered Plate. 4.0  kN/m2 

6. Cooridoors/Walkways. 3.0 kN/m2 

7. Accessible Roofs. 1.5 kN/m2 

8. Non-accessible Roofs. 0.75 kN/m2 
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with 50% of cement mortar 1:5 (1 cement: 5 coarse sand) admixed with 
proprietary water proofing compound conforming to relevant British standard 
codes (B S Codes)/ equivalent International Standards  over 20mm thick layer of 
cement mortar of min 1:5 (Cement: 5 coarse sand) admixed with proprietary 
water proofing compound conforming to relevant British standard codes (B S 
Codes)/ equivalent International Standards to required slope and treating 
similarly the adjoining walls up to 300mm height including rounding of junctions of 
walls and slabs. 

             (c)  After two days of proper curing applying a second coat of cement slurry admixed 
with proprietary water proofing compound conforming relevant British standard 
codes (B S Codes)/ equivalent International Standards.  

(d)  Finishing the surface with 20mm thick joint less cement mortar of mix 1:4 (1 
cement: 4 course sand) admixed with proprietary water proofing compound 
conforming to relevant British standard codes (B S Codes)/ equivalent 
International Standards and finally finishing the surface with trowel with neat 
cement slurry and making of 300 x 300 mm square. 

(e) The whole terrace so finished shall be flooded with water for a minimum period of 
two weeks for curing and for final test. All above operations to be done in order 
and as directed and specified by the Engineer-in-charge. 

(f)  Average thickness of water proofing shall be 120 mm and minimum thickness at 
khurra shall be 65 mm. 

 

13.7 PARTITIONS 

 Partitions wherever provided, shall be made of powder coated aluminum frame 
provided with 5.5 mm thick clear glass or pre-laminated board depending upon the 
location of partition. 

 

 13.8 PLASTERING 

 External surfaces of buildings shall have 18 mm thick plaster in two  layers,  with the 
under layer 12mm thick  1:5 cement sand plaster  and  the top  layer  6 mm  thick  1:6 
cement sand plaster. Inside wall surfaces shall have 12/15 mm thick 1:6 cement sand 
plaster. Rough surfaces shall have 15mm and smooth surface shall have 12 mm thick 
cement sand plaster. 

All RCC ceilings shall be provided with 6 mm thick cement sand (fine) plaster (1:3) 
except for areas with false ceiling. 

13.9 EXTERNAL PAINTING 

 External surfaces of the Control Room Building shall be painted with acrylic exterior 
flat paint as per manufacturer’s specification and approval of NEA/Consultant. 

13.10 DOORS, WINDOWS AND VENTILATORS 

 The schedule of doors, windows and ventilators of the Control Room Building shall be 
as per the detailed finish schedule given in Table-1 (Detailed Finish Schedule), and 
shall conform to the relevant British standard codes (B S Codes)/ equivalent 
International Standards. Rolling Steel shutters shall be provided as per the layout and 
requirements of the building. Main entrance door to control room building shall be 
made of powder coated aluminium frame with 5.5 mm thick glazing. 

13.11 CABLE TRENCH INSIDE CONTROL ROOM BUILDING 
All cable trenches inside the Control Room Building shall be covered with minimum 
6mm thick steel chequered plate with suitable stiffeners.  

13.12 PLINTH PROTECTION 

750 mm wide and 50 mm thick plain cement concrete 1:2:4 (1 cement:2 sand:4 
graded 20 mm nominal size stone aggregate ) shall be laid over 75 mm thick dry 
stone aggregates well rammed and consolidated  with interstices filled with local sand 
including smooth finishing top. 
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13.13 PLUMBING & SANITATION 

1. All plumbing and sanitation works shall be executed to comply with the 
requirements of the appropriate bye-laws, rules and regulations of the Local 
Authority having jurisdiction over such matters. The Contractor shall arrange for 
all necessary formalities to be met with regards to the inspection, testing, 
obtaining approval and giving notices etc. 

2. ‘SINTEX’ or an equivalent make PVC Roof water tank(s) of adequate capacity 
depending on the number of users for 24 hours storage shall be provided. 
However, a minimum of 2 nos. 1500 liter capacity shall be provided. 

3.  Chlorinated Polyvinyl chloride (CPVC) pipes having thermal stability for hot and 
cold water supply including all CPVC plain and brass threading conforming to 
relevant British standard codes (B S Codes)/ equivalent International Standards 
shall be used for internal piping works for water supply. 

4.  UPVC pipes conforming to relevant British standard codes (B S Codes)/ 
equivalent International Standards shall be used for sanitary works above ground 
level and RCC pipes shall be used for sanitary works below ground. 

5.    Each toilet shall have the following minimum fittings: 

(i)  WC (Western type) 390 mm high along with toilet paper roll holder and all 
other fittings, in toilets attached to conference room and S/S In-charge office; 
and WC (Indian Type) Orissa Pattern (580 x 440 mm) with all fittings shall be 
provided in common toilets. 

(ii) Urinal (430 x 260 x 350 mm size) with all fittings and built-in-sensor for 
automatic flush after use. 

(iii) Wash basin (550 x 400 mm) with all fittings. 

(iv) Bathroom mirror (600 x 450 x 6 mm thick) with hard board backing. 

(v) CP brass towel rail (600 x 20 mm) with CP brass brackets. 

(vi) Soap holder and liquid soap dispenser. 

(vii) Automatic Hand Dryer. 

6.  Water cooler for drinking water with adequate water storage facility shall be 
provided which shall preferably be located near pantry and away from the toilet 
block. 

7.   One no. stainless steel kitchen sink with Drain board (510 x 1040 x 178 mm bowl 
depth) for pantry shall be provided. 

8.    All fittings, fasteners, gratings shall be chromium plated. 

9.  All sanitary fixtures and fittings shall be of approved quality and type, 
manufactured by reputed manufacturers. All items brought to site must bear 
identification marks of the Manufacturer. 

10. Contractor shall provide necessary nos. of septic tank and soak pit of adequate 
capacity to treat the sewage/sullage from the buildings. 

11. Contractor shall undertake all other activities required to complete and 
commission the building. 

13.14 BUILDING STORM WATER DRAINAGE 

1. The building design shall provide for the collection of storm water from the roof. 
This water shall be drained to the main drainage system of the Sub-station. 

2. PVC Rainwater down comer pipes conforming to relevant International 
standards/British Standards  with water tight lead joints conforms to relevant 
British standard codes (B S Codes)/ equivalent International Standards  shall be 
provided to drain off the rain water from the roofs. These pipes shall be suitably 
concealed with masonry work or cement concrete or cladding material. The 
number and size of down comer pipes shall be governed by relevant British 
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standard codes (B S Codes)/ equivalent International Standards. 
3.   All drains inside the buildings shall have minimum 40 mm thick grating covers; 

and in areas where heavy equipment loads are envisaged, Pre-Cast RCC covers 
shall be provided in place of steel grating. 

4.  Suitable arrangements for draining out water collected from equipment blow 
downs, leakages, floor washings, fire fighting etc. shall be provided for each floor. 

 

13.15 DETAILED FINISH SCHEDULE 

 The detailed finish schedule for Control Room Building Cum Administrative building is 
given below: 

Table- 1: DETAILED FINISH SCHEDULE 

Sl. 
No. 

LOCATIO
N 

FLOORING 
& 
SKIRTING 
150 MM 
HIGH 

WALL(INTERN
AL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

1. Control 
Room 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Windows shall be of 10mm 
thick toughened glass by 
using suitable patch 
fittings/spider fittings. The 
glass shall extend 
horizontally from column to 
column and vertically from 
sill level of 0.75 m to bottom 
of lintel/roof beam. All doors 
shall be glazed powder 
coated aluminium doors with 
5.5.mm Thk. Glazing. 

2. Conference 
Room 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing 

3. S/S In-
charge 
Room. 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing. 

4  Office 
Rooms 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing. 

5. Electrical/E
lectronics 
Test 
Lab./Telec
om Room 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing. 

6. ACDB & 
DCDB 

62mm thick 
cement 

Oil bound 
washable 

Oil bound 
washable 

Steel door 45mm thick 
double sheet 18 gauge MS 
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Sl. 
No. 

LOCATIO
N 

FLOORING 
& 
SKIRTING 
150 MM 
HIGH 

WALL(INTERN
AL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

Room concrete 
flooring with 
metallic 
hardener 
topping . 
Skirting shall 
be of 
cement 
sand 
plaster. 

distemper on 
smooth surface 
applied with 
plaster of paris 
putty 

distemper 
on smooth 
surface 
applied with 
plaster of 
paris putty 

steel suitably reinforced and 
filled with mineral wool.   
Windows/ventilator shall be 
of powder coated aluminium 
with 4mm glazing. 

7. Battery 
Room 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

White wash 
above False 
Ceiling* 

Steel door 45mm thick 
double sheet 18 gauge MS 
steel suitably reinforced and 
filled with mineral wool.   
Windows/ventilator shall be 
of powder coated aluminium 
with 4mm glazing. 

8. Reception/
Lobby 

Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

Oil bound 
washable 
distemper 
on smooth 
surface 
applied with 
plaster of 
paris putty 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing. 

9. Corridor Vitrified tiles 
8mm thick 
size 600 x 
600mm 

Premium acrylic  
emulsion paint 
on smooth 
surface applied 
with plaster of 
paris (2 mm 
thick) 

Oil bound 
washable 
distemper 
on smooth 
surface 
applied with 
plaster of 
paris putty 

Windows shall be of powder 
coated aluminium with 
5.5mm thick glazing. All 
doors shall be glazed 
powder coated aluminum 
doors with 5.5.mm thk. 
Glazing. 

10. Portico Cast-in-situ 
52mm thk. 
Cement 
concrete 
with metallic 
hardener . 

Granite cladding Oil bound 
washable 
distemper 
on smooth 
surface 
applied with 
plaster of 
paris putty 

All doors shall be glazed 
powder coated aluminium 
doors with 5.5.mm thk. 
Glazing. 

11. Toilet Ceramic 
tiles 

DADO glazed 
tile 2100mm 
high, oil bound 
washable 
distemper above 
DADO 

Oil bound 
washable 
distemper 

Windows/ ventilator shall be 
of powder coated aluminium 
with 5.5mm thick glazing.  All 
doors shall be flush door 
shutters made of pre-
laminated particle board with 
powder coated aluminium 
frame. 

12. Janitor 
room 

Ceramic 
tiles with 
white 
cement 

Vitrified tiles 
8mm thick size 
600 x 600mm 

Oil bound 
washable 
distemper 

Windows/ ventilator shall be 
of powder coated aluminium 
with 5.5mm thick glazing.  All 
doors shall be flush door 
shutters made of pre-
laminated particle board with 
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Sl. 
No. 

LOCATIO
N 

FLOORING 
& 
SKIRTING 
150 MM 
HIGH 

WALL(INTERN
AL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

powder coated aluminium 
frame. 

 *Providing and fixing 15mm thick approximately 600 X 600mm Mineral fiber board 
panel false ceiling and making cut-outs for electrical fixtures, AC diffusers, openable 
access etc complete with silhouette profile system with 15mm wide flange 
incorporating 6mm central recess white / black main runners at 1200mm centre-
centre and not greater than 600mm from the adjacent wall. The cross tees shall be 
provided to make a module of approximately 600mm X 600mm by fitting 600 mm long 
cross tees centrally placed between 1200 mm long cross tees .Cross tees  also have 
15mm wide flange incorporating 6mm central recess white/black. The module formed 
above shall be anchored to the slab with channels or angles, suspenders as per 
manufacturer’s specifications. 

13.16 SUBMISSIONS 

 The following information/documents/drawings shall be submitted for review and 
approval: 

1. Structural design calculations, Structural drawings (including construction/ 
fabrication), both in hard and soft copies, for all reinforced concrete and structural 
steel structures. 

