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Construction of Linear Accelerator Complex including Bunker and Nuclear Medicine 
Building in the campus of Pt. B.D. Sharma University of Health Science, Rohtak  

 

Chapter A 

BRIEF REQUIREMENT OF THE WORK 

1. Introduction:  

The scope of work relates to Construction of Linear Accelerator Complex including 
Bunker and Nuclear Medicine Building in the campus of Pt. B.D. Sharma University of 
Health Science, Rohtak. The buildings consist of Ground plus one Floor with infrastructure 
facilities including Boundary Wall & External Development Works. 

The scope of work shall include Electrical works, Mechanical works, Electronic works, 
Plumbing, Sanitary, Sewerage, Storm water drainage, & Fire-Fighting works etc. & 
preparation of all detailed shop drawings, obtaining approval from all local authorities, 
electrical inspector, water, sewer, drainage, electricity connection from local bodies, 
permission/ approval for tree re-plantation, etc. to be executed as integral part of the 
project. The following are the salient features of the Works: 

 

a. Foundations & Other Works like Underground Water Tank. 

b. Super Structure. 

c. Water Proofing Treatment Works. 

d. Clean Room Partitions and Doors. 

e. Aluminium Door and Windows. 

f. Structural Glazing Work. 

g. Anti-Termite Chemical Treatment. 

h. Internal and External Water Supply, Sewerage, Storm Water Drainage. 

i. Infrastructure Development i.e.. Roads, Pathways, Etc. 

j. Electrical Installation (Internal & External). 

k. Fire Fighting System. 

l. HT & LT Installation, Substation, DG Sets. 

m. HVAC, VRV/ VRF System 

n. Lifts 

o. Fire Alarm, PA, CCTV, EPABX/Telephone, LAN Systems, Etc. 

p. WTP, ETP, STP. 

q. Landscape & Horticulture Works. 
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2. General 

i. The work shall in general conform to the Latest CPWD Specifications 
(corrected up to the last date of submission/uploading of bid). Work under 
this Contract shall consist of furnishing all labour, materials, equipment, 
tools & plants and appliances necessary and required.  

Regarding testing of civil & electrical & other materials, the testing of materials 
shall be conducted in Govt. Laboratory/ Govt. Engineering Colleges/ IITs/ NITs or 
from the laboratory approved by Engineer-in-charge. The charges of testing of 
materials in approved laboratory shall be borne by the Contractor. 

ii . Contractor should spray curing water on concrete structure and shall not allow 
free flow of water. Concrete structures should be kept covered with thick 
cloth/gunny bags and water should be sprayed on them.  Contractorshall do water 
ponding on all sunken slabs using cement and sand mortar. 

iii . Specification/brands names of materials to be used as per the scope of work are 
listed in the bid documents. The efforts should be made by the contractor to use 
indigenous products. The contractor should also consider the availability of 
spares parts/ components for maintenance purposes while proposing any brand/ 
manufacturer. The materials of any other brand/manufacturer may be proposed 
for use by the contractor in case the brands specified below are not available in 
the market and/or contractor intends to use some other brand better than the 
brands mentioned in the document. The alternate brand can be used only after the 
approval of Engineer-in-Charge. The list of approved makes is appended to this 
document. 

iv. Contractor shall submit credentials of the agencies proposed to be engaged by 
him/them for execution of specialized works to the HITES. Particular agency shall 
be approved by HITES and only such agencies shall be allowed to execute the 
work on behalf of the Contractor. 

v. CPWD Specifications for Civil, Electrical and all other works with up to date 
correction slips for all sub heads of work as applicable, and, Technical 
Specifications included in the tender documents, wherever applicable. 

vi. The work shall, in general, conform to the CPWD Specifications for Civil, Electrical 
and all other works with up to date correction slips for all sub heads of work as 
applicable, and, Technical Specifications included in the tender documents, 
wherever applicable. Wherever any aspect of design / construction / material 
standards is not covered under the above mentioned specification, relevant 
standards shall be referred to in the order of precedence which shall be as follows. 
In  the  case  of  discrepancy  between  the  Schedule  of  Quantities, the 
Specifications and /or the Drawings, the following order of preference shall be 
observed ɀ 

a. Description of Schedule of Quantities. 

b. Particular Specification and Specific Condition, if any. 

c. Drawings. 

d. CPWD Specifications. 

e. Indian Standard Specifications of BIS/ NBC/ IRC/ BS/ ASTM/ DIN 
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For items not covered by any of the above, the work shall be done, as per sound 
engineering practices and as directed by the Engineer-in-charge. 

3. Setting Out 

i. The contractor shall carry out survey of the whole work area, setting out the 
layout of building in consultation with the Engineer -in-Charge & proceed further. 
Any discrepancy between the Engineer-in-charge, architectural drawings and 
actual layout at site shall be brought to the notice of the Engineer -in-charge. It 
shall be responsibility of the contractor to ensure correct setting out of alignment. 
Total station survey instruments only shall be used for layout, fixing boundaries, 
and centre lines, etc. 

ii . Thecontractorshall establish, maintain and assume responsibility for grades, lines, 
levels and benchmarks. He shall report any errors or inconsistencies regarding 
grades, lines, levels, dimensions etc. to the Engineer -in-Charge before 
commencing work. Commencement of work shall be regarded as the contractorȭÓ 
acceptance of such grades, lines, levels, and dimensions and no claim shall be 
entertained at a later date for any errors found. 

iii . If at any time, any error appears due to grades, lines, levels and benchmarks 
during the progress of the work, the contractor shall, rectify such error, if so 
required, to the satisfaction of the Engineer -in-Charge. 

iv. Though the site levels are indicated in the drawings, the contractor shall ascertain 
and confirm the site levels with respect to benchmark from the concerned 
authorities. The contractor shall protect and maintain temporary/ permanent 
benchmarks at the site of work throughout the execution of work. These 
benchmarks shall be got checked by the Engineer-in-Charge or his authorized 
representatives. The work at different stages shall be checked with reference to 
bench marks maintained for the said purpose. 

v. The approval by the Engineer-in-Charge, of the setting out by the Contractor, shall 
not relieve the Contractor of any of his responsibilities and obligation to rectify 
the errors/ defects, if any, which may be found at any stage during the progress of 
the work or after the completion of the work. 

vi. The Contractor shall be entirely and exclusively responsible for the horizontal, 
verti cal and other alignments, the level and correctness of every part of the work 
and shall rectify effectively any errors or imperfections therein. Such rectifications 
shall be carried out by the contractor to the entire satisfaction of the Engineer - in-
Charge. 

vii . The Contractor (s) shall carry out soil/geotechnical investigation and should 
satisfy himself about complete characteristics of soil and other parameters at site. 
The intending contractor shall conduct soil investigations on their own, and shall 
be responsible for the adequacy of the design. 
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Chapter B 

TECHNICAL SPECIFICATIONS AND CONDITIONS - CIVIL WORKS 

1. General 

i. The work shall be carried out in accordance with the Architectural drawings and 
structural drawings (proof checked/vetted by the approved Institute) and 
approved by the Engineer-in-Charge. The Technical Specifications are to be read 
with and in general conforming to the Latest CPWD Specifications. 

ii . Contractor(s) shall provide permanent bench marks, flag tops and other reference 
points for the proper execution of work and these shall be preserved till the end of 
the work. All such reference points shall be in relation to the levels and locations, 
given in the Architectural drawings. On completion of work, the Contractor (s) 
shall submit required number of prints of as built  drawings to the Engineer-in-
Charge. 

iii . Before commencement of any item of work the, Contractorshall correlate all the 
relevant architectural and structural drawings and specifications etc. and satisfy 
him that the information available is complete and unambiguous. The Contractor 
alone shall be responsible for any loss or damage occurring by the 
commencement of work based on any erroneous and or incomplete information 
and no claim whatsoever shall be entertained on this account. 

iv. The Contractor (s) should engage approved, licensed plumbers for the work and 
get the materials (fixtures/fittings) tested, by the municipal Body /Corporation 
authorities wherever required, at his own cost. The Contractor (s) shall submit for 
the approval of the Engineer-in-Charge, the name of the plumbing proposed to be 
engaged by him. 

v. Thecontractorshall give performance test of the entire installation(s) as per the 
specifications in the presence of the Engineer-in-charge or his authorized 
representative before the work is finally accepted and nothing extra what-so-ever 
shall be payable to the  for the test. 

vi. The work of services will be executed simultaneously. The contractorshall 
minimize the scope of making recesses, holes, opening etc. as the same shall be 
planned in advance and necessary grooves/niches shall be provided in shuttering 
of RCC. 

vii . Sample of building materials, fittings and other articles required for execution of 
work shall be got approved from the Engineer-in-Charge before use in the work. 
The quality of samples brought by the contractor shall be judged by standards laid 
down in the relevant CPWD/ BIS specifications. All materials and articles brought 
by the contractor to the site for use shall conform to the samples approved by the 
Engineer-in-Charge which shall be preserved till the completion of the work. 

viii . BIS marked materials except otherwise specified shall be subjected to quality test 
at the discretion of the Engineer-in-Charge besides testing of other materials as 
per the specifications described for the item/material. Wherever BIS marked 
materials are brought to the site of work, the contractor shall, if required, by the 
Engineer-in-#ÈÁÒÇÅȟ ÆÕÒÎÉÓÈ ÍÁÎÕÆÁÃÔÕÒÅÒȭs test certificate or test certificate from 
approved testing laboratory to establish that the material/ procured by the  for 
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incorporation in the work satisfies the provisions of specifications/ BIS codes 
relevant to the material and/ or the work done. 

ix. The Contractor shall procure the required materials in advance so that there is 
sufficient time to testing of the materials and clearance of the same before use in 
the work. The contractor shall provide at his own cost suitable weighing and 
measuring arrangements at site for checking the weight / dimensions as may be 
necessary for execution of work. 

x. The Contractor ÓÈÁÌÌ ÓÕÂÍÉÔ ÍÉÎÉÍÕÍ Ȱ1ÕÁÌÉÔÙ !ÓÓÕÒÁÎÃÅȱ ÐÌÁÎ ×ÈÉÃÈ ÓÈÁÌÌ 
consist of: 

a. Lot size, number of required tests and frequency of testing. While deciding these 
criteria CPWD Specifications & provisions of BIS Code and standard practices may 
be referred. The mandatory test shall be in conformity with the requirements 
details in the latest CPWD specifications. For testing of other materials/work, the 
requirements as per provisions of BIS Code and standard practices shall be 
applicable. 

b. It should clearly indicate the Machinery and other Tool & Plants required to be 
deployed at site by the Contractor. Entire Machinery and T&P may not be required 
at the start of work, therefore, a proper time schedule by which each Machinery & 
T&P is to be brought at site should also be indicated. 

c. The Contractor shall maintain record of Receipt of Materials, testing of the same & 
Maintenance of Register of Tests. 

d. All the registers of tests carried out at Construction Site or in outside laboratories 
shall be maintained by the Contractor, which may be inspected by Engineer-in-
charge or his/her designee at any point of time. 

e. The Contractor shall allow access to Third Party Quality Assurance Agency 
(TPQAA) engaged by HITES/ Client to have a control on quality and methodology 
of execution. Requisite number of Samples of materials including Cement Concrete 
Cubes shall be taken jointly by Contractor, TPQAA and Engineer-in-charge or their 
authorized representative. All arrangements for transporting and getting them 
tested shall be made by the Contractor. 

f. All the test in field lab setup at Construction Site shall be carried out by the Quality 
control team to be engaged by the Contractor, which can be witnessed by 
Engineer-in-charge or his/her designee. A daily report of Tests to be conducted on 
a day shall be submitted to Engineer-in-charge or his authorized representative. 

g. All the entries in the registers will be made by the designated Engineering Staff of 
the Contractor. 

h. The Contractor shall be responsible for safe custody of all the test registers. 

i. Submission of copy of all test registers, Material at Site Register and hindrance 
register along with each alternate Running Account Bill and Final Bill shall be 
mandatory. 

j. All material received at site shall be entered in MAS Register and copy of Supply 
order, MTC & Bill-invoice shall be maintained in order. The MAS Registers 
including Cement and Steel Registers shall be maintained by a qualified staff of 
Contractor, which shall be inspected by Engineer-in-charge or his authorized 
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representative at any time. The daily report of receipt of material shall be sent to 
Engineer-in-charge or his authorized representative. 

xi. The Contractor shall ensure that no construction leach ate (e.g. cement slurry 
etc.), is allowed to percolate into the ground. Adequate precautions are to be 
taken to safeguard against this including, reduction of wasteful curing processes, 
collection, basic filtering and reuse. The Contractor shall follow requisite 
measures for collecting drainage water run-off from construction areas and 
material storage sites and diverting water flow away from such polluted areas. 
Temporary drainage channels, perimeter dike/swale, etc. shall be constructed to 
carry the pollutant-laden water directly to the treatment device or facility 
(municipal sewer line). 

 

2. POUR CARD, CHECK-LIST FOR EXECUTION OF WORK 

i. As and when any important item is taken up for execution, the Contractor shall 
submit the specifications and develop a checklist and Pour card. This sample 
checklist should be got approved from the Engineer-in-charge and should be used 
at site. This check list should be shown to the Engineer-in-charge or his 
authorized representative during inspection. This procedure is to be followed for 
all hidden items, CC/RCC work, Steel-reinforcement, shuttering, flooring, doors & 
windows, plumbing, including water supply pipe lines, roof treatment, earth 
filling, etc. 

ii . The contractor shall render all help and assistance in documenting the total 
sequence of this project by way of photography, slides, audio-video recording etc. 
nothing extra shall be payable to the  on this account. 

Note: - All DSR items shall be carried out as per the latest CPWD Specification with 
up to date correction slip.  

1. EARTH WORK: As per relevant CPWD specifications. 

i. Irrespective of the stipulations in the relevant CPWD Specifications or elsewhere 
in the Contract, the surplus excavated earth shall be disposed off by the 
contractor at his own cost to the place as directed by Engineer ɀ in-charge 
and/or permitted by the local authority after obtaining written permission of 
the Engineer ɀ in-charge and no payment will be made by the HITES for disposal 
of this excavated earth.  

ii .  The contractor shall, at his own expense and without extra charges, make 
provision for all shoring, pumping, dredging or bailing out water, encountered 
from any sources such as rains, floods, springs, subsoil water table being high or 
due to any other cause whatsoever. The foundation trenches shall be kept free 
from water while all the works below ground level are in progress without any 
extra payment.  

iii . Filling in plinth shall be consolidated with water and compacted with pneumatic 
rammers, to achieve 90% relative density on testing. One test is to be carried out 
for 1000 Sqm of compacted area. 

2. PLAIN CEMENT CONCRETE AND REINFORCED CEMENT CONCRETE WORK: 

a. STONE AGGREGATE: 
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i. Stone aggregate used in the work shall be of hard broken stone to be obtained 
from approved source (Quarries to be approved by the Engineer in charge) 
and shall conform to relevant provision in the Latest CPWD Specifications for 
works.  

b. SAND 

i. Sand to be used for the work shall be of as specified in CPWD specifications 
2009. Sand shall be obtained from the source to be got approved by the 
Engineer in charge and washed if required, with appropriate equipment to 
bring down the chemical, inorganic and organic impurities within the 
permissible limits as per the direction of the Engineer in charge. The same 
shall consist of hard siliceous materials.  

Note: Where only one variety of sand is available the sand will be sieved for use in 
finishing work as directed by the Engineer ɀ in ɀ charge in order to obtain smooth 
surface and nothing extra will be paid on this account. 

i. Nothing extra shall be paid for screening or washing the sand as prescribed 
above. 

c. FLYASH 

Fly ash conforming to grade 1 of IS 3812 (Part 1) may be used as part replacement 
of OPC provided uniform blending with cement is ensured in accordance with 
clauses 5.2 and 5.2.1 of I.S.456-2000 in the items of BMC and RMC. However this 
shall not override the provisions of the respective items.  

d. CENTERING SHUTTERING AND SCAFFOLDING: 

i. All Scaffolding centring for RCC shall be with properly designed system  and 
brought to site well in advance so that the progress of the work is not 
hampered for non-availabilit y of the same.  

ii . All shuttering for RCC work except soffits of slab shall be in water proof 
shuttering Ply. Shuttering for slab and soffits shall be in water proof shuttering 
ply or in good quality mild steel plates free of dents, bends or warping and 
rusting as approved by the Engineer in charge. 

iii . Contractorshould deploy complete one set of shuttering materials for minimum 
one complete floor and the shuttering material for beam bottom shall be 
minimum for two complete floors. 

e. REINFORCEMENT: 

i. TMT reinforcement steel shall be used shall be as per design and conforming to 
IS: 1786 pertaining to Fe 500 OR Fe 550D grade of steel. 

ii . TMT steel bars manufactured by main producers, as per list of makes, shall be 
allowed in the work. Contractor shall produce manufacturer Test Report for 
ÅÁÃÈ ÄÉÁ ÁÎÄ ÅÁÃÈ ÌÏÔ 4ÅÓÔÓȢ .ÏÔÈÉÎÇ ÅØÔÒÁ ×ÉÌÌ ÂÅ ÐÁÉÄ ÆÏÒ ȰÓÔÒÁÉÇÈÔÅÎÉÎÇ ÏÆ 
ÂÁÒÓȱ ÒÅÃÅÉÖÅÄ ÆÒÏÍ ÍÁÒËÅÔ ÉÎ ÃÏÉÌÓ ÏÒ ×ÉÔÈ ÂÅÎÄÓȢ !ÌÌ ÉÎÃÉÄÅÎÔÁÌ ÃÈÁÒÇÅÓ ÏÆ ÁÎÙ 
kind whatsoever including cartage, storage, safe custody of materials, cutting 
and wastage etc. shall be borne by the Contractor. 

iii . The actual average sectional weight for dia up to 10 mm shall be arrived at 
from one meter long samples (minimum 3 from each dia) taken from each lot of 
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steel. The discretion of the Engineer ɀ in ɀ charge shall be final for the 
procedure to be followed for determining the average sectional weight of each 
lot. Quantity of each diameter of steel received at site of work each day will 
constitute the single lot for this purpose. 

iv. The weight of each lot of a particular diameter of 10mm and below shall be 
reckoned as the weight as per actual issue multiplied by a factor equal to the 
standard sectional weight of the particular diameter divided by the average 
sectional weight of the particular dia in a particular lot worked out as per above 
para. Adjustment for the steel shall be effected on the basis of the weight as 
modified above for quantity payable. 

v. Measurement of all diameters of steel be on linear basis and will be converted 
into weight on the basis of standard sectional weight coefficients given in 
ÒÅÌÅÖÁÎÔ #07$ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ ÍÅÎÔÉÏÎÅÄ ÉÎ ÓÃÈÅÄÕÌÅ Ȭ&ȭ ÏÆ 'ÅÎÅÒÁÌ #ÏÎÄÉÔÉÏÎÓ 
of Contract.  

vi. Measurement of reinforcement shall be as per procedure described in the 
ÒÅÌÅÖÁÎÔ #07$ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ ÍÅÎÔÉÏÎÅÄ ÉÎ ÓÃÈÅÄÕÌÅ Ȭ&ȭ of General Conditions 
of Contract. 

f. Concrete Mix Design 

The concrete mix design shall be as specified in IS 456:2000 and CPWD 
Specifications. 

g. Ready Mix Concrete 

i. The Contractor shall engage Ready Mix Concrete (RMC) producing plants 
(Distance of plant from site to be approved by Engineer in Charge) to supply 
RMC for the work. The RMC plant proposed to be engaged by the Contractor 
shall fulfil the following requirements. 

a. It shall be fully computerized. 

b. It should have supplied RMC for Govt. projects. 

c. It should have facility for providing printed advice showing ingredients of 
concrete carried by each mixer. 

d. The Ready Mix Concrete (RMC) producing plants of the main Cement 
producers shall be preferred. 

ii . The Contractor  shall, within 30 days of award of the work submit list of at least 
three reputed RMC plant companies along with details of such plants Including 
details of transit mixer, pumps etc. to be deployed indicating name of Company, 
its location, capacity, technical establishment, past experience for approval by 
Engineer-in-charge. 

iii . The Engineer-in-Charge reserves the right to exercise check over the:- 

a. Concrete including conducting of tests for checking quality of materials 
recordings of test results and declaring the material fit or unfit for use in 
production of mix. 

b. Calibration check of the RMC. 
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c. Weight and quality check on the ingredient, water and admixture added 
for batch mixing. 

d. Time of mixing of concrete. 

e. Testing of fresh concrete, recordings of results and declaring the mix fit or 
unfit for use. This will include continuous control on the workability 
during production and taking corrective action. 

For exercising such control, the Engineer shall periodically depute his 
authorized representative at the RMC plant. It shall be the responsibility of the 
Contractor to ensure that the necessary equipment manpower & facilities are 
made available to Engineer and/or his authorized representative at RMC plant. 

iv. Ingredients, admixtures & water declared unfit for use in production of mix 
shall not be used. A batch mix found unfit for use shall not be loaded into the 
truck for transportation.  

v. All required relevant records of RMC shall be made available to the Engineer or 
his authorized representative. Engineer shall, as required, specify guidelines & 
additional procedures for quality control & other parameters in respect of 
materials, production and transportation of concrete mix which shall be 
binding on the Contractor& the RMC plant. 

vi. It shall be the responsibility of the Contractor to ensure that the RMC producer 
provides all necessary testing equipment and takes all necessary measures to 
ensure Quality control of ready -mixed concrete. In general the required 
measures shall be:- 

a. Control of Purchased Material Quality  

RMC producer shall ensure that the materials purchased and used in the 
production of concrete conform to the stipulation of the relevant agreed 
standards with the material Supplier and the requirement of the product mix 
ÄÅÓÉÇÎ ÁÎÄ ÑÕÁÌÉÔÙ ÃÏÎÔÒÏÌ ÐÒÏÄÕÃÅÒȬÓȢ 4ÈÉÓ ÓÈÁÌÌ ÂÅ ÁÃÃÏÍÐÌÉÓÈÅÄ ÂÙ ÖÉÓÕÁÌ 
checks, sampling and testing, certification from materials suppliers and 
information /data from material supplier. Necessary equipment for the 
testing of all material shall be provided and maintained in calibration 
condition at the plant by the RMC producer. 

b. Control of Material Storage  

Adequate and effective storage arrangement shall be provided by RMC 
producer at RMC plant for prevention of contamination, reliable transfer and 
feed system, drainage of aggregates, prevention of freeing or excessive solar 
heating of Aggregate etc., 

c. Record of Mix Design and Mix Design Modification  

RMC producer shall ensure that record of mix design and mix design 
modification is available in his computer at RMC plant for inspection of 
Engineer or his representative at any time. 

d. Computer Print outs of Each Truck Load  
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Each truckload / transit mixer dispatched to site shall carry computer 
printout of the ingredients of the concrete it is carrying. The printout shall be 
produced to Engineer or his representative at site before RMC issued in work. 

e. Transfer and Weighing Equipment  

RMC Producer shall ensure that a documented calibration is in place. Proper 
calibration records shall be made available indicating date of next calibration 
due, corrective action taken etc. RMC producer shall ensure additional 
calibration checks whenever required by the Engineer in writing to 
Contractor. RMC producer shall also maintain a daily production record 
including details of mixes supplied. Record shall be maintained of what 
ÍÁÔÅÒÉÁÌÓ ×ÅÒÅ ÕÓÅÄ ÆÏÒ ÔÈÁÔ ÄÁÙȬÓ ÐÒÏÄÕÃÔÉÏÎ ÉÎÃÌÕÄÉÎÇ ×ÁÔÅÒ ÁÎÄ 
admixtures. 

f. Maintenance of Plant, Truck Mixers and Pumps  

Plant, Truck Mixers and Pumps should be well maintained so that it does not 
hamper any operation of production, transportation and placement. 

g. Production of Concrete  

The following precautions shall be taken during the production of RMC at the 
plant 

i. Weighing (correct reading of batch data and accurate weighing):- For each 
load, written, printed or graphical records shall be made of the weights of 
the materials batched, the estimated slump, the total amount of water 
added to load the delivery tickets number for that load and the time of 
loading the concrete into the truck. 

ii . Visual observation of concrete during production and delivery or during 
sampling and testing of fresh concrete assessment of uniformity, cohesion, 
workability adjustment to water content. The workability of the concrete 
shall be controlled on a continuous basis during production. The batch mix 
found unfit shall not be loaded into the truck for transportation. Necessary 
corrective action shall be taken in the production of mix as required for 
further batches. 

iii . Use of adequate equipment at the plant to measure surface moisture 
content of aggregates, particularly fine aggregates or the workability of the 
concrete, cube tests etc. shall also be ensured. 

iv. Making corresponding adjustment at the plant automatically or manually 
to batched quantities to allow for observed, measured or reported changes 
in materials or concrete qualities. 

v. Sampling of concrete, testing monitoring of results. 

vi. Diagnosis and correction of faults identified from observations / 
complaints. 

vii . The RMC plant produced concrete shall be accepted by Engineer-in ɀ
Charge at site after receipt of the same after fulfilling all the requirements 
of mix mentioned in the tender documents. 
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viii . The Item of design mix cement concrete is inclusive of all the ingredients 
including admixtures, if required, labour, machinery T&P etc. required for 
a design mix concrete of required strength and workability, and, shall take 
into account change, if any, in quantities of concrete, ingredients like 
cement and aggregates and admixtures etc. as per the approved mix 
design. 

ix. Ready mix concrete shall be arranged in quantity as required at site of 
work. The ready mix concrete shall be supplied as per the pre-agreed 
schedule approved by Engineer. 

x. Frequency of sampling and standards of acceptance shall be as per CPWD 
specifications. 

xi. No addition of water or other ingredients shall be permitted in the RMC at 
site or during transit. 

xii . The RMC shall be placed by pump of suitable capacity and the 
arrangements shall be made to arrange sufficient length of pipe at site to 
place the RMC in the minimum required time. 

xiii . Pre delivery tickets shall be produced with each truck load of RMC. 

xiv. The representative of RMC supplier shall attend the site meetings as and 
when decided by the Engineer. 

The Contractor shall assess the quantity of RMC requirement at site well in 
advance and order accordingly to the RMC supplier. It shall be the responsibility of 
the Contractor to arrange requisite quantity of RMC available at site, so that there 
is no hindrance to the work on this account. 

3. WATER PROOFING TREATMENT BY CHEMICAL INJECTION SYSTEM (PRE-
CONSTRUCTION) 

Water Proofing Treatment (Pre-Construction) by Chemical Injection System 
Horizontal Surface (Raft Slab) 

i . Before the raft reinforcement is placed in position : 

a. Laying PCC as per drawings and specifications. 

b. Cement slurry (cement and approved water proofing compound) is spread on the 
PCC for proper bonding with subsequent water proofing treatment. 

c. Water Proofing Course of 20mm thick cement mortar 1:4 (1 cement: 4 coarse 
sand) mixed with approved water proofing compound is laid over the slurry. 
Stone aggregates 12mm down is embedded at random. 

d. After 24 hours, spreading cement slurry (cement and approved water proofing 
compound) on the 1st layer of mortar. 

e. Providing and laying 2nd layer of 20mm thick cement mortar 1:4 (1 cement: 4 
coarse sand) mixed with approved water proofing compound. Stone aggregate 
12mm down size is embedded at random. 

ii . After reinforcement of raft is placed in position : 
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a. Providing and fixing 25mm dia GI threaded grouting nozzles of adequate length at 
the specified locations @ 1.50 meters c/c or as shown in the drawing all over the 
slab. The grouting nozzles are tied with reinforcement in such a manner as not to 
choke its end during concrete operations. The top of these nozzles protrudes 
above the raft concrete. 

b. After minimum 7 days of concreting, cement grout of cement and approved water 
proofing compound (non-shrinkage grouting compound) in proportion as 
specified is injected, through these nozzles at the pressure of 2.5 to 3.0 Kg/Sq.cm. 

c. After grouting, top of the nozzles is cut and the space is filled with cement mortar 
1:2 (1 cement: 2 coarse sand) mixed with approved water proofing compound. 

iii . Retaining Wall : 

a. The external surface is prepared and approved cement slurry is applied. 

b. Providing and laying 25mm thick cement mortar in 1:4 (1 cement : 4 coarse 
sand) mixed with approved water proofing compound in two layers with 
chicken wire mesh 26 or 24 gauge 25mm size in between the two layers. 

c. The G.I. pipes are placed at 1.5m c/c in both directions, and, 0.75 m C/C along 
construction joints and securely fastened to the reinforcement prior to 
shuttering and concreting or alternately by drilling holes (25mm to 32mm dia) 
in the concrete up to a depth as shown in the drawing all over the wall surface 
@ 1.50mt. C/C and as shown in the drawing. Treatment along all construction 
joints by providing nozzles, as above, shall also be executed. 

d. Fixing 25mm dia G.I. threaded nozzles in these holes with cement mortar 1:4 
(1 cement: 4 coarse sand) mixed with water proofing compound. 

e. Injecting cement grout of cement and polymer based water proofing 
compound (non-shrinkage grouting compound) in proportion as specified in 
these nozzles at a pressure of 2.5 to 3.0 Kg/Sq.cm. 

f. After the grout the nozzles are cut and filled with cement mortar 1:2 mixed 
with polymer based water proofing compound in proportion as specified and 
finished smooth. 