2.  Fully dimensioned and detailed floor plans, cross-sections, longitudinal sections 
and elevations identifying the major building components. 

3. Product information of building components and materials, including walls, 
partitions, flooring, ceilings, roofing, doors, wall paneling and windows and 
building finishes along with BOQ. 

5.   A detailed schedule of building finishes including colours schemes along with item 
description. 

6.   A door & window schedule showing door & window types and locations, lock sets 
and latch sets and other door hardware along with item details. 

 Approval of the above information shall be obtained before ordering materials or 
starting construction/fabrication, as applicable. 

 
13.17 FALSE CEILING 
 
 Providing and fixing seamless ceiling with Gypsum board of 12mm thick fixed to the 

underside of GI frame work. The GI is fixed to the roof Slab with metal expansion 
fastener.  The joint shall be finished with joint paper tape by using jointing Compound 
recommended by manufacturer with the approval of NEA/Consultant. The rate 
includes for all necessary cutting of ceiling for the fixing of complete fixtures. 

 
13.18   Under deck Insulation 

 
 The method of fixing shall consist of slotted M.S. angles of appropriate size (minimum 

65x50x2mm) fixed to soffit of RCC roof slab at 600mm centres in both directions by 
Rawl plugs of adequate strength. The slots shall have 14g G.I. tie wire drawn through 
them. 

 50mm thick insulation mat Fibreglass Crown - 100 or equivalent shall, be made out of 
fibre-glass or approved equivalent conforming to IS: 8183, backed with 34g 
aluminium foil and 22g x 12mm mesh wire netting. The net shall be stretched tightly 
across the slotted angles or slotted plates holding it in place by means of wires. The 
joints of the wire netting shall be butted and tightly laced down with 14g G.I. wire. The 
system shall be got approved from NEA/Consultant. 
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13.19 ELECTRIFICATION 

 
 All electrification shall be executed as per details specified elsewhere in the technical 

specification. All details shall be as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. 

 
14.0  FIRE FIGHTING PUMP HOUSE BUILDING (Not Required) 

GENERAL  

 The scope includes design, engineering and construction, including anti-termite 
treatment, plinth protection, DPC, peripheral drains,  fire-fighting, electrification etc. of 
fire fighting pump house building. 

 The fire fighting pump house building shall be essentially single storied reinforced 
cement concrete (RCC) framed Building. The building auxiliary services like internal 
electrification, fire protection systems shall be designed in accordance with the 
requirements as specified in relevant section of technical Specification. The design 
and layout of foundation of various pumps and cable trenches inside building shall be 
prepared by the contractor as per requirement of proposed fire fighting system. 

 

             AREA REQUIREMENTS 

 Dimensions of the Building shall be decided by the bidder depending upon the 
requirement. The approximate size of building shall be as per attached drawing. The 
height of building shall be measured from finished floor level to top of roof slab. 

DESIGN CRITERIA 

 The Building shall be designed: 

1. To the requirements of the relevant/British standards/ equivalent International 
standards quoted therein, and as specified in this specification. 

2.   for the specified climatic and loading conditions. 

3. To adequately suit the requirements of the pumps and fire fighting system 
contained in the buildings and in all respects to be compatible with the intended 
use and occupancy. 

 4.    with a functional and economical space arrangement. 

5. To be aesthetically pleasing. Different buildings shall show a uniformity and 
consistency in architectural design, as far as possible. 

6. To allow for easy access to the equipments as well as maintenance of the 
equipments.  

7.   Spiral staircase  with 1.5 m diameter shall be provided for access to the roof.  

8.  With, wherever required, fire retarding materials for walls, ceilings doors etc., 
which would prevent supporting or spreading of fire and shall be decided by the 
bidder. 

9.  Suitable Expansion joints, wherever required, shall be provided as per Codal 
Provisions. 

10. All the members of the buildings frame shall be designed for the worst 
combination of Loads as per relevant International standards/British Standards. 

11. Permissible stresses for different load combinations shall be taken as per relevant 
International standards/British Standards. 

12. Seismic analysis of the building for Earthquake forces shall be carried out as per 
relevant International standards/British Standards. 

            DESIGN LOADS 
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1.  Building structure shall be designed for the most critical combinations of dead 
loads, super-imposed loads, equipment loads,  wind loads, seismic loads etc. Any 
other incidental load, if anticipated, shall be duly accounted for in the design, and 
shall be clearly mentioned by the bidder. 

2.  Dead loads shall include the weight of structures complete with finishes, fixtures 
and partitions, and shall be taken as per relevant International standards/British 
Standards. 

3.  Super-imposed loads in different areas shall include live loads, cable trays, and 
small pipe racks/hangers, piping system and erection, operation and 
maintenance loads wherever these loads are expected.  

1) Non-accessible Roof – 0.75 kN/m2. 

2) Accessible Roof – 1.5    kN/m2 

4.  Wind loads shall be calculated as per relevant International standards/British 
Standards. The Factors affecting the wind speed shall be taken based on the site 
conditions. 

5. Earthquake loads shall be calculated as per relevant International standards/British 
Standards. 

6.   Wind forces and Seismic forces shall not be considered to act simultaneously. 

7.  All the load combinations to create worst combinations of loads shall be as per 
relevant International standards/British Standards. 

8.  Floors shall be designed to carry loads imposed by Pumps, cables, piping, 
movement of maintenance trucks (if required) and any other load associated with 
the building. In general, floors shall be designed for live loads as per relevant 
International standards/British Standards. Cable and piping loads shall also be 
considered in addition to the live loads for floors where these loads are expected. 

FLOORS, WALLS & ROOFS  
 The floor shall be constructed with 52 mm thick cement concrete finished with 

metallic hardener topping. 150 mm thick base plain cement concrete layer,100 mm 
thick compacted local sand filling and 200 mm thick hard core of stone ballast with 
interstices filled with local sand shall be laid below cement concrete flooring top. The 
earth filling below floor shall be well rammed. 

PLASTERING 

External surfaces of building shall have 18 mm thick plaster in two  layers,  with the 
under layer 12mm thick  1:5 cement sand (coarse) plaster  and  the top  layer  6 mm  
thick  1:6 cement sand (coarse) plaster. Inside wall surfaces shall have 12/15 mm 
thick 1:6 cement sand (coarse) plaster. Rough surfaces shall have 15mm and smooth 
surface shall have 12 mm thick cement sand plaster. Ceiling shall be plastered with 6 
mm thick cement sand plaster (1 Cement: 3 Sand). 

 EXTERNAL PAINTING 
 External surfaces of the Building shall be painted with acrylic exterior flat paint as per 

manufacturer’s specification and approval of NEA/Consultant. 

DOORS, WINDOWS AND VENTILATORS 

 The schedule of doors, roller shutter, windows and ventilators of the Building shall be 
of steel as per relevant International standards/British Standards. Rolling Steel 
shutters shall be provided as per the layout and requirements of the building. Main 
entrance door to the Building shall be MS door frame with M.S. sheet double shutter. 
Windows and ventilators shall be of steel made of hot rolled sections windows and 
ventilators shall be provided with 5.5 mm thick glazing. 

CABLE TRENCH INSIDE FIRE FIGHTING PUMP HOUSE BUILDING 

 All cable trenches inside the building shall be covered with minimum 6 mm thick steel 
chequered plate with suitable stiffeners. The structural steel used for cable tray 
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support, earthing cleat, chequerred plates for internal cable trenches of fire fighting 
pump house building shall be measured and paid under miscellaneous steel item of 
BPS 

             PLINTH PROTECTION 

750 mm wide plinth protection all-around the building shall be provided. Plinth 
protection shall comprise of 50 mm thick PCC (1:2:4) laid over 75 mm thick well 
compacted stone aggregates with interstices filled with local sand including smooth 
finishing top. 

PARAPET 

 230 mm thick and 750 mm high brick parapet shall be provided. The parapet shall be 
plastered with cement sand plaster (1:6). 

BUILDING STORM WATER DRAINAGE 

1.  The building design shall provide for the collection of storm water from the roof. 
This water shall be drained to the main drainage system of the Sub-station. 

2.  PVC down comer pipes conforming to relevant International standards/British 
Standards  with water tight lead joints or medium class galvanized mild steel 
pipes conforms to relevant International standards/British Standards shall be 
provided to drain off the rain water from the roofs. These pipes shall be suitably 
concealed with masonry work or cement concrete or cladding material.  

3.  Suitable arrangements for draining out water collected from equipment blow 
downs, leakages, floor washings, fire fighting etc. shall be provided, if found 
necessary. 

DETAILS OF ROOF 

 Roof of the Building shall consist of Cast-in-situ RCC slab treated with a water 
proofing system which shall be an integral cement based treatment conforming to 
relevant International standards/British Standards. The water proofing treatment shall 
be of following operations: 
(a)  Applying and grouting a slurry coat of neat cement using 2.75 kg/m2 of cement 

admixed with proprietary water proofing compounds conforming to relevant 
International standards/British Standards over the RCC slab including cleaning 
the surface before treatment. 

(b)  Laying cement concrete using broken stones 25mm to 100mm size with 50% of 
cement mortar 1:5 (1 cement: 5 coarse sand) admixed with proprietary water 
proofing compound conforming to relevant International standards/British 
Standards over 20mm thick layer of cement mortar of min 1:5 (Cement: 5 coarse 
sand) admixed with proprietary water proofing compound conforming to relevant 
International standards/British Standards  to required slope and treating similarly 
the adjoining walls up to 300mm height including rounding of junctions of walls 
and slabs. 

(c)  After two days of proper curing applying a second coat of cement slurry admixed 
with proprietary water proofing compound conforming to relevant British standard 
codes (B S Codes)/ equivalent International Standards. (d) Finishing the 
surface with 20mm thick joint less cement mortar of mix 1:4 (1 cement: 4 course 
sand) admixed with proprietary water proofing compound conforming to relevant 
International standards/British Standards and finally finishing the surface with 
trowel with neat cement slurry and making of 300 x 300 mm square. 

(e)  The whole terrace so finished shall be flooded with water for a minimum period of 
two weeks for curing and for final test. All above operations to be done in order 
and as directed and specified by the Engineer-in-charge. 

(f)  Average thickness of water proofing shall be 120 mm and minimum thickness at   
khurra shall be 65 mm. 

DETAILED FINISH SCHEDULE 

 The detailed finish schedule for Fire Fighting Pump House Building is given below: 

 



 

Chapter 14–General Technical Requirement, Civil Works 14-33 

OCB No: PMD/EGMPAF/CPCUGTLP-079/80-01 Procurement of Plant Single-Stage:Two-Envelop

  

Table- 2 : DETAILED FINISH SCHEDULE 
 

S. LOCATION FLOORING & 
SKIRTING 150 MM 

HIGH 

WALL(INT
ER
NA
L) 

CEILING ROLLER SHUTTER,DOOR, 
WINDOWS  

& VENTILATOR 

1. Fire Fighting 

Pump House 

62mm thick 
cement concrete 
flooring with 
metallic hardener 
topping .skirting 
shall be of cement 
sand plaster. 

Oil bound 
washable 
distemper 
on masonry 
portion. 

As per 
Manufact
urer 
details. 

Windows/ ventilator shall 
be hot rolled steel 
section with 5.5mm 
thick glazing.  Entry 
door shall be of M.S. 
Sheet double shtter  
and rolling shutter shall 
be of steel. 

 ELECTRIFICATION 

All electrification shall be executed as per details specified elsewhere in the technical 
specification. All details shall be as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. 

 
15.0 AUXILLIARY  BUILDING (Not Required) 

Auxiliary building shall be single storeyed reinforced cement concrete  framed 
structure building. The size of building shall be about 15 m X 20 m approximately. 
However, bidder may suggest suitable size as per his requirement. The building shall 
house 11 kV indoor switchgear.  
The details like floor details, door, windows, ventilator, internal finish details etc shall 
match with respective room of RCC control room building. External finish shall also 
match with control room building. 
1. Contractor shall develop the layout in such a way that its aesthetic look is 

pleasant. The design of Auxiliary building shall be carried out as per relevant 
International standard/British Standards. 

2. The internal cable trenches, panel  etc shall be designed by the contractor as per 
requirement. Layout of these cable trenches, panel layout shall also be prepared 
by the contractor as per requirement. 

 CABLE TRENCH INSIDE AUXILLIARY BUILDING 

All cable trenches inside the building shall be covered with minimum 6 mm thick steel 
chequered plate with suitable stiffeners. The structural steel used for cable tray 
support, earthing cleat, chequerred plates for internal cable trenches shall be 
measured and paid under miscellaneous steel item of BPS. 
 

 ELECTRIFICATION 
 

All electrification shall be executed as per details specified elsewhere in the technical 
specification. All details shall be as per relevant British standard codes (B S Codes)/ 
equivalent International Standards. 
 

16.0 FIRE FIGHTING WATER TANK 
1. Reinforced cement concrete water tank with capacity of 150 Cubic Meter shall be 

constructed. A sump of size 2.5 m X 2.5 m x 0.5 m deep shall be provided at one 
corner in each compartment. Finished floor level of water tank shall be about 200 
mm above finished ground level of switch yard. Base slab of water tank shall rest 
on 75 mm thick plain cement concrete (1:3:6) laid over 800 mm thick well 
compacted stone packing (Stone Size from 25 mm to 150 mm ) with interstices 
filled with local sand. 

2. The roof of Water tank shall be of Coloured. The sheet shall be supported on 
suitable steel purlins etc. Suitable gutter shall be provided to drain off rain water. 

3. A  steel door of size 900 mm X 1850 mm with single shutter made of hot rolled 
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steel section and MS steel door frame shall be provided at about (+) 4.5 m level 
for access inside water tank. 

4. Suitable MS rungs of 20 mm diameter rod @ 300 mm centre to centre staggered 
on both faces (External and internal) of wall at suitable location shall be provided 
to act as ladder. 

5. Integral water proofing compound of reputed brand shall be added to the concrete 
and plaster of water tank. Quantity of compound shall be as per manufacturer’s 
recommendation. 

6. All inserts, nozzles, pipe sleeves etc shall be provided during concreting at 
suitable locations as per fire fighting system. The size is to be decided by the 
contractor to meet the requirement. 

7. Inside surfaces of water tank shall be plastered with cement sand plaster (1 
Cement:6 sand). 

8. The outer surface of water tank shall be painted with the paint matching with Fire 
fighting pump house building. 

9. P.V.C. water stopper shall be provided at all construction joints of water tank. 
10. The design of water tank shall be carried out as per relevant British standard 

codes (B S Codes)/ equivalent International Standards. 
 

17.0 SWITCH YARD PANEL ROOM 
 

RCC switchyard panel room with the size as mentioned in bid price schedule shall be 
constructed. RCC sloped roof shall be provided. The sloped roof shall be covered 
with suitable tiles to enhance aesthetic look. The floor details (sand, PCC, cement 
mortar )shall match with that of other buildings. The floor finish shall be provided with 
vitrified tiles. Plinth protection as per other buildings. The finish details like painting, 
plaster shall match with other buildings. Doors shall be  aluminium glazed . 
All walls, floor and roof shall be provided with suitable chicken wire mesh which shall 
be connected with earthing system through 75 x 12 mm MS flat. Air conditioning and 
internal electrification of panel room shall be done as mentioned in respective 
technical specification and BPS in Electrical portion. The size and layout of internal 
cable trenches of panel room shall be decided by the contractor as per requirement. 
All cable trenches inside the panel room shall be covered with minimum 6 mm thick 
steel chequered plate with suitable stiffeners. The structural steel used for cable tray 
support, earthing cleat, chequerred plates for internal cable trenches shall be 
measured and paid under miscellaneous steel item of BPS 
The design shall conform to relevant British standard codes (B S Codes)/ equivalent 
International Standards. 
 

18.0 CAR PARKING SHED 
Aesthetically pleasant RCC car parking shed as per design and drawings as 
developed by the contractor and suitable to park 10/5 cars as per BoQ shall be 
constructed at suitable location to be decided during detailed engineering stage 
 

 19.0      WATER SUPPLY 
 

(i) Water shall be made available by NEA/consultant at any feasible point within 
substation boundary at single point to the contractor. Contractor shall state the 
total water requirement both  in terms of quantity and head to NEA/Consultant. 

 
(ii) The contractor shall carry out all the plumbing/erection works required for supply 

of water in control room cum administrative building beyond the single point as at 
(i) above. 

 
(iii) The contractor shall carry out all the plumbing/erection works required for supply 

of water to Fire Fighting pump house beyond the single point as at (i) above. 
 
(iv) The details of tanks, pipes, fittings, fixtures etc for water supply are given 

elsewhere in the specification under respective sections. 
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(v) A scheme shall be prepared by the contractor indicating the layout and details of 
water supply which shall be got approved by NEA/Consultant before actual start 
of work including all other incidental items not shown or specified but as may be 
required for complete performance of the works. All drawings shall be prepared 
by the contractor for approval of NEA/Consultant. 

 
(vi) Bore wells and pumps for water supply is not in the scope of contractor. 

 
20.0 SEWERAGE SYSTEM 

(i) Sewerage system shall be provided for all buildings wherever applicable. 
 
 (ii) The Contractor shall construct septic tank and soak pit suitable for 50 and 10  

users each for control room building, transit camp and town ship buildings is 
constructed .If septic and soak pit system is not acceptable by local Nepal 
Authority, contractor will have to install suitable sewerage system as per local 
statutory requirement. 

 
(iii) The system shall be designed as per relevant British standard codes (B S 

Codes)/ equivalent International Standards. All drawings shall be prepared by the 
contractor for approval of NEA/Consultant. 

 
21.0  GIS HALL CUM CONTROL ROOM BUILDING 

21.1      Control Room and GIS Hall 

             The GIS building shall be of pre-engineered steel structure. Control room building, if 
attached to GIS hall, shall be of pre-engineered steel structure similar to GIS hall and 
shall be RCC framed structure, if it is not connected with GIS hall. In case of steel 
control room building all walls shall be of brick masonry and roof of ground floor shall 
be of RCC. Internal access to the GIS hall from control room building shall be 
provided.  

  
             Material specification and other details for construction of Pre-engineered steel 

building shall be as described in subsequent paragraphs. The base plate of steel 
columns shall be mounted on the RCC foundation by means of hot dip galvanised 
foundation bolts (Galvanisation of 610 gms/Sq. M). In order to facilitate inspection 
and maintenance, the structures shall be provided with climbing devices.  Separate 
fire escape doors shall also be provided in the GIS Building. 

 
             Panels shall be kept in an air-conditioned enclosure. A glazed partition made of 

aluminium frame and 5.5mm thick glass shall be provided between GIS hall and 
panel room. The glazing shall be kept at a sill level of 0.9 m above floor level. The 
height of glazing shall be minimum 2.1 m above sill level.  

 
             Walkway of width of  1.0m shall be provided at gantry girder level on the two longer 

side of GIS hall along with climbing arrangement to facilitate maintenance of crane. 
 
             All the material required for Pre-engineered (steel) building shall be procured from 

reputed manufacturer for which prior approval shall be obtained. Manufacturing of 
various parts of the building shall start only after approval of “Manufacturing Quality 
Plan to be prepared by the bidder during detailed engineering stage”. Complete 
material shall be offered for inspection by QA&I department of Consultant/NEA before 
dispatch. Inspection shall be carried out based on assembly (fabrication) drawings 
approved by consultant/NEA and “BILL OF MATERIAL” & Shop drawing prepared by 
the Manufacturer and certified by the Contractor for its correctness. Approval of BOM 
and shop drawing from employer is not required.  

 
21.2 Material Specification 
 
21.2.1 Primary members fabricated from plate sand sections with minimum yield 

strength of 345 Mpa or to suit design by continuous swelding. 
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21.2.2 Secondary members for Purlins and Grits shall conform to the physical specification 

of ASTMA570(Grade50)or equivalent BS/equivalent international standard 
shaving a minimum yield strength of 345 MPa.   The minimum thick ness of 
secondary members shall be 2.5 mm. 

 
21.2.3 Rod / ANGLE/pipe bracing shall conform to the physical specification of relevant 

BS/equivalent international standards  of minimum 245MpaYieldStrength 

21.2.4 All hot rolled sections shall conform the physical specifications of BS/equivalent 
international standards. All other miscellaneous secondary members shall have 
minimum yield strength of 250 MPa. 

21.3 DESCRIPTION 
 
21.3.1 PRIMARY MEMBERS:  
 
             Primary structural framing shall include the transverse rigid frames, columns, corner 

columns, end wall wind column sand crane gantry girder sand Frames at Door 
openings. 

 
21.3.2 SECONDARY MEMBERS:  
 
             Secondary structural framing shall include the purlins, girts, eaves truts, wind 

bracing, flange bracing, base angles, clips, flashing sand other miscellaneous 
structural parts. Suitable wind bracings sag rods to be reckoned while designing 
the structure. 

21.3.3 PURLINS, GIRTS,CLIPS: 
 
             Purlins, girts and clips should be of Pre Galvanised steel of 345Mpa havinga 

coating thickness of 275 gms/sq. M inclusive of both sides. 
 
21.3.4 ROOF SHEETING 

 
             Factory assembled 50mm thick puff (density 40kg/cu.m. +2 Kg/cu m as per 

BS/equivalent International Standards) sandwiched panels shall be provided. These 
panels shall be made of puff insulation sandwiched between two high tensile steel 
sheets each of 0.5 mm thickness. The material of  sheets shall   confirm to ASTM 
792 M Grade 345B with minimum  yield strength of 345 Mpa .The steel sheets shall 
be provided with hot dip coating of Zinc aluminium alloy  (  approximately 55% Al , 
43.5% Zn and 1.5 % silicon ) .Total mass of zinc aluminium alloy coating shall be 
minimum 200 gm/Sq. m inclusive of both sides. The tolerance of base metal 
thickness (BMT) of steel sheet shall be as per BS/equivalent International 
Standards . After hot dip coating of Zinc aluminium alloy  ,the sheet shall be 
provided with steel primer and silicon modified polyester (SMP) paint. The total 
thickness of primer and paint shall be 40 microns inclusive of both sides (TCT)  
comprising of 20 microns of SMP paint on top surface and 10 microns of  backer 
coat ( polyester coat) on back surface over 5 microns thick primer each on both 
surfaces with inorganic pigments coated  free from heavy metals. Painting shall 
conform to BS/equivalent International Standards . In case SMP paint is not 
available, Super Durable Polyester paint (SDP) can also be used by the bidder 
without cost implication to NEA. 

 
21.3.5 Wall Panels 

 
             Wall panel material specifications shall be same as roof panels.  

 
21.3.6 SHEETING FASTENERS: 

 
           Standard fasteners shall be selft aping zinc plated metal screws with EPDM 

bonded zinc plated washers. All screws shall be colour coated to match roof and 
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wall sheeting. 

21.3.7 SEALER: 
 
           This is to be applied at all side lap sand end laps of roof panel sand around self 

lashing windows.   Sealer shall be pressure sensitive elastomeric Butyl tapes.  The 
sealer shall be non-asphaltic, non-shrinking and non toxic and shall be superior 
adhesive metals, plastics and painted at temperatures from 51°C to +104°C. 

 
21.3.8 CLOSURES: 
           Solid or  closed cell closures matching the profiles of  the panel shall be installed 

along the eaves, rake and other locations specified on drawings. 
 