Note: The proportion of approved water proofing compound to be used inrespect 
ÏÆ ÏÒÄÉÎÁÒÙ ÃÅÍÅÎÔ ÓÈÁÌÌ ÂÅ ÁÓ ÐÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒȬÓ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓȢ 

iv . Guarantee for Water  Proofing:  

Work to be get executed through a approved specialized agency & covered by a 10 
years guarantee by the main  against leakage, seepage and dampness etc. for which 
necessary performance guarantee for requisite indicated value of work shall be 
furn ished by the  contractor before completion. 

4. Integral Cement Based Water Proofing Treatment for Roof / Sunken Floors of 
W.C`S etc. 

a. The proprietary water proofing compound shall conform to I.S 2645 ɀ 1975 in 
cement based water proofing treatment; stone aggregate shall be used instead of 
brick aggregate without any extra cost wherever required by the Engineer in ɀ 
charge. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 14 
 

b. The finished surface after water proofing treatment shall have required slope. 

c. While treatment of sunken floors is done it shall be ensured ÔÈÁÔ ÔÈÅ 3ȬÏÒ 0ȬÔÒÁÐÓ 
as the case may be have been fixed / eased and rounded off properly the work shall 
be carried out as per relevant CPWD specifications. 

d. GUARANTEE: The above water proofing, treatment shall be covered by a 10 years 
guarantee by the main contractor against leakage, seepage and dampness etc. for 
which necessary performance shall be furnished by thecontractor. 

5. Water Proofing Treatment Integral Crystalline Waterproofing Materials  Integral 
Crystalline Waterproofing Admixture  

i. Materials  

Integral Crystalline Admix is one part cementations powder consisting of 
hydrophilic chemicals such as Portland cement, very fine treated silica sand and 
various active, proprietary chemicals. These active chemicals react with the 
moisture in fresh concrete with the by-products of cement hydration to cause a 
catalytic reaction, which generates a non-soluble crystalline formation throughout 
the pores and capillary tracts of the concrete. Thus the concrete becomes 
permanently sealed against the penetration of water or liquids from any direction. 
The concrete is also protected from deterioration due to harsh environmental 
conditions. 

ii . Technical Specification/Parameters  

The integral crystalline waterproofing admixture shall confirm to the following 
requirements: 

a. At the manufacturers recommended dosage 

i. Material must fulfill the requirements of American concrete institute 
guidelines ACI-212-3R-10, the coefficient of permeability should be 
measured for penetration of water. Under hydrostatic pressure of 72.5 psi 
(5 bars) to 150 psi (10 bars) for 72 to 96 hours as per DIN 1048 Part V. 
Reduction of water penetration should be 50 to 90%. 

ii . The performance of the crystalline admixture must not be restricted by 
water/cement ratio of the concrete mix. In other words, the crystalline 
admixture must perform at any water / cement ratio of the concrete mix. 

b. The product has no corrosion effect on reinforcement steel according to test 
norm DIN V 18998. The maximum chloride content lies less than 0.1% and 
maximum alkali content less than 9.3%. 

c. The integral crystalline admixture must be compatible with any other concrete 
admixture confirming to ASTM D494 and IS 9103. 

d. It will not be affected by wear abrasion of the treated concrete surface and 
crystalline treated concrete shall not require protection layer. 

e. The recommended crystalline admixture shall be non-toxic and shall confirm to 
NSF 61 USA. 

Note - The manufacturer shall produce relevant test certificates as per relevant 
code as stated above. 
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iii . Recommended Uses: - In locations such as Foundations / Rafts, Sewage and 
Water Treatment Plants, Parking Structures Basement Retaining Walls etc. 

iv. Direction for use Dosage - 0.80% by weight of cement content per cubic meter of 
reinforced concrete. 

v. Preparation of mixing  

Mix integral crystalline admixture with water to form very thin slurry (e.g. 40 lbs 
(18 kg) of powder mixed with 6 gallons (22.7 ltr) of water). Pour the required 
amount of material into the drum of the ready-mix truck and mix for at least 5 
minutes to ensure even distribution of integral crystalline admixture throughout 
the concrete. 

vi. Application  

Concrete treated with integral crystalline admixture should be placed and finished 
in accordance with good concrete practices. ACI guidelines and recommendations 
should be observed. 

vii . Precaution / Special Consideration  

It is important to obtain a homogeneous mixture of crystalline admixture with the 
concrete. Therefore, do not add dry crystalline admixture powder directly to wet 
concrete as this may cause clumping and through dispersion will not occur. 

When incorporating integral crystalline admixture, the temperature of the 
concrete mix should be above 40ºF (4ºC). 

viii . Storage / Shelf life  

Integral crystalline admixture must be stored dry at a minimum temperature of 
45ºF (7ºC) and its shelf life is one year when stored under proper conditions. 

6. Integral Crystalline Slurry  

i. Materials  

Integral crystalline slurry is a surface-applied, integral crystalline waterproofing 
material, which waterproofs and protects concrete in-depth. It consists of Portland 
cement, specially treated quartz sand and a compound of active chemicals. Integral 
crystalline slurry needs only to be mixed with water prior to application. When 
Integral crystalline slurry is applied to a concrete surface, the active chemicals 
react with moisture and the by-products of cement hydration to cause a catalytic 
reaction which generates an insoluble, crystalline structure. These crystals fill the 
pores and minor shrinkage cracks in the concrete to prevent any further water 
ingress (even under pressure). However, Integral crystalline slurry will still allow 
the passage of vapour through the structure (i.e. the concrete will be able to 
ɄÂÒÅÁÔÈÅɊȢ %ÖÅÎ ÁÆÔÅÒ the concrete has cured, Integral crystalline slurry remains 
dormant in the concrete and will reactivate in the presence of moisture to seal 
capillary tracts and hairline cracks. In addition to waterproofing the structure, 
Integral crystalline slurry protects concrete against seawater, wastewater, 
aggressive ground water and many other aggressive chemical solutions. Integral 
crystalline slurry is approved for use in contact with potable water, and is 
therefore suitable for use in water storage tanks, reservoirs, water treatment 
plants, etc. Integral crystalline slurry is not a decorative material. 
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ii . Technical Specification/Parameter s 

a. Material must fulfill the requirements of American concrete institute guidelines 
ACI-212-3R-10, the coefficient of permeability should be measured for 
penetration of water. Under hydrostatic pressure of 72.5 psi (5 bars) to 150 psi 
(10 bars) for 72 to 96 hours as per DIN 1048 Part V. Reduction of water 
penetration should be 50 to 90%. 

b. Potable Water Compatibility: Nontoxic and suitable for use in potable water 
facilities ɀ NSF Listed as per ANSI 61 listing. 

c. Confirm to EN 1504-3 (For structural repairs ɀ R3, Compressive strength > 25 
MPA), supplied from an approved manufacturing unit having CE approval 
conforming to EN 1504-3-R3. 

d. The product has no corrosion effect on reinforcement steel according to test 
norm DIN V 18998. The maximum chloride content lies less than 0.1% and 
maximum alkali content less than 9.3%. 

Note - The manufacturer shall produce relevant test certificates as per relevant 
code as stated above. 

iii . Recommended Uses: - In locations such as Foundations / Rafts, Sewage and 
Water Treatment Plants, Parking Structures Basement Retaining Walls etc. 

iv. Surface Preparation  

All concrete to be treated with Integral crystalline slurry must be clean and have 
an open capillary surface. Remove laitance, dirt, grease, etc. by means of high 
pressure water jetting, wet sandblasting or wire brushing. Faulty concrete in the 
form of cracks, honeycombing, etc. must be chased out, treated with Integral 
crystalline slurry and filled flush with crystalline mortar. Surfaces must be 
carefully pre watered prior to the Integral crystalline slurry application. The 
concrete surface must be damp but with no wet sheen on the surface. 

v. Preparation of Material  

Integral crystalline slurry is mechanically mixed with clean water to a creamy 
consistency or that resembling thick oil. Mix only as much material as can be used 
within 20 minutes and stir mixture frequently. If the mixture starts to set do not 
add more water, simply re-stir to restore workability.  

vi. Mixing ratios  

Application  Vertical Surfaces  Horizontal Surfaces  
Brush 
Application 

4 parts integral crystalline slurry 
to  
2 parts water 

3 parts integral crystalline 
slurry to 1 part water 

Spray 
Application 

5 parts integral crystalline slurry 
to2.75-3.25 parts water  

vii . Application  

Crystalline slurry is prepared by mixing 1.00 kg of crystalline slurry with 400 ml of 
water and applying the same from internal side with the help of synthetic fiber 
brush @0.70kg per sqm per coat in two coats after cleaning the entire concrete 
surface thoroughly with high pressure water jet / wire brush or by mechanical 
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means to make it free from loose particles, dust and dirt etc. and making the 
surface saturated with water before application of crystalline slurry. Second coat 
shall be applied within 4-6 hours of first coat. 

Apply integral crystalline slurry in two coats by masonry brush or appropriate 
power spray equipment. 

4ÈÅ ÓÅÃÏÎÄ ÃÏÁÔ ÉÓ ÁÐÐÌÉÅÄ ×ÈÉÌÅ ÔÈÅ ÆÉÒÓÔ ÃÏÁÔ ÉÓ ÓÔÉÌÌ ɄÇÒÅÅÎȢ 

viii . Application Rates  

For vertical surface - Two slurry coats of Integral crystalline slurry at 0.70 kg per 
sqm per coat for horizontal surface ɀ One slurry coat of Integral crystalline slurry 
at 1.10 kg per sqm. 

ix. Post Treatment  

The treated areas shall be kept damp for a period of five days and be protected 
against direct sun, wind and frost, by covering with polyethylene sheeting, damp 
burlap or similar. 

x. Precaution / Special Consideration  

Do not apply Integral crystalline slurry at temperatures at or below freezing or to 
frozen or freezing surfaces. Integral crystalline slurry cannot be used as an additive 
to concrete or plasters. (Integral crystalline admixture should be considered for 
these applications). 

xi. Storage / Shelf Life  

When properly stored in a dry place in unopened and undamaged original 
packaging its shelf life is 12 months. 

7. Integral Crystalline Dry -Shake 

i. Materials  

Integral crystalline dry shake of hydrophilic in nature is a unique chemical 
treatment material for the waterproofing and protection of concrete. Integral 
crystalline dry shake has been specially formulated for dry-shake applications on 
horizontal concrete surfaces where greater impact and abrasion resistance is 
required. Packaged in the form of a dry powder compound, Integral crystalline dry 
shake consists of Portland cement, various active proprietary chemicals, and a 
synthetic aggregate hardener that has been crushed and graded to particle sizes 
suitable for concrete floors. Integral crystalline dry shake becomes an integral part 
of the concrete surface, thereby eliminating problems normally associated with 
coatings (e.g. scaling, dusting, flaking and delamination). The active chemicals react 
with the moisture in the fresh concrete causing a catalytic reaction, which 
generates a non-soluble crystalline formation within the pores and capillary tracts 
of the concrete. 

ii . Technical Specification/Parameters  

a. Material must fulfill the requirements of American concrete institute guidelines 
ACI-212-3R-10, the coefficient of permeability should be measured for 
penetration of water. Under hydrostatic pressure of 72.5 psi (5 bars) to 150 psi 
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(10 bars) for 72 to 96 hours as per DIN 1048 Part V. Reduction of water 
penetration should be 50 to 90%. 

b. Potable Water Compatibility: Nontoxic and suitable for use in potable water 
facilities ɀ NSF Listed as per ANSI 61 listing. 

c. Confirm to EN 1504-3 (For structural repairs ɀ R3, Compressive strength > 25 
MPA), supplied from an approved manufacturing unit having CE approval 
conforming to EN 1504-3-R3. 

d. The product has no corrosion effect on reinforcement steel according to test 
norm DIN V 18998. The maximum chloride content lies less than 0.1% and 
maximum alkali content less than 9.3%. 

iii . Recommended Uses:- 

Raft/Foundation Slabs, Below-grade Structures Sewage and Water Treatment 
Plants Traffic Bearing Surfaces Warehouse Floors Parking Structures etc. 

iv. Directions for Application  

a. Application Rates 

Under normal conditions, the coverage rate for Integral crystalline dry shake is 
0.60 kg per sqm depending on the degree of abrasion resistance required. 

b. Application Procedure 

Integral crystalline dry shake is to be sprinkled @ 0.60 kg per sqm over the PCC 
blinding, after fixing the reinforcement bars on the cured PCC so as to achieve 
positive side waterproofing below the raft concrete, as per the manufactures 
specification. 

c. Curing 

Curing is important and shall begin as soon as final set has occurred but before 
surface starts to dry. Conventional moist curing procedures such as water spray, 
wet burlap or plastic covers may be used. Curing shall continue for at least 48 
hours. 

v. Precaution / Special Consideration  

For the best results when applying dry shake materials, the air content of the 
concrete shall not exceed 3% (a high air content can make it difficult to achieve a 
proper application). 

In hot, dry, or windy conditions, it is advisable to use an evaporation retardant on 
the fresh concrete surface to prevent premature drying of the slab. 

Chronic moving cracks or joints will require a suitable flexible sealant. 

vi. Storage / Shelf Life  

Integral crystalline dry shake must be stored dry at a minimum temperature of 
45ºF (7ºC) and its shelf life is one year when stored under proper conditions. 

8. Crystalline Mortar  

i. Materials  
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Crystalline mortar consists of Portland cement, specially treated quartz sand and a 
compound of active chemicals. The active chemicals react with moisture and the 
by-products of cement hydration to cause a catalytic reaction, which generates an 
insoluble integral crystalline complex. These crystalline complexes grow in the 
presence of water, block the capillaries of the concrete and minor shrinkage 
cracks, thus waterproofing it. Chemical activation begins when the powder is 
mixed with water and may take several days to completely block the capillaries 
depending on ambient temperature and environmental conditions. 

ii . Technical Specification/Parameters  

a. Material must fulfill the requirements of American concrete institute 
guidelines ACI-212-3R-10, the coefficient of permeability should be measured 
for penetration of water. Under hydrostatic pressure of 72.5 psi (5 bars) to 150 
psi (10 bars) for 72 to 96 hours as per DIN 1048 Part V. Reduction of water 
penetration should be 50 to 90%. 

b. "ÏÎÄ ÓÔÒÅÎÇÔÈȡ І ρȢυ -0! ɉ#ÌÁÓÓ ɀ R3). 

c. Potable Water Compatibility: Nontoxic and suitable for use in potable water 
facilities ɀ NSF 

d. Listed as per ANSI 61 listing. 

e. Confirm to EN 1504-3 (For structural repairs ɀ R4, Compressive strength > 45 
MPA), supplied from an approved manufacturing unit having CE approval 
conforming to EN 1504-3-R4. 

f. The product has no corrosion effect on reinforcement steel according to test 
norm DIN V 18998. The maximum chloride content lies less than 0.1% and 
maximum alkali content less than 9.3%. 

iii . Recommended Uses 

Applied in conjunction with integral crystalline slurry coat for: 

a. Installation of seal strips, reglets and coves at joints to assure water tightness. 

b. Patching of tie holes and faulty construction joints. 

c. Patching and filling of routed out cracks. 

d. Repairing of spalled and honeycombed areas. 

iv. Surface Preparation  

All surfaces to be patched, repaired or sealed with crystalline mortar must be clean 
and sound. Cracks shall be routed out to a U-shaped configuration, approximately 
(20-25 mm) wide and a minimum of (20-25 mm) deep. Tie holes  should be 
roughened prior to filling. Spalled and honeycombed areas  must be thoroughly 
cleaned and chiselled back to sound concrete prior to repair. Remove all dirt, 
cement laitance, form release agents, curing compounds, paints, coatings, etc. by 
means of wet or dry sandblasting, high pressure water jet or other suitable 
mechanical means. Surfaces must be well moistened to a dull dampness at the time 
of application. The concrete should be damp with no wet seen on the surface. 

v. Preparation of Material  
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For routed cracks, coves and non-moving joints, add water to crystalline mortar 
until a medium stiff, trowel able consistency is reached. The texture of the mix 
should be pliable enough to be trowelled into the cracks with some pressure, but 
not so pliable that it would run out or sag out of the crack. Approximate mixing 
ratio (by volume) is 4.5 parts powder to 1 part water. Alternatively,100 ml of 
water to 450 gm of crystalline mortar powder. For tie holes and pointing 
applications, add only a small amount of water. Mixed consistency should be that 
ÏÆ ɄÄÒÙ ÅÁÒÔÈᴁȟ ÈÏÌÄÉÎÇ Á ÓÈÁÐÅ when squeezed in your hand but easily crumbled 
when pressed between fingers. Mix only as much material as can be used within 20 
minutes. 

vi. Application  

a. For sealing cracks and faulty construction joints , routed out/making U-
shape groove size 25x25mm and then priming the surface with integral 
crystalline slurry @0.05 kg per running meter and while the surface is tacky 
filled the cavity up to surface crystalline mortar @1.50 kg per running meter. 
Once crystalline mortar is touch dry then finally applying two coats of integral 
crystalline slurry @0.05 kg per running meter per coat. 

b. For repairing spalled & honeycombed areas  prepared the surface and chisel 
back up to sound concrete and then primed the area with integral crystalline 
slurry @0.70 kg per sqm. and while the surface is tacky repair and level the 
honeycomb area with crystalline mortar @ 22.70 kg per sqm. for an average 
thickness of 10mm. Once crystalline mortar is touch dry then finally two coats 
of integral crystalline slurry @ 0.70kg per sqm. per coat. 

c. For patching of tie rod holes , prepared tie rod hole surface and primed the 
area with integral crystalline slurry @ 0.07 kg per sqm. and while the surface is 
tacky repair and filled the tie rod holes with crystalline mortar @ 0.040 kg per 
hole. The crystalline mortar shall be tightly rodded into tie holes or packed 
tightly. For 25x25x25 mm hole, use 0.040 kg per hole to fill the tie hole. 

vii . Curing  

Provide protection against extreme weather conditions such as heavy rain or 
freezing conditions during the setting period. Curing is not normally required 
except during hot, low humidity weather. In these conditions a light mist of water 
approximately 24 hours after the repair is completed will help to ensure a 
controlled cure. In extreme dry heat, water misting may be required more 
frequently. 

viii . Precaution / Special Consideration  

Crystalline mortar shall not applied at temperatures below 40ºF (4ºC), to a frozen 
substrate or if temperatures will drop below freezing during the curing period 
(approximately 24 hours). This product is not recommended for use in expansion 
or construction joints. Crystalline mortar can be applied in (13 mm) layers not 
exceeding 2.5 inch (approximately 6.5 cm) to prevent shrinkage cracks in the 
mortar. 

ix. Storage / Shelf Life  
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Crystalline mortar shall be stored in a dry enclosed area off the ground at a 
minimum temperature of 45ºF (7ºC). Shelf life when stored in proper conditions in 
unopened, undamaged packaging is 12 months. 

a. Guarantee for water proofing:  

Work to be get executed through a approved specialized agency & covered by a 
10 years guarantee by the main contractor against leakage, seepage and 
dampness etc. for which necessary performance  guarantee for requisite 
indicated  value  of  work  shall  be  furnished  by  the contractor   before 
completion. 

b. Measurements:  

The length and breadth shall be measured correct to cm. The flooring area shall 
be measured in sqm. Actual executed in raft slab. Inside wall surfaces of the 
basement upto ground level from top of raft slab shall be measured in sqm. 
Columns cross sections area not to be deducted from the plan area. 

c. Rate: 

Rates shall be inclusive of all operations including labour, material, T&P, 
scaffolding etc. complete. Nothing extra shall be payable on any account. 

9. BRICK WORK  

a. Bricks used in the work shall be obtained from kilns to be got approved from the 
Engineer in charge and shall be best quality well burnt ground moulded bricks as 
available in the vicinity. They shall have a compressive strength of not less than 75 
Kgs/sq.cm and an absorption percentage of not more than 15 (Fifteen) % of its dry 
weight when immersed in water for 24 hours. In all other respects they shall 
conform to the provision in Latest CPWD Specifications for works.  

b. Both the face of wall of thickness more than 23cm shall be kept in the proper plane. 
Walls of half brick thickness or less shall be measured separately and paid in sqm. 

c. Bricks wall beyond half brick thickness shall be measured in multiple of half brick 
(i.e.115mm) which shall be deemed to be inclusive of mortar joints. In all other 
respects they shall conform to the provision in relevant specifications of the work. 

 

10. WOOD WORK: 

a. Timber required for manufacture of chowkhats and shutters for doors, windows, 
ventilators, partitions etc shall be Forest Stewardship council (FSC) certified wood 
and it shall be seasoned and preservative treated. 

b. The moisture contents of the wood used in the work shall not be more than that 
stipulated in the relevant clause of Latest CPWD Specifications for works. The rate 
quoted for various items shall be inclusive of kiln seasoning and preservative 
treatment of wood. In all other respects the wood used in the work shall conform 
to the provision in latest CPWD specification for works. 

c. The sample of species to be used shall be deposited by the contractor with the 
Engineer-in ɀ charge before commencement of the work. The contractor shall 
produce cash voucher and certificate from standard kiln seasoning plant operator 
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about the timber section to be used on the work having been kiln seasoned by 
them failing which it would not be so accepted as kiln seasoned. 

d. Glass :- 

i. Transparent sheet glass (Float glass) conforming to IS 1761 ɀ 1970 shall be 
used. 

ii . Minimum thickness shall be governed as under, unless otherwise specified in 
the item. 

AREA of Glazing Max. Unsupported length  Thickness  

For Glazing Area Up To 0.5 
Sqm 

120 cm 4 mm 

For Glazing Area More Than 
0.5 Sqm 

120 cm 5.5 mm 

iii . Glazing for toilet and in fixed ventilators shall be of frosted type. 

e. Shutters :- 

i. Factory made shutters, as specified shall be obtained from factories to be 
approved by the Engineer ɀ in - charge and shall conform to IS 2202 (Part ɀI) 
1977. The Contractor shall inform well in advance to the Engineer ɀ in ɀ charge 
the name address of the factory from where the contractor intends to get the 
shutters manufactured. 

ii . The Contractor will place order for manufacture of shutters only after written 
approval of Engineer ɀ in ɀ charge in this regard is obtained. The Contractor is 
bound to abide by the decision of the Engineer ɀ in-charge. In case the factory 
already proposed by the contractor is not found competent to manufacture 
quality shutters, the Engineer ɀ in ɀ charge will recommend the name of another 
factory from the approved list.  

iii . The Contractor will also arrange stage wise inspection of the shutters at factory 
with the Engineer in charge or his subordinate authorized representatives. 
Contractor will have no claim, if the shutters brought at site are rejected by the 
Engineer in charge in part or in full lot due to bad workmanship / quality or 
damages caused during their shifting from factory to site. Such shutters will not 
be measured and paid and the contractor shall remove the same from the site of 
work within 7 days after the written instruction in this regards are issued by the 
Engineer in charge or his authorized representatives. 

11.  STEEL GRILL WORK: 

a. All steel grills shall be according to the Architectural detailed drawings and obtained 
from approved suppliers. These shall conform to Latest CPWD Specifications for 
works.  

b. In case of grills an approved quality priming coat of zinc chromate shall be applied 
over and above a shop coat of primer. Nothing extra shall be payable for providing 
shop coat primer, but the zinc chromate primer will be paid for separately. 
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c. The welded steel works shall be tested for quality of weld as laid in IS 822-1978 
before actual erection. 

12. ALUMINIUM WORK:  

a. The scope of the work is the fabrication, supply and erection at site of all types of 
Aluminium glazed doors, windows and ventilators in accordance with the drawings 
and specifications. 

b. The supply and erection will include all parts such as but not restricted to frames, 
tracks, guides, mullions, styles, rails, couplers, transoms, rails, plates glazing bars, 
glass, hinges, arrangement, spring catches, cord and pulley arrangements, spring 
catches, cord and pulley arrangements door closers floor springs etc., required for 
the whole work whether the parts/ items are individually and specifically referred 
to in the schedules/ specifications/drawings or not provided that the supply and 
installation of such parts can be inferred there from and are necessary to make the 
work complete, unless separate provision is made in the bills of quantities for supply 
to such parts/items. 

c. The doors, windows, ventilators, will be fabricated to suit the finished clear 
openings in the building/structure which the tenderer will himself measure. 

d. Materials: - 

i. The members will be made out of aluminium alloy corresponding to IS:733 and 
will consist of extruded sections and of other shapes, and to sized gauges as 
shown in the drawings/ described in accordance with the relevant IS codes. The 
members shall be chosen to provide strength/ stability and maximum resistance 
to wear and tear. 

ii . The Sections will be as per approved makes, extruded sections. As indicated in 
the drawings the tenderer should specifically mention which sections he is using. 

iii . The weight of sections and the corresponding catalogue numbers are mentioned. 
The IS specifications are to be strictly adhered. 

iv. The alloy of extruded aluminium should be BS or IS old HE9, Alcon 50 SWP to this 
effect test certificate has to be provided from the extruder. 

e. Finishing : 

i. The extruded aluminium section has to be mechanically finished to remove all 
scratches; extrusion marks etc and subsequently thoroughly cleared in all alkali 
baths prior to anodizing. 

ii . The polyester powder coating, if required as per item of work, shall be of desired 
shade with minimum average thickness to 50 microns or other shades as 
required and to this effect the tenderer must have to produce test certificate from 
authorized institutions Bureau of Indian Standard. 

iii . The polyester powder coated material should be properly wrapped in gummed 
tape before fabrication to avoid scratches during fabricated and erection shall be 
kept protected till handing over. 
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f. Fabrication : 

i. Before commencing the fabrication the  contractor shall submit to the Engineer 
ɀ in - charge for their approval detailed shop drawings, based on the 
Architectural drawings and corresponding specification showing junctions, 
fittings, accessories such as hinges flush bolts, locks, latches, latching 
arrangements, peg stays, rotor arms, anodize pivots gaskets rubber packing 
door felts, mastic, sealant etc., including fixing and sealing arrangements . Type 
and method of scaffolding he intends to use, Fabrication is to be taken up only 
after approval by the Engineer ɀ in - charge and in accordance with the 
approved drawings. Sections for fabrication of door/ window/ventilators etc 
shall be as per architectural drawings or as approved by the Engineer ɀ in - 
charge.  

ii . A sample of finished door / windows/ ventilator railing etc. shall be fabricated 
as per the shop drawings approved by the Engineer ɀ in - charge for final 
approval before under taking mass production/ fabrication, 

iii . The doors, window, ventilators and partitions shall as per thickness given in the 
BOQ item / specifications, Polyester Powder coating shall be as specified in the 
item specifications.  

iv. All materials shall conform to relevant IS. Codes and in the absence of IS code, 
they should correspond to the best engineering practice; decision of the 
Engineer ɀ in - charge shall be final and binding on the Contractor. 

v. Fabrication shall be done true to the drawing/ sample approved and in 
correspondence to the finished openings at the site. All joints shall be mitered at 
the corners, true right angles, and joints to be finished neatly to hairlines, with 
concealed fasteners, wherever possible joints shall be made in concealed 
locations. 

vi. All fabricated/finished items shall be packed and carted properly to site to 
prevent any damage in transit. On receipt at site they shall be carefully stacked 
in protected storage to avoid distortion/damage.  

vii . Site installation shall be with concealed screws, self-tapping or other approved 
fasteners or may be by welding, due precautions shall be taken to avoid any 
distortion/ discoloration /damage to the finished items. 

viii . Wood work faces /parts coming in contact with masonry shall before shifting to 
the site be given a heavy coat of alkali resistance bitumen paint. Steel items 
coming in contact with other incompatible materials shall be given a thick coat 
of zinc chromate primer. 

g. Glazing: Glazing shall be done with flawless sheet glass of best approved quality 
without waviness, distortion, coloration / discoloration, of specified thickness in 
sizes as shown in the drawings, fixed as required with special glazing clips, putty, 
neoprene/PVC gaskets. All glass shall be cleaned thoroughly before they are fixed in 
position. Unless otherwise specified the minimum thickness shall be 5.5 mm thick. 
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13. FIRE CHECK DOORS:- 

a. General:- 

i. The door shall be procured from approved manufacturer of CPWD / CBRI. The 
fire and smoke / hot gases check door shall be conforming to IS-3614 (Part-II)). 
The manufacturer shall have a prototype door tested and certified by CBRI 
Roorkee, of 120 min. fire rating confirming to BS : 476 part 22 & IS: 3614 Part II. 

ii . The fire and smoke / hot gases check door shall not collapse during the rated 
period of the fire under the specified fire conditions. 

iii . The fire and smoke / hot gases check door shall not allow the passage of hot 
gases or the flames through the rebate of the gap between the door frame and 
shutter or through the holes, developed in the shutter during fire. 

iv. Material: -Door frames and shutter shall be made from materials specified in 
the bill of quantities. In this work, wooden door frames and shutters are 
specified. 

v. Shop drawing: - The  contractorshall submit including required designing shop 
drawing for doorframes, shutters complete with  

a. Plan, elevation with relative position of adjacent works 

b. Glazing details with type size and fixing 

c. Fitting and fixtures with type size, brand and fixing details. 

d. Finishing details. 

vi. Sample Approval: - A sample of fire check door including fittings and fixtures, 
shall be fabricated as per the shop drawings approved by the Engineer ɀ in - 
charge for final approval before under taking mass production/ fabrication 

b. Fire Doors : - These shall conform to the BOQ and CPWD specifications 

 

14. GLASS ENTRANCES AND GLAZING WITH PATCH FITTING 

a. General 

i. The contractor shall be responsible for design, fabrication, supply, installation, 
test and guarantee of all items including taking all measures that may be 
required to complete the work as per Architectural concept drawings and 
specifications details. 

ii . The specialist agency engaged to carry out the external glazing installation and 
supply shall have at least 5 years of relevant experience and have completed 
external glazing systems of similar nature and equivalent scale of works as 
shown in the tender documents. 

iii . The specialist agency shall submit an outline of recent comparable works 
(illustrated by appropriate drawings, sketches, photographs, brochures) by the 
firm / its technical partner to illustrate the competence, experience and 
suitability of the firm. 

b. The scope of work shall include:  
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i. Design, preparation of shop drawings, calculations, engineering data and test 
reports. 

ii . Fabrication and installation of Glass Entrances and Glazing with Patch Fittings 
system. 

iii . All anchors, fixings, attachments, reinforcements, steel reinforcing for mullions 
and transoms required for a complete installation, except those specifically 
indicated as being provided by other trades. 

iv. Exposed Architectural mullions and other support members. 

v. Finishes, protection coatings and treatments. 

vi. Sealing with approved sealants within and around the perimeter. 

vii . All thermal insulation, firesafing etc. including supports and/or backing. 

viii . All caulking, sealing, electrometric and metal flashing, and gaskets including 
sealing at junctions with roof, ground-floor waterproofing and building 
expansion joints between structures. 

ix. Electrical bonding and ear thing of all metal cladding elements. 

x. Provisions to receive electrical outlets and cutouts for conduits and other 
electrical work. 

xi. Glass and glazing. 

xii . Transportation, storage, handling, protection and cleaning. 

c. Submittals  

i. Product Data: Include construction details, material descriptions and 
dimensions of individual components, profiles and finishes. 

ii . Shop Drawings 

d. Fabrication and installation details, including followin gs 

i. Plans, elevations and sections. 

ii . Details of fittings and glazing. 

iii . Hardware quantities, locations and installation requirements. 

iv. Sample for verification, for each type of exposed finish required for  

¶ Metal finish: 150mm long section of patch fittings, rails and other items. 

¶ Glass: 150mm square, showing exposed edge finish. 

e. Materials  

i. Glass  

¶ Glass shall be as specified in drawing or BOQ or as per design requirement. It 
shall be Indian / imported hard coated reflective bronze and heat strengthened 
glass. It shall be of approved make. 

¶ In toughening of Glass, rolling direction shall be parallel to the width of the glass 
panel such that waviness if any is parallel to the horizontal and no waviness 
parallel to the vertical and to ensure that such waviness is of negligible order. 
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ii . Components 

¶ Patch fittings: Stainless steel clad aluminium 

¶ Floating Transom Bar: Steel cladded in metal matching fittings and in sizes 
recommended by manufacturer for application indicated. Include stainless steel 
support rods, lateral adjustment and ceiling channel. Support fins to be metal, 
finished to match transom bar. 

¶ Rails: Stainless steel clad aluminium. 

¶ Accessory Fittings : Matching with patch fittings and rails metal and finish for 
overhead door stop, Centre hosing lock, glass support fin brackets and other as 
shown in drawing. 

¶ Anchors and fastenings: Concealed 

¶ Weather stripping: Sweep type 

iii . Hardware 

¶ Hardware should be heavy duty in matching finish 

¶ Concealed Floor Closer and Top Pivots 

¶ Centre hung; BHMA A156.4, Grade 1; including cases, bottom arm, top walking 
beam pivots, plates, and accessories required for complete installation. 

¶ Swing : Double acting; Positive dead stop, concealed with hold open angle  

¶ Delayed action closing  

¶ Concealed Overhead Holder: Grade 1, with dead stop setting coordinated with 
concealed floor closer. 

¶ Push-pull set : Stainless steel finish 

¶ Lock set of approved make. 

f. Fabrication  

i. Provide holes and cut-outs in glass to receive hardware, fittings, rails and 
accessories before tampering glass. Fully temper glass using horizontal (roller-
hearth) process and fabricate so, when installed, roll wave distortion is parallel with 
bottom edge of door or tile. 

ii . Factory assembled components and factory installed hardware to greatest extent 
possible. 

g. Execution  

i. Examine areas and condition for compliance with requirements for installation 
tolerances and other conditions affecting performance of work. 

ii . )ÎÓÔÁÌÌ ÁÌÌ ÇÌÁÓÓ ÓÙÓÔÅÍ ÁÎÄ ÁÓÓÏÃÉÁÔÅÄ ÃÏÍÐÏÎÅÎÔÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
written instructions.  

iii . Set units in level and plumb. 

iv. Maintain uniform clearances between adjacent components. 
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v. ,ÕÂÒÉÃÁÔÅ ÈÁÒÄ×ÁÒÅ ÁÎÄ ÏÔÈÅÒ ÍÏÖÉÎÇ ÐÁÒÔÓ ÁÃÃÏÒÄÉÎÇ ÔÏ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ×ÒÉÔÔÅÎ 
instructions. 

vi. Set, seal and grout floor closer cases as required suiting hardware and substrate 
indicated. 

h. Cleaning 

i. The Contractor shall ensure that all actions are taken during installation to 
eliminate the effects of corrosive substances on the finishes. 

ii . The Contractor shall clean both internal and external surfaces to remove corrosive 
substances, dust or cement / mortar dropping during the installation as may be 
directed and instructed by the Engineer ɀ in - charge. 

iii . The internal surfaces of glass and aluminium frame are to be cleaned with 
compatible cleaning agents prior to the installation of the internal protective 
sheeting. 

iv. TheContractor shall provide written verification that cleaning agents are 
compatible with aluminium, stainless steel, glass coatings, granite, glazing materials 
and sealants. In no case shall alkaline or abrasive agent be used to clean the surface. 
Care shall be taken during cleaning to avoid scratching of the surface by grit 
particles. 

v. Prior to snagging inspections the Contractor shall, remove the internal protection 
sheets and carry out a thorough cleaning of all glass and aluminium. 

vi. The Contractor shall also make good any physical damage to the structure including 
scratches, dents, abrasions, pitting, etc. to the satisfaction of the Engineer ɀ in - 
charge. 

vii . Manufacturer's delivery or job markings on glass and adhesive for manufacturer's 
labels shall be either a neutral or slightly acidic material. In no case shall such 
material be alkaline; any staining of glass by alkaline material will be cause for 
rejection of the glass. 

viii . After the installation of each pane of glass all markings and labels shall be carefully 
and completely removed from the panes. Thereafter no markings or labels of any 
sort shall be placed on the glass. 

ix. Glazed openings shall be identified by suitable warning tapes or flags attached with 
a non-staining adhesive or other suitable means to the framing of the opening. 
Tapes or flags shall not be in contact with glass. 

x. As soon as it is practically possible after the issuance of the occupation Permit for  
the Building, the Contractor is to carry out a complete cleaning of the external face. 

i. Performance Guarantee : The Contractor shall offer a minimum of 10 year 
Performance Warranty for the entire installation carried out.  

j. Measurements : - Measurements shall be in Sqm. of actual area covered. 

k. Rate: -Rate shall include all required labour, material, designing, drawing conveyance, 
testing at approved laboratory breakage, wastage, supervision, protection till hand over 
and free maintenance during defect liability period etc. complete. 
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15. FLOORING: 

a. The flooring in the building shall be as per the approved floor finish drawings and 
laid in such a way that limits in floor levels would not exceed the limits provided in 
the latest CPWD specifications or manufactures specifications.  

b. Wherever Vitrified Tile flooring is done, it shall be with multi grade/range 1st 
Quality tiles. 

c. Slope in floors shall be provided as per architectural drawings, else the levels at any 
place when checked over a distance of one meters in any direction should not show 
variation in floor level more than 3 mm. 

d. Rate for the items of flooring is inclusive of provision of sunken flooring and 
finishing edges of the same in bath kitchen, toilets, cutting holes for traps/ pipes 
etc., and nothing extra shall be paid on this account unless otherwise specified. 

 

16.  FALSE CEILING: - False ceiling items in general are carried out as per the description 
ÏÆ ÔÈÅ ÉÔÅÍ ÉÎ ÔÈÅ "ÉÌÌ ÏÆ ÑÕÁÎÔÉÔÉÅÓ ÁÎÄ ÁÌÓÏ ÁÓ ÐÅÒ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ Ⱦ 
CPWD Specifications / as directed by the Engineer ɀ in ɀ Charge. Location of particular 
type of false ceiling shall be as per relevant drawing, in its absence written approval of 
the Engineer ɀ in - charge shall be obtained. 

 

17.  ALUMINIUM COMPOSITE PANELS (ACP) CLADDING 

a. Scope of Work includes providing and fixing Aluminium Composite panel cladding 
including framing as per the elevation, section and the plan drawings provided, 
fabricated out of heavy duty Aluminium extruded profiles conforming to alloy 
643900 WP with chemical composition and mechanical properties as per IS-733 
and as per specifications. The scope of work shall be read in conjunction with the 
specification of curtain walling / structural Glazing System. 

b. The Contractor   shall  design,  supply,  fabricate,  deliver  and  install  and 
guarantee  all construction necessary to provide a complete aluminium composite 
panel cladding, complete with all necessary anchors, hardware and fittings to 
provide a total installation, fully in conformity with the requirements and intent of 
the drawing and specification as per item description. Wherever required Spandrel 
panels to be provided as per direction of Engineer in charge.  

c. The Contractor shall design the cladding as per the prevalent site conditions and 
building elevations profiles. The design parameters shall be in conformity the 
structural glazing system. No extra claims shall be entertained at any stage for 
aluminium profile/ wall thickness and size dimensions. The Contractor must quote 
rates accordingly. 

d. The anchoring / bracing of the wall cladding to the RCC beams/ columns shall be 
done with non-corrosive galvanized brackets of approved design, (Galvanizing to 
be done conforming to IS 4759-1996 up to 610 gms. Per Sq. M. (80- 90 micron 
thickness). 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 30 
 

e. The framework shall be aligned for the entire height of each Mullion and of the 
ÅÎÔÉÒÅ ×ÉÄÔÈ ÏÆ ÅÁÃÈ 4ÒÁÎÓÆÏÒÍ ÂÙ ÌÁÓÅÒ ÂÅÁÍ ÅÑÕÉÐÍÅÎÔ ÔÏ ÅÎÓÕÒÅ ρππ ÐÅÒÃÅÎÔ Ȭ8ȭ 
ÁØÉÓ ÁÎÄ Ȭ9ȭ ÁØÉÓ ÁÌÉÇÎÍÅÎÔȢ 

f. The system should also provide for pressure equalization. The details for pressure 
equalization to be submitted by the Contractor and got approved by the Engineer-
in-charge. 

g. EPDM Gaskets of suitable profiles (to accommodate shall be provided including the 
labour element for fixing in appropriate locations is to be included in the rate). 

h. The Periphery of the framework shall be sealed both from inside and outside with 
silicon weather sealant to make the cladding watertight. 

i. Cost of Aluminium composite panel consisting of a core of polyethylene 
sandwiched between two aluminium skins of 0.5mm thickness with a mild edge. 4 
mm total thickness with surface finish of PVDF coating as approved by the 
Engineer-in-charge, as shown in the elevation, plan and cross section drawings 
along with labour element for cutting stacking, carrying to heights and fixing to 
appropriate locations is included in the rates. 

j. All the vertical and horizontal section grooves are to be sealed non staining silicon 
sealant of make as specified in the list of approved make to make the entire system 
synchronies with the basic structural glazing/curtain wall structure and also make 
the system air tight and watertight. The fixing details should be got approved by 
the Engineer-in-charge. The peel off foil should be removed at the time of handing 
over as may be required by the Engineer-in-charge. 

k. Any joint provided between cladding elements to cater for individual panel 
installation and shall be sealed off with extruded EPDM gasket or silicon sealant. 

l. Product  

i. ACP shall be as approved with high fibre filled sandwiched panel 4mm install 
on Aluminium framing and Galvanized brackets. Aluminium cladding panel to 
be PVDF fluorocarbon coated factory applied colours. Reverse side to be in mill 
finish. All the joints shall be sealed with silicon sealant of approved make. The 
colour of sealant to be decided by Engineer-in-Charge. 

ii . A sample of panels and installation methods to be submitted to the Engineer-in-
Charge for approval.  

m. Manufacture  

The panels must be visually flat. Any stiffener applied to compensate for wind load 
must not read through. 

n. Installation  

4ÈÅ ÐÁÎÅÌÓ ÓÈÁÌÌ ÂÅ ÆÉØÅÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÍÁÎÕÆÁÃÔÕÒÅȭÓ ÒÅÃÏÍÍÅÎÄÁÔÉÏÎÓȢ 

o. Technical Properties of Aluminium Composite Panels  

A Composition 4.0 mm thick aluminium composite panel comprising of 3mm 
thick Fire Retardant mineral filled Core comprising of around 
70% Inorganic compound which is 100% non-combustible 
mineral and balance 30% is food grade virgin polymer 
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sandwiched between two Aluminium sheets (each 0.5 mm 
thick). 

B Dimensions Panel thickness : 4mm 
C Tolerance Width + 2.0mm  

Length + 4.0mm  
Thickness + 0.02mm 

D Principal 
Properties 

Panel weight: 5.5 kg/sq.m 
Thermal expansion: 1mm/M/60deg.C.  
Moment of Inertia: 0.347 cm4/m  

E Acoustic 
Properties 

Average airborne sound transmission loss R/N 25db (DIN 
4109) 

F Mechanical 
Properties 

Tensile strength >130 N / mm2 
0.2 % proof stress 90 N / mm2  

Elongation 5 % 
Modules of elasticity 70,000 N/mm2  

G Thermal 
Transmittance 

R = 0.014 m2 ȍ#Ⱦ7 

 Standard  ACP must conform to NFPA 285 and BS 8414 standards along 
with(EN 13 823, EN ISO 11 925-2 & EN 13501) 

 Fire Rating and 
other ratings 

ACP must furnish Class 1A certificate of conformity. Fire 
Retardant (FR) panel must conforms to FST(ISO 5658-2 & ISO 
5659-2) properties, as per EN 45545: Hazard level-3 and also 
conforms to BS 6853 fire testing. The ACP sheet shall be coil 
coated with Kynar 500 based (70:30 ratio) PVDF / Lumiflon 
based fluoropolymer resin coating of approved colour and 
ÓÈÁÄÅ ÏÎ ÆÁÃÅ Π ρ ȰÓÐÅÃÉÆÉÃÁÔÉÏÎ ÆÏÒ ÃÏÁÔÅÄ ÃÏÉÌ ÆÏÒ ÔÈÅ ÅØÔÅÒÉÏÒ 
ÂÕÉÌÄÉÎÇ ÁÐÐÌÉÃÁÔÉÏÎȱ ÉÓÓÕÅÄ ÂÙ %##! ɉ%ÕÒÏÐÅÁÎ Coil Coating 
Association). The coating shall confirm to AMMA-2605 for 
superior performing of exterior grade finish and polymer 
(Service) coating. 

 Finish PVDF stove lacquered (Fluoro carbon) on one side and reverse 
side in mill finish. 

 Colour Colour to be selected by Engineer-in-Charge using standard 
PVDF colour chart from manufacturer. 

 Panel size: 
Width  

1000 / 1250 / 1500mm  

 Length 
between  

1500 and 5000mm 

 Aluminium 
Extrusions 

Extrusions shall be of aluminium alloy 6063 T5, conforming to 
BS-1470 ɀ 1475: 1972 in mill finish. 

p. Protection: The finished surface shall be protected with 80 microns self-adhesive 
Peel Off film with two layers of white and black tested to withstand at least 6 
months exposure to local weather condition, without losing the original peel off 
characteristic or causing stains or other damages. Protection should not be 
removed until after installation. 

q. Warranties; The Contractor  shall provide a data to confirm compliance with 
specific requirements for resistance and fire properties. The guarantee 
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should be for a 20 salt spray resistance and fire properties. The guarantee 
should be for a 20 year period against peeling chalking (No . 8 rating), fading, 
blistering, flaking, chipping and cracking.  

r. Measurement : The measurement shall be for exposed actual surface area with 
grooves cladded on plain/ curved surface excluding the concealed trims. 

s. Technical Data: - The technical data provided hereunder is for guidelines. The 
data, specific for the site location, shall be got approved by the Contractor from the 
Client/ Engineer-in-Charge for the design of the ACP and structural Glazing System. 

i. Design Wind Loading  

¶ 850 N/m2 positive and negative to Podium. 

¶ 1150 N/m2 positive and negative to Tower. 

¶ 1500 N/m2 positive and negative to Crown to Tower. 

No cladding element shall sustain permanent deformation of failure under 
loading equivalent 1.5 times the design wind pressure specified. 

ii . Deflection  

Deflection of any aluminium frame shall not exceed 1/175 of the clear span. 

iii . Expansion  and Contraction 

The cladding shall be so fabricated and erected as to provide for all expansion 
and contraction of the components.  Any temperature change due to climatic 
conditions shall not cause harmful buckling, opening of joints, undue stress on 
fastening and anchors, noise of any kind or other defects. 

iv. Flatness 

The cladding surface taken individually shall not have any irregularities such 
as oil canning, waves, buckles and other imperfections when viewed at any 
position but not less than at an angle of 15 degrees to the true plane of the 
panel with natural lighting of incident of not less than the same angle. 

v. Water Tightness  

The panel cladding shall be so constructed to be water tight with provision for 
rear ventilation. 

vi. Acoustic  Treatment  

The cladding panel system shall be designed so as to dampen noise caused by 
splashing water. 

t. Fixings  

i. Fasteners including concealed screws, nuts, bolts and other items required for 
connecting aluminium to aluminium shall be of non-magnetic stainless steel. 

ii . Rivets used for fastening panel to aluminium sub-frame shall be of alloy 
aluminium large flange head type with stainless steel mandrel. 

iii . All fixing anchors, brackets and similar attachments used in the erection shall 
be of aluminium or non-magnetic stainless steel. 
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u. Weather seal  

i. All exposed joints between panels which are required to be water tight, shall be 
sealed with extruded EPDM gasket of hardness approx. 75 SHORE. 

ii . All secondary weather seal shall be of self-adhesive tape as approved by the 
Engineer-in-charge. 

 

18. STUCTURAL GLAZING SYSTEM 

a. Scope Of Work 

i. The Contractor shall design, engineer, test, fabricate, deliver, install, and 
guarantee all construction necessary to provide a complete structural glazing 
system to the proposed building, all in conformity with the Drawings as shown.  
Specification and all relevant construction regulations including providing any 
measures that may be required to that end, notwithstanding any omissions or 
inadequacies of the Drawings and/or without limiting the generalities  of the 
foregoing, the structural  glazing Systems shall include, without being limited to, 
the followings: 

¶ Metal frames, glass glazing, spandrels, ventilators, finish hardware, copings 
metal closure, windows etc. 

¶ All anchors, attachments, reinforcement and steel reinforcing for the systems 
required for the complete installations. 

¶ All thermal insulation associated with the system. All fire protection 
associated with the system. 

¶ All copings, end closure and metal cladding to complete the system. 

¶ All sealing and flushing including sealing at junctions with other trades to 
achieve complete water tightness in the system. 

¶ Isolation of dissimilar metals and moving parts. 

¶ Anticorrosive treatment on all metals used in the system. Polyester powder 
coating aluminium sections. 

ii . The Contractor shall also be responsible for providing the followings: 

¶  Engineering Proposals, Shop Drawings, Engineering data and Structural 
Calculations in connection with the design of the structural glazing System. 

¶ Scheduling and Monitoring of the Work. 

¶ Mock-ups, samples and test units. 

¶ Performance testing of the structural glazing framing and glazing assembly. 

¶ Co-ordination with work of other trades. 

¶ Protection. 

¶ All final exterior and interior cleaning and finishing of the structural glazing 
System 

¶ As-built record drawings and photographs. 
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¶ Guarantees and Warranties. 

¶ All hoisting, staging and temporary services. 

¶ Conceptualizing and design of a suitable maintenance system for structural 
glazing. 

iii . The water tightness and structural stability of the whole structural glazing 
System     are the prime responsibility of the contractor.  Any defect or leakage 
found within the Guarantee Period shall be sealed and made good all at the 
expense of the contractor. 

iv. The structural glazing system shall be designed to provide for expansion and 
contraction of components which will be caused by an ambient temperature 
range without causing buckling, stress on glass, failure of joint sealants, undue 
stress on structural elements or other detrimental effects. Specific details should 
be designed to accommodate thermal and building movements. 

b. Building Regulations  

Structural glazing shall comply with all Government Codes and Regulations 
including IS codes, if any. 

All structural glazing; individual aluminium and glass components and all 
completed work shall be designed and erected to comply with the following: 

i. Design load and deflection. 

ii . Structural glazing construction in its entirety shall be fabricated and erected to 
withstand without damage or permanent deformation inward (positive) and 
outwards (negative) pressure, all acting normal to the construction plane with 
a maximum deflection of not exceeding 1/175 of the clear span between 
structural support or 20mm maximum whichever is less. 

iii . Structural performance of all parts of structural glazing system shall conform to 
relevant IS codes, wind load as per IS-875 and seismic loads as per IS-1893. 
Deflection shall cause no permanent set in excess of 1/1000 of span nor 
evidence of structure failure. 

iv. Design Wind Loading  

¶ 850 N/m2 positive and negative to Podium. 

¶ 1150 N/m2 positive and negative to Tower. 

¶ 1500 N/m2 positive and negative to Crown to Tower. 

No cladding element shall sustain permanent deformation of failure under loading 
equivalent 1.5 times the design wind pressure specified. 

c. Measurements  

Measurements of the structural glazing shall be in the metric system in sq.m 
correct to two places of decimal.  The area considered for measurement shall be 
net area as fixed on the exterior face of the structural glazing including open able 
windows as part of structural glazing. Thecontractor shall be responsible for 
verifying all the dimensions and actual conditions on site. 

d. Rate 
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The rates shall include the cost of all the operations described above including the 
cost of all materials, labour, design, fabrication, erection, finishing, scaffolding and 
testing of water tightness etc. 

e. Tender  Drawings  and Specifications  

The tender drawings indicate profile and configuration required together with 
relationship to structural frame and interior building elements. 

The Specification and tender drawings is of the performance type and includes 
only the minimum requirements of the /structural glazing Wall System without 
limiting   to the method of achieving desired performance. 

f. Post Tender  Requirements  

i. Design Proposals 

The contractor shall propose the final design in such a way that all basic 
functional and architectural requirements are fulfilled and get the same 
approved by department. However, basic design requirements as described in 
the specification and other Architectural requirements such as the size of 
window, net glass area, ventilator, configuration of windows and spandrels 
shall be retained. 

The design proposals shall be in the form of drawings, drawn to full scale as 
far as practical and specification shown in or describing all items of work 
including: 

¶ Request details as indicated on the tender drawings.  

¶ Metal quality, finishes and thickness. 

¶ 'ÌÁÓÓ ÑÕÁÌÉÔÙȟ ÃÏÁÔÉÎÇ ÁÎÄ ÔÈÉÃËÎÅÓÓ ÁÎÄ ÐÒÏÐÏÓÅÄ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÂÒÁÎÄ 
names.  

¶ Sections of the mullion and transom together with structural calculations. 

¶ Arrangement and jointing of components. 

¶ Field connections especially mullion to mullion and transom to mullion. 

¶ Fixing and anchorage system of typical wall unit together with structural 
calculations. 

¶ Drainage system and provision in respect of water leakage in the curtain 
wall/structural glazing system. 

¶ Provisions for thermal movements.  

¶ Sealant and sealing method. 

¶ Glazing method. 

¶ Wind load and seismic load and any other specific load considered in the 
design. 

¶ Lightning protection link -up system of the curtain wall/structural glazing 
for connection and incorporation into the lightning conductor system of 
the building. Design concept must be stated in the proposal. 

The maximum permissible structural tolerances of the building that the 
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system has been designed to accommodate in case this tolerance exceed those 
specified in the Specification. 

Any parts of the curtain wall/structural  glazing, when completed, shall be 
within the following tolerances: 

Deviation from plumb, level or dimensioned angle must not exceed 3mm per 
3.5m of length of any member, or 6mm in any total run in any line. 

Deviation from theoretical position on plan or elevation, including deviation 
from plumb, level or dimensioned angle, must not exceed 9mm total at any 
location. 

Change in deviation must not exceed 3mm for any 3.5m run in any direction.  

ii . Samples 

The  contractorshall also submit samples of mullion and transom sections in 
lengths of 300mm with the same finish and workmanship along with the 
proposals and 300mmx300mm samples of glass (samples to include exposed 
screws and other exposed securing devices, if any). 

iii . Preliminary Programme 

The tenderer shall also submit a preliminary programme of the contract works 
showing the various stages of design sampling, testing, fabrication, delivery 
and installation of the works. 

iv. Upon approval of the shop drawings, at least 4 copies shall be submitted by 
thecontractor. 

v. The contractor /Sub-contractor shall submit a maintenance manual for the 
curtain wall/structural glazin g system inclusive of all metal parts, glass and 
finish etc. 

vi. During detailed design and execution any details may increase as per actual 
requirement at site, these variations shall be executed without any extra cost 
implications to the client. 

g. Execution :- Performance Testing  

The performance tests are to be conducted on the structural glazing system, if the 
area of the structural glazing system exceeds 2500 Sq.ms from the certified 
laboratories accreditated by NABL (National Accreditation Board for Testing and 
Calibration Laboratories), Department of Science and Technology, India. The 
decision of the Client/ Engineer-in-charge about the necessity of testing of shall be 
final and binding. 

i. General Requirements  

Mock-up units shall be constructed by the contractorand tested to determine 
the structural stability as well as air and water infiltration or leakage at 
glazing beads and all other joints designed into the façade. 