21.3.9 FLASHING AND TRIM: 
 
           Flashing and/or trim shall be furnished at the rake, corners, eaves, and framed 

opening sand wherever necessary to provide weather tightness sand finished 
appearance. Colour shall be matching with the colour of wall. Material shall be 26 
gauge thick conforming to the physical specifications of sheeting. 

 
21.3.10  WALL LIGHTS:  
 
             For day lighting purpose of GIS hall, minimum 2mm thick approved  translucent  

polycarbonate sheet   shall be provided for wall lighting in addition to windows for at 
least 10% of wall area on upper portion of both long walls. The polycarbonate sheet 
shall be fixed with necessary EPDM, rubber gasket, Silicon Sealant, cold forged 
fastener, aluminium profile etc. including MS supporting structural steel (conforming 
to relevant BS/equivalent International Standards) frame to ensure water tight 
arrangement.  

 

21.3.11 GUTTERS AND DOWN SPOUTS: 
 
             Gutters and down spouts shall be adequately designed to ensure proper roof 

drainage system. Material shall be same as that of sheeting with matching colour. 
 
21.3.12 PAINTING OF BUILT UP STEEL FRAMES, CRANE GANTRY GIRDERS, 

FRAMES AT DOOR OPENINGS, WALK WAY STEEL AND LADDER: 
               The built up frame ,Crane gantry girders, frames for door openings and steel for 

walk way shall be applied with a priming coat of standard steel primmer followed by 
one coat coating of epoxy paint and final coating of PU (Minimum 100 Micron) . The 
steel work for aforesaid members shall be provided with suitable treatment of shot 
blasting before application of steel primer. The steel material of ladder shall be 
galvanized. 

 
21.3.13 COLOUR SCHEME: 

Colour Scheme matching with local aesthetic and best industry practices shall be 
submitted by vendors for approval of NEA. Three alternatives of coloured isometric 
views with colour codes shall be submitted for approval. The monotony of external 
colour of sheet shall be avoided by providing vertical bands of different coloured 
sheet. The colour of roof sheet shall be light coloured to minimize heat absorption. 
External and internal masonry walls shall be painted with suitable colour matching 
with colour of steel sheet. 

 
 
21.4 CONNECTIONS:  
 
21.4.1 SITECONNECTIONS 
 

a) All primary bolted connections sha l l  be provided with galvanized h igh  
strength bolts, washers, nuts conforming to specifications of relevant 
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standard. 

b)  All secondary bolted connections shall be furnished with bolts, nuts, washers 
conforming to  the specifications of  grade 4.6 of relevant standard or ASTM-
A307. 

 
21.4.2 SHOPCONNECTIONS 
 
              All shop connections shall be welded with appropriate arc welding process and 

weld ing  s h a l l  b e  in  accordance w i t h  relevant standard, AWSD 1.1. as 
appropriate. The Webs should be welded on to the flanges at  both the faces at  top 
and bottom for columns, beams and crane girders. Weld material should have 
strength more than the parent metal. 

21.4.3 ROOF & WALLBRACINGS 
               Roof and wall bracings shall have minimum yield strength of 250Mpa and shall 

conform to the specifications of re levant  standard. 
 

21.5 INTERNAL FINISH SCHEDULE 

 The finishing schedule is given in subsequent clauses and table-1. Areas not 
specified in finish schedule shall be provided with vitrified tile flooring, and Premium 
Acrylic emulsion paint oil bound washable distemper over two mm thick putty. Paints 
used in the work shall be of best quality specified in relevant standard. 

21.5.1 FLOORING 

 Flooring in various rooms of control room building and GIS hall shall be as per 
detailed schedule given in Table -1.  

21.5.2 WALLS 

 All walls of control room building shall be non-load bearing walls. Min. thickness of 
walls shall be 230 mm (one brick) with 1:6 cement sand mortar. Partition walls 
(115mm thick) in toilets and pantry can be half brick walls with 1:4 cement sand 
mortar and two nos. 6mm dia MS bars at every third course.   

 In GIS building and the attached relay room 230mm thick brick wall shall be provided 
up to roof level of relay room attached to GIS hall. 50mm thick puff sandwiched 
panels as described above shall be provided above brick wall.  

21.5.3  ROOF 

(A)  GIS Building and Control Room (if steel structure) 

 Roofing Panel: 50mm thick puff (density 40kg/cu.m.) sandwiched panels shall be 
provided as described in previous clauses. 

21.6 CABLE TRENCH IN GIS HALL 

 All cable trenches in GIS hall shall be covered with minimum 6mm thick steel 
chequered plate with suitable stiffeners. Chequered plate shall be painted with two or 
more coats of Epoxy paint as per relevant standards. 

21.7 EXTERNAL PLASTER AND PAINTING 

             External plaster 18mm thick shall be of 1:6 cement sand plaster in two layers. 
External surface of the control room building and GIS building (brick wall portion) 
shall be painted with Premium acrylic smooth exterior paint with silicon additives over 
and including priming coat of exterior primer as per relevant standards. 

21.8 INTERNAL FINISH SCHEDULE 

             Internal finish Schedule for control room building and GIS hall is given in Table - 1 
below: 

Table -1 
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S.No. LOCATION FLOORING & 
SKIRTING 
150MM HIGH 

WALL 
(INTERNAL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

1. Control Room Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
10mm thick 
toughened glass by 
using suitable patch 
fittings/spider fittings. 
The glass shall 
extend horizontally 
from column to 
column and vertically 
from sill level of 0.75 
m to bottom of 
lintel/roof beam. All 
doors shall be glazed 
powder coated 
aluminium doors with 
5.5.mm Thk. Glazing. 

2. Conference Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

3.  In-charge 
Room 

Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

4 Other Office 
Rooms 

Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

5. Electronics 
Test Lab. 

Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
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S.No. LOCATION FLOORING & 
SKIRTING 
150MM HIGH 

WALL 
(INTERNAL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

surface 
applied with 
plaster of 
paris (2 mm 
thick) 

glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

6. ACDB & 
DCDB Room 

62mm thick 
cement 
concrete 
flooring with 
metallic 
hardener 
topping  

Oil bound 
washable 
distemper on 
smooth 
surface 
applied with 
plaster of 
paris putty as 
perrelevant 
standards 

Oil bound 
washable 
distemper on 
smooth 
surface 
applied with 
plaster of 
paris putty 

Steel door 45mm 
thick double sheet 18 
gauge MS steel 
suitably reinforced 
and filled with mineral 
wool.   
Windows/ventilator 
shall be of powder 
coated aluminium 
with 4mm glazing. 

7. Battery room Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Steel door 45mm 
thick double sheet 18 
gauge MS steel 
suitably reinforced 
and filled with mineral 
wool.   
Windows/ventilator 
shall be of powder 
coated aluminium 
with 4mm glazing. 

8. Lobby 18mm thick 
granite flooring  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

9. Corridor Vitrified tiles 
size 600 x 
600mm  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

10. Portico 18mm thick 
granite flooring  

Granite 
cladding  

Acrylic 
emulsion 
paint over a 
coat of 
cement 
primer on 

 All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 
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S.No. LOCATION FLOORING & 
SKIRTING 
150MM HIGH 

WALL 
(INTERNAL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

smooth 
surface 
applied with 
readymade 
putty 1 mm 
thick as 
perrelevant 
standards 

11. Toilet Ceramic tiles     DADO 
glazed tile 
2100mm 
high, oil 
bound 
washable 
distemper 
above DADO 

Acrylic 
emulsion 
paint over a 
coat of 
cement 
primer on 
smooth 
surface 
applied with 
readymade 
putty 1 mm 
thick as per 
relevant 
standards 

Windows/ ventilator 
shall be of powder 
coated aluminium 
with 5.5mm thick 
glazing.  All doors 
shall be flush door 
shutters made of pre-
laminated particle 
board (with powder 
coated aluminium 
frame. 

12. Janitor room Ceramic tiles     DADO 
glazed tile 
2100mm 
high, oil 
bound 
washable 
distemper 
above DADO 

Acrylic 
emulsion 
paint over a 
coat of 
cement 
primer on 
smooth 
surface 
applied with 
readymade 
putty 1 mm 
thick as per 
relevant 
standards 

Windows/ ventilator 
shall be of powder 
coated aluminium 
with 5.5mm thick 
glazing.  All doors 
shall be flush door 
shutters made of pre-
laminated particle 
board with powder 
coated aluminium 
frame. 

13. GIS Hall 62mm thick 
cement 
concrete 
flooring with 
metallic 
hardener 
topping (DSR 
item code 
11.5). Two 
coats of PU 
coating over 
the metallic 
hardener shall 
be provided. 
The final coat 
of PU shall be 
applied after 

Premium 
Acrylic 
emulsion 
paint having 
Volatile 
Organic 
Compound 
(VOC) 
content less 
than 50 gms 
per liter of 
approved 
brand and 
manufacturer 
on smooth 
surface 
applied with 

In case of 
RCC roof, 
ceiling shall 
be finished 
with  
Premium 
Acrylic 
emulsion 
paint having 
Volatile 
Organic 
Compound 
(VOC) 
content less 
than 50 gms 
per liter of 
approved 

Windows/ ventilator 
shall be of powder 
coated aluminium 
with 5.5mm thick 
glazing.  All doors 
shall be flush door 
shutters with powder 
coated aluminium 
frame.  
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S.No. LOCATION FLOORING & 
SKIRTING 
150MM HIGH 

WALL 
(INTERNAL) 

CEILING DOOR, WINDOWS & 
VENTILATOR 

Installation of 
equipments. 
Total thickness 
of PU coats 
shall be 
minimum 300 
microns. 

plaster of 
paris (2 mm 
thick)  over  
approved 
primer coat  . 

brand and 
manufacturer 
over  
approved 
primer coat   

14. Panel/Relay 
Room 

Vitrified tiles 
8mm thick size 
600 x 600mm 

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

False ceiling 
and White 
wash above 
False Ceiling 

Windows shall be of 
powder coated 
aluminium with 
5.5mm thick glazing.  
All doors shall be 
glazed powder 
coated aluminium 
doors with 5.5.mm 
thk. Glazing. 

15. AHU Room 62mm thick 
cement 
concrete 
flooring with 
metallic 
hardener 
topping  

Premium 
Acrylic 
emulsion 
paint on 
smooth 
surface 
applied with 
plaster of 
paris (2 mm 
thick) 

Acrylic 
emulsion 
paint over a 
coat of 
cement 
primer on 
smooth 
surface 
applied with 
readymade 
putty 1 mm 
thick as per 
relevant 
standards 

Windows/ ventilator 
shall be of powder 
coated aluminium 
with 5.5mm thick 
glazing.  All doors 
shall be flush door 
shutters with powder 
coated aluminium 
frame.  

 
21.9 Staircase shall be provided with stainless steel railing and 18mm thick granite slab in 

risers and treads. 

21.10 DOORS AND WINDOWS 

             The details of doors and windows of the control room building shall be as per finish 
schedule Table-1 conforming to relevant BS/equivalent International Standards. 
Rolling steel shutters shall be provided as per layout and requirement of buildings. 
Main entrance door to control room building shall be made of powder coated 
aluminium frame with 5.5 mm thick glazing.  

21.11 PARTITION 

 Partitions, if required, shall be made of powder coated aluminium frame provided with 
5.5 mm thick clear glass or pre- laminated board depending upon the location of 
partition.  

21.12 FALSE CEILING 

             Fifteen millimeter thick densified regular edged eco friendly light weight calcium 
silicate false ceiling as per relevant standards shall be provided in the areas specified 
in Finish Schedule.  

21.13 PLUMBING & SANITATION 
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(i) All plumbing and sanitation shall be executed to comply with the requirements of 
the appropriate bye-laws, rules and regulations of the Local Authority having 
jurisdiction over such matters. The Contractor shall arrange for all necessary 
formalities to be met in regard to inspection, testing, obtaining approval and 
giving notices etc. 