After approval of structural calculations and shop drawings for the structural 
glazing, one (1) Test Unit for performance testing of the structural glazing 
shall be constructed by the contractor at a laboratory approved by the 
Department (Refer BOQ). 
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Erect mock-ÕÐ ÕÎÄÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓȾÉÎÓÔÁÌÌÅÒȭÓ ÄÉÒÅÃÔ ÓÕÐÅÒÖÉÓÉÏÎ ÁÎÄ 
employ workmen as they would be employed during the actual erection at the 
job site. 

Test procedures test schedules and test locations shall be submitted to Client 
for approval before testing. 

Prior to fabrication of Test Units, thecontractorshall submit shop drawings 
and calculations of the Test Unit for the Engineer-in-#ÈÁÒÇÅȭÓ ÁÐÐÒÏÖÁÌȢ 

Production for final job site erection shall not start until approval has been 
obtained as a result of the mock-up test. 

ii . Test of Wind Pressure  

The equivalent load of wind pressure or wind suction shall be given to the 
4ÅÓÔ 5ÎÉÔ ÁÓ ÉÎÃÒÅÁÓÉÎÇ ÏÒ ÄÅÃÒÅÁÓÉÎÇ ÔÈÅ ÉÎÓÉÄÅ ÐÒÅÓÓÕÒÅ ÉÎ ÔÈÅ Ȭ0ÒÅÓÓÕÒÅ 
#ÈÁÍÂÅÒȭ ÁÔ ×ÈÉÃÈ ÔÈÅ 4ÅÓÔ 5ÎÉÔ ÉÓ ÆÉØÅÄȢ 

The static wind pressure shall be applied up to 1.5 Kpa at maximum wind 
pressure. The variation of dynamic pressure shall be of any approximate sine-
cure-line. 

Deflection on each observational points of the Test Unit shall be observed and 
recorded under the Static pressure as described above. 

Any damage and harmful permanent deformation on any parts except sealing 
materials shall not be found at maximum wind pressure. 

The deflection on the main structural parts in these conditions shall not 
exceed: 

1/175 of the span between supports or 20mm, whichever is the lesser for 
vertical elements. 

1/250 of the span between supports for horizontal elements. 

The extent of recovery of deformation 15 minutes after the removal of the 
test load is to be least 95%. 

iii . Test of Lateral Deflection Per Floor Height  

Lateral deflection per floor height shall be occurred on the test unit, when the 
structural frame which fixes the test unit is deflected horizontally. 

The deflection of every + 2.5mm shall be increased upto + 13mmm on the 
Test Unit (Static Deflection Test). 

The dynamic deflection shall be applied upto + 13mm. 

The variation of dynamic deflection shall be of an approximate sine-curve-
line, one period of 3 seconds. 

The dimension of the deflection on each observational points of the Test Unit 
shall be measured under the condition as described above, the damage shall 
be observed. 

Any damage and harmful permanent deformation shall not be found in any 
parts of the curtain wall/structural glazing except sealant at maximum 
deflection. 
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iv. Test of Water -tight ness 

Water shall be sprinkled to the Test Unit under the wind pressure. Pressure 
shall not be applied to the Test Unit. 

The volume of the sprinkling water in one minute shall be 5 liters/m2 min. 
(0.1 gal/ Sqft). 

All water leakage and drainage system at the joint and open able sash of the 
curtain wall/structural glazing system shall be observed from the outside of 
the chamber. 

Hold the test 2 times, in sequence as described below, conforming to the 
above mentioned conditions. 

Install the test unit. 

Hold 1st water-tightness test. 

Hold test of wind pressure as described above. Host 2nd water-tightness test. 

Lateral deflection test. 

Water leakage at all parts of the Test Unit shall not be observed inside during 
the 1st water- tightness test. 

v. Test Report  

The contractor is required to submit five (5) copies of test reports to the 
Client.  

vi. Cost of Performance Test  

The contractor shall allow in his tender for the cost of the performance 
testing and of fabrication, erection, corrections to and demolition of the Test 
Units including any special provision required in the testing laboratory for 
the tests mentioned above. 

The contractor shall allow for amendments and adjustments to the mock-up 
as required by the Employer. 

If the Test Unit fails to pass the initial testing, the contractor shall make the 
necessary corrections to the Test Unit and shall have to get the Test Unit 
retested by the Testing Laboratory till it passes the tests. 

Cost of corrections to the Test Unit and cost of re-testing shall be borne by the 
contractor at no additional cost to the Employer. 

vii . Shop Drawings and Calculations for the Performance Testing  

Prior to fabrication of Test Unit, the contractor shall submit shop drawings 
and calculations of the Test Unit for Client/employer`s approval. 

viii . Record Drawings  

The testing laboratory shall keep copy of approved Test Unit shop drawings 
and calculations at testing laboratory during testing of Test Unit. 

The testing laboratory shall accurately and neatly record on the above 
mentioned shop drawings all changes, revisions, modification etc. made to 
Test Unit, which shall become the record drawings. 
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At completion of testing and after approval of test reports the testing 
laboratory shall submit the marked-up record drawings to the Client. 

ix. Representatives  

Full time attendance by Approved Representatives of the contractor& sub 
contractorassociated with the erection of curtain wall/structural glazing shall 
be provided for the erection of the Test Unit and for all testing of the Test 
Unit. 

h. Performance  Guarantee 

The tendere shall provide a performance guarantee of requisite value to be 
indicated in the General Conditions of Contract for a period of five years, to provide 
for expenses, to cover the risk and cost of rectification of defect, noticed during the 
five years guarantee period. Guarantee period to start from the date of completion 
of the project. 

19. STAINLESS STEEL RAILINGS 

a. The scope of the work includes preparation of the shop drawings (based on the 
architectural drawings), fabrication, supply, installation and protection of the 
stainless steel railing till completion and handing over of the work. 

b. The stainless steel work shall be got executed through specialized fabricator 
having experience of similar works. The contractor shall submit the credentials of 
the fabricator for the approval of the Engineer-in-Charge. 

c. The contractor shall submit shop drawings, for approval of the Engineer-in-
Charge, for fabricating stainless steel railing with detailing of M.S. stiffener frame 
work backing along with the fixing details of the M.S. frame work to the R.C.C 
columns. The details of the joints in the stainless steel railing including location, 
etc. shall also be shown in the shop drawings. 

d. The contractorshall procure and submit to the Engineer-in-Charge, samples of 
various materials for the railing work, for approval. After approval of samples, the 
contractor shall prepare a mock up for approval of Engineer-in-Charge / 
Consultant. The material shall be procured and the mass work taken up only after 
the approval of the mock up by the Engineer-in-Charge / Consultant. The mock-up 
shall be dismantled and removed by the contractor as per the directions of the 
Engineer-in-Charge. Nothing extra shall be payable on this account. 

e. The stainless steel shall be of grade 304 with brushed steel satin finish and 
procured from the approved manufacturer. It shall be without any dents, 
waviness, scratches, stains etc. 

f. The required joints in the railing provided as per the architectural drawings, shall 
be welded in a workmanlike manner including grinding, polishing, buffing etc. all 
complete and compacted. The temporary clamps provided and fixed to hold the 
stainless steel railing, in position shall be removed after the concrete has set 
properly. The junction of the flooring and the cladding shall be neatly filled with 
weather silicone sealant of approved colour and shade. Nothing extra shall be 
payable on this account. 
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g. One test (three specimens) for each lot shall be conducted for the stainless steel 
pipe in the approved laboratory. Therefore, the material shall preferably be 
procured in one lot from one manufacturer. 

h. The finis-hed surface shall be free of any defects like dents, waviness, scratches, 
stains etc. and shall have uniform brushed steel satin finish. Any defective work 
shall be rejected and redone by the contractor at his own cost. The finished 
surface shall therefore be protected using protective tape which shall be removed 
at the time of completion of the work. The surface shall then be suitably cleaned 
using nonabrasive approved cleaner for the material. Nothing extra shall be 
payable on this account. 

i . The item includes the cost of all inputs of labour, materials (including stainless 
steel pipes, welding, brazing, concrete, protective film, weather silicone sealant etc 
including cost of providing and fixing M.S. frames), T & P other incidental charges, 
wastages etc. The items also included providing and fixing stainless steel anchor 
fasteners for fixing railing. 

j . The railing shall be fixed in position using stainless steel pipes, stainless steel 
posts of required diameters and thickness as shown on drawing and polished to 
satin finish including cutting, welding, grinding, bending to required profile and 
shape, hoisting, butting, polishing etc. 

k. The item includes the cost of all inputs of labour, materials, T&P, other incidental 
charges, wastage etc. The entire work shall be carried out to the satisfaction of 
Engineer-In-Charge. 

20. GLASS: 

a. All glass and glazing material shall be verified and coordinate with the applicable 
Performance requirement. 

b. All glass shall be cut to require size and ready for glazing. All glass shall be 
accurate sizes with clear undamaged edges and surfaces which are not disfigured. 
Any panel which does not fit any section of the curtain wall and shop front will be 
rejected and a replacement made at the contractorȭÓ expense. 

c. Glass shall conform to the quality, thickness and dimensional requirement 
specified in US Federal specifications DD ɀ G0415C. 

d. Heat strengthened glass shall not deviate in surface flatness by more than 0.23 
mm within 260mm of leading or trailing edge, or 0.076mm in centre. Direction of 
ripple shall be consistent and is acceptable to Engineer-in-Charge. Distortion of 
glass shall be controlled as much as possible during heat strengthening. Sag 
distortion shall be unidirectional and surface compression shall be in the range of 
320-τυπ +ÇȾÃÍόȢ !ÌÌ ÇÌÁÓÓ ÓÈÁÌÌ ÂÅ ÄÅÌÉÖÅÒÅÄ ÔÏ ÓÉÔÅ ×ÉÔÈ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÌÁÂÅÌ 
of identification attached. 

e. The glass glazed panel / structural glazing frames for the structural glazing system 
shall be designed to withstand lateral imposed loads and comply with  
requirement of local building codes. 

f.   Glass shall be free from defect or impurities detrimental to its performance. 
Defects such as bubbles, waves, spots scratches, spalls, discoloration, visibly 
imperfect coating, chipping, and bubbles delaminating of opacifier film shall be 
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ÌÉÍÉÔÅÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ -ÁÎÕÆÁÃÔÕÒÅÒȭÓ Ⱦ ÔÒÁÄÅ ÇÕÉÄÅÌÉÎÅÓȢ 4ÈÅ ÇÌÁÓÓ ÉÓ ÔÏ ÂÅ 
produced in such a way that the rollers will be parallel to what will be the 
horizontal position of the glass. Glass should be consistent in colour. 

g. Double glazed units shall be procured only from approved manufacturer. Quality 
control tests shall be performed for mixing, curing, adhesion and dew point. The 
unit shall be guaranteed against condensation and dirt between the panes, failure 
of seal and damage to internal coating. 

h. All glass breakage caused by the contractor or his sub- contractorbecause of 
negligence or caused by the installation of faulty work by him shall be replaced by 
the contractor  at his own expense without delay to the project completion.  

21. CLEAN ROOM PARTITIONS 

a. Wall panels (80mm thick)  

i. The Wall panel shall be double skin type, 80 mm thick, sandwiched with self-
extinguishing quality PUF of density not less than 40±2 kg/cum. The inner and 
outer skin shall be of powder coated steel sheet, the thickness of inner skin 
and outer skin of the panel shall not less than 0.8mm GPSP GI Sheet with epoxy 
polyester powder coating both side of the panel shall be smooth finished and 
both side of the panel shall be off- white colour, the coating thickness shall be 
not less than 80 microns including the primer and finished coat, the panels 
shall be covered with peel off film to ensure that the material is protected 
against scratches and indentation during transit and storage The Panels are 
designed to have a flush finish with coved corners for easy cleaning. 

ii . The wall panels shall have a recessed male edge on one side and roll formed 
female edge on the other side, which creates an interlock, thus ensuring panel 
finished and snug insulation to insulation fit. All the wall joints shall be filled 
with suitable length as required in a continuous length lamination. All the wall 
joints shall be filled with suitable sealant material. 

iii . Suitable reinforcement shall be provided between the panels from the floor to 
ceiling wherever the room doors are shown in the drawing.  

iv. Clean room walls shall have view windows of size not less than 900mm width 
X 1100mm height placed at 1000mm above the ground level on the wall panel 
of the modular clean room and these double glass view windows shall have 
toughened glass panels of thickness not less than 5mm and all the joints 
between toughened glass and wall panels shall be sealed. These view windows 
(glazed) shall be covered with yellow films  

v. 7ÁÌÌ ÐÁÎÅÌÓ ÓÈÁÌÌ ÂÅ ÆÉØÅÄ ×ÉÔÈ ÎÅÃÅÓÓÁÒÙ ÂÏÔÔÏÍ ÆÌÏÏÒ ÔÒÁÃË ÁÎÄ ÔÏÐ ÒÕÎÎÅÒ Ȭ5ȭ 
ÃÈÁÎÎÅÌÓȟ ÁÎÃÈÏÒ ÆÁÓÔÅÎÅÒÓ ÓÃÒÅ× ÅÔÃȢȟ ÆÏÒ ÆÉØÉÎÇ ÔÈÅ ÄÏÏÒ ÓÕÉÔÁÂÌÅ Ȭ,ȭ ÁÎÄ Ȭ#ȭ 
sections shall be used, All the wall joints shall be filled with suitable sealant for 
effective sealing. 

vi. Suitable Coving of Radius 50 mm made out of anodized Aluminium material 
shall be fixed along the joints between wall & the Floor, wall & the false ceiling 
joints between the Wall panels, 3D covings at the Corners as required. 

vii . The wall panels shall be embedded with conduits for wiring and utilities etc., 
wherever required. The panels shall be offered for inspection for Site 
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Engineers during fabrication at manufacturing works if required. The supplier 
shall furnish test certificate indicating the values of epoxy polyester coating 
coverage, powder coating thickness, material of inner and outer skin, thickness 
of inner and outer skin etc., as applicable for panels. 

b. Ceiling Panels  

i. Ceiling panel shall be double skin type, 44 mm thick, sandwiched with 
ÓÅÌÆȤÅØÔÉÎÇÕÉÓÈÉÎÇ ÑÕÁÌÉÔÙ 05& ÏÆ ÄÅÎÓÉÔÙ ÎÏÔ ÌÅÓÓ ÔÈÁÎ τπϻς ËÇ Ⱦ ÃÕÍȢ 4ÈÅ 
inner and outer skin shall be of power coated steel sheet, the thickness of 
inner skin and outer skin of the panel shall not less than 0.8mm the powder 
coated GPSP GI sheet shall be hot dip galvanized with epoxy polyester powder 
coating not less than 180 gm / sq m both side of the panel shall be smooth 
finished and both side of the panel shall be off white color, the coating 
thickness shall not be less than 50 microns including the primer and finished 
coat, the panels shall be covered with peel off film to ensure that the material 
is protected against scratches and indentation during transit and storage. 

ii . The Ceiling panels shall have a recessed male edge on one side and roll formed 
female edge on the other side, which creates and interlock, thus ensuring panel 
finished and snug insulation to insulation fit. All the wall joints shall be filled 
with suitable length as required in a continuous length lamination. 

iii . Necessary services/trap doors shall be provided to the false ceiling for 
maintenance on the top of the false ceiling.  

iv. All the joints and corners between ceiling and wall panels, wall panels and wall 
panels, wall panel to floor of modular clean room shall be provided with 
Aluminium R 50 coving same panel finish and color. 

v. The panels shall be offered for inspection for Site Engineers during fabrication 
at manufacturing works. 

vi. The suppliers shall furnish test certificate indicating the values of epoxy 
polyester powder coating thickness, materials of inner and outer skin, 
thickness of inner and outer skin etc., as applicable for panels. 

c. Cut out in Wall panel and Ceiling panel  

i. Cut-outs wherever required shall be provided in the wall panel/ceiling panel 
as applicable for fan filter units, terminal HEPA filters, light fixture, return air 
grills, power sockets, communication outlets, LAN outlets, cables. pipes, 
exhaust ducts, gauges, smoke sensors, pendants, utilities, etc, as required. 

ii . All cut-outs made in the wall panel and ceiling shall be finished properly as 
required for clean room environment. 

d. Clean Room Doors 

i. Flush door, roller hinged type single leaf shall be fabricated out of similar 
material to wall panels as mentioned in the tender specification above, the size 
of the single door shall be 900mm x 2100 & Double Doors shall be 1500 mm X 
2100 mm, single leaf emergency door shall be 900 x 2100mm clear size 
measured inner to inner of frames, subject to site requirements. 
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ii . The view window of size 900mm width x 1100mm height placed at 1000mm 
above floor, subject to site requirements, shall have 5mm thick double glass 
duly fixed and sealed to the door panels. The door shall be provided with door 
closer and lock. The door handles, push plate and hinges shall be of stainless 
steel. The thickness of door shall not be less than 44 mm. 

iii . Nothing extra is payable for change in size of door/ windows as per site 
requirements.  

e. Clean Room Emergency Doors 

i. Flush door, roller hinged type single leaf shall be fabricated out of similar 
material to wall panels as mentioned in the tender specification above, the size 
of the single door shall be 900mm x 2100 & Double Doors shall be 1500 mm X 
2100 mm, single leaf emergency door shall be 900 x 2100mm clear size 
measured inner to inner of frames, subject to site requirements.  

ii . Nothing extra is payable for change in size of door/ windows as per site 
requirements.  

22. Flooring for Microbiology Lab  

Heavy duty colored Epoxy flooring, complying with flooring requirements as per Good 
Laboratory Practices norms as detailed as per specifications in the Bill of Quantity.  

23. Antibacterial  Paint  

a. The Antibacterial Paint shall be able to provide anti-Microbial Protection:  

b. The scope of work includes providing & applying approved makes anti-Microbial 
Paint on wall ÓÕÒÆÁÃÅÓ ÁÓ ÐÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓ ÃÏÍÐÌÅÔÅ ÉÎ ÁÌÌ ÒÅÓÐÅÃÔ 
& as directed by Engineer-in-charge. Following are the desired characteristic of the 
paint: 

i. Protection: The product hygiene coatings to start the biocidal action as soon as 
the microorganism land on the surface, and prevents the growth of mould, 
bacteria and yeasts for at least 5 years.  

ii . Lily Cycle Savings: The unparalleled durability of hygiene coatings should help to 
extend the maintenance cycle and to minimize all related material, labour and 
shut down costs.  

iii . Chemical Persistence: The hygiene coatings should be highly resistant to 
abrasives, detergents and weak acids and alkalis used in cleaning regimes. 
Furthermore, they can be regularly steam cleaned without any loss of 
performance or adhesion to the substrate. 

24. BORE WELL 

a. Scope of Work 

The general character and the scope of work to be carried out under this contract 
are illustrated in the following specifications. It gives only general guidance as 
regards design, drilling and construction of tube wells. Before selecting the 
method of construction to be adopted, the contractor shall give due consideration 
to site condition and Geological data of the site. The construction and testing of 
tubewells shall be as per IS 2800- 1979 (Part 1 and 2). This contract is an item rate 
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contract. All payments shall be made for the actual work executed. The contractor 
shall ensure the required minimum yield. 

b. Selection of Site 

The site where the tubewell is proposed shall be examined by tenderer, and 
changes if required shall be discussed with the engineer prior to start of work. Any 
previous data available with the contractor regarding nearby tubewells should be 
made use of to evolve suitable procedure for drilling, developing, testing etc. 

c.  Geological Data 

During the drilling operation, contractor shall collect the samples of different 
strata from suitable intervals or where change in strata is met with. It shall be 
carefully examined and analyzed and the data shall be preserved carefully and 
handed over to Engineer. The contractor shall make one drilling time log during 
the execution of work for the bore well. 

d. Design and lowering of pipe assembly  

The length and diameter of the housing pipe shall be selected on the basis of static 
water level, the draw down and the discharge expected from the well and the size 
of the pump to be installed. The size and length of blind pipes and the slotted/ 
strainer pipes shall be selected according to the expected discharge and the depth 
of tubewell. The size and distribution of the slots shall be as per IS 8110. After 
completion of the bore hole the  shall assemble the tube well assembly according 
to the water bearing strata met during boring, after getting the same approved 
from the Engineer and shall lower in to the drilled hole the same keeping the 
slotted strainer opposite to water bearing strata from which the water is to be 
extracted . The bail plug shall rest on firm ground. Before the bail plug is lowered, 
about one metre depth of the bore hole shall be packed with the gravel to avoid 
sinking of the assembly. In case part of a bore hole is not proposed to be utilized, it 
shall be filled with gravel before lowering the assembly. The slotted pipe and other 
pipes shall be provided with proper guides to keep them in the centre of the bore 
to ensure uniform gravel packing all around. 

e. Gravel Packing 

All gravel shall consist of hard rounded particles reasonably uniform in diameter 
and shall be of size, determined after analyzing the character of the water bearing 
formation tapped. The gravel shroud around the screen shall be uniform. It should 
be free from dust, dirt and other vegetable matters. Gravel packing once started 
shall be carried out continuously until it is completed. Pea gravel/Stone Chips 
shall be thoroughly washed. 

f.   Development of Bore well  

The well shall be developed either by surging and agitating or by over pumping 
and back washing with an air lift and high velocity jetting. The tube well shall be 
developed as per IS 2800 -1979 or latest by air compressor to be arranged by the 
contractor as required and stipulated in BOQ to obtain the maximum discharge 
available from the completed tube well. Another acceptable method may also be 
adopted. This development process shall be continued until the stabilization of 
sand and gravel particles has taken place. The development shall continue until 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 45 
 

the gravel should stop sinking, discharge of depression ceases to improve and the 
sand content is not more than 20parts per million. A record of the hours of 
working of Air compressor shall be maintained by Employer Engineer which will 
be signed by the contractor or his authorized representative. Payment for 
development of tube well shall be made at the hourly rate indicated in the 
schedule of quantities for the actual period during which the Air-Condition has 
worked. A statement showing the quantity of gravel initially filled in the bore and 
the quantity added during development should be prepared by the contractor and 
got signed by the representative of the Engineer.  

g. Disinfection  

The well shall be disinfected after completion of test for yield. All the exterior 
parts of the pump coming in contact with the water shall be thoroughly cleaned 
and dusted with powdered chlorine compound. In fact it shall be disinfected every 
time a new pump is installed or the one installed is replaced after repairs. 

The stock solution of chlorine may be prepared by dissolving fresh chlorinated 
lime. For obtaining an applied standard concentration of 50 PPM, 1 litre of the 
stock solution shall be used to treat 300 liters of water. 

h. Grouting and sealing  

Grouting and sealing of tube well may be done, if required depending upon the site 
conditions and the quality of the discharge of the strata encountered. To ensure 
that the grout shall be provided a satisfactory seal, it shall be applied in one 
continuous operation. Sealing of the tube well may be done by grouting the 
annular space between bore and the housing pipe, with cement concrete 1:2:4 (1 
cement: 2 coarse sand: 4: coarse aggregate 20 mm nominal size) to a depth of 5m 
below the grouted level. 

i . Handing over of the bore well.  

The tube well shall be handed over in complete shape. The housing pipe shall be 
closed by a well cap for the period between the completion of the tube well and 
the installation of the pump set. 

The following information shall be furnished by the drilling agency on completion 
of the tube well: 

i. Strata chart of the tube well indicating the different types of soils met with, 
at different depths. 

ii . Samples of strata collected, neatly packed and correctly marked in sample 
bags. 

iii . Chart of actual pipe assembly lowered indicating the size of pipes, depth 
ranges, where slotted/ strainer pipes have been used, depth and diameter of 
housing pipe, reduced level of the top of the housing pipe and the diameter 
and depth of the bore hole. 

iv. Position of every joint in the well assembly. 

v. Hours of development done by the compressed air, pump sets or by other 
means. 

vi. Pumping water level at the developed discharge. 
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vii . Two copies of test certificates of the water samples results from approved 
testing agency. 

viii . Results of development along with levels of static subsoil water and depth of 
draw for steady discharge. 

ix. Results of mechanical (sieve) analysis of samples of aquifer materials 
wherever applicable. 

x. Yield analysis and recommendation on the safe pumping yield, pump 
settings and   specifications for suitable pumps etc. 

xi. Verticality tests results to be recorded in accordance with IS:2800-1979  

xii . TUBEWELL DATA: - Shall be decided by the Engineer-in-charge. 

j . Water for drilling ɀ Contractor shall make his own arrangement for water required 
for drilling purposes as well for development purposes. 

k. The design for the tube well indicating the depth range of the aquifer zones to be 
tapped shall be given after a detailed study of the data collected during drilling 
operations. 

l . The slotted pipes should have an effective open area of at least 15% and the slotted 
size should  be 1.6 mm. All pipes shall be painted fresh before lowering. The pipes 
shall be welded thoroughly all round to prevent leakage and breakage. Centering 
guides may be used to maintain the verticality of the tube wells which shall be 
tested. 

m. The annular  space between the bore well and tube well assembly shall be packed 
with well -graded pea gravel of good quality, durability and high sphericity.  

 

25. Restroom  Cubicle System  

a. SCOPE: - The scope of work shall include providing and fixing of cubicle 
partitions as per ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ guide under the supervision of the Engineer-in-
charge.  

b. GENERAL: - Restroom Cubicle System shall be highly resistant against water, 
chemical and impact. 

c.  MATERIALS 

i.  All accessories shall be made of powder-coated Aluminium grade 6063-T5. 
The doors, pilasters and intermediate partitions shall be 12 mm thick High 
Pressure Laminates (HPL) compact board (or phenolic board) with 
chamfered edges. 

ii .  The HPL compact boards are manufactured from sheets of special craft and 
decor papers, impregnated with thermosetting synthetic resins which are 
fused together under heat and high pressure. HPL compact boards are 
laminated on both sides with suede finish. Top surfaces shall be Melamine- 
coated which is scratch and impact resistant.  

d. DOORS 
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All doors shall be of single colour, 12 mm thick HPL compact board with 
chamfered edge. Each will be supported by 3 Nylon Hinges (4 for accessible 
restroom) affixed to the pilaster, completed with Nylon Coat Hook and Nylon 
Door Knob. Door stopper channel is provided at its vertical end and 
incorporated with Rubber Lining to dampen noise. 

e. PILASTERS 

All pilasters shall be of same colour as doors, 12 mm thick HPL compact board 
with chamfered edge, completed with Nylon thumb turn for locking doors. 
Colours different from the doors, if required, shall be provided as per the 
directions of the Engineer-in-charge. The pilaster is affixed to the Top Rail and 
secured from the top of the Top Rail. The floor clearance is 150 mm. all pilasters 
shall be supported by adjustable foot and non-corrosive steel inserts or as per 
approved by the Engineer-in-charge. The base of the adjustable foot shall be 
anchored to the floor with a clearance height of 150mm. 

f. TOP RAIL 

Heavy-duty Aluminium H-section Top Rail Channel, 70 mm x 125 mm x 5 mm 
(cross-section dimension, W x H x T), shall be anchored to the wall with Mild 
Steel Wall Bracket. Pilaster shall besection-fixed onto the bottom slot of the Top 
Rail for maximum strength, stability and alignment of the system. 

g.  INTERMEDIATE PARTITIONS 

All intermediate partitions shall be one continues panel without any joints and 
of same colour as door, 12 mm thick HPL compact board with Aluminium U 
channel, affixed at its ends (to the wall and pilaster) with edges chamfered. For 
ultimate stability of the system, the length of the intermediate panel shall not 
exceed 1800 mm. The intermediate panel shall be anchored to the wall with 
powder coated or anodized Aluminium U channel.  

h. ACCESSORIES 
Each restroom cubicle will be equipped with the following accessories (as per 
BOQ): 

i. Heat & Bacteria Resistant Polyamide / Nylon door knob/ nylon door knob 

ii . Heat & bacteria resistant polyamide / nylon privacy thumb turn thumb-turn 
with occupancy indicator. 

iii . Heat & bacteria resistant polyamide / nylon coat hook 

iv. Heat & bacteria resistant polyamide / nylon cover gravity hinges with 3 
choices of standard, gravity ɀto-open or gravity-to-close. 

v. Aluminium door stopper channel  

vi. Rubber door stopper lining. 

i. COMPARTMENT DIMENSIONS 

The compartment dimensions shall be as per site dimensions / detailed 
drawings. The contractor shall submit shop drawings for the approval of 
Engineer-in-charge prior to its execution at site. However, for guidance purpose, 
following are the representative dimensions subject to site conditions:-  
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¶ Width - 900 mm 

¶ Door - 600 mm 

¶ Depth - 1550 mm 

¶ Height - 2105 mm (including 150 mm gap from bottom) 

j. FINISHES 
HPL compact boards are available in a variety of brilliant colours and wood-
grains. The contractor shall get the finishes approved before execution of work 
at site. 

k. INSTALLATION 

)ÎÓÔÁÌÌÁÔÉÏÎ ÓÈÁÌÌ ÂÅ ÅØÅÃÕÔÅÄ ÕÎÄÅÒ ÔÈÅ ÓÕÐÅÒÖÉÓÉÏÎ ÏÆ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÉÔÅ 
ÓÕÐÅÒÖÉÓÏÒɉÓɊ ÁÎÄ ÓÈÁÌÌ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
installation instructions and in accordance with the instruction / approval of the 
Engineer-in-charge. 

l. METHOD OF MEASUREMENT  

Complete work of partitions shall be measured for floor area treated. This 
includes all partitions, doors and related fittings and accessories.  

 

26. High Pressure Laminates façade, walls and ceiling panelling system  

Max Exterior panels are duromer High-Pressure Laminates (HPL) in accordance with 
EN 438-6 Type EDF that are produced in lamination presses under great pressure and 
high temperature. Double-hardened acrylic PUR resins provide extremely effective 
weather protection that is particularly suitable for long lasting balconies and façade 
claddings. 

Descript ion / Composition  

Max Exterior Panels are high pressure laminates (HPL) according to European norm EN 
438. HPL are sheets consisting of layers of cellulose fibrous material (normally paper) 
impregnated with thermosetting resins and bonded together by the high pressure 
process.  

The process, defined as the simultaneous application of heat (І 120°C) and high specific 
pressure provides flowing and subsequent curing of the thermosetting resins to obtain a 
homogenous non porous material (І 1,35 g/cm³) with the required surface finish. 

Basically 2/3 of the HPL consists of paper and the remaining 1/3 of cured phenol-
formaldehyde resins for the core layers and melamine-formaldehyde resin for the 
surface layers plus an urethane-acrylic coating in case of HPL Exterior. 

The resins belonging to the group of thermosetting resins are irreversibly cross linked 
by chemical bonds formed during the curing process producing a nonreactive, stable 
material with characteristics which are totally different from those of its component 
parts. 

HPL are supplied in sheet form in a variety of sizes, thicknesses and surface finishes. 
Retardant F-quality, not containing halogens. 
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Standards: 

EN 438 ɀ 6 applies to Exterior-grade Compact laminates of thickness 2mm and greater. 
It specifies requirements for standard and flame-retardant laminates intended for use 
under outdoor weather conditions such as direct sunlight rain and frost. Two levels of 
performance are specified; one for moderate exterior conditions, and the other for 
severe exterior conditions. Laminates complying with this Part of EN 438 are referred to 
as Exterior-grade Compact laminates, and are characterized by their high tensile 
strength, high impact resistance, thermal shock resistance, and resistance to weather 
and corrosion.  

They are available in a variety of decorative colors, with high resistance to colour 
change and aging in outdoor applications. When they are self-supporting Exterior-grade 
Compact laminates are ready for installation, and only require cutting to size, drilling, 
etc. to suit the application. EN 438-2 specifies the methods of test relevant to this part of 
EN 438.EN 438 ɀ 7 (Norm Conformity) and CE Certificate. 

   Evaluation of conformity  

The compliance of a wall or ceiling panel/siding with the requirements of this standard 
and with the stated values or classes shall be demonstrated by: 

- Initial type testing; 

- Factory production control by the manufacturer, including product assessment. 

Products may be grouped into families where it is considered that a characteristic (or 
characteristics) is (are) Common to all products within the family. Compliance with the 
conditions of this annex is achieved, the certification of conformity (EC Certificate of 
conformity) is awarded to HPL Gmbh, and which entitles HPL Gmbh to affix the CE 
marking. 

   Properties :- 

Weather resistant to EN ISO 4892-2  

¶ lightfast acc. to EN ISO 4892-3  

¶ Double hardened  

¶ Scratch resistant                   

¶ Solvent resistant  

¶ Hail resistant  

¶ Easy to clean  

¶ Impact resistant EN ISO 178  

¶ Suitable for all exterior applications  

¶ Decorative  

¶ Self-supporting  

¶ Bending resistant EN ISO 178  

¶ Frost resistant -80°C to 180°C  

¶ Heat resistant -80°C to 180°C  
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¶ Easy to install  

 

Surfaces:- 

NT 

NH (Hexa)/NT (format 4100 x 1854 mm only) 

NG* (Gloss)/NG (Gloss) (format 4100 x 1300 mm only) 

Formats: - 

ωȭς ρȾτȱ Ø τȭ σȱ Ѐ σωȟςυ ÓÆ ɉςψππ Ø ρσππ ÍÍɊ 

ρσȭ υ ρȾψȱ Ø τȭ σȱ Ѐ υχȟττ ÓÆ ɉτρππ Ø ρσππ mm) 

ωȭς ρȾτȱ Ø φȭ υȾψȱ Ѐ υυȟχω ÓÆ ɉςψππ Ø ρψυτ ÍÍɊ 

ρσȭ υ ρȾψȱ Ø φȭ υȾψȱ Ѐ ψρȟφυ ÓÆ ɉτρππ Ø ρψυτ ÍÍɊ 

Core:- 

F-Quality, flame-retardant, colour brown 

Thicknesses:- 

Panels with double-sided decor: 

Thicknesses Tolerances (EN 438-6, 5.3) 

4,0 - 4,9 mm ± 0,3 mm 

5,0 - 7,9 mm ± 0,4 mm 

8,0 - 11,9 mm ± 0,5 mm 

12,0 - 13,0 mm ± 0,6 mm 

Storage and transport: - 

Storage and transport shall be in accordance with the general processing 
recommendations for HPL. No special precautions need to be taken. 

HPL are not classified as a hazardous product. No labelling is required. 

Handling and machining of HPL ɀ HPL:- 

The usual safety requirements of fabrication and machining have to be followed with 
regard to dust 
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- Dust separation, 

- Dust extraction, 

- Fire prevention etc. 

Because of the possibility of sharp edges protective gloves should be worn when handling 
Laminates. The contact with dust from HPL does not present any special problems, 
however a small percentage of personnel may be sensitive or even allergic to matching 
dust in general. 

Environmental and health aspects in use: - 

HPL are a cross-linked, duromer material that is chemically inert. Due to their very low 
permeability HPL act as a barrier against possible gaseous emissions. 

¶ HPL are approved for direct contact with foodstuff. 

¶ The decorative surface of HPL is resistant to all common household solvents and 
chemicals and has therefore been used for many years in applications where 
cleanliness and hygiene are demanded. 

¶ The non-porous surface is easy to disinfect with hot water, steam and all types of 
disinfectants used in hospitals and other commercial applications. 

Maintenance: - 

As HPL do not suffer from corrosion and oxidation, no further surface protection and no 
maintenance apart from cleaning is needed. 

HPL in case of fire:- 

HPL are difficult to ignite and have a low spread of flame. The evacuating time in case of 
fire is therefore prolonged. In case of lack of oxygen, the fire can produce toxic substances 
due to incomplete combustion as with any other organic material. HPL are also available 
in F-quality (fire retardant) and do not contain halogenated fire retardants. In case of fires 
in which HPL are involved, the same Fire Fighting techniques should be employed as with 
other wood based materials. 

Energy recovery: - 

Due to their high calorific value (18 ɀ 20 MJ/kg) HPL are ideal for thermal recycling. When 
burned completely at 700°C, HPL are transformed to energy, water and carbon dioxide. 

Well controlled burning processes are achieved in modern approved industrial 
incinerators 

Ashes of this process can be brought to control waste disposal sites. They do not contain 
heavy metals. 

Waste disposal: - 

HPL can be disposed on controlled waste disposal sites according to current national 
and/or regional regulations. 

Technical data  

¶ Physical -chemical characteristics  

Density ca. 1.35 g/cm3 
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Solubility: - insoluble in water, oil, organic solvents 

Calorific value 18-20 MJ/kg 

Ignition temperature ca. 400 °C 

Thermal decomposition above 250°. Depending upon burning conditions (lack of 
oxygen, temperature) toxic substances may be emitted; HPL do not melt 

Dangerous reactions: - none 

Heavy metals: - none 

¶ Storage, transport and handling  

HPL are classified as non-hazardous; there are no special requirements. 

Use gloves to protect from sharp edges and wear safety glasses when machining. 
No Special working equipment is necessary, except protections to minimize dust 
exposure in case of sheet machining 

9.2.3 Protection against fire: as with wood and wood based materials 

¶ Machining  

Exposure limit: dust below 2 mg/m3 

¶ Extinguishing media all common media applicable 

¶ Health information  

HPL are not considered to be dangerous for humans and animals. There is no 
evidence of toxicological effects and eco-toxicity. The surface is physiologically safe 
and approved for use in contact with foodstuff acc to EN1186. 

27. Façade System:- 

Introduction  to Façade System 

Rain screen façade is one of the most modern techniques of the cladding on the dead 
walls and dry wall. 

Today, rear-ventilated facades are amongst the most popular façade systems. In 
addition to their functional safety, architects value the design possibilities provided by 
the use of rear-ventilated facades. The system allows for a variety of facade claddings. 
The design can thus be individually harmonized with the characteristics of the 
building. Material combinations of various cladding materials can also be easily 
implemented. Rear-ventilated facade systems, which include the structural division of 
insulation and weather protection materials. These systems are thus less susceptible 
to damage than other facade systems. In addition, fire, noise and lightning protection 
requirements can be implemented easily and creatively. 

Technology Behind  

¶ The system is a form of double-wall construction. Outer layer to keep out the rain 
inner layer to provide thermal insulation, prevent excessive air leakage and carry 
wind load. 

¶ The outer layer breathes like a skin while the inner layer reduces energy losses. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 53 
 

¶ The structural frame of the building is kept absolutely dry, as water never reaches 
it or the thermal insulation.  

¶ Evaporation and drainage in the cavity removes water that penetrates between 
panel joints.  

¶ Water droplets are not driven through the panel joints or openings because the 
rain screen principle means that wind pressure acting on the outer face of the 
panel is equalized in the cavity. 

¶ The temperature is dispersed in the cavity and ventilated through the openings. 

Features of Rain Screen Façade 

¶ Energy Efficiency 

¶ Sustainability Efficiency 

¶ Thermal Insulation 

¶ Rain Protection  

¶ Protection against Moisture & Condensation.     

¶ Sound Insulation  

Advantage of Rain Screen Façade  

¶ Low maintenance costs. 

¶ Perfect thermal insulation. 

¶ Perfect weather resistant functions. 

¶ Increased fire safety, provided by the application of non-flammable and fire-
resistant materials. 

¶ Increased sound and vibration insulation decreased fundament loading due to the 
reduced wall thickness. 

¶ Minimum requirements to wall surface. (unevenness) 

¶ Exact cost estimation of the façade. 

¶ Installation under any weather conditions. 

¶ Long term value retention & appreciation of the building. 

 

28. Aluminium  Sub Construction: - 

Introduction  to Fixing system (LT syst em) 

,4 3ÙÓÔÅÍ ÍÁÉÎÌÙ ÃÏÍÐÒÉÓÅÓ ÏÆ Ȭ,ȭ Ǫ Ȭ4ȭ 0ÒÏÆÉÌÅÓȟ ÁÌÏÎÇ ×ÉÔÈ ÁÌÕÍÉÎÉÕÍ ÂÒÁÃËÅÔÓȟ -"% 
rivets & necessary accessories. Aluminium 6063T6 is mainly used for profile extrusion 
along with the brackets. 

6063T6 is an aluminium alloy with magnesium and silica as the alloying elements. The 
standard controlling its composition is maintained by the aluminium association. It 
has generally good mechanical properties and is heat treatable and viable. It is similar 
to the British aluminium alloy HE9. 
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This is mostly used for extruding shapes for architecture profiles, particularly Façade. 
It is typically produced with very smooth surfaces fit for anodizing. 

Profiles  & Bracket Finish  

¶ Ȭ,ȭ Ǫ Ȭ4ȭ 0ÒÏÆÉÌÅ ÁÒÅ "ÌÁÃË !ÎÏÄÉÚÅÄ ɀ 15 Microns 

¶ Aluminium Brackets are Natural Anodized.  

LT System ɀ Methodology  

¶ Primarily Aluminium bracket is fixed along with the separators to the finished wall 
using SS ɀ anchor fasteners. 

¶ 3ÔÁÎÄÁÒÄ Ȭ,ȭ Ǫ Ȭ4ȭ ɀ Profile is fixed to the Aluminium bracket using Self Drilling 
Screws. 

¶ Panel is fixed on Aluminium profiles using MBE rivets. 

¶ Installation of the panel must occur in a stress free manner using fixed and sliding 
points. 

¶ The panels must be mounted to adjacent panel using an expansion joint of 8mm. 

¶ For Rear ventilation system, required gap of minimum 200 cm2/ per meter. 

Advantages of LT System 

¶ Cost Effective. 

¶ Time Effective  

¶ Easy to Install. 

Types of LT System 

¶ LT ɀ 01 System  

¶ LT ɀ 02 System 

¶ LT ɀ 01 System  

Technical Specification Text for Installation  

Installation of Max Exterior panels will be done by MBE Rivets (with Fixed and Sliding 
0ÏÉÎÔÓɊ ×ÉÔÈ ÍÉÎÉÍÕÍ ÒÅÃÏÍÍÅÎÄÅÄ !ÌÕÍÉÎÉÕÍ Ȭ4ȭ ÓÅÃÔÉÏÎ ɉρππØφπØςÍÍÔÈËɊ ÁÎÄ Ȭ,ȭ 
section (60x40x2mm thk) held by Wall Bracket (90x80x65x4 ɀ 2 mm thk / 
175x80x65x4 ɀ 2 mm thk) with Wind load and Dead load slot as per design, anchored 
by standard Hilti/Fischer or equivalent make anchor fasteners along with Thermal 
Separator. 

Installation of HPL Panels will be done using Rear Ventilated Principles only which is 
ensured by providing gaps of 200 cm2 / Per meter (for free flow of air behind the 
façade) for the façade and using the framework with no horizontal section*. 
Projection from the Finish wall level to Finish façade: 90 mm to 130mm  

¶ LT ɀ 02 System  

Technical Specification Text  
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Installation of Max Exterior panels will be done by MBE Rivets (with Fixed and Sliding 
Points) with minimum recommended Aluminium T section (75x37x2.8 mm thk ) and L 
section (38x38x2.8mm thk) held by Wall Bracket (90x55x36x4 mm thk / 
175x55x36x4 mm thk) with Wind load and Dead load slot as per design, anchored by 
standard Hilti/Fischer or equivalent make anchor fasteners along with Thermal 
Separator. 

Installation of HPL Panels will be done using Rear Ventilated Principles only which is 
ensured by providing gaps of 200cm2 / Per meter (for free flow of air behind the 
façade) for the façade and using the framework with no horizontal section. 

All specification has to be approved by Authorized Façade Consultant. 

Projection from the Finish wall level to Finish façade: 50 mm to 70mm. 

Standards:- 

 This Structure design report is prepared to evaluate the Structure Performance of the 
Aluminium Frame Work to Support HPL Panels System to ensure the total Stability of 
the entire system.  

Structure Analysis is done utilizing Profiles of Extruded aluminium sections for a 
design Wind Pressure of  
Confirms to 6063 - T6 grade as per IS 8147-1976 
maximum permissible deflection of the aluminium members are taken as span /175 
as per IS 8147 -1976 

Fastening & Fixtures  

¶ Spacing Details 

The Spacing of the Rivets is different for different Applications. 

 

¶ Panel joints  

The joints must be made at least 8 mm wide so that changes in size can take place 
without hindrance. 

Element length = a 
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Element width = b 

A or b (in mm) = expansion clearance 

             500 

¶ Rivet details  

Rivets are from MBE, it must be put in place with a flexible mouthpiece of clearance 
0.3mm. 

Å Rivet pin: steel material-no. 1.4541 

Å Pull-ÏÆÆ ÓÔÒÅÎÇÔÈ ÏÆ ÒÉÖÅÔ ÐÉÎȡ Ѕ υȢφ +. 

Å Diameter of drill hole in Max Exterior panels 

Sliding points: 8.5 mm or as required 

Fixed points: 5.1 mm 

Diameter of drill hole in the Aluminium substructure: 
5.1mm 

 

¶ Sliding Point & Fixed Point  

The diameter of the drill hole in Max Exterior must be drilled larger than the 
diameter of the fastening, depending on the required expansion clearance. The 
head of the fastening must be big enough so that the drill hole in Max Exterior is 
always covered. The fastening is placed in such a way that the panel can move. 
Riveted with flexible mouthpiece. The defined clearance of the rivet head to the 
surface of the panel (0.3 mm) allows movement of the element in the drill hole. The 
Centre point of the drill hole in the sub construction must coincide with the Centre 
point of the drill hole in the Max Exterior panels. Drill with a centering piece. The 
fastenings should be put in place starting from the middle of panel outwards. 
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¶ Aluminium Sleeves  

This is used to convert sliding point to Fixed Point & is placed in the panel surface 
level. Expansion & Shrinkage are constrained.  

¶ Self - Treading  Screw 

These fastening are corrosion protected, used to fix the Aluminium profiles to 
Aluminium brackets. It makes excellent fasteners for attaching metals.  

  

 

These screws are used to fix Brackets on MS Structure. If the screw is reinstalled, 
new threads are not cut as the screw is driven. The screws shall be of HILTI / 
Equivalent make of size 5mm dia and 13mm in length (5mm x 13mm) 

 

 

Anchor Fastener  
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29. 3ÉÔÅ %ÑÕÉÐÍÅÎÔȭÓȡ - 

¶ Riveting Gun  

Gesipa 7250037 Accu bird  

14.4V li-ion Cordless 

Riveting Tool (1 Battery) 

Working range up to 

5mm rivets in all materials. 

Also BULBTITE rivets 4.0, 

5.2 and 6.3mm aluminium and steel. 

Will complete 1000 cycle.  

4.0mm aluminium rivets on a single Charge. 

Features 

o Cable less riveting tool for outdoor and indoor applications 

o High speed constant forward and backward jaw assembly movement, saves 
energy and increases setting frequency. 

o Highly reliable, total electric control and no mechanical switching. 

o Electronic temperature and overload monitoring. 

o Efficient agronomy ɀ ideal Centre of gravity position and low effort work 

o Easy operation - exchange nosepieces and wrench always on hand, compact 
and shockproof plastic housing 

¶ Cutting Machine for Panel Cutting  

Bosch GKS 230 

Rated power input 2,100 W 

No-load speed 5000 rpm 

Weight without cable 7.6 kg 

Saw blade bore 25 mm 

Saw blade diameter 235 mm 

Cutting depth 
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Cutting depth (90°) 85 mm 

Cutting depth (45°) 65 mm 

¶ Cutting Machine Drill bits  

¶ Flexible Mouth Piece  

The rivets are put in place with Flexible mouth piece. The defined clearance of the rivet 
head to the surface of the panel (0.3) allows movement of the element in the drill hole.  

30. SAMPLES OF MATERIALS:  

a. Sample of all materials/ fittings and fixture to be used in the work such as doors, 
windows, tiles, sanitary, water supply, drainage fittings and fixtures shall be 
submitted well in advance by the contractor for approval from the Engineer-in 
charge of work in writing before placing orders for the entire quantity required for 
completion of work. Samples approved by the EIC/ Client shall be kept in Sample 
Room under the charge of EIC and shall retain till completion of work. 

b. Finished items in respect of typical portion of works of repetitive nature such as 
typical room, toilet, railing, door, window or any other work desired by the 
engineer-in- charge shall be prepared by the contractor to the satisfaction of 
Engineer-in ɀ charge and got approved from him in writing before the 
commencement of these items for the entire work. 

c. The requirements for preparation of samples shall be observed and fulfilled by the 
contractor well in advance to avoid any detriment to the general progress of work. 
In other words, this will not be allowed to have any effects on the general progress 
of work or on any of the terms and conditions of the contract. No claims of any kind 
whatsoever including the claims of extension of time will be entertained due to the 
incorporation of this requirement.  

31. GRIHA REQUIREMENTS 

Materials shall be procured by the contractor keeping in view the recycled content to 
conform  the GRIHA requirements. 

32. VARIATION IN CONSUMPTION OF MATERIALS:  

The variation in consumption of material shall be governed as per CPWD specification 
and clauses of the contract to the extent applicable. 

33. MISCELLANCEOUS: -  

Materials manufacture by reputed firms and approved by Engineer ɀ in charge shall 
ÏÎÌÙ ÂÅ ÕÓÅÄȢ /ÎÌÙ ÁÒÔÉÃÌÅÓ ÃÌÁÓÓÉÆÉÅÄ ÁÓ Ȱ&ÉÒÓÔ 1ÕÁÌÉÔÙȱ ÂÙ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÓ ÓÈÁÌÌ ÂÅ 
used unless otherwise specified. Preference shall be given to those articles which bear 
ISI certification marks. In case articles bearing ISI certification marks are not available 
the quality of sample brought by the contractor shall be judged by the standards laid 
down in the latest CPWD specifications. For items not covered by the latest CPWD 
specification, relevant ISI standards shall apply. 

34. TESTS: 

a. Materials brought at site of work shall not be used in the work before getting 
satisfactory test results for Mandatory tests as per relevant provisions in Latest 
CPWD Specifications for works. Normally, part rate payment shall be allowed in 
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the running account bills only if the materials are tested and test results are found 
to be satisfactory to by the Engineer-in-charge. These tests shall be got done from 
laboratories certified and approved by competent central/state Governments or 
the laboratory set up by the contractor at site as per directions of EIC/ Consultant.  

b. The Engineer - in - charge of work shall check the test results and satisfy himself 
before allowing any payment in the running /final bill. 

35. SIGNAGE &ASSOCIATED WORKS 

a. Signage (Internal & External)  

i. The scope of the work includes preparation of the shop drawings (based on 
the architectural drawings), fabrication, supply, installation and protection of 
the Signage, till completion and handing over of the work. 

ii . The item of work for the respective signage shall be conforming to BOQ. 
However the rate shall cover all operations, fabrications and their 
installations and materials required for finished product and nothing extra 
shall be payable on this account.  

iii . The signage work shall be got executed through specialized fabricator having 
experience of similar works. Thecontractor shall submit the credentials of 
such fabricator for the approval of the Engineer-in-Charge. 

iv. The contractor shall submit the Design, Size and installation procedure along 
wit h samples to Engineer-in-Charge for approval. Approved samples will be 
kept at site till the whole work is completed. Engineer-in-Charge has right to 
modify the design of the approved samples also during the entire period of 
the contract without change in rates etc. and  is bound to follow these written 
instruction/ changes in design/ size etc. from Engineer-in-Charge. 

v. The typical patterns shown in the Bill of Quantities are only indicative. The 
contractor shall submit shop drawings, for approval of the Engineer-in-
Charge, for fabricating signage with detailing of frame work, if any, along with 
the fixing details. The details of the signage including location, etc. shall be 
shown in the shop drawings. 

vi. The contractor shall procure and submit to the Engineer-in-Charge, samples 
of various materials for the signage work, for approval. After approval of 
samples of materials, the contractor shall prepare sample(s) for approval of 
Engineer-in-Charge. The material shall be procured and the mass work taken 
up only after the approval of the mock up by the Engineer-in-Charge. The 
mock-up shall be dismantled and removed by the contractor as per the 
directions of the Engineer-in-Charge. Nothing extra shall be payable on this 
account. 

vii . The finished surface shall be free of any defects like dents, waviness, 
scratches, stains etc. and shall have uniform finish. Any defective work shall 
be rejected and redone by thecontractor at his own cost. The finished surface 
shall therefore be protected using protective tape which shall be removed at 
the time of completion of the work. The surface shall then be suitably cleaned 
using nonabrasive approved cleaner for the material. Nothing extra shall be 
payable on this account. 
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viii . The item includes the cost of all inputs of labour, materials, T & P other 
incidental charges, wastages etc. The items also included providing and fixing 
with stainless steel anchor fasteners or other suitable arrangement for fixing 
the signage. 

ix. The item includes the cost of all inputs of labour, materials, T&P, other 
incidental charges, wastage etc. The entire work shall be carried out to the 
satisfaction of Engineer-In-Charge. 

b. External  Signage 

i. The electrical power supply points, if required, for operation of the signage 
shall be provided by the Client.  

ii . The contractorshall submit the design for the support structure, including 
foundations, if required, for the approval of the Engineer in Charge and 
nothing extra shall be paid to the contractor on this account. 
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CHAPTER- C 

TECHNICAL SPECIFICATIONS- PLUMBING & SANITARY WORKS 

 

SECTION 1 GENERAL REQUIREMENT 

1. Scope of work 

The work shall in general conform to the Latest CPWD Specifications for works as 
ÍÅÎÔÉÏÎÅÄ ÉÎ 3ÃÈÅÄÕÌÅ Ȭ&ȭ ÏÆ ÔÈÅ '##Ȣ 7ÏÒË ÕÎÄÅÒ ÔÈÉÓ #ÏÎÔÒÁÃÔ ÓÈÁÌÌ ÃÏÎÓÉÓÔ ÏÆ ÆÕÒÎÉÓÈÉÎÇ 
all labour, materials, equipment and appliances necessary and required. The  is required 
to completely furnish all the plumbing and other specialized services as described 
hereinafter and as specified in the schedule of quantities and/or shown on the plumbing 
drawings. 

 

SECTION 2  PLUMBING FIXTURES 

1. General 

a. Work under this Part shall consist of furnishing all materials & labour necessary 
and required to completely install all sanitary fixtures, chromium plated fittings 
and accessories as required by the drawings and specified in the Bill of Quantities. 

b. Without restricting to the generality of the foregoing the sanitary fixtures shall 
include the following:- 

i. Sanitary fixtures   

ii . Shower trays  

iii . Chromium plated fittings 

iv. Porcelain or stainless steel sinks 

v. Accessories e.g. towel rods, toilet paper holders, soap dish etc. 

vi. Whether specifically mentioned or not, the rates quoted for the installation of 
the fixtures, appliances and accessories  shall be provided with all  fixing  
devices, nuts, bolts, screws, hangers ,fasteners as required.  

vii . All exposed pipes within toilets and near fixtures shall be chromium plated 
brass or copper unless otherwise specified. 

2. General 

a. All sanitary fixtures, CP Fittings and CP/SS accessories shall be supplied at site of 
×ÏÒË ÁÓ ÐÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒÓȭ ÓÔÁÎÄÁÒÄ ÓÕÐÐÌÙȢ 

b. All fixtures and fittings shall be provided  with all such accessories and fixing 
devices as are required to complete the item in working condition, even if the same 
is not specifically  mentioned the Bill of Quantities, Specifications or shown on the 
drawings. The rate quoted will include all devices for proper fixing arrangement, 
nuts, bolts, screws and required connection pieces etc.  

c. Fixing screws shall be half round head stainless steel wood screws or bolts with 
Stainless Steel washers. Iron screws rust and will not be permitted.  
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d. All fittings and fixtures shall be fixed in a neat workmanlike manner true to level 
ÁÎÄ ÈÅÉÇÈÔÓ ÓÈÏ×Î ÏÎ ÔÈÅ ÄÒÁ×ÉÎÇÓ ÁÎÄ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
recommendations. Care shall be taken to fix all inlet and outlet pipes at correct 
positions.  Faulty locations shall be made good and any damage to the finished 
floor, tiling or terrace shall be made good at contractor's cost. 

e. The contractorshall provide poly-sulphide sealant appropriate for its use for all 
fixtures fixed near wall, marble core seal and edges. 