(ii) PVC “SYNTEX” or equivalent make Roof water tank of adequate capacity 
depending on the number of users for 24 hours storage shall be provided. 
Minimum 2 Nos 1500 liter capacity shall be provided. 

(iii) Chlorinated Polyvinyl chloride (CPVC) pipes having thermal stability for hot and 
cold water supply including all CPVC plain and brass threading conforming to 
relevant standards shall be used for internal & external piping work for potable 
water supply. 

(iv) UPVC pipes conforming to relevant standards shall be used for sanitary works 
above ground level and RCC pipe shall be used for works below ground. 

(v) Each toilet shall have the following minimum fittings. 

(a) WC (Western type) 390 mm high with toilet paper roll holder and all fittings in 
toilets attached to conference and sub-station in charge office.  

     and 

      WC (Indian Type) Orissa Pattern (580 x 440 mm) with all fittings shall be 
provided in common toilets. 

(b) Urinal (430 x 260 x 350 mm size) with all fittings. 

(c) Wash basin (550 x 400 mm) with all fittings. 

(d) Bathroom mirror (600 x 450 x 6 mm thick) hard board backing 

(e) CP brass towel rail (600 x 20 mm) with C.P. brass brackets 

(f) CP Soap holder and CP liquid soap dispenser. 

(g) All urinals and washbasins shall be provided with built in sensors. 

(vi) Water cooler for drinking water with adequate water storage facility shall be 
provided and located near control room and not near toilet block. 

(viii)1 no. stainless steel kitchen sink with Drain board (510 x 1040 x 178 mm bowl 
depth) for pantry shall be provided. 

(ix) All fittings, fastener, grating shall be chromium plated. 

(x) All sanitary fixtures and fittings shall be of approved quality and type 
manufactured by well known manufacturers. All items brought to site must bear 
identification marks of the type of the Manufacturer. 

(xi) Stoneware pipes may be used for soil, waste and drain pipes in the areas not 
subjected to heavy loads otherwise Heavy duty cast iron pipes may be used. 

(xii) Contractor shall provide septic tank and soak pit of adequate capacity to treat the 
sewage / sullage from the building. 

(xiii) Contractor shall implement all other jobs required to complete and     
commission the building. 

22.0 Residential and Non Residential Buildings 

             All buildings shall be constructed as RCC Framed buildings. The architectural 
features shall match with local architecture. For preparation of architectural drawings 
of these buildings, the contractor shall depute local Architect of repute who must be 
well aware of local bye laws and statutory clearances required for residential and 
guest house/field hostel/Transit camp building from Nepal Authority. The buildings 
shall be designed for loads as applicable in accordance to relevant standards. The 
plumbing and sanitary works including over head water tanks placed on terrace and 
for each building shall also be deemed to be included in the civil works of building. 
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Construction of man holes/chambers, connection of internal plumbing and sanitary 
system with external sewerage and water supply system shall be considered as a 
part of civil works of buildings. These works will not be measured and paid 
separately. 

             The details and approximate size of various buildings are as below: 

(a) D-Type Quarter: One Number with size 15 m x 14 m-Single Storeyed. 
(b) C-Type Quarters: Four Numbers: One Block of four quarters having two quarters 

on ground floor and two quarters on first floor. Block will have an area of about 12 
m X 25 m on each floor. 

(c) B-Type Quarters:  Four Numbers : One Block of four quarters having two quarters 
on ground floor and two quarters on first floor. Block will have an area of about 10 
m X 25 m on each floor. 

The area for above buildings has been indicated as tentative. The Contractor 
shall adopt the suitable size to accommodate various rooms and services for 
each type of building. The size of various rooms shall be in accordance to local 
laws. 

The finish schedule has been tabulated as below: 

 

Schedule of Finishes  for Quarters    

Floor Room Name Flooring Walls Ceiling Remarks 

Typical 
Flat 

Living Polished Vitrified 
Tiles 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

Plastered & Painted with 
Wash Over 2MM POP 

 Living Balcony Antiskid Vitrified 
Tiles 

Plastered & 
Painted with 
Exterior Paint 

DO For Qrts. As 
applicable 

 Kitchen Antiskid Ceramic 
Glazed 1st Quality 
Floor Tiles-
0.3x0.3M IS 
15622 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO Ceramic Tiles 
UP to 0.6M 
Above Kitchen 
Platform 

 Toilet Do Ceramic Tiles 
0.2x0.3M up to 
2.1M 

DO Above 2.1M 
Plaster & 
Painted OBD 
over 2MM 
POP Finish 

 Bed Room  Vitrified Tiles Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO  

 Bed Room 
Balcony 

Antiskid Vitrified 
Tiles 

Plastered & 
Painted with 
Exterior Paint 

DO  

 Attached Toilet/ 
Bed Room 
Toilet 

Antiskid Ceramic 
Glazed 1st Quality 
Floor Tiles-
0.3x0.3M IS 
15622 

Ceramic Tiles 
0.2x0.3M up to 
2.1M 

DO Above 2.1M 
Plaster & 
Painted OBD 
over 2MM 
POP Finish 

 Passage  Vitrified Tiles 
With Light Shade 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO  

 Cupboard 1:2:4 Concrete 
with neat cement 

Plastered & 
Painted OBD  

DO  
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finish 

 Staircase Marble Stone 
Treads & 
Landings 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO Enamel Paint 
for M.S. 
Railing 

 Car Parking 80mm Flexi Paver 
Blocks 

Plastered & 
Painted with 
Exterior Paint 

Plastered & 
Painted OBD 
over 2mm 
POP Finish 

For D Type 
Qtrs. Only 

Schedule of Finishes for Transit Camp 

Floor Room Name Flooring Walls Ceiling Remarks 

 Porch 60mm thk. Flexi 
Paver Blocks 

Plastered & 
Painted with 
Exterior Paint 

Plastered & 
Painted with 
OBD Over 
2mm POP 
Finish 

 

 Drawing & 
Dining 

Polished Vitrified 
Tiles 0.6x0.6M 

Plastered & 
Painted Plastic 
Emulsion Paint 
over 2mm POP 
Finish 

Minera Fbre 
False Ceiling 
POP Cornice 
& Moulding 
Painted with 
Plastic 
Emulsion 
Paint 

 Vitrified Tiles 
Skirting of 
150mm high 
to be Provided 

 Lobby DO DO Plastered & 
Painted OBD 
Over 2mm 
POP Finish 

DO 

 Kitchen DO DO DO Ceramic Tiles 
from Floor 
Level to 0.6M 
Above Kitchen 
Platform 

 VIP Room & 
Lounge 

DO DO DO POP Cornice 
&Moulding 
shall be 
Provided for 
Ceiling 

 Attached Toilet 
of VIP Room 

Vitrified Tiles 
(Antiskid) 
0.6x0.6M 

Ceramic Tiles 
0.3x0.45M 
(Minimum 
size)up to 
Ceiling 

DO  

 Dormitory 22mm Thk. 
Terrazzo Tiles 
Light shade 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO  

 Dormitory 
Toilet/Bath 

Antiskid Ceramic 
Glazed 1st Quality 
Floor Tiles-
0.3x0.3M  

Ceramic Tiles 
0.2x0.3M up to 
2.1M 

DO Area Above 
2.1M Plaster 
& Painted 
OBD over 
2MM POP 
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Finish 

 Staircase 18mm Thk. 
Udaipur Green 
Marble Stone  

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO SS Hand 
Railing as per 
Drawing 

 Bed Rooms Polished Vitrified 
Tiles 0.6mx0.6m 

Plastered & 
Painted with 
Plastic Emulsion 
Paint Over 2mm 
POP Finish 

DO  

 Attached Toilets Antiskid Ceramic 
Glazed 1st Quality 
Floor Tiles-
0.3x0.3M  

Ceramic Tiles 
0.2x0.3M up to 
2.1M 

DO Area Above 
2.1M Plaster 
& Painted 
OBD over 
2MM Thk. 
POP Finish 

 Care Taker 
Room 

 Vitrified Tiles 
With Light Shade 

Plastered & 
Painted OBD 
Over 2mm POP 
Finish 

DO  

 Common Toilet Antiskid Ceramic 
Glazed 1st Quality 
Floor Tiles-
0.3x0.3M  

Ceramic Tiles 
0.2x0.3M up to 
2.1M 

DO Area Above 
2.1M Plaster 
& Painted 
OBD over 
2MM Thk. 
POP Finish 

 Store  Vitrified Tiles 
With Light Shade 

Plastered & 
Painted OBD  

DO  

 Balconies Antiskid Vitrified 
Tiles Light Shade 

Plastered & 
Painted with 
Exterior Paint 

DO  

 Terrace Brick Bat Coba 
Water Proofing 

Plastered & 
Painted with 
Exterior Paint 

  

 

 
 
 
23.0      Boundary wall, Main Gate, Security Room and septic tank and soak pit 

 

23.1      Boundary Wall : 

RCC framed with brick masonry/concrete block/stone masonry in fill between 
columns shall be provided along periphery of substation. The brief description of 
boundary wall is given below: 

(a) Height of boundary wall (Masonary portion) above ground  = 2.5 m 
(b) 0.5 m Heigh of Y shaped angle supports (50x50x6 mm)  above each column  with 

about 0.5 m deep grouted in column shall be provided as grill on the boundary 
wall 

(c) C/c distance of RCC Column (230 X 230 mm size)            = 2.5 m 
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(d) 8 rows of galvanised barbed wire with concertina coil a top of boundary wall shall 
be provided. 4 rows of barbed wire on each arm of Y-shaped angle is to be 
provided. 

(e) Grade of Concrete for RCC works  = M25 
(f) Mix of masonry works = 1 Cement: 6 Sand 
(g) 12 mm thick Cement sand plaster (1 cement: 6 Sand) over exposed portion of 

boundary wallalong  with 50mm thick PCC(1:2:4) coping on the top of wall. 
(h) Two coats of oil bound distemper with one coat of cement primer of approved 

make shall be applied over exposed portion of boundary wall. 
(i) A RCC plinth beam (230 X 300 mm deep ) shall be provided at ground level. A 

lintel beam of 230 X 230 mm shall be provided over gratings. 
(j) Suitable steel grating made of 20 mm square bars shall be provided at suitable 

locations preferably @ 100 m to allow the flow of surface water. 
(k) Suitable foundation of about 1.5 depth shall be provided for each RCC column. 

75 mm thick PCC (1:4:8) layer shall be provided below all RCC works. 
(l) All steel works shall be provided with two coats of synthetic enamel paint over a 

coat of steel primer of approved make. 
(m)  Twin columns with 25 mm expansion gap at every 45 meter length shall be 

provided. 
(n) Suitable design of boundary wall shall be developed by the contractor. 

             The boundary wall shall be measured and paid on running meter length basis. 

23.2   Main Gate 

            A steel gate of 2.1 m high and 6 m wide along with 1.5 m wide man gate shall be 
provided at entry location of substation. The gate shall be supported on steel 
columns. The steel support columns shall be encased with suitable RCC foundations. 
Suitable wheel mounting arrangement shall be provided at the bottom of gate for 
smooth opening of gate. All steel works shall be provided with two coats of synthetic 
enamel paint over a coat of steel primer of approved make. 

             The item shall be measured and paid on Lump sum basis.  

23.3   Security Room: 

             A RCC framed room of size 3 m X 3m and 3 m high with 1.5 m wide veranda shall be 
provided near gate.An attached toilet of 1.5 m x 1.5 m size shall be provided. Suitable 
septic tank and soak pit for 10 users with cleaning interval of 3 years shall also be 
provided. A RCC platform (600 mm wide) at window sill level along with wardrobe 
shall be provided. All sanitary works and a PVC water tank of 1000litre capacity shall 
also be provided. All finish details shall match with other buildings mentioned 
elsewhere in the technical specification. 