3. Water Closets  

a. European W.C. 

i. W.C. shall be any one of the following types:  

¶ Wall  hung wash down or  

¶ single or double siphon type or 

¶ As per BOQ 

ii . Each W.C. set shall be provided with an approved type of plastic/wooden seat 
of approved finish compatible and fitting appropriately with the WC set with 
rubber buffers and hinges. The WC seat shall be those approved and accepted 
for fixing on a particular type of WC.  

iii . The seat shall be so fixed that it remains absolutely stationary in vertical 
position without falling down on the W.C. 

iv. The edge between the fixture and the wall shall be sealed with approved type 
of poly-sulphide sealant.  

b. Health faucet/spray  (Optional)  

A chromium plated spray with integral hand control valve and connected to a flexible 
pipe and angle valve with wall flange and hook are fixed as shown on the drawings or 
directed by the Engineer-in-charge. The angle valve and flange shall be paid under 
relevant item with abulation tap. 

4. Wash Basins 

a. Wash basins shall wall mounted type or for under over/counter installation as 
specified in the BOQ. 

b. Each basin shall be supported on MS galvanized or painted C.I. brackets and the 
basin securely fixed to wall or under/above counter installation. The design of the 
brackets shall suit the basin selected and as recommended by the manufacturer. 

c. Each basin shall be provided with 32 mm dia. C.P. waste with overflow/ pop-up or 
standard waste with rubber plug and chain, 32 mm dia. C.P. brass bottle trap with 
CP pipe to wall and flange as specified in the BOQ. 

d. The edge between the fixture and the wall or the counter shall be sealed with 
approved type of poly-sulphide sealant  

e. Washbasins shall be fixed at proper heights as shown on drawings. If height is not 
specified, the rim level shall be 79 cm or as directed by Engineer-in-charge. 
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f. Each washbasin connection (separately for hot and cold) shall be provided with 
angle valves with CP wall flange and CP connecting pipe and of required length.  

5. Sinks 

a. Sinks used shall be of any of the following types: 

b. For kitchens, pantries, and designated utility rooms the sinks shall be stainless 
steel sinks with or without drain boards. 

c. Each sink shall be supported by MS galvanized or painted C.I. brackets and clips 
and the basin securely fixed to wall or on the counter. The design of the brackets 
shall suit the basin selected and as recommended by the manufacturer. 

d. Stainless steel sinks shall be provided with 40 mm dia. C.P. basket waste with plug 
ɉÁÓ ÓÕÐÐÌÉÅÄ ÂÙ ÍÁÎÕÆÁÃÔÕÒÅÒɊȟ τπ ÍÍ ÄÉÁȢ #Ȣ0Ȣ ÂÒÁÓÓ Ȱ0ȱ ÔÒÁÐ ×ÉÔÈ #0 ÐÉÐÅ ÔÏ ×ÁÌÌ 
and flange. 

e. Each sink shall be provided with hot & cold CP mixer with approved type of a neck 
spout or individual taps as directed by the Engineer-In-Charge.  

6. Shower set 

a. Shower set shall comprise of hot & cold water mixer, C.P. shower arm with wall 
flange and shower head adjustable type. 

b. Mixer shall be exposed type, single lever, concealed stop cocks with diverter and 
spout as selected by the Engineer-in-charge.  

7. Accessories 

a. Accessories shall be of any of the following types: 

i. Towel rails 

ii . Towel rings 

iii . Coat hooks 

iv. Soap dispensers 

v. Soap dishes  

b. Accessories shall be fixed with stainless steel half round head screws and cup 
washers in wall with rawl plugs or nylon sleeves and shall include cutting and 
making good. 

c. Porcelain accessories shall be fixed in walls and set in cement mortar 1:2 (1 
cement: 2 coarse sand) and fixed in relation to the tiling work. The flange of the 
recessed fixture shall cover the recess in the wall fully.  

8. Measurement & Rates  

a. Sanitary fixtures shall be measured by numbers or as specified in BOQ. 

b. Rates for all items mentioned above shall be inclusive of cutting holes and chases 
and making good the same, stainless steel screws, nuts, bolts, fastener and any 
fixing arrangements required and recommended by manufacturers, testing and 
commissioning. 
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SECTION 3 SOILS, WASTE, VENT & RAINWATER PIPES & FITTINGS 

 

1. Scope of work 

a. Work under this Part shall consist of furnishing all labour, materials, ÅÑÕÉÐÍÅÎÔȭÓ 
and appliances  necessary and required to completely install all soil,  waste, vent 
and rainwater  pipes  and fittings as  required  by  the drawings, and given in the 
Schedule of Quantities. 

b. Without restricting to the generality of the foregoing, the system shall include the 
following:- 

i. Vertical and horizontal soil, waste, vent and rain water pipes, and fittings, 
joints, clamps and connections to fixtures. 

ii . C.I. Soil & uPVC rainwater pipes. 

iii . Connection of all pipes to sewer lines as shown on the drawings at ground floor 
levels. 

iv. Floor and urinal traps, cleanout plugs, inlet fittings and rainwater heads/ 
Khurras. 

v. Testing of all pipe lines.  

2. General requirements  

a. All materials shall be new of the best quality conforming to specifications and 
subject to the approval of Engineer-in-charge. 

b. Pipes and fittings shall be fixed truly vertical, horizontal or in slopes as required in 
a neat workmanlike manner. 

c. Pipes shall be fixed in a manner as to provide easy accessibility for repair and 
maintenance and shall not cause obstruction in shafts, passages etc. 

d. Pipes shall be securely fixed to walls and ceilings by suitable clamps intervals 
specified. 

e. Access doors for fittings and cleanouts shall be so located that they are easily 
accessible for repair and maintenance. 

3. Piping System  

a. Soil, Waste & Vent Pipes   

i. The  Soil  & Waste pipe system above ground  has  been  planned as a  "two pipe 
system" as defined in BIS: having  separate  pipes for waste for  kitchen  sinks, 
showers,  washbasins, AHU's condensate drains and floor drains and is 
approved by Engineer-in-charge. 

ii . All waste water from AHU's plant and pump rooms, floor channels  in  
basements will be provided with  a  deep seal  trap  before  connecting to the  
main  drain  or vertical stack. 

iii . Vertical soil & waste stacks shall be connected to a common horizontal drain 
pipe at basement ceiling or to an external manhole directly where feasible and 
shown on the drawings. 
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b. Rainwater Pipes  

i. All terraces shall be drained by providing down-takes rainwater pipes.  

ii . Rainwater pipes are separate and independent and connected to the storm 
water drainage system as shown on the drawings.  

iii . Rainwater in enclosed courtyards shall be collected in catch-basins and 
connected to storm water harvesting chambers as shown in drawings.. 

iv. Any dry weather flow from waste appliances, AHU's pump rooms, shall not be 
connected to the sewerage system. 

c. Balcony/Planter drainage  

All balconies, terraces, planters and other formal landscape areas will be drained 
by vertical down takes as per the landscape/architectural drawings and details. 

d. Cast iron pipes & fittings (for Soil, waste, anti-siphon age pipes)  

i. All pipes shall be straight and smooth and inside free from irregular bore, blow 
holes, cracks and other manufacturing defects. Pipes shall   be centrifugally 
spun iron soil pipes conforming to sand cast to I.S. 3989. 

ii . Standard weight dimensions shall be as follows:- 

a. Sand Cast Iron Pipes & Matching Fitting shall be in conformity to   I.S. 1729  

b. Centrifugally cast (spun) iron pipes and fittings in conformity to I.S.  3989. 

c. Hubless Centrifugally cast (spun) iron pipes epoxy coated inside and 
outside IS : 15905 

e. uPVC pipes & fittings   (For Rain Water Pipes etc.)  

i. Where specified, Polythene pipes shall be uPVC pipes confirming to I.S: 4985-
2000. The details of the nominal outer diameter, weight and working pressure 
shall be as per the standards, for the respective pressure rating as specified in 
the B.O.Q. 

ii . Polythene pipes may be cold bending to a radius of not less than eight times of 
their external diameter. Pipes bent for smaller radius may be made by hot 
bending. 

iii . Fittings used for Polythene pipes shall be compression moulded fittings 
matching to the above specifications. 

f. Jointing 

i. All Polythene pipes shall be Drip seal/Sealant and jointed as per manufaÃÔÕÒÅÒȭÓ 
specifications and relevant I.S codes. 

ii . All pipes shall be tested after installation for a pressure equal to twice the 
ÍÁØÉÍÕÍ ×ÏÒËÉÎÇ ÐÒÅÓÓÕÒÅ ÉÎ ÔÈÅ ÌÉÎÅ ÁÓ ÐÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÐÅÃÉÆÉÃÁÔÉÏÎÓȢ 

g. Fittings  

i. Fittings shall conform to the same Indian Standard as for pipes. Pipes and 
fittings must be of matching IS Specification. Interchange of pipes of one 
standard with fittings on the other standard will not be permitted. 
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ii . Fittings shall be of the required degree of curvature with or without access 
door. 

iii . Access door shall be made up with 3 mm thick insertion rubber washer and 
white lead. The bolts shall be lubricated with grease or white lead for easy 
removal later. The fixing shall be air and water tight. 

h. Fixing  

i. All vertical pipes shall be fixed by structural support clamps truly vertical. 
Branch pipes shall be connected to the stack at the same angle as that of the 
fittings. No collars shall be used on vertical stacks. Each stack shall be 
terminated at top with a cowl (terminal guard). 

ii . Horizontal pipes running along ceiling shall be fixed on structural adjustable 
clamps (Clevis clamps) of special design shown on the drawings or as directed. 
Horizontal pipes shall  be laid  to  uniform  slope  and  the  clamps  adjusted  to  
the proper levels so that  the pipes fully rest on them. 

iii . The contractorshall provide all sleeves, openings, hangers, inserts during the 
construction.  He shall provide all necessary information to the Engineer-In-
Charge/Building for making such provisions in the structure as necessary. All 
damages shall be made good to restore the surfaces. 

4. Traps  

a. Floor traps  

Floor traps shall be siphon type full bore P or S type cast iron having a minimum 50 
mm deep seal. The trap and waste pipes shall be set in cement concrete blocks 
firmly supported  on the structural floor.  The  blocks  shall  be in 1:2:4 mix (1 
cement :2 coarse sand : 4  stone  aggregate  20  mm nominal size) and extended to 
40 mm below finished floor level.  shall provide all necessary shuttering and 
centring for the blocks. Size of the block shall be 30x30 cm of the required depth. 

b. Urinal traps  

Urinal traps /horn shall be cast iron P or S traps with or without vent and set in 
cement concrete block specified for floor traps. 

c. Floor trap inlet  

Bath room traps and connections shall ensure free and silent   flow of discharging 
water. Where specified,  shall provide a special type inlet fitting fabricated from G.I. 
pipe without, with one, two or three inlet sockets welded on side to connect the 
waste pipe. Joint between waste and hopper inlet socket shall be Drip Seal. Inlet 
shall be connected to a C.I. P or S trap.  Floor trap inlet hoppers and the traps shall 
be set in cement concrete blocks as specified in para above without extra charge. 

d. Gratings for traps     

Floor and urinal traps shall be provided with 100-150mm square or round C.P. / 
Stainless steel grating, with rim of approved design and shape as per BOQ.   

e. Jointing  
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Soil, waste, vent and anti-siphonage pipes shall be jointed with Lead joint/Drip seal 
joint as mentioned in the BOQ. The following minimum procedures shall be 
complied with while making the pipe joints:- 

i. Ensure that the pipes are clean internally and undamaged. 

ii . The pipes shall be cut square with sharp tools. 

iii . The cut ends of the pipes shall be filed/ reamed and finished smooth. 

iv. Any deformed ends shall be re-rounded. 

v. It shall be ensured that the pipe ends shall enter the fittings and sockets to full 
depth of the jointing area. 

vi. The pipe work shall be assembled in a manner such that it does not entail 
making of joints in restricted locations. 

vii .  Each metal pipe spigot shall be cantered with three lightly wedged pieces of   
hardwood or folded lead. 

viii . The jointing surfaces shall be cleaned to remove any coatings or cutting oils, 
etc. 

f. Floor Trap Inlet /GI Inlet Fitting:  

Traps and connections shall ensure free and silent flow of discharging water. 
Where specified, contractor shall provide a special type cast iron or G.I. inlet 
hopper without or with one or two or three inlet sockets to receive the waste pipe. 
Joint between G.I. waste pipe and hopper inlet socket shall be Drip seal joint. 
(ÏÐÐÅÒ ÓÈÁÌÌ ÂÅ ÃÏÎÎÅÃÔÅÄ ÔÏ Á #) Ȭ0ȭ ÏÒ Ȭ3ȭ ÔÒÁÐ ×ÉÔÈ ÁÔ ÌÅÁÓÔ υπÍÍ ÓÅÁÌ ɉÈÏÐÐÅÒ ÁÎÄ 
traps shall be paid for separately). Floor trap inlet hoppers and the traps shall be 
set in cement concrete blocks/and supports as required for Floor trap above shall 
be provided without any extra charge. 

5. Cleanout Plugs  

a. Cleanout Plug on soil pipes  

Clean out plug for Soil, Waste or Rainwater pipes laid under floors shall be 
provided near pipe junctions benÄÓȟ ÔÅÅÓȟ Ȱ9Óȱ ÁÎÄ ÏÎ ÓÔÒÁÉÇÈÔ ÒÕÎÓ ÁÔ ÓÕÃÈ 
intervals as required as per site conditions. Cleanout plugs shall terminate flush 
with the floor levels. They shall be threaded and provided with key holes for 
opening. Cleanout plugs shall be Cast Brass suitable for the Pipe dia. With screwed 
to a G.I. socket. The socket shall be Drip seal caulked to the drain pipes.  

b. Cleanout Plug on Drainage Pipes 

i. Cleanout plugs shall be provided on starting point of each drain and in between 
at locations indicated on plans or directed by the Engineer-in-charge. Cleanout 
plugs shall be of size matching the full bore of the pipe but not exceeding 150 
mm dia. Cleanout Plugs on drains of greater diameters shall be 150 mm dia. 
Fixed with a suitable reducing adapter.  

ii . Cleanout Plug at Ceiling Pipes: - Cleanouts provided at ceiling level pipe shall be 
fixed to a CI flanged tail piece. The cleanout doors shall be specially fabricated 
from light weight galvanised sheets and angles with hinged type doors with fly 
nuts, gasket etc., as per drawing. 
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6. Waste pipe from appliances  

a. General  

i. Waste pipe from appliances e.g. washbasins, sinks and urinals shall be of heavy 
galvanized steel as given in the Schedule of Quantities or shown on the 
drawings. 

ii . All pipes shall be fixed in gradient towards the outfalls of drains. Pipes inside a 
toilet room shall be in chase unless otherwise shown on drawings.  Where 
required pipes may be run at ceiling level in suitable gradient and supported on 
galvanized structural clamps.  Spacing for clamps for such pipes shall be as per 
good engineering practice approved by the Engineer-In-Charge.  

b. Galvanized pipes  

Waste pipes from appliances shall be galvanized steel tubes conforming to I.S.1239 
(Heavy class) and quality certificates shall be furnished. Pipes shall be provided 
with all required fittings e.g. tees, couplings, bends, elbows, unions, reducers, 
nipples, plugs. All G.I. waste pipes shall be terminated at the point of connection 
with the appliance with an outlet of suitable diameter. Pipes in chase shall be 
wrapped with bitumen tape and then painted with two coats of black bitumen 
paint. Exposed pipes with one coat of Zinc chromate with etch coating primer and 
two or more coats of synthetic enamel paint or as given in the Schedule of 
Quantities. Colour shall be as per the approved colour code. 

 

7. Cast iron pipes for drainage  

a. All drainage lines passing under building, in exposed position above ground e.g. 
basement ceiling etc. shall be cast iron pipes. Position of such pipes shall generally 
be shown on the drawings. 

b. Cast iron pipes shall be spigot & socket (S&S) centrifugally spun iron pipes 
conforming to I.S.  1536. (Class LA). Quality certificates shall be furnished. 

c. Fittings  

Fittings used for C.I. drainage pipe shall conform to I.S. 1538 (Heavy class). 
Wherever possible, junction from branch pipes shall be made by a Y- tee. 

d. Joints 

i. Joints between pipes shall be made with pre-moulded rubber joints (Tyton 
Joints) supplied by the manufacturer to ensure compatibility and water 
tightness. 

ii . Joints between pipes and fittings shall be made by caulked spun yarn dipped in 
tar and molten drip seal 45 mm deep by hammering with caulking tools. 

8. Encasing pipe in Cement Concrete  

Cast iron soil and waste pipes under floor in sunken slabs and in wall chases (when cut  
specially  for  the pipe) shall be encased in cement concrete 1:2:4 mix (1 cement : 2 
coarse sand :4 stone aggregate 12 mm size) 75 mm in bed and all-round. When pipes 
are running well above the structural slab, the encased pipes shall be supported with 
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suitable cement concrete pillars of required height at intervals of 1.8 m.  Rate for 
concrete round pipes shall be inclusive of pillars, supports, shuttering and centring. 

9. Painting  

a. All cast  iron, soil,  waste  vent, anti-siphon age  and rainwater pipes in exposed  
location  in  shafts and pipe  spaces   shall   be  painted with two or  more  coats  of  
synthetic enamel  paint to over a priming coat to give an even shade. 

b. Paint shall be of approved quality and shade. Where directed pipes shall be painted 
in accordance with approved pipe colour code.    

c. G.I. waste pipes in chase shall be painted with two coats of bitumen paint, covered 
with polythene tape and a final coat of bitumen paint. Exposed pipes shall be 
painted with two or more coats of synthetic enamel paint over each priming coat. 

d. C.I. soil and waste pipes below ground and covered in cement concrete or lead 
pipes shall not be painted. 

10. Cutting and making good  

a. Pipes shall be fixed and tested as building proceeds.   

b. The contractorshall provide all necessary holes cut outs and chases in structural 
members as building work proceeds. Wherever holes are cut or left originally, they 
shall be  made good with cement concrete 1:2:4 (1 cement: 2 coarse  sand: 4 stone 
aggregate 20 mm nominal size) or brick work in  cement mortar 1:2 (1 cement: 2 
coarse sand) and the  surface  restored as in original condition.  

11. Testing  

a. Testing procedure specified below apply to all soil, waste and vent pipes above 
ground including C.I. LA pipes laid in basement ceiling. 

b. Entire drainage system shall be tested for water tightness during and after 
completion of the installation. No portion of the system shall remain untested must 
have adequate number of expandable rubber/bellow plugs, manometers, smoke 
testing machines, pipe and fitting work test benches and any other equipment 
necessary and required to conduct the tests. All testing shall be certified for its 
calibration by an approved laboratory.  

c. All materials obtained and used on site must have manufacturer's hydraulic test 
certificate for each batch of materials used on the site. All testing equipment must 
be calibrated and shall carry certificate from an approved laboratory. 

d. Testing soil, waste and rainwater pipes  

i. Apart  from factory test all pipes and fittings  shall  be  hydraulically tested for a 
head of 3 m  preferably  on  a  specially set up work  bench.   After applying 
pressure, strike the pipe with a wooden pallet and inspect for blow holes and 
cracks.  Pressure may be applied for about 2 minutes.  Reject and remove all 
defective pipes. 

ii . After installation all connections from fixtures, vertical stacks and horizontal 
drains including C.I. LA pipes shall be tested to a hydraulic pressure not 
exceeding 3 m. Such tests shall be conducted for each floor separately by 
suitable plugs. 
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iii . The entire installation shall be tested by smoke testing machine. The test can be 
conducted after the plumbing fixtures are installed and all traps have water 
seal or by plugging all inlets by bellow plugs. Apply dense smoke keeping the 
top of stack open an observe for leakages.  Rectify or replace defective sections. 

iv. After the installation is fully complete, it should be tested by flushing the toilets, 
running at least 20% of all taps simultaneously and ensuring that the entire 
system is self-draining, has no leakages, blockages etc. Rectify and replace 
where required. 

e. The contractorshall maintain a test register identifying date and time of each area.  
All tests shall be conducted in presence of Engineer-in-charge and signed by both. 

12. Measurements  

a. General  

i. Rates for all items quoted shall be inclusive of all work and items given in the 
specifications and Schedule of Quantities.   

ii . Rates are applicable for the work under floors, in shafts at ceiling level area for 
all heights and depths. 

iii . Rates are inclusive of cutting holes and chase in RCC and masonry work and 
making good the same. 

iv. Rates are inclusive of pre testing, on site testing, of the installations, materials 
and commissioning of the works. 

v. Pipes (Unit of measurement, linear meter to the nearest Centimetre) or as 
specified in CPWD specifications. 

b. All C.I.  Soil, waste, vent, anti-syphonage and rain water pipes   shall   be   measured 
net when fixed correct to a centimetre including all fittings along its length.  No  
allowance  shall   be  made  for  the  portions  of pipe lengths entering the sockets of  
the  adjacent  pipes or fittings. The above will  apply  to  both  case i.e. whether 
pipes are fixed  on wall  face  or pillars or  embedded in masonry  or  pipes  running  
at ceiling level. 

c. Pipes shall be measured per running metre correct to a centimetre for the finished  
work which shall include fittings e.g. bends, tees, elbows, reducers, crosses, 
sockets, nipples and nuts. The length shall be taken along centre line of the pipes 
and fittings. All pipes and fittings shall be classified according to their diameter, 
method of jointing and fixing substance, quality, and finish. The diameters shall be 
nominal diameter of internal bore. The pipes shall be described as including all 
cutting and waste. In case of fittings of unequal bore, the largest bore shall be 
measured. 

d. Cement concrete around pipes shall be measured along  the  centre  of  the pipe 
line measured per linear metre  and include  any masonry supports,  shuttering 
and  centring cutting   complete   as   described   in   the   relevant  specifications. 

e. Slotted angles/channels shall include support bolts, nuts and clamps embedded in 
masonry walls with cement concrete blocks and nothing extra will be paid for 
making good the same. 

f. Fittings 
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Unit of measurement shall be the number of pieces. Pipe fittings are included in the 
rate for pipes. Urinal   traps, trap gratings, hoppers, cleanout plugs shall be 
measured by number per piece and shall include all items described in the relevant 
specifications and Schedule of Quantities. 

g. Painting 

Painting of pipes shall be measured per running metre and shall be inclusive of all 
fittings and clamps.  No deduction for fittings shall be made. 

h. Excavation for soil pipes  

No payment shall be admissible with respect to excavation, refilling and disposal of 
surplus earth for cast iron soil and waste pipes laid below ground, in sunken slabs. 

i. Engineer-in-ÃÈÁÒÇÅȭÓ ÄÅÃÉÓÉÏÎ ×ÉÔÈ ÒÅÓÐÅÃÔ ÔÏ ÔÈÅ ÃÏÒÒÅÃÔ ÉÎÔÅÒÐÒÅÔÁÔÉÏÎ ÒÅÇÁÒÄÉÎÇ 
mode of measurement shall be final and binding on thecontractor. 

 

SECTION 4  WATER SUPPLY SYSTEMS 

1. Scope of work  

a. Work  under  this  section  consists  of  furnishing  all labour,  materials equipment 
and appliances necessary and  required to completely install the water supply 
system as  required by the drawings, specified hereinafter and given in the 
Schedule of Quantities. 

b. Without restricting to the generality of the foregoing, the water supply system shall 
include the following:- 

i. Rising main from water supply pumps to all overhead tanks.  

ii . Distribution system from overhead tank to all fixtures and appliances for cold & 
hot water. 

iii . Insulation to hot water pipes within toilets. 

iv. Connections to all plumbing fixtures, and appliances. 

 

2. General requirements  

a. All materials shall be new of the best quality conforming to specifications. All 
works executed shall be to the satisfaction of the Engineer-in-charge. 

b. Pipes and fittings shall be fixed truly vertical, horizontal or in slopes as required in 
a neat workmanlike manner. 

c. Short or long bends shall be used on all main pipe lines as far as possible. Use of 
elbows shall be restricted for short connections. 

d. As far as possible all bends shall be formed by means of a hydraulic pipe bending 
machine for pipes up to 25 mm dia. Bends and elbows may be used for pipe dia. 
greater than 32 mm.  

e. Pipes  shall  be  fixed in a manner as  to  provide  easy  accessibility  for  repair and 
maintenance and shall  not  cause obstruction in shafts, passages etc. 
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f. Pipes shall be securely fixed to walls and ceilings by suitable clamps at intervals 
approved by the Engineer-In-Charge. 

g. Valves and other appurtenances shall be so located as to provide easy accessibility 
for operations, maintenance and repairs. 

3. Water Supply System  

a. The contractor should study the site plan and water supply system diagram for 
overviews of the system. 

b. Source  

i. Water supply will be acquired from Municipal Main supply / Bore well. 

ii . The rising mains will be connected to the main fire static tank and then 
overflow into the main domestic water tank.  

c. Water supply piping for garden hydrant and sprinkler and irrigation system will be 
separate and   independent connected to a different pumping system. 

4. G.I./ CPVC Pipes & Fittings  

a. All pipe inside the building and where specified, outside the building shall be 
galvanized / CPVC steel tubes conforming to I.S. 1239 of class specified. When class 
is not specified they shall be heavy class. 

b.  Fittings shall be malleable iron galvanized / CPVC of approved make. Each fitting 
ÓÈÁÌÌ ÈÁÖÅ    ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÔÒÁÄÅ ÍÁÒË ÓÔÁÍÐÅÄ ÏÎ ÉÔȢ &ÉÔÔÉÎÇÓ for G.I. /CPCV pipe 
shall include couplings, bends tees, reducers, nipples, union and bushes. Fittings 
shall conform to I.S. 1879-(Section I to X). 

c. Pipe and fittings shall be joined with screwed joints, after cutting a pipe with a 
hacksaw or a cutting machine care shall be taken to remove burr from the end of 
the pipe after reaming with a proper file. 

d. Pipe threaded joints will be made by applying suitable grade of TEFLON tape used 
for drinking water supply. (Use of red and white lead sutli will not be permitted for 
screwed joints) 

e. All pipes shall be fixed in accordance with layout and alignment shown on the 
drawings. Care shall be taken to avoid air pockets. G.I./CPCV pipes inside shall be 
fixed in wall chases well above the floor. No floor shall be run inside a sunken floor 
as far as possible. Pipes may be run under the ceiling or floors and other areas as 
shown on drawings.  

f. Clamps 

i. G.I / CPVC pipes in the shaft and other locations shall be supported by clamps 
of design approved by Engineer-In-Charge. Pipes in wall chases shall be 
anchored by hooks. Pipes at ceiling level shall be supported on structural 
clamps. 

ii . Spacing of clamps, hooks etc. Shall be as per good engineering practice 
approved by the Engineer-in-charge    

g. Unions  
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The contractorshall provide adequate number of unions on pipes 50mm and below 
to enable easy dismantling later when required .Unions shall be provided near each 
gunmetal valve, stop clock, or check valve and go on straight runs as necessary at 
appropriate locations as required and /or direct by Engineer-In-Charge. 

h. Flanges 

i. Flanged connections shall be provided on pipes 65 mm and above as required or 
where shown on the drawings generally as follows: 

¶ On straight runs not exceeding 30 m, near bends and at connections to main 
branch lines.   