             The item shall be measured and paid on square meter area basis. 

  
24.0 MODE OF MEASUREMENT 
  
24.1 Geotechnical investigation 

 
This shall include carrying out field tests, laboratory tests, compilation of results and 
preparation of soil report with recommendations for type of foundations shallow or pile 
type, suitability of soil for construction of substation etc. The geotechnical 
investigation work shall be measured on lump sum basis. 

 
24.2 Contour survey and site leveling. 

 
The Contour survey work shall not be measured and paid separately and                         
shall be deemed to be included in the item of site leveling work. 
Measurement of Earth work in all kind of soil including soft/disintegrated rock in the 
item of cutting and filling and item of earth work in the filling with borrowed earth shall 
be made in Cubic meters. No void deduction for 95% compaction. 

 



 

Chapter 14–General Technical Requirement, Civil Works 14-48 

OCB No: PMD/EGMPAF/CPCUGTLP-079/80-01 Procurement of Plant Single-Stage:Two-Envelop

  

24.3 Earthwork 
 
This shall include excavation in all kinds of soil including rock, all leads and lifts 
including back filling with suitable earth, compacting, dewatering (if required) and 
disposal of surplus earth or rock to a suitable location within a lead up to 2 km. The 
surplus earth if disposed within substation boundary shall be spread in uniform layers 
each compacted with two passes of suitable compacting equipment. The quantity of 
excavation for foundations of towers, equipment support structures, all 
transformers/Reactors, DG Set, firewall, cable trenches, fire fighting water tank,    
buildings and underground water tanks,  covered car parking, External lighting poles, 
control cubicles, marshalling box shall only be measured.  The quantity of excavation 
for roads, rail cum road, drains, culverts, rainwater harvesting, septic tank, soak pit, 
external water supply system, site surfacing, chain link fencing (including gate) shall 
not be measured separately and shall be deemed to be included in the composite 
rates quoted by the bidder for the respective works.  All other excavation required for 
the completion of the work including plinth protection, flooring, sewerage system, 
manholes, pipes, earth mat etc. shall also not be paid for.  The measurement of 
excavation of all concrete works shall be made considering dimension of the pit 
leaving 150mm gap around the base pad (lean concrete) or actually excavated pit, 
whichever is less. The quantity shall be measured in cubic metres. 
 

24.4 PCC 
 
Providing and laying Plain Cement Concrete of all types and at all locations including 
all leads and lifts.  The quantity shall be measured in cubic meters as per lines and 
levels indicated in the drawings. 
 

24.4.1 PCC 1:2:4 (1 cement : 2 sand : 4 coarse aggregate 20 mm nominal size) shall be 
measured in flooring of buildings, plinth protection, fencing, transformer/reactor 
foundation,  rail track, drain, culverts, septic tank,  chain link fencing, fencing gate 
,external lighting poles etc. as indicated in the approved drawings. 

 
24.4.2 PCC 1:4:8 (1 cement : 4 coarse sand : 8 stone aggregate, 40mm nominal size) shall 

be measured below all foundations of towers, equipment support structures, 
buildings, fire fighting water tanks,  covered car parking, cable trench, roads, under 
flooring, rail-cum-road, transformer foundation, reactor foundation, drain, cable trench 
crossings, culverts, fence,  gate etc. as indicated in the approved drawings. 

 
24.4.3 PCC 1:5:10 (1 Cement: 5 sand: 10 Stone aggregate, 40mm nominal size) shall be 

provided for site surfacing in switchyard, roof water proofing etc. 
 
             All other PCC required for the completion of the work including hold fasts of 

doors/windows/rolling shutters, fixing of plumbing pipes, bedding concrete for sewer 
lines, embedment of electrical conduits etc. shall not be measured and deemed 
included in the composite rates quoted by the bidder for respective works. Water 
proofing compound wherever specified shall be added without any extra cost. 
  

24.5 RCC  
 
Measurement of reinforced cement concrete at all locations shall be made and shall  
include all leads, lifts, formwork, grouting of pockets and underpinning,  (but shall 
exclude reinforcement & miscellaneous structural steel like inserts etc.),  of M25 
design mix (Minimum). This shall also include pre-cast RCC work and addition of 
water proofing compound wherever required for which no additional payment shall be 
made. The quantity shall be measured in cubic meters as per lines and levels 
indicated in the drawings.  No deduction shall be made for volume occupied by 
reinforcement/inserts/sleeves and for openings having cross-sectional area up to 0.1 
Sq.M. 
 

24.6 Steel Reinforcement  
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Reinforcement steel shall be measured in length (actual or theoretical as per drawing 
whichever is less) including hooks, if any, separately for different diameters as 
actually used in RCC work, excluding overlaps.  From the length so measured, the 
weight of reinforcement shall be calculated in metric tonnes on the basis of sectional 
weights as adopted by British Standards/equivalent International standards.  
Wastage, overlaps, couplings, welded joints, spacer bars, chairs, stays, hangers and 
annealed steel wire or other methods for binding and placing shall not be measured 
and cost of these items shall be deemed to be included in the rates for reinforcement.  
 

24.7 Stone filling over grating in Transformer/Reactor foundation 
 
Measurement of stone (40mm nominal size) filling over gratings of 
transformer/reactor foundations shall be made as per theoretical volume of the space 
to be filled in the transformer foundation as per approved drawings.  This shall be 
measured in Cu.M. 
 

24.8 Miscellaneous structural steel  
 
Measurement for Supply, fabrication, transportation and erection of all miscellaneous 
structural steel work for rails along with rail fixing details and gratings with supports 
for transformers/reactors, Cable trenches with covers (Chequered plate covers, cable 
supports, earthing cleats and edge protection angles etc), all other steel fittings and 
fixtures, inserts and embedment in concrete of transformer/reactor foundation and 
cable trenches shall be made as per approved drawings. The unit rate for this item 
shall be inclusive of cutting, grinding, drilling, bolting, welding, pre- heating of the 
welded joints, applying a priming coat of steel primer and anti-corrosive bitumastic 
paint/ synthetic enamel paint in general but with Zinc Phosphate Primer (Two packs) 
for grating and support for grating in Transformer foundation. (Wherever specified), 
setting of all types of embedment in concrete, etc. Steel required for foundation bolts, 
nuts and bolt, doors, windows, ventilators, louvers, rolling shutters, chain link fencing, 
gratings  in drains, soil pipes, plumbing pipes, floor traps, embedment’s required for 
rainwater harvesting, septic tank, soak pit, roof truss and purlins required for fire 
water tank, etc. shall not be considered for payment and measurements. Quantity 
shall be measured in metric tonnes. 

 
24.9 Roads  

 
A). The measurement for the concrete road shall be made on the basis of area in 

square meter (M2) of top concrete completed surface of the road and shall be 
deemed to include all items such as excavation, compaction, rolling, 
watering, WBM, shoulder, etc complete as per approved drawing but 
excluding concreting and reinforcement which shall be paid separately under 
respective items of BPS.  

 
B) The measurement of bituminous road shall be made on the basis of area in 

square meter (M2), of the top bituminous completed surface of the road and 
shall include all items such as excavation, compaction, rolling, watering, sub 
base course, WBM, shoulder, premix carpet etc complete as per approved 
drawing. 
 

C) The measurement of strengthening of existing road (bituminous road) shall 
be made on the basis of area in square meter (M2), of the top bituminous 
completed surface of the road including premix carpet etc but excluding item 
of granular sub base course which shall be paid separately under respective 
item of BPS. 

 
24.10 Anti-weed Treatment and Stone Spreading 
 

 The measurement shall be done for the actual area in square metres of stone 
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spreading provided in the switchyard .It includes providing and spreading of 100mm 
thickness of uncrushed/crushed/broken stone of 40mm nominal size as per relevant 
BS codes/equivalent International standards for the specified area. Application of anti 
weed treatment including material shall not be measured separately and item would 
be deemed to be included in the quoted rate of stone spreading in switchyard.  
 

24.11 Chain Link Fencing and gate 
 

The measurement shall be made in running metres of the fence provided as per 
approved drawing. The rate shall be including the post, fencing, MS Flat, painting, 
brick work and plaster of toe wall etc. complete but excluding the concrete.  The 
switch yard gate shall be measured in numbers. 

 
24.12 Cable Trenches and Cable trench Crossings 

   
Earthwork, PCC, RCC, reinforcement steel, RCC hume pipes and miscellaneous 
steel required for construction of Cable Trenches and cable trench crossings shall be 
measured under respective items of Bid price schedule (BPS) as described in clauses 
of aforesaid paras. No additional payment for brick work, plaster and PVC pipes used 
for cable trench crossings and sealing of trench mouth shall be admissible. 

 
24.13 Drains & Culverts 
 

PCC (1:2:4 and 1:4:8) for drains and culverts shall be measured under respective 
items of Bid price schedule (BPS) as described in clauses of aforesaid paras . All 
other items like excavation, brick work, plaster and stone pitching except RCC hume 
pipes required for completion of drains and culverts shall be deemed to be included in 
the quoted rate of drain. The quantity for each type of drain section shall be measured 
in running meters. However, RCC hume pipes used in culverts shall be measured 
under under respective item of Bid price schedule (BPS) as described in clause of 
hume pipes. 
 

24.14 External Finishing of RCC Framed Buildings/structures:  
 

The item shall be measured per square meter area basis. Contractor has to assess 
the quantity as per requirement of Control room cum administrative building, Fire 
Fighting Pump House, fire fighting water tank, switchyard panel room, residential and 
non residential buildings, covered car parking and quote for the same separately. This 
shall include following items. 

 
1) External plastering/cement wash : 18mm Cement plaster in two coats under 

layer 12 mm thick cement plaster 1:5 (1 cement: 5 coarse Sand) finished with 
a top layer of 6 mm thick cement plaster 1:6 (1 cement: 6 fine Sand) for all 
buildings and fire fighting water tank .  

2)  Providing and applying two or more coats of Acrylic smooth exterior paint 
over an under coat of suitable primer on new cement plaster surfaces of the 
control room building, auxiliary building, fire fighting pump house building, fire 
fighting water tank, panel room , residential and non residential buildings and 
covered car parking. It shall be inclusive of required tools, scaffolding, 
materials and other painting accessories etc. as per recommendations of 
manufacturer. 

 
24.15 Hume Pipe  

 
Hume pipe shall be measured diameter-wise and laid as per approved drawings and 
shall be measured in running meters. The item shall be inclusive of excavation, 
laying, back filling, jointing etc. but excluding concrete and reinforcement (if any).  

 
24.16  Building 
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The measurement of all items except excavation, concrete, reinforcement steel of 
each type of buildings shall be made on area in Square Meter basis.  However, the 
quantity of excavation, concrete, reinforcement shall be measured in respective items 
of BPS and described in above paras. The structural steel used for cable tray 
support, earthing cleat, chequered plates for internal cable trenches of building and 
panel room wherever applicable shall be measured and paid under miscellaneous 
steel item of BPS and described above paras. The structural steel and foundation 
bolts for fixing equipments with foundations/raft within buildings shall not be 
measured separately which shall be deemed to be included in the quoted rates per 
square meter of buildings.  External Finishing shall be measured and paid in 
respective items of BPS and described in above paras.  The rest of the entire work 
required to complete the building in all respect as per drawings prepared by 
contractor and approved by NEA/Consultant shall be deemed to be included in this 
item rate per square meter area basis.  

 
24.17 Rain Water Harvesting 

 
This is a lump sum item.  The contractor shall be required to complete the work in all 
respect as per drawings prepared by contractor and approved by NEA/Consultant. All 
the items including excavation, miscellaneous steel, brick work, fillings of boulders, 
gravel, sand, pipes etc. shall be deemed to be included in this lump sum rate.  
However, the concrete (all types) and the reinforcement shall be measured and paid 
under respective item of BPS and described in above paras.   