¶ On all valves ends 

¶ On equipment /pump connections as necessary and required or as directed 
by Engineer ɀ in - charge.  

j. Flanged connections shall be made by the correct number and size of the bolts and 
made with 3 mm thick insertion neoprene gaskets Bolt hole dia. for flanges shall 
conform to match the specification for C.I. sluice valve to I.S. 780 and C.I. butterfly 
valve to IS: 13095. 

k. Trenches  

i. All water supply pipes below ground shall be laid in trenches with a minimum 
cover of 60 cms.  The width and depth of the trenches shall be as follows:- 

Dia. of pipe  Width of trench  Depth of trench  

15 mm to 50 mm 30 cm 75 cm 

65 mm to 100 mm 45 cm 100 cm 

ii . Sand filling  

Where specified in the Schedule of Quantities all G.I. pipes in trenches shall be 
protected with fine sand 15 cm all around before filling in the trenches.  

l. Where shown on the drawings, main pipe lines may be run in masonry trenches 
from the pump house to the buildings in phase I & II , filled up with sand and 
buried in ground as per architectural /landscape details. 

m. Painting  

All pipes above ground shall be painted with one coat Zinc with each coating and 
two coats of synthetic enamel paint of approved shade and quality. Pipes shall be 
painted to standard colour code specified by Engineer-in-charge. 

n. Pipe protection  

i. Where  specified in the Schedule of Quantities all  pipes in   chase  or below 
floor shall  be   protected  against  corrosion  by the application of  two  coats  of  
bitumen  paint  covered with bitumen tape and  a  final coat  of  bitumen paint 
before covering up the pipe.  

ii . All G.I. /CPVC water supply pipes below ground shall be protected against 
corrosion by applying one layer of 4 mm thick multilayer anticorrosive 
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polymeric mix tape applied over a coat of primer as per recommendations of 
the manufacturers. (Pypcoat) 

o. Insulation  

Hot water pipes within a toilet /kitchen from hot water header shall be insulated 
with fire resistance closed cell chemically cross linked polyethene is used in the 
forms of rolls, sheets and tubes. The thickness of insulation is 13mm on all sizes of 
pipes. Density of insulation is 30±2kg/cum. 

5. Valves  

a. Ball valves  

i. Valves 50 mm  dia. and below shall  be screwed type ball valves with 
stainless steel balls spindle Teflon seating and gland packing tested to a 
hydraulic pressure of 20 kg/cm2 and accompanying couplings and steel 
handles to B.S. 5351. 

b. Butterfly Valves  

i. Valves 65 mm dia. and above shall   be cast iron butterfly valve to be used 
for isolation and/or flow regulation. The valves shall be bubble tight, 
resilient seated suitable for flow in either direction and seal in both 
direction. Valves shall be provided with matching flanges with neoprene 
insertion gasket 3 mm thick .P.N 1.6 

ii . Butterfly valve shall be of best quality conforming to IS: 13095.   

c. Non Return Valve  

i. Where specified non return valve (swing check type) shall be provided 
through which flow can occur in one direction only, It shall be single door 
swing check type of best  quality conforming to IS: 5312.P.N1.6  

ii . Each butterfly and slim type swing check valves shall be provided with a 
pair of flanges screwed or welded to the main line and having the required 
number of galvanized nuts, bolts and double washers of correct length. 

iii . Sluice valve shall be of approved makes conforming to I.S.:780 of class as 
specified. 

6. Storage Tanks 

a. Overhead Tanks  

Overhead water storage tanks for water supply shall be reinforced cement 
concrete. 

b. Tank connection and accessories  

i.  shall provide the following to each tanks:  

¶ Inlet and outlet connections to pumps, equipment and main pipe lines.  

¶ Tank overflows with mosquito proof gratings  

¶ Scour drain and valve as per drawings 

¶ Water level gauge with approved type of brass gauges, plastic tube, a 
wooden board with level marking. 
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ii . Electronic level controllers, cabling, sequence controllers and all related 
equipment shall be provided by agency executing the pumping system 
work. Plumbing shall provide necessary G.I. sleeves and co-operate with 
to ensure that the work is successfully executed.   

7. Testing  

a. All pipes, fittings and valves, after fixing at site, shall be tested by hydrostatic 
pressure of 1.5 times the working pressure or 10 kg /cm2 whichever is more.  
Pressure shall be maintained for a period of at least 12 hours without any drop 
& withstand for 8 hrs. 

b. A test register shall be maintained and all entries shall be counter-signed by 
Contractor (s) in the presence of Engineer-in-charge. 

c. In addition to the sectional testing carried out during the construction, 
contractor shall test the entire installation after connections to the overhead 
tanks or pumping system or mains. He shall rectify all leakages and shall 
replace all defective materials in the system.  Any damage done due to 
carelessness,  open or burst pipes or  failure of fittings,  to the building,  
furniture and fixtures shall be made good by the contractor during  the defects 
liability period without any cost. 

d. After   commissioning   of  the  water   supply   system,   shall test each valve by 
closing and  opening it  a  number  of  times  to observe  if  it  is  working 
efficiently.  Valves which do not effectively operate shall be replaced by new 
ones at no extra cost and the same shall be tested as above. 

8. Measurements  

a. G.I. pipes 

i. G.I. pipes above ground shall be measured per linear metre (to the nearest 
cm) and shall be inclusive of all fittings e.g. couplings, tees, bends, elbows, 
unions, and flanges.  Deduction for valves shall be made.  Rate  quoted  shall  
be  inclusive  of  all  fittings,  clamps, cutting  holes  chases and making good 
the same  and  all  items  mentioned  in the specifications and  Schedule  of  
Quantities. 

ii . G.I. pipes below ground shall be measured per linear metre (to the nearest 
cm) and shall be inclusive of fittings, e.g. couplings, tees, bends, elbows, 
unions. Deduction for valves shall be made. Rates quoted shall be inclusive 
of all fittings, excavation, back filling and disposal of surplus earth, cutting 
holes and chases and making good and all other items mentioned in the 
specifications and Schedule of Quantities. 

b. Gunmetal, cast iron, butterfly and non-return valves puddle flanges, level 
indicators and meters shall be measured by numbers. 

c. Brick masonry chamber for valves and meters shall be measured by number 
and include all items given in the Bill of quantities. 

d. Painting/pipe protection  
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Painting/pipe protection for pipes shall be measured per linear metre over 
finished surface and shall include all valves and fittings for which no 
deduction shall be made. 

e. Engineer-In-#ÈÁÒÇÅȭÓ ÄÅÃÉÓÉÏÎ ×ÉÔÈ ÒÅÓÐÅÃt to the correct interpretation 
regarding mode of measurement shall be final and binding on the contractor.  

 

SECTION ɀ 5  WATER SUPPLY PUMPING SYSTEM & ALLIED SERVICES 

1. Scope of work 

a. Work under this section shall consist of furnishing all labour, materials, 
equipment and appliances necessary and required for  the  satisfactory supply, 
installation, completion and commissioning of water supply pumping system 
and allied works as described hereinafter, as specified in the schedule of 
quantities and/or  shown on the plumbing drawings and described in the scope 
of work . 

2. The System 

a. The system described below is for the contractors bidding for the works to 
understand the extent and scope of work and the intent in the manner in which 
the water supply system is planned and shall be executed. This does not form a 
part of the contractorȭÓ scope of work with respect to the various elements that 
are described in this paragraph.  

b. Sources of supply  

Local water supply for which a water main from the main road/ bore well to 
the underground water tank will be laid by contractor. 

c.  Underground water tanks  

i. Static fire water storage tanks in compartments.Connections from the tube 
well water supply lines will be made into these tanks. Water will overflow 
into the Domestic Pure water tanks  

¶ Domestic Water Pumping Systems  

ii . Water supply to the various buildings will be made from a set of pumping 
sets to the overhead water and supplementary fire tanks located on the 
terrace of each building. 

3. Rising Mains & level control system  

a. Water from the pumps described above will fill each tank by a rising main to 
each tower.  

b. To control the level in each tank and enable it to fill as the water demand so 
requires, each tank will be provided with a ball cock to shut off the water supply 
when the tank is full.  

c. A set of electronic level sensing probes will be installed in each tank. The probes 
installed in each pumping system will be wired to a central electronic panel 
which will activate the pump when any one of the tank probe signals low water 
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conditions and top up all tanks. No excess flow will occur due to the ball cock in 
the tank.  

4. Level Controllers  

a. Level controllers shall be electronic magnetic type using required number of 
stainless steel type probes, shrouded in PVC sheath or encapsulated in a 
stainless steel pipe. The level controller will be used for following 
applications:- 

i. Provide an audible high water alarm when water level in the sump 
reaches a pre-determined high level in the sump location at MCC panel 
installed in wall near sump location    

b. Overhead tank level controller cum indicators 

i. Each OHT to be provided with required number of stainless steel 
electronically operated probes (housed in a stainless steel protective 
housing) and connected by a control cable to a central junction box 
connected to MCC panel located in the pump house at basement. A 
common multi-core cable from each group of buildings will be laid to the 
pump room in basement. The probes will function as follows: 

ii . To cut off the water supply pumps when all the OHT is full and to start 
the pump if any OHT level reaches at pre-determined low level. 

iii . Provision shall be made to enable the operation of the second duty pump 
in case the water level does not rise above a pre-determined level in the 
tank due to water demand which is higher than capacity of  duty pump 
no.1 to meet.  

iv. Indicate the water level in each OHT in the level indicating panel installed 
in the pump room  

v. Each OHT are also provided with a float valve to stop the supply in 
individual OHT when level reaches a cut off high level. 

c. Control & Indicating Panel (For overhead and underground water tanks) 

i. A centralized indicating standɀalone wall mounted panel fabricated from 
14 g. with seven tank process MS sheet and painted inside and outside 
with stove enamelled finish with clear vertical panels for each group of 
buildings & tanks shall indicate water level in each tank by means of 
digital display unit to indicate water level in each tank in four levels (¼th, 
½, ¾ and full). The panel shall be installed on the control console panel 
located in the pump room or as directed by the Project Engineer. The 
panel shall have: 

ii . Digital level indicator panel meter for each water tank. 

iii . Etched plate identification plates. 

iv. Control cabling from MCC to the panel installed in the control room as 
directed by the Engineer-In-Charge. 

v. Cabling from PHT sensing probes to the panel 
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SECTION 6 PIPES & FITTINGS 

 

1. Headers, piping and connection s 

a. All pipes within the plant room building in exposed locations and shafts 
including connections buried under floor and for suction and delivery headers 
shall be G.I.  (Medium class) and thickness specified.  Pipes up to 150 mm dia. 
shall conform to I.S. 1239. 

b. Pipe 200 mm dia. and above shall be G.I. ERW tubes to IS 3589.  If black pipes 
are available they shall be galvanized before use. 

c. Fittings for G.I. pipes shall be approved type malleable iron or wrought iron 
screwed galvanized fittings for screwed joints.  Fittings 200 mm dia. may be 
shop fabricated but shall be shop galvanized after fabrication.  

d. All M.S. structural supports and clamps shall be galvanised. All the pipe work 
within plant room shall be adequately supported with G.I. structural supports 
from floor or ceiling as required and directed by Engineer-In-Charge. 

2. Jointing  

a. G.I. Pipes (Screwed joints)  

Pipe shall be provided with metal to metal threaded joints. Teflon tape shall be 
used for lubrication and rust prevention. (USE OF LEAD /ZINC BASED JOINTING 
COMPOUND ARE NOT PERMITTED)  

b. Flanged joints / Dead Joints  

a. Flanges shall be provided on: 

i. Straight runs not exceeding 12-15 m on pipe lines 80 mm dia and above. 

ii . Both ends of any fabricated fittings e.g. bends, tees etc. of 50 mm dia or 
larger diameter. (When Permitted) 

iii . Both end of all suction delivery and other headers.  

iv. For jointing valves, appurtenances, pumps, connections with pipes, to water 
tanks and other places necessary and required as good for engineering 
practice. 

v. Flanges shall be as per applicable I.S. with appropriate number of G.I. nuts 
and bolts, 3 mm insertion rubber gasket complete. 

vi. The cost of flanges is included in the rates of pipes along with fittings. 

c. Unions  

Provide approved type of dismountable unions on pipes lines 50 mm and below 
near valves or inspector test/drain and assemblies and as required as per site 
conditions. 

d. Vibration Eliminators  

All suction and delivery lines and as shown on the drawings double flanged 
reinforced neoprene bellow type flexible pipe connectors shall be provided. 
Connectors should be suitable for a working pressure of each pump and tested to 
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the test pressure given in the relevant head. Length of the connectors shall be as 
ÐÅÒ ÓÉÔÅ ÒÅÑÕÉÒÅÍÅÎÔÓ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÅÔÁÉÌÓȢ 

3. Valves 

a. Sluice valves  

i. Full way Sluice Valves shall be used on the suction connection to pumps and 
headers.  

ii . Sluice valves (80 mm dia. and above) shall be C.I. double flanged sluice valves 
with rising stem. Each sluice valve shall be provided with wheel in exposed 
positions and cap top for underground valves.  shall provide suitable operating 
keys for sluice valves with cap tops. 

iii . Sluice valves shall be of approved makes conforming to I.S.780 PN1.6  class  

b. Butterfly Valves (PN 1.6 rating) 

i. Butterfly Valves shall be used in all other locations as required conforming to IS 
13095.PN 1.6 

ii . They shall have a cast iron body. 

iii . Disc shall be CI heavy duty electrolyses nickel plated abrasion resistant. 

iv. The shaft to be EN-8 Carbon Steel with low friction nylon bearings. 

v. The seat shall be drop tight constructed by bonding resilient elastomer inside a 
rigid backing. 

vi. Built in flanged rubber seals. 

vii . Actuator to level operated for valves above ground and T Key operated for 
valves below Ground. 

viii . Built in flanges for screwed on flanged connections. ManufaÃÔÕÒÅÒȭÓ ÄÅÔÁÉÌÓ ÏÎ 
fixing and Installation will be followed. 

c. Non Return Valves (NRV PN 1.6 rating)) 

i. Non return valves will be used at location to allow flow only in one direction 
and prevent flow in the opposite direction. 

ii . NRV shall be cast iron slim type with cast iron body and gunmetal internal 
parts and accompanying flanges. Valves shall conform relevant IS or match the 
butterfly valves.PN 1.6 

iii . Built in flanges for screwed on flanged connections. 

d. Ball Valves 

Ball Valves up to 40 mm dia. shall be screwed type ball valves with stainless steel 
balls, spindle, Teflon seating and gland packing tested to a hydraulic pressure of 20 
kg/cm2 and accompanying coupling and steel handles (to B.S. 5351. 

4. Ȭ9ȭ 3ÔÒÁÉÎÅÒÓ (PN 1.6 rating)  

0ÒÏÖÉÄÅ ÃÁÓÔ ÉÒÏÎ Ȭ9ȭ ÔÙÐÅ ÓÔÒÁÉÎÅÒs with gunmetal internal strainers, CI screwed 
plug to be provided on all water tank suction connections to pumps.  
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5. Measurements (Part 1, 2 & 3)  

a. General 

1. Unit rate for individual items, e.g., pressure tanks, MCC, level controller, water 
tank are for purposes of payments only. Piping, headers, valves, accessories, 
cabling and MCC to measured separately in this contract only. 

2. All items must include all accessories fittings as described in the specifications, 
BOQ and shown on the drawings. 

b. Drainage Pumps  & Sewage Pumps  

Drainage pumps shall be measured by numbers and shall include all items as given 
in the specifications and schedule of quantities to provide a complete working 
system. 

c. Level controllers & Alarms  

Level controllers for each set of pumps shall be measured by number and inclusive 
of probes, cabling up to surface box near the pump and shall include all items as 
given in the specifications and schedule of quantities to provide a complete 
working system. 

d. Piping Work  

i. Suction and delivery headers for each pumping system shall be measured per 
set with required length and shall include all items as given in the schedule of 
quantities.  Painting shall be included in rate of headers. 

ii . CPVC pipes between various filters and units shall be measured per linear 
meter of the finished length and shall include all fittings, flanges, jointing, 
clamps for fixing to walls or hangers and testing.  Flanges shall include 3 mm 
thick insertion rubber gasket, nuts, bolts and testing. 

iii . 6ÉÂÒÁÔÉÏÎ ÅÌÉÍÉÎÁÔÏÒÓȟ Ȱ9ȱ ÓÔÒÁÉÎÅÒÓȟ butterfly valves, slim non return valves, 
ball valves shall be measured by numbers and shall include all items as given in 
the schedule of quantities and specifications except from pump room. 
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Chapter D 

TECHNICAL SPECIFICATIONS - HORTICULTURE WORKS 

1. Scope of work 

The work shall in general conform to the Latest CPWD Specifications for works. Work 
under this Contract shall consist of furnishing all labour, materials, equipment and 
appliances necessary and required. The contractor is required to completely furnish all 
the plumbing and other specialized services as described hereinafter and as specified in 
the schedule of quantities for Horticulture works. 

2. Excavation  

The top excavated soil shall be collected, stacked, preserved for use in landscaping / 
horticulture works. Surplus top excavated soil may be given to the nurseries or put to use 
in other Horticulture works.  

3. GRASSING 

a). Preparation  

i. During period prior to planting the ground shall be maintained free from weeds. 

ii . Grading and final leveling of the lawn shall be completed at least three weeks 
prior     to the actual sowing. Clods of excavated earth shall then be broken up to 
the size not more than 75mm in any direction. The area shall then be flooded 
with water and after 10 days and within 15 days of flooding, weeds that re-
germinate shall be uprooted carefully. The rubbish arising from this operation 
shall be removed and disposed of in a manner directed by Engineer. Regular 
watering shall be continued until sowing by dividing the lawn area into portion 
or approx 5 mts. Square by constructing small bunds to retain water. These 
ȬÂÕÎÄÓȭ ÓÈÁÌÌ ÂÅ ÌÅÖÅÌ ÊÕÓÔ ÐÒÉÏÒ ÔÏ ÓÏ×ÉÎÇ ÏÆ ÇÒÁÓÓ ÐÌÁÎÔÓȢ !Ô ÔÈÅ ÔÉÍÅ ÏÆ ÁÃÔÕÁÌ 
planting of grass, it shall be ensured that he soil has completely settled. 

iii . Slight unevenness, ups and downs and shallow depressions resulting from the 
settlement of the flooded ground, in drying and from the subsequent weeding 
operations, shall be removed by fine dressing the surface to the final levels by 
adding suitable quantities of good earth brought from outside, if necessary as 
directed by the Engineer. In fine dressing, the soil at the surface and for 40mm 
depth below shall be broken down to particles of size not exceeding 6mm in any 
direction. 

4. SOIL: The soil itself shall be ensured to satisfaction of Engineer to be a good, fibrous 
loam, rich in humus. 

5. SOWING THE GRASS ROOTS: 

i. Grass roots (CynodonDectylon or a local approved by the Engineer) shall be 
obtained from a grass patch, seen and approved beforehand. 

ii . The grass roots stock received at site shall be manually cleaned of all weeds and 
water sprayed over the same after keeping the stock in a place protected from sun 
and dry winds. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 83 
 

iii . Grass stock received at site may be stored for a maximum of three days. In case 
grassing for some areas is scheduled for a later date fresh stock of grass roots shall 
be ordered and obtained. 

6. EXECUTION: 

i. Small roots shall be debbled about 15 cms (or at other spacings as per BOQ item) 
apart into the prepared grounds. Dead grass and weeds shall not be planted. 

ii . Grass areas will only be accepted as reaching practical completion when 
germination has proved satisfactory and all weeds have been removed. 

iii . All planting is to be done in moderately dry to moist (not wet) soil and at times 
when wind does not exceed a velocity of 8 kilometer per hours. 

7. MAINTENANCE OF LAWN 

i. As soon as the grass is approximately an inch high it shall be rolled with a light 
wooder, roller in fine, dry weather and when it has grown to 2 to 3 inches above 
the ground, weeds must be removed and regular cutting with the scythe and rolling 
must be begun. A top dressing of announce of guano to the square yard on well 
decomposed well broken sludge manure will help on the young grass. The scythe 
must continue to be used for several months until the grass is sufficiently secure in 
the ground to bear the mowing machine. It should be possible to use the inch above 
the normal level of the first two or three cuttings. That is to day the grass should be 
cut so that it is from 1 to 2 inches in length, instead of the ½ to ¾ of an inch 
necessary for mature grass. 

ii . In absence of rain the lawn shall be watered every ten days heavily, soaking the soil 
through to a depth of at least 25 cms. 

iii . Damage failure or dying back of grass due to neglect of watering especially for 
seeding out of normal season shall be the responsibility of the contractor. 

iv. Any shrinkage below the specified levels during the contract or defects liability 
period shall be rectified at the ÃÏÎÔÒÁÃÔÏÒȭÓ expense. 

v. The contractor shall exercise care in the use of rotary cultivator and mowing 
machines to reduce to a minimum the hazards of flying stones and brickbats. All 
rotary mowing machines are to be fitted with safety guards. 

8. ROLING: A light roller shall be used periodically, taking care that the lawn is not too 
wet and sodden. Rolling should not be resorted to, to correct the levels in case certain 
depressions are formed due to watering. 

9.  EDGING: The contractor shall establish a neat edge where planting areas meet grass 
areas with spade or edging tool immediately after all planting, including lawn planting, 
is completed. Particular care shall be exercised in edging to establish good flowing 
curves as shown on the plans or as directed by the Engineer. Edging must be cut 
regularly and shall be maintained by the contractor. 

10. FERTILIZING: The lawn shall be fed once a month with liquid manure prepared by 
dissolving 45 grams of ammonia sulphate in 5 litres of water. 

11.  WATERING: Water shall be applied daily during dry weather. Watering whenever 
done should be thorough and should wet the soil at least up to a depth of 20 cms to 
eliminate air pockets and settle the soil. 
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12. WEEDING: Prior to regular mowing the shall carefully remove rank and unsightly 
weeds. 

13. MAINTENANCE: The landscape: The contractor shall maintain all planted area 
within the landscape contract boundaries until the period of one year after the 
complete plantation. Maintenance shall include replacement of dead plants. 
Watering, weeding, cultivating, control of insects, fungicide and other disease by 
means of spraying with an approved insecticide or fungicide, pruning and other 
horticulture operations necessary for the proper growth of the plants and for 
keeping the landscape sub-contract area neat in appearance. 

14. PRUNING & REPAIRS: Upon completion of planting work on the landscape sub-
contract all trees should be pruned and all injuries repaired where necessary. The 
amount of pruning shall be limited to the minimum necessary to remove dead or 
injured twigs and branches and to compensate for the loss of roots and the results of 
transplanting operations. Pruning shall be done in such a manner as not to change 
the natural habit or special shape of the trees. In general, one third to one fourth 
branching structure of the plants to be removed to compensate the loss of roots 
during transplantation by thinning or shortening branches but no leaders shall be 
cut. All pruning shall be done with sharp tools in accordance with instructions of the 
HITES. Pruning cuts shall be painted with recommended paints. 

15. TREEGUARDS: Where tree guards are necessary, care should be taken to ensure 
that they do not impede movement or restrict growth. 

16. NURSERY STOCK: Planting should be carried out as soon possible after reaching 
site. Where planting must, of necessity, be delayed, care should be taken to protect 
the plants from pilfering or damage from people or animals. Plants with bare roots 
should be healed in as soon as received or otherwise protected from dying out, and 
others set closely together and protected from the wind. If planting should be 
unpacked, the bundles opened up and each group of plants heeled in separately and 
clearly abeled. If for any reason the surface of the roots becomes dry the roots 
should be thoroughly soaked before planting. 

17. PROTECTIVE FENCING: According to local environment shrubs may have to be 
protected adequately from vandalism until established. 

18. COMPLETION: On completion the ground should be formed over and left tidy. 

19. RATE:  The rates quoted for the horticulture items listed in BOQ shall provide for 
the cost involved in all the operations described above. 
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CHAPTER - E 

SPECIAL CONDITIONS FOR ELECTRICAL SERVICES 

1. GENERAL 

The design and workmanship shall be in accordance with the best engineering 
practices, to ensure satisfactory performance and service life. The requirement offered 
by the contractor shall be complete in all respects. Any materials or accessories which 
may not have been specifically mentioned, but which are usual and necessary for the 
satisfactory and trouble free operation and maintenance of the equipment shall be 
provided without any extra cost of the purchaser. This shall also include spares for 
commissioning of the equipment. 

The contractor shall obtain all sanctions (electrical loads, approval of drawing/ ESS/ 
$Ȣ'ȢȭÓ ÅÓÔÉÍÁÔÏÒȾ ÁÐÐÒÏÖÁÌ ÏÆ ÍÅÔÅÒ ÒÏÏÍ ÅÔÃȢ ÆÒÏÍ ÔÈÅ ÃÏÎÃÅÒÎÅÄ ÁÕÔÈÏÒÉÔÉÅÓ ÁÎÄ 
permits required for the electrical installation work. All actual fee payable in this 
regard will be reimbursed against receipt/documentary evidence. On completion of 
work, the contractor shall obtain NOC from SEB & Director of Safety of the concerned 
state; a copy of the same shall be delivered to HITES.  shall be responsible for handing 
over to SEB and other authorities shall be responsibility of contractor till 
commissioning and getting electricity in the complex. 

The HITES shall have full power regarding the materials or work got tested by 
independent agency at the ÅÌÅÃÔÒÉÃÁÌȭÓ expenses in order to prove their soundness and 
adequacy. The contractor will rectify the defects/suggestions pointed out by 
HITES/independent agency at his own expenses.   

The installation shall comply in all respects with the requirements of Indian Electricity 
Act 1910, Indian Electricity Rules (IER) 1956 and other related Laws and Regulations 
as amended up to date, thereunder and special requirements, if any, of the State 
Electricity Boards etc. The bidder is liable to furnish the list of authorized licensed 
persons/ employed/deputed to carry out the works/perform the assigned duties to 
fulfill the requirements of the rules of IER 1956 as amended up to date. 

2. DRAWINGS 

i. The list of drawings along with these specifications is given in Annexure.  These 
drawings are meant to give general idea to bidder regarding the nature of work 
covered by these specifications. 

ii . Any information/data shown/not shown in these drawings shall not relieve the 
contractor of his responsibility to carry out the work as per the specifications. 
Additional information required by the bidder/tenderer for successfully completing 
the work shall be obtained by him. 

iii . Shop Drawings 

   The contractor shall prepare detailed coordinated electrical shop drawing 
indicating lighting/ lighting ÆÉØÔÕÒÅÓȟ ÃÏÎÖÅÎÉÅÎÃÅ ÏÕÔÌÅÔÓȟ $Ȣ'ȢȭÓȟ (Ȣ4Ȣȟ 4ÒÁÎÓÆÏÒÍÅÒȟ 
-Ȣ6Ȣ 0ÁÎÅÌ "ÏÁÒÄÓȾ2ÅÌÁÙ 0ÁÎÅÌȟ 0##ȟ $"ȭÓȟ 2ÉÓÉÎÇ -ÁÉÎÓȟ #ÁÂÌÅ 3ÃÈÅÄÕÌÅ ×ÉÔÈ ÏÔÈÅÒ 
relevant services and submit to the HITES for approval or the Engineer-in-Charge 
before commencing the work. The shop drawings shall indicate all setting out 
details and physical dimensions of all components with wiring and cable details 
including system operating write up in the system i.e. 11 KV Panel Board, Control 
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ÁÎÄ 2ÅÌÁÙ 0ÁÎÅÌ 0ÁÃËÁÇÅ 3ÕÂÓÔÁÔÉÏÎȟ $Ȣ'ȢȭÓȟ 0##ȭÓȟ -##ȭÓȟ ÃÁÂÌÅ ÓÃÈÅÄÕÌÅ ÁÎÄ ÒÏÕÔÅÓȟ 
manhole trap and fixing details as well as for conduit indicating run and size of 
wire/cables, outlet/pull/junction boxes etc. with fixing details etc. for the above 
mentioned work.  All work shall be carried out on the approval of these drawings. 
However, approval of these drawings do not relieve the contractor of his 
responsibility for providing maintenance free and fool proof system including any 
missing component/accessories to meet with the intent of the specifications.  will 
submit 2 prints for preliminary approval and finally six prints for distribution.  

iv. Completion Drawings/As Built Drawings 

   On completion of the work and before issue of certificate of virtual completion, the 
contractor shall submit to the HITES 6 sets along with soft copy, ÏÆ Ȭ!Ó "ÕÉÌÔȭ 
drawings (in AutoCAD & PDF format) of the work along with 01 Nos. cloth tracing 
originals including write up (trouble shooting, installation, operation and 
maintenance manual with instructions) incorporating all such changes and 
modifications during engineering and execution along with warrantee & guarantee 
certificates from manufacturers.  

These drawings must provide: 

Á Run and size of conduit, inspection and pull boxes including routing and locations. 

Á Number and size of conductor in each conduit. 

Á Locations and rating of sockets and switches controlling the light and power 
outlet. 

Á A complete wiring diagram as installed and schematic drawings showing all 
connections in the complete electrical system. 

Á Location of outlets of various services, junction boxes, light fixtures. 

Á Location of all earthing stations route and size of all earthing conductors. 

Á Layout and particulars of all cables. 

Á ,ÏÃÁÔÉÏÎ ÁÎÄ ÄÅÔÁÉÌÓ ÏÆ 0##ȭÓȟ -##ȭÓȟ &ÅÅÄÅÒ 0ÉÌÌÁÒÓȟ ÃÁÐÁÃÉÔÏÒ ÃÏÎÔÒÏÌ ÐÁÎÅÌÓȟ 0,# 
D.G. set panel, UPS panel, and relay panels with description detailed control 
wiring diagram. 

Á Location of transformer and its details and control wiring diagram. 

Á Location of Hume pipe and manhole including HT/LT cable layout and scheduling. 

Á ,ÏÃÁÔÉÏÎ ÏÆ $Ȣ'ȢȭÓȟ exhaust and auxiliary equipment with schematic drawings. 

Á Layout of cable trays with support and their fixing details. 

Á Location of all earthing station, route and size of all earthing conductor. 

Á Layout and particulars of rising mains with fixing details. 

v. 0ÏÓÉÔÉÏÎ ÏÆ (4Ⱦ,4 3×ÉÔÃÈ "ÏÁÒÄÓȾ4ÒÁÎÓÆÏÒÍÅÒ Ǫ $Ȣ'Ȣȭ3 

   4ÈÅ ÒÅÃÏÍÍÅÎÄÅÄ ÐÏÓÉÔÉÏÎ ÏÆ ÔÈÅ Ó×ÉÔÃÈ ÂÏÁÒÄÓȟ ÔÒÁÎÓÆÏÒÍÅÒ Ǫ $Ȣ'ȢȭÓ ÁÓ ÓÈÏ×Î ÏÎ 
the layout drawings will be adhered to as far as practicable.   

    The contractor shall submit 2 sets of samples of each type of accessories and 
apparatus, proposed to be used in the installation at site for approval (drawings or 
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samples) as required shall be submitted by contractor and the choice of selection 
out of the approved list lies with the HITES. For all non-specified items, approval of 
the HITES shall be obtained prior to procurement of the same. HITES shall in no 
way be liable for rejection of the any material due to poor quality, poor 
workmanship, poor material etc. 

3. -!.5&!#452%2ȭ3 ).3425#4)/.3 

Where manufacturers have furnished specific instructions, relating to the 
material/equipment to be used on this job, covering points not specifically mentioned in 
ÔÈÉÓ ÄÏÃÕÍÅÎÔȟ ÍÁÎÕÆÁÃÔÕÒÅÒÓȭ ÉÎÓÔÒÕÃÔÉÏÎÓ ÓÈÏÕÌÄ ÂÅ ÆÏÌÌÏ×ÅÄȢ 

4. MATERIALS AND EQUIPMENT 

All the materials and equipment shall be of the approved make and design. Unless 
ÏÔÈÅÒ×ÉÓÅ ÃÁÌÌÅÄ ÆÏÒ ÁÎÙ ÁÐÐÒÏÖÁÌ ÂÙ ()4%3ȭÓ %ÎÇÉÎÅÅÒ-in-Charge, only the best quality 
materials and equipment shall be used. 

The contractor shall fill in the data sheet for capital equipment as attached elsewhere in 
this document. The Material/Equipment shall be rejected due to not giving / filling in 
the details of the said equipment. 

5. GENERAL DETAILS  

5.01 Space Heaters & Lighting. 

One of more adequately rated heaters thermostatically controlled with On-Off switch 
and fuse shall be provided to prevent condensation in any panel compartment. The 
heaters shall be installed in the lower portion of the compartment and electrical 
connections shall be made from below the heaters to minimize deterioration of supply 
wire insulation. The heaters shall be suitable to maintain the compartment 
temperature to prevent condensation. CFL lamp shall be provided in any panel 
compartment.  

5.02 Fungistatic Va rnish  

Besides the space heaters, special moisture and fungus resistant varnish shall be 
applied on parts, which may be subjected or predisposed to the formation of fungi due 
to the presence or deposit of nutrient substances. The varnish shall not be applied to 
any surface of part where the treatment will interfere with the operation or 
performance of the equipment. Such surfaces or parts shall be protected against the 
application of the varnish. 

5.03 Ventilation Opening  

In order to ensure adequate ventilation, compartments shall have ventilation openings 
provided with fine wire mesh of brass to prevent the entry of insects and to reduce to a 
minimum the entry of dirt and dust. Outdoor compartment openings shall be provided 
with shutter type blinds. 

5.04 Degree of Protection  

The enclosures of the Control Cabinets, Junction Boxes and Marshalling Boxes, Panels 
etc. to be installed shall provide degree of protection as called for in specification / BOQ 
whenever it is not mentioned it shall be as given below. 

Á Installed out door: IP-55. 
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Á Installed indoor in air-conditioned area: IP-52. 

Á Installed in covered area: IP-52. 

Á Installed indoor in non-air-conditioned area where possibility of entry of water is 
limited: IP-42. 

Á For L.T. switchgear (AC and DC distribution boards): IP-52. 

The degree of protection shall be in accordance with IS: 13947 (Part-I)/IEC-947 
(Part-I).  Type test report for degree of protection test, on each type of the box shall 
be submitted for approval. 

5.05 Rating Plates, Name Plates and Labels 

-ÁÉÎ 0##ȟ 0##ȭÓȟ -$" Ánd auxiliaries items installed in the building are to permanently 
attach to it in a conspicuous position. A rating plate of non-corrosive material with 
ÅÎÇÒÁÖÅÄ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÎÁÍÅȟ ÙÅÁÒ ÏÆ ÍÁÎÕÆÁÃÔÕÒÅȟ ÅÑÕÉÐÍÅÎÔ ÎÁÍÅȟ ÔÙÐÅ ÏÒ ÓÅÒÉÁÌ 
number together with details of the loading conditions of equipment in question has 
been designed to operate and such diagram plates as may be required by the 
purchaser. The rating plate of each equipment shall be according to IEC requirement. 

All such nameplates, instruction plates, rating plates shall be bilingual with Hindi 
inscription first followed by English. Alternatively two separate plates one with Hindi 
and the other with English inscriptions may be provided. 

5.06 First Fill of Consumables, Oil and Lubricants  

All the first fill of consumables such as oils, lubricants, filling compounds, touch up 
paints, welding/soldering/brazing material for all copper/G.I. earthing and essential 
chemicals etc. which will be required to put the equipment/scheme covered under the 
scope of the specifications, into successful operation, shall be furnished by the 
contractor unless specifically excluded under the exclusions in these specifications and 
documents. 

6. DESIGN IMPROVEMENTS 

The bidder shall note that the equipment offered by him in the bid only shall be 
accepted for supply. If for any reason, contractor wishes to deviate from specification, 
prior permission from HITES will be sought. 

If any such agreed upon change is such that if affects the price and schedule of 
completion, the parties shall agree in writing as to the extent of any change in the price 
and/or schedule of completion before the contractor proceeds with the change.  
Following such agreement, the provision thereof, shall be deemed to have been 
amended accordingly in the specification.  

7. QUALITY ASSURANCE PROGRAMME 

To ensure that the equipment and services under the scope of this Contract whether 
manufactured or performed within the contractorȭÓ ×ÏÒËÓ ÏÒ ÁÔ ÈÉÓ ÓÕÂ-contractorȭÓ 
ÐÒÅÍÉÓÅÓ ÏÒ ÁÔ ÔÈÅ 0ÕÒÃÈÁÓÅÒȭÓ ÓÉÔÅ ÏÒ Át any other place of work are in accordance 
with the specifications, the contractor shall adopt suitable quality assurance 
programme to control such activities at all points necessary. Such programme shall be 
outlined by the contractor and shall be finally accepted by the Purchaser after 
discussions before the award of Contract. A quality assurance programme of the 
contractor shall generally cover the following: 
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Á His organization structure for the management and implementation of the 
proposed quality assurance programme. 

Á Documentation control system. 

Á 1ÕÁÌÉÆÉÃÁÔÉÏÎ ÄÁÔÁ ÆÏÒ ÂÉÄÄÅÒȭÓ ËÅÙ ÐÅÒÓÏÎÎÅÌȢ 

Á The procedure for purchases of materials, parts components and selection of sub-
contractorȭÓ ÓÅÒÖÉÃÅÓ ÉÎÃÌÕÄÉÎÇ ÖÅÎÄÏÒ ÁÎÁÌÙÓÉÓȟ ÓÏÕÒÃÅ ÉÎÓÐÅÃÔÉÏn, incoming raw 
material inspection, verification of material purchases etc. 

Á System for shop manufacturing and site erection controls including process 
controls and fabrication and assembly control. 

Á Control of non-conforming items and system for corrective actions. 

Á Inspection and test procedure both for manufacture and field activities. 

Á Control of calibration and testing of measuring instruments and field activities. 

Á System for indication and appraisal of inspection status. 

Á System for quality audits. 

Á System for authorizing release of manufactured product to the Purchaser. 

Á System for maintenance of records. 

Á System for handling storage and delivery.   

Á A quality plan-detailing out the specific quality control measures and procedures 
adopted for controlling the quality characteristics relevant to each item of 
equipment furnished and/or services rendered. 

The Purchaser or his duly authorized representative reserves the right to carry out 
quality audit and quality surveillance of the system and procedure of the /his 
6ÅÎÄÏÒȭÓ ÑÕÁÌÉÔÙ management and control activities. 

8. QUALITY ASSURANCE DOCUMENTS 

The contractor shall be required to submit the following Quality Assurance Documents 
within three weeks after dispatch of the equipment. 

Á All Non-Destructive Examination procedures, stress relief and weld repair procedure 
actually used during fabrication and reports including radiography interpretation 
reports. 

Á Welder and welding operator qualification certificates. 

Á 7ÅÌÄÅÒȭÓ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÌÉÓÔȟ ÌÉÓÔÉÎÇ ×ÅÌÄÅÒÓ ÁÎÄ ×ÅÌÄÉÎÇ ÏÐÅÒÁÔÏÒȭÓ ÑÕÁÌÉÆÉÃÁÔÉÏÎ 
procedure and welding identification symbols. 

Á Raw material test reports on components as specified by the specification and/or 
agreed to in the quality plan. 

Á Stress relief time temperature charts/oil impregnation time temperature charts. 

Á Factory test results for testing required as per applicable codes/mutually agreed 
quality plan/standards referred in the technical specification. 
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Á The quality plan with verification of various customer inspection points (CIP) as 
mutually and methods used to verify the inspection and testing points in the quality 
plan were performed satisfactorily. 

9. INSPECTION, TESTING AND INSPECTION CERTIFICATE 

Á The HITES or duly authorized representative shall have at all reasonable times free 
ÁÃÃÅÓÓ ÔÏ ÔÈÅ Ⱦ-ÁÎÕÆÁÃÔÕÒÅÒȭÓ premises or works and shall have the power at all 
reasonable times to inspect and examine the materials and workmanship of the 
works during its manufacture or erection, if part of the works is being manufactured 
or assembled at other premises or works, the contractor shall obtain permission to 
inspect as if the works were manufactured or assembled on the contractorȭÓ Ï×Î 
premises or works. Inspection may be made at any stage of manufacture, dispatch or 
at site at the option of the Purchaser and the equipment if found unsatisfactory due to 
bad workmanship or quality, material is liable to be rejected. 

Á All equipment being supplied shall conform to type tests and shall be subject to 
routine tests in accordance with requirements stipulated under respective sections.  
Bidder shall submit the type tests reports for approval. The contractor shall intimate 
the HITES the detailed programme about the tests at least three (3) weeks in advance 
in case of domestic supplies. If for any item type test is pending payment would be 
made on successful completion of type/routine test(s) actually carried out as per 
HITES instructions. 

Á The contractor shall give the HITES thirty (30) days written notice of any material 
being ready for testing. Such tests shall be to thecontractorȭÓ account. The HITES, 
unless witnessing of the tests is virtually waived off, will attend such tests within 
thirty (30) days of the date of which the equipment is notified as being ready for 
test/inspection, failing which thecontractormay proceed with the test which shall be 
deemed to have been made in the presence of HITES and he shall forthwith forward 
to the HITES duly certified copies of tests in triplicate. 

Á The HITES shall within fifteen (15) days from the date of inspection as defined shall 
inform in w riting to the contractor of any objection to any drawings and all or any 
equipment and workmanship which in his opinion is not in accordance with the 
Contract. The contractor shall give due consideration to such objections and make the 
necessary modifications accordingly. 

Á When the factory tests have been completed at the contractorȭÓ ÏÒ 3ÕÂ- contractorȭÓ 
works, the HITES shall issue a certificate to this effect within fifteen (15) days after 
completion of tests but if the tests are not witnessed by the HITES, the certificate 
shall be issued within fifteen (15) days of receipt of the contractorȭÓ 4ÅÓÔ ÃÅrtificate 
by the HITES. Failure of the issue such a certificate shall not prevent the contractor 
from proceeding with the works. The completion of these tests or the issue of the 
certificate shall not bind the HITES to accept the equipment should, it, on further 
tests after erection, is found not to comply with the Specification. The equipment 
shall be dispatched to site only after approval of test reports and issuance of 
clearance by the HITES. 

Á The contractor shall arrange all necessary instruction and testing facilities free of cost     
for this purpose including air travel, lodging and boarding expenses. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 91 
 

Á For tests whether at the premises or at the works of the contractor or of any Sub- 
contractor, thecontractorshall provide free of charge such items as labour, materials, 
electricity, fuel, water, stores, apparatus and instruments as may be required by 
HITES or this authorized representative to carry out effectively such tests of the 
equipment in accordance with the Specification.   

Á The inspection by HITES and issue of Inspection Certificate thereon shall in no way 
limit the liabilities and responsibilities of the contractor in respect of the agreed 
quality assurance programme forming a part of the Contract. 

Á The HITES will have the right of having at his own expenses any other tests(s) of 
reasonable nature carried out atcontractor ȭÓ ÐÒÅÍÉÓÅÓ ÏÒ ÁÔ ÓÉÔÅ ÏÒ ÉÎ ÁÎÙ ÏÔÈÅÒ ÐÌÁÃÅ 
in addition of aforesaid type and routine tests to satisfy that the material complies 
with the specifications. 

Á The HITES reserves the right for getting any field tests not specified in respective 
sections of the technical specification conducted on the completely assembled 
equipment at site. The testing equipment for these tests shall be provided by the 
contractor. 

10. TESTS 

10.01 Charging 

On completion of erection of the equipment and before charging, each item of the 
equipment shall be thoroughly cleaned and then inspected jointly by the HITES and 
the contractor for correctness and completeness of installation and acceptability for 
charging, leading to initial pre-commissioning tests at Site.  The pre-commissioning 
tests to be performed as per relevant I.S. given and shall be included in the 
contractorȭÓ ÑÕÁÌÉÔÙ ÁÓÓÕÒÁÎÃÅ ÐÒÏÇÒÁÍÍÅȢ 

10.02 Commissioning Tests  

Á The available instrumentation and control equipment will be used during 
such tests and the contractor will calibrate all such measuring equipment 
and devices as far as practicable. However, unmeasurable parameters shall 
be taken into account in a reasonable manner by the contractor for the 
requirement of these tests. The tests will be conducted at the specified load 
points and as near the specified cycle condition as practicable. The 
contractor will apply proper corrections in calculation, to take into account 
conditions, which do not correspond to the specified conditions. 

Á All instruments, tools and tackles required for the successful completion of 
the Commissioning Tests shall be provided by the contractor, free of cost. 

Á Pre-commissioning test shall be carried out as per relevant IS and/or as 
specified in the relevant clause. 

Á The contractor shall be responsible for obtaining statutory clearances from 
the concerned authorities for commissioning of the equipment. However 
necessary fee shall be reimbursed by DGHS on production of requisite 
documents. 

11. PACKAGING 

All the equipment shall be suitably protected, coated, covered or boxed and crated to 
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prevent damage or deterioration during transit, handling and storage at Site till the 
time of erection.  While packing all the materials, the limitation from the point of view 
of availability of Railway wagon/truck/trailer sizes in India should be taken account 
of.  The contractor shall be responsible for any loss or damage during transportation, 
handling and storage due to improper packing. Any demurrage, wharfage and other 
such charges claimed by the transporters, railways etc. shall be to the account of the 
contractor. HITES takes no responsibility of the availability of any special 
packaging/transporting arrangement. 

12. PROTECTION 

All coated surfaces shall be protected against abrasion, impact, discoloration and any 
other damages. All exposed threaded portions shall be suitably protected with either a 
metallic or a non-metallic protecting device. All ends of all valves and pipings and 
conduit equipment connections shall be properly sealed with suitable devices to 
protect them from damage. The parts which are likely to get rusted, due to exposure to 
weather should also be properly treated and protected in a suitable manner. 

13. FINISHING OF METAL SURFACES 

13.01 General 

All metal surfaces shall be subjected to treatment for anti-corrosion protection. All 
ferrous surfaces for external use unless otherwise stated elsewhere in the 
specification or specifically agreed, shall be hot-dip galvanized after fabrication.  High 
tensile steel nuts and bolts and spring washers shall be electro galvanized. All steel 
conductors used for earthing/grounding (above ground level) shall be galvanized 
according to IS: 2629. 

13.02 Hot Dip Galvanizing  

Á The minimum weight of the zinc coating shall be 700 gm/sq.m and 
minimum thickness of coating shall be 85 microns.  

Á The galvanized surfaces shall consist of a continuous and uniform thick 
coating of zinc, firmly adhering to the surface of steel. The finished surface 
shall be clean and smooth and shall be free from defects like discolored 
patches, bare spots, unevenness of coating, spelter which is loosely attached 
to the steel globules, spiky deposits, blistered surface, 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. 

Á After galvanizing drilling or welding shall be performed on the galvanized 
parts of the earthing materials.  Sodium dichromate treatment shall be 
provided to avoid formation of white rust after hot dip galvanization. 

Á The galvanized steel shall be subjected to six one minute dips in copper 
sulphate solution as per IS-2633. 

Á Sharp edges with radii less than 2.5mm shall be able to withstand four 
immersions of the Standard Preece test. All other coatings shall withstand 
six immersions. The following galvanizing tests should essentially be 
performed as per relevant Indian Standards. 

         - Coating thickness, 
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        - Uniformity of zinc, 

        - Adhesion test, 

        - Mass of zinc coating. 

Á Galvanized material must be transported properly to ensure that 
galvanized surfaces are not damaged during transit. Application of zinc rich 
paint at site shall not be allowed. 

13.03 Painting  

Á All sheet steel work shall be degreased, pickled, phosphate in accordance 
with the IS-φππυ Ȱ#ÏÄÅ ÏÆ ÐÒÁÃÔÉÃÅ ÆÏÒ ÐÈÏÓÐÈÁÔÉÎÇ ÉÒÏÎ ÁÎÄ ÓÈÅÅÔȱȢ !ÌÌ 
surfaces which will not be easily accessible after shop assembly shall 
beforehand be treated and protected for the life of the equipment. The 
surfaces, which are to be finished painted after installation or require 
corrosion protection until installation, shall be shop painted with at least 
two coats of primer. Oil, grease, dirt and swaf shall be thoroughly removed 
by emulsion cleaning. Rust and scale shall be removed by pickling with 
dilute acid followed by washing with running water, rinsing with slightly 
alkaline hot water and drying. 

Á After phosphating, thorough rinsing shall be carried out with clean water 
followed by final rinsing with dilute dichromate solution and oven drying. 
The phosphate coating shall be sealed with application of two coats of ready 
ÍÉØÅÄȟ ÓÔÁÖÉÎÇ ÔÙÐÅ ÚÉÎÃ ÃÈÒÏÍÁÔÅ ÐÒÉÍÅÒȢ 4ÈÅ ÆÉÒÓÔ ÃÏÁÔ ÍÁÙ ÂÅ ȰÆÌÁÓÈ 
ÄÒÉÅÄȱ ×ÈÉÌÅ ÔÈÅ ÓÅÃÏÎÄ ÃÏÁÔ ÓÈÁÌÌ ÂÅ ÓÈÏÖÅÄȢ 

Á Powder coating/electrostatic painting of approved shade shall be applied. 

Á The exterior color of the paint shall be as per shade no.697 of IS-5 or as 
approved by Engineer-in-charge and inside shall be white or as approved 
by Engineer-in-charge. A small quantity of finishing paint shall be supplied 
for minor touching up required at site after installation of the equipments, if 
required. 

Á In case the Bidder proposes to follow his own standard surface finish and 
protection procedures or any other established painting procedures like 
electrostatic painting etc. the procedure shall be submitted along with the 
BidÓ ÆÏÒ ()4%3ȭÓ ÒÅÖÉÅ× ÁÎÄ ÁÐÐÒÏÖÁÌȢ  

14. HANDLING, STORING AND INSTALLATION 

Á )Î ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ ÓÐÅÃÉÆÉÃ ÉÎÓÔÁÌÌÁÔÉÏÎ ÉÎÓÔÒÕÃÔÉÏÎÓ ÁÓ ÓÈÏ×Î ÏÎ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
drawings or as directed by the Purchaser or his representative, the contractor shall 
unload, store, erect, install, wire, test and place into commercial use all the 
equipment included in the contract. Equipment shall be installed in a neat, 
workmanlike manner so that it is level, plumb, square and properly aligned and 
oriented.  

Á The contractor shall follow the unloading and transporting procedure at site, as well 
as storing, testing and commissioning of the various equipment being procured by 
him separately.  The contractorshall unload, transport, store, erect, test and 
commission thÅ ÅÑÕÉÐÍÅÎÔ ÁÓ ÐÅÒ ÉÎÓÔÒÕÃÔÉÏÎÓ ÏÆ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ %ÎÇÉÎÅÅÒɉÓɊ 
and shall extend full co-operation to them. 
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Á In case of any doubt/ misunderstanding as to the correct interpretation of 
ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÒÁ×ÉÎÇÓ ÏÒ ÉÎÓÔÒÕÃÔÉÏÎÓȟ ÎÅÃÅÓÓÁÒÙ ÃÌÁÒÉÆÉÃÁÔÉÏÎÓ ÓÈÁÌÌ be obtained 
from theHITES. The contractor shall be held responsible for any damage to the 
ÅÑÕÉÐÍÅÎÔ ÃÏÎÓÅÑÕÅÎÔ ÆÏÒ ÎÏÔ ÆÏÌÌÏ×ÉÎÇ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÒÁ×ÉÎÇÓȾÉÎÓÔÒÕÃÔÉÏÎÓ 
correctly. 

Á Where assemblies are supplied in more than the one section,  contractorshall make 
all necessary connections between sections. All components shall be protected 
against damage during unloading, transportation, storage, installation, testing and 
commissioning. Any equipment damaged due to negligence or carelessness or 
otherwise shall be replaced by the contractor at his own expense. 

Á The contractorshall submit to the HITES every week, a report detailing all the 
receipts during the weeks.  However, the contractor shall be solely responsible for 
any shortages or damages in transit, handling and/or in storage and erection of the 
equipment at Site.  Any demurrage, wharfage and other such charges claimed by the 
transporters, railways etc. shall be to the account of the contractor. 

Á The contractor shall be fully responsible for the equipment/material until the same 
is handed over to the HITES in an operating condition after commissioning. The 
contractor shall be responsible for the maintenance of the equipment/material while 
in storage as well as after erection until taken over by HITES, as well as protection of 
the same against theft, element of nature, corrosion, damages etc. 

Á The contractor shall be responsible for making suitable indoor storage facilities, to 
store all equipment, which require indoor storage. 

Á 4ÈÅ ×ÏÒÄÓ ȬÅÒÅÃÔÉÏÎȭ ÁÎÄ ȬÉÎÓÔÁÌÌÁÔÉÏÎȭ ÕÓÅÄ ÉÎ ÔÈÅ ÓÐÅÃÉÆÉÃÁÔÉÏÎ ÁÒÅ ÓÙÎÏÎÙÍÏÕÓȢ   

Á Exposed live parts shall be placed high enough above ground to meet the 
requirements of electrical and other statutory safety codes. 

Á The minimum phase to earth, phase to phase and section clearance along with other 
technical parameters for the various voltage levels shall be maintained as per 
relevant IS. 

15. PROTECTIVE GUARDS    

Suitable guards shall be provided for protection of personnel on all exposed rotating 
and/or moving machine parts. All such guards with necessary spares and accessories 
shall be designed for easy installation and removal for maintenance purpose. 

16. DESIGN CO-ORDINATION 

The contractor shall be responsible for the selection and design of appropriate 
equipments to provide the best co-ordinated performance of the entire system. The 
basic design requirements are detailed out in this Specification. The design of various 
components, sub-assemblies and assemblies shall be so done that it facilitates easy 
field assembly and maintenance. 

17. DESIGN COORDINATION MEETING 

The contractor will be called upon to attend design co-ordination meetings with the 
Engineer, and the HITES/DGHS during the period of Contract. The contractor shall 
attend such meetings at his own cost at HITES Office, Noida or at mutually agreed 
venue as and when required and fully co-operate with such persons and agencies 
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involved during those discussions. 

18. TOOLS AND TACKLES 

The contractor shall supply with the equipment one complete set of all special tools 
and tackles for the erection, assembly, dis-assembly and maintenance of the 
equipments. 

19. Polycarbonate  Sheet Roofing 

DPI system, a complete assembly of extruded cellular structure UV protected 
polycarbonate panels incorporated into a complete system. Co-extruded UV protected 
polycarbonate panel system of minimum 12 mm thickness with panel width of 600 
mm to ensure best performance for wind uplift, vibration, oil canning and visual 
appearance. Panels shall be manufactured with vertical standing seam with standing 
seam height of 10 - 15mm at both sides of the panel. Panels shall be of Softlite / 
Antiglare type to prevent glare. Panels shall be fixed on purlins with the Z - Type 
Stainless Steel Fastener/retention clips and connectors. Each fastener shall be min 1 
mm thick of SS 304 Grade and secured to supporting frame/structure with min 3 
numbers self-drilling screws so that the Pull-Out Load of Fastener exceeds 7000 N (7 
`KN) when tested as per ISO 6892:1998 and IS 1608: 2005. Snap-on connectors to 
interlock the panels shall have 2-4 teeth grip-lock locking mechanism to ensure 
maximum uplift capability. Polycarbonate panels also shall not have Yellowness Index 
as per ASTM D 1925 of 15 units when tested on a sample exposed to UV for 500 Hours 
as per ASTM G 155. The polycarbonate panels must satisfy Dart drop impact test as 
per IS 14443-97 shall show no sign of breakage on Polycarbonate sheets which have 
been exposed to UV for a min. of 500 Hours as per ASTM G 155. Panel shall be with 
additional End cap/Aluminum U / F Profile / Glazing Bar (mill finish) for ends as 
required. Panel shall be fixed over M S structural steel / MS purlin (paid separately) 
conforming   to   the   detail    technical   specifications as per approved architectural 
drawings. 

The work shall be carried out as approved and complete up to the satisfaction of 
Engineer in Charge. 
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CHAPTER ɀF 

TECHNICAL SPECIFICATIONS ɀ ELECTRICAL WORKS 

1. GENERAL  

Certain new buildingss are to be constructed in the existing campus for which 
electrical & LV services shall be provided as per scope of works and as specified in 
BoQ as per directions of Engineer-In-Charge. 

2. SCOPE OF WORK 

The scope of work shall cover internal Electrical Installations, DG Set, Main LT 
Panels and external electrical Installation works complete as required for 
Electrification of proposed buildings. It shall cover designing of complete Electrical 
System for the entire complex, preparation of shop drawings, supply of all 
equipment, material, electrical Fixtures & Accessories required, installation, testing 
and commissioning of all electrical