 
24.18 Rail cum Road 

 
The measurement for the rail cum road shall be made in square metres of top 
concrete completed surface of the rail cum road and shall include all items such as 
excavation, compaction, rolling, watering, WBM etc. complete as per approved 
drawing but excluding concrete, reinforcement, structural steel and rails with rail fixing 
details which shall be measured separately under respective item of BPS and 
described in above paras.   

 
24.19  Septic Tank and Soak Pit 

 
This is a lump sum item.  The contractor shall be required to complete the work in all 
respect as per drawings furnished by the contractor and approved by 
NEA/Consultant.  All the items including excavation, masonry work, all types of 
fillings, all types of pipes including plumbing and vent pipes, all type of fittings etc. 
shall be deemed to be included in this lump sum rate.  However, the concrete (all 
types) and the reinforcement shall be measured and paid under the respective item 
mentioned above.   
 
 

 
24.20 Fire Water Tank 

 
This is a lump sum item.  The contractor shall be required to complete the work in all 
respect as per approved drawings.  The items including brick work if any, and 
miscellaneous steel including steel embedment Rungs, roof truss, corrugated AC 
Sheet roofing, door, pipe sleeves, internal finish, etc. shall be deemed to be included 
in this lump sum cost.  However, the items like excavation, concrete (all types), 
reinforcement steel, external finish shall be measured and paid under the respective 
item of BPS and described in above paras.   

 
24.21 External water supply from Bore-well/ other source of water supply 

arrangement to Fire water tank, Control   Room building, Residential and non 
residential buildings 
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The external water supply from Bore-well shall be measured diameter-wise in running 
meters.  It shall include all the items such as excavation, piping, pipe fittings, painting, 
brickwork, sand filling, concrete, valves, chambers cutting chases in walls, openings 
in RCC and repairs, etc. required to complete the job.  

 
24.22 External Sewage System of Control Room Building and other Buildings of 

Township. 
 

It shall be measured diameter wise in running meters.  It shall include all the items 
such as excavation, piping, pipe fittings, manholes, gali trap, gali chamber casing in 
concrete and repairs etc required to complete the job. Any modification in the existing 
sewage system, if required, shall be done by the Contractor without any extra cost 
implicated to NEA/Consultant.  

 
  
25.0 MISCELLANEOUS GENERAL REQUIREMENTS 
 
25.1      Dense concrete with controlled water cement ratio as per BS-code shall be used for 

all underground concrete structures such as pump-house, tanks, water retaining 
structures, cable and pipe trenches etc. for achieving water-tightness. 

 
25.2      All joints including construction and expansion joints for the water retaining structures 

shall be made water tight by using PVC ribbed water stops with central bulb. 
However, kicker type (externally placed) PVC water stops shall be used for the base 
slab and in other areas where it is required to facilitate concreting. The minimum 
thickness of PVC water stops shall be 5 mm and minimum width shall be 230 mm. 

 
25.3     All steel sections and fabricated structures which are required to be transported on 

sea shall be provided with anti corrosive paint to take care of sea worthiness. 
 
25.4  All mild steel parts used in the water retaining structures shall be hot-double dip 

galvanised. The minimum coating of the zinc shall be 750 gm/sq. m. for galvanised 
structures and shall comply with relevant BS. Galvanizing shall be checked and 
tested in accordance with relevant BS. The   galvanizing shall be followed by the 
application of an etching primer and dipping in black bitumen in accordance with BS: 
3416. 

 
25.5  A screed concrete layer not less than 100 mm thick and of grade not weaker than 

M10 conforming to relevant BS shall be provided below all water retaining structures. 
A sliding layer of bitumen paper or craft paper shall be provided over the screed layer 
to destroy the bond between the screed and the base slab concrete of the water 
retaining structures. 

 
25.6  Bricks having minimum 75 kg/cm2 compressive strength can only be used for 

masonry work. Contractor shall ascertain himself at site regarding the availability of 
bricks of minimum 75 kg/cm2 compressive strength before submitting his offer. The 
contractor may use concrete blocks of equivalent compressive strength in place of 
brick work. 

 
25.7      Doors and windows on external walls of the buildings (other than areas provided, with 

insulated metal claddings) shall be provided with RCC sun-shade over the openings 
with 300 mm projection on either side of the openings. Projection of sunshade from 
the wall shall be minimum 450 mm over window openings and 750 mm over door 
openings. 

 
25.8  All stairs shall have maximum riser height of 150 mm and a minimum tread width of 

300 mm. Minimum width of stairs shall be 1500 mm. Service ladder shall be provided 
for access to all roofs. RCC fire escape staircase if required as per local bye laws, 
shall be provided in control buildings. 
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25.9 Angles 50x50x6 mm (minimum) with lugs shall be provided for edge protection all 
round cut outs/openings in floor slab, edges of drains supporting grating covers, 
edges of RCC cable/pipe trenches supporting covers, edges of manholes supporting 
covers, supporting edges of manhole precast cover and any other place where 
breakage of  corners of concrete is expected. 

 
25.10  Anti termite chemical treatment for buildings shall be given to all column pits, wall 

trenches, foundations, filling below the floors etc. as per relevant International/BS . 
 
25.11  Hand-railing minimum 900mm high shall be provided around all floor/roof openings, 

projections/balconies, walk ways, platforms, steel stairs etc. All handrails and ladder 
pipes shall be 32 mm nominal bore MS pipes (medium class) and shall be galvanised 
(medium-class as per relevant BS). All rungs for ladder shall also be galvanised as 
per relevant BS. 

 
 For RCC stairs, hand railing with 20 mm square MS bars, balustrades with suitable 

MS flats & aluminium handrails shall be provided. 
 
25.12 For all civil works covered under this specification, design Mix of Minimum M25 grade 

as per relevant International /BS shall be used. Reinforcement steel shall be of 
minimum Fe 500 grade. 

 
 The material specification, workmanship and acceptance criteria shall be as per 

relevant clauses of applicable International/BS standard. 
 
25.13 Items/components of buildings not explicitly covered in the specification and BPS but 

required for completion of the project shall be deemed to be included in the scope.
  

 
25.14 Requirement of sulphate resistant cement (SRC) for sub structural works shall be 

decided in accordance with the International/BS Standards based on the findings of 
the detailed soil investigation to be carried out by the Bidder. 

 
25.15    Foundation system adopted by Bidder shall ensure that relative settlement and other 

criteria shall be as per provision in relevant BS and other International Standards. 
 
25.16 All water retaining structures designed as uncracked section shall also be tested for 

water tightness at full water level in accordance with relevant international/ BS 
standards. 

 
25.17 Construction joints shall be as per International/BS standard.. 
 
25.18 All underground concrete structures like basements, pumps houses, water retaining 

structures etc. shall have plasticizer cum water proofing cement additive conforming 
to relevant BS. The concrete surface of these structures in contact with earth shall 
also be provided with two coat of bituminous painting for water/damp proofing.  

 
 In case of water leakage in the above structures, The Method shall be applied as per 

relevant international standard/BS standard for repairing the leakage. 
 
25.19 All building/construction materials shall conform to the best quality specified in 

relevant International /BS standard. 
  
 
 
26.0 INTERFACING 
 
 The proper coordination & execution of all interfacing civil works activities like fixing of 

conduits in roofs/walls/floors, fixing of foundation bolts, fixing of lighting fixtures, fixing 
of supports/embedment’s, provision of cut outs etc. shall be the sole responsibility of 
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the Contractor. He shall plan all such activities in advance and execute in such a 
manner that interfacing activities do not become bottlenecks and dismantling, 
breakage etc. is reduced to minimum. 

 
27.0 STATUTORY RULES 
 
27.1      Contractor shall comply with all the applicable statutory rules pertaining to factories 

act (as applicable for the State). Fire Safety Rules of Tariff Advisory- Committee and 
Water and sewerage Act for pollution control etc. 

 
27.2 Provisions for fire proof doors, no. of staircases, fire escape stairs ,fire separation 

wall, plastering on structural members (in fire prone areas) etc. shall be made 
according to the recommendations of Local Advisory Committee. 

 
27.3     Statutory clearance and norms of Local Pollution Control Board shall be followed as 

per Water Act for effluent quality from plant. 
 
28.0 FIELD QUALITY PLAN 
 
             All tests as required in accordance to BS codes or equivalent International standards 

have to be carried out. The contractor shall prepare field quality plan for civil works as 
per relevant /BS codes/equivalent International Standards during detailed engineering 
stage and submit to NEA/Consultant for approval within ONE month after award of 
work. 

 
 
29.0 BRITISH STANDARD CODES  
 
             Major British standard Codes for civil work have been given in the following list. This 

list is illustrative but not exhaustive. However, for design and engineering relevant BS 
codes or equivalent International standards shall be referred by the contractor. 
Relevant portion of BS codes or equivalent international standards referred by the 
contractor for the design shall be made available to NEA/Consultant if necessary 
during detailed engineering stage. 
 
Sr. 
No. 

Standard No
.  

Title  Year  

1 BS 41  Structural steel sections. Specification for hot-
rolled sections  

2005 

2 BS 13771  Methods of test for soils for civil engineering purposes. 
General requirements and sample preparation  

1990 

3 BS 4449  Steel for the reinforcement of concrete. Weldable reinfo
rcing steel. Bar, coil and decoiled product. Specification
 (with A2:2009) 

2005 

4 BS 4482  Steel fabric for the reinforcement of concrete. Specifica
tion  

2005 

5 BS 4483  Steel fabric for the reinforcement of concrete. Specifica
tion  

2005 

6 BS EN 1021
02  

Hot finished structural hollow sections of non-
alloy and fine grain steels. Tolerances, dimensions and
 sectional properties  

2006 

7 BS EN 1005
61  

Specification for structural steel equal and unequal  
angles. Dimensions  

1999 

8 BS EN ISO 8
00001  

Quantities and units. General  2013 

9 BS 5930  Code of practice for site investigations (with A2:2010) 1999 

10 BS EN 1993-
11  

Eurocode 3. Design of steel structures. General rules a
nd rules for buildings  

2005 
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11 NA to BS EN
 199311  

UK National Annex to Eurocode 3. Design of steel struc
tures. General rules and rules for buildings  

2008 

12 BS EN 1993-
15  

Eurocode 3. Design of steel structures. Plated structura
l elements  

2006 

13 NA to BS EN
 199315  

UK National Annex to Eurocode 3. Design of steel struc
tures. Plated structural elements  

2008 

14 BS EN 1993-
18  

Eurocode 3. Design of steel structures. Design of joints  2005 

15 NA to BS EN
 199318  

UK National Annex to Eurocode 3. Design of steel struc
tures. Design of joints  

2008 

16 BS 60732  Precast concrete masonry units. Guide for specifying pr
ecast concrete masonry units  

2008 

17 BS 7668  Weldable structural steels. Hot finished structural hollo
w sections in weather resistant steels. Specification  

2004 

18 BS EN 1997-
1  

Eurocode 7. Geotechnical design. General rules  2004 

19 NA to BS EN
 19971  

UK National Annex to Eurocode 7. Geotechnical desig
n. General rules  

2007 

20 BS EN 1992-
3  

Eurocode 2. Design of concrete structures. Liquid retai
ning and containing structures  

2006 

21 BS EN 1992-
11  

Eurocode 2. Design of concrete structures. General rul
es and rules for buildings  

2004 

22 NA to BS EN
 199211  

UK National Annex to Eurocode 2. Design of concrete 
structures. General rules and rules for buildings  

2005 

23 BS 75334  Pavements constructed with clay, natural stone or conc
rete pavers. Code of practice for the construction of pa
vements of precast concrete flags or natural stone slab
s  

2006 

24 BS EN 1971  Cement. Composition, specifications and conformity cri
teria for common cements  

2011 

25 BS 743  Specification for materials for damp proof courses  1970 
26 BS 8122  Testing aggregates. Methods for determination of densi

ty  
1995 

27 BS 952-1  Glass for glazing. Classification  1995 
28 BS 952-2  Glass for glazing. Terminology for work on glass  1980 
29 BS EN 1262

0  
Aggregates for concrete  2013 

30 BS 1125  Specification for WC flushing cisterns (including dual flu
sh cisterns and flush pipes)  

1987 

31 BS 1188  Specification for ceramic wash basins and pedestals  1974 
32 BS 1199 and

 1200  
Specifications for building sands from natural sources  1976 

33 BS EN 1331
0  

Kitchen sinks. Functional requirements and test metho
ds  

2003 

34 BS 1245  Pedestrian doorsets and door frames made from steel 
sheet. Specification  

2012 

35 BS 1254  Specification for WC seats (plastics)  1981 
36 BS 1370  Specification for low heat Portland cement  1979 
37 BS EN 1008  Mixing water for concrete. Specification for sampling, te

sting and assessing the suitability of water, including w
ater recovered from processes in the concrete industry,
 as mixing water for concrete  

2002 

38 BS 3505  Specification for unplasticized polyvinyl chloride (PVC-
U) pressure pipes for cold potable water  

1986 

39 BS EN 1574
3  

Supersulfated cement. Composition, specifications and
 conformity criteria  

2010 
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40 BS EN ISO 3
766  

Construction drawings. Simplified representation of con
crete reinforcement  

2003 

41 BS 8666  Scheduling, dimensioning, bending and cutting of steel 
reinforcement for concrete. Specification  

2005 

42 BS 4514  Unplasticized PVC soil and ventilating pipes of 82.4 m
m minimum mean outside diameter, and fittings and ac
cessories of 82.4 mm and of other sizes. Specification  

2001 

43 BS 4551  Mortar. Methods of test for mortar and screed. Chemic
al analysis and physical testing (with A2:2013)  

2005 

44 BS EN 1220
01 

Plastics rainwater piping systems for above ground ext
ernal use. Unplasticized poly (vinyl chloride) (PVC-
U). Specifications for pipes, fittings and the system  

2000 

45 BS EN 1462  Brackets for eaves gutters. Requirements and testing  2004 
46 BS EN 607  Eaves gutters and fittings made of PVC-

U. Definitions, requirements and testing  
2004 

47 BS 6262  Code of practice for glazing for buildings  1982 
48 BS EN 1441

1  
Ceramic tiles. Definitions, classification, characteristics,
 evalua tion of conformity and marking  

2012 

49 BS 6510  Steel framed windows and glazed doors. Specification  2010 
50 BS EN 636  Plywood. Specifications  2012 
51 NA to BS EN

 19923  
UK National Annex to Eurocode 2. Design of concrete 
structures. Liquid retaining and containment structures  

2007 

52 
BS EN 1339  

Concrete paving flags. Requirements and test  
methods  2003 

53 BS EN 1340  Concrete kerb units. Requirements and test methods  2003 
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Annexure B1 

Ornamental Brick Works 

Dachi Bricks 

The Brick shall be machine pressed chimney made traditional bricks of first class quality approved by the 
Engineer and free from grit and other impurities such as lime, iron and other deleterious salts, conforming 
to NS 12035. These shall be well burnt, sound, and hard with sharp edges and shall emit ringing sound 
when struck with a mallet. These shall be of uniform size. The size of the bricks shall be 21.8cm x 10.0cm 
x 5.6cm (dachiappasano) unless otherwise specified, with a tolerance of ± 2mm in each direction. The 
compressive strength should be more than 3.5N/mm². 

Samples 

Samples of each type of brick taken at random from the load shall be deposited with the Engineer for his 
approval before being used in the work. All subsequent deliveries shall be up to the standard of the 
sample approved. 

Mix Proportion 

For dachiappa brickwork of 108mm thick, the mortar mix shall be in a proportion of 1:4 i.e. consisting of 
one part cement and 4 parts sand and finished with surkhi pointing. 

Laying Brickwork 

All brick shall be built in Stretcher bond. Each brick shall be set with bed and vertical joints filled 
thoroughly with mortar finished in Surkhi pointing. Selected bricks shall be used for the exposed 
brickwork. The walls shall be taken up truly plumb. All courses shall be laid truly horizontal and vertical 
joints shall be truly vertical. Vertical joints in alternate course shall come directly over the other. The 
thickness of brick courses shall be kept uniform and for this purpose wooden straight edge with 
graduation giving thickness of each brick course including blade joint (thin joints) shall be used. 
Necessary tools comprising of wooden straight edge, masons sprit level, square, foot rule, plumb, line and 
pins etc. shall be frequently and fully used by the masons to ensure that the walls are taken up true to 
plumb, line and levels. Both the faces of walls of thickness greater than 23cm shall be keptin proper 
plane. All the connected brickwork shall be carried up nearly at one level and no partition of work shall 
be raised more than one meter above the rest of the work. Any dislodged brick shall be removed and reset 
in fresh mortar. Before commencing any brickwork, the Contractor shall confer with other trades to 
ensure that all pipes, reinforcement bars, conduits, drains, sleeves, bolts, hangers, or any other materials 
necessary tobe installed in the brickwork at the time it is built, have been fixed or provided for. 

Surkhi Pointing 

Bricks shall be laid such that all joints are filled properly with surkhi pointing. The gap in the joints shall 
be not more than 1mm and properly pointed during the progress of the work. The face of brickwork shall 
be kept cleaned and mortar dropping removed. 
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Putlog Holes 

The putlog holes (if inevitable for scaffolding), which provide resting space for horizontal members shall 
not be left in masonry under one metre in width or immediately near the skewbacks of arches. The holes 
left in the masonry work for supporting the scaffolding shall be filled with bricks filled with mortar to fit 
the size of opening with proper beds and joints. 

 

Clay Tile 

Roofing tiles are to be clay tile from reputed Factory locally made tile. The clay tile single lap inter 
locking at head and side and with ridge tiles etc. to match. They are to be uniform in size, shape and 
colour and free from twist and other defects, in every respect equal to samples to be deposited with and 
approved by the Engineer In-charge. Each tile are hooked by 16g GI strap to eaves board (fascia) and in 
verges too. Before laying tile the gutter should be fixed. Replaced cracked or damaged tiles and clean 
down and leave roofs water tight on completion. 

 

Door and Windows (Wooden frames) 

The contractor is to clear out and destroy or remove all cut and shavings and other wood waste from all 
parts of the building and the site generally, as the work progress and at the conclusion of the work. 

Carpentry: 

All carpentry shall be executed with workmanship of the best quality. Scantling and boarding shall be 
accurately sawn and shall be of uniform width and thickness throughout. All carpenter’s work shall be left 
with sawn surface except where particularly specified to be wrought All carpenter’s work shall be 
accurately set out in strict accordance with the drawings and shall be framed together and securely fixed 
in best possible manner with properly made joints. All necessary brads, sheet metal screws, etc. shall be 
provided as directed and approved. 

Joinery: All joints shall be accurately set out on boards to full size for the information and guidance of the 
artisans before commencing the respective works, with all joints, iron work and other works connected 
there with fully delineated. Such setting out must be submitted to the Engineer In-charge and approved 
before such respective works are commenced. 

All jointer’s work shall be cut out and framed together as soon after the commencement of the building as 
is practicable, but is not to be wedged up or glued until the building is ready for fixing same. Any 
portions that warp, wind or develop shakes or other defects within six months after completion of the 
works shall be removed and new fixed in their place on contractor’s own expense. All work shall be 
properly mortises, tenons, house, shouldered, dovetailed, notched, wedged, pinned, braided, etc., as 
directed and to the satisfaction of the consultants and all properly glued up with the best quality approved 
glue. Joints in joinery must be as specified or detailed, and so designed and secured as to resist or 
compensate for any stresses to which they may be subjected. All nails, springs, etc. are to be punched and 



Chapter 14–GTR, Civil Works, Additional Specification                                                                                                               14.1-3  

 

OCB No.:: PMD/EGMPAF/CPCUGTLP-079/80 -01:                         Procurement of Plant                                       Single-Stage:Two-Envelope 

  

puttied. Loose joints are to be made where provision must be made for shrinkage, glued joints where 
shrinkage need not be considered and where sealed joints are required. Glue for load-bearing joints or 
where conditions may be damp must be damp must be of the resin type. For non-load-bearing joints or 
conditions may be guaranteed casein or organic glues may be used. All exposed surfaces of joinery work 
shall be wrought and all arise “eased-off” by plaining and sandpapering to an approved finish suitable to 
the specified treatment. 

Dimensions: 

Joinery shall hold up to the specified sizes and as measure. 

Fixing Joinery: 

All beads, fillets and small members shall be fixed with round or oval brads on nails well punched in and 
stopped. All large members shall be fixed with brass screws, the heads let in and palette to match the 
grain. Unless otherwise specified, plugs of external work shall be of hardwood; plugs for internal work 
may be of softwood. Holes for plugging must be made with a proper drilling tool and the holes 
completely filled with the plugging material. Unless otherwise specified all skirting, window, grounds 
and backings for same, fillets etc., shall be plugged at intervals not exceeding600mm. 

Bedding Joinery: 

All door and window frames, sills, wooden bars etc., which are fixed to brickwork, concrete by means of 
grounds, lugs, etc., shall be bedded solid in mortar as previously described and pointed with a recessed 
joint 6mm deep to the approval of the Engineer In-charge. Plywood, Block boards, Chipboards and MDF 
board, shall be bonded with synthetic resin of “interior” type and sheet metal screws unless otherwise 
stated for the doors. Where stated to be “exterior” type, they shall be weather proof. All exposed edges of 
block board and chipboard shall be lipped with hardwood as described below. Samples of all such 
materials and their source of manufacture must be approved by the Engineer In-charge before used in the 
works. 

Inspection and Testing 

The Engineer In-charge shall be given facilities for inspection of all works in progress whether in 
workshop or on site. All timber as it arrives on the site and not approved by them must be removed 
forthwith, failing which the Employer, with the advise of the Engineer In-charge, may arrange for the 
removal of the rejects and impose of them as they may consider advisable at the contractor’s expenses. 
Notwithstanding approval having been given as above, any timber incorporated in the works found to be 
in any way defective before the expiry of the maintenance period shall be removed and renewed at the 
contractor’s expense. The contractor is to allow for testing or prototypes of special construction units and 
the Engineer In-charge shall be at liberty to select any samples they may require for the purpose of testing 
i.e. for moisture content, or identification of species, strength, etc. Where timbers need to be extended into 
a wall, they shall be thoroughly “Brush Treated” with a wood preservative approved by the Engineer In-
charge, and as much clear air space maintained around the timber where it adjoins the wall as possible. 

Carved wooden door and windows 



Chapter 14–GTR, Civil Works, Additional Specification                                                                                                               14.1-4  

 

OCB No.:: PMD/EGMPAF/CPCUGTLP-079/80 -01:                         Procurement of Plant                                       Single-Stage:Two-Envelope 

  

For shutter, the thickness of 38mm salwood panel shall be used for carving and decorative works, unless 
otherwise mentioned. The section size of door frame for decorative door shall be 75mm x125mm section 
or 100mmx100mm or equivalent to this section or as approved by the engineer 

Construction Procedure 

The carving of the doors and windows should be refined aesthetically with reflection carving 
craftsmanship as approved by Engineer. For the main decorative carved door shutter, the shutter shall be 
fitted1 nos. of 300mm brass al drop, 2 nos. 200mm brass door handle, 4nos. of 250mm tower bolt, 6 nos. 
25x25x125mm brass hinges, nails, screws, with at least three coats of chapra polish, or as per drawing 
and instruction of engineer, all complete. 
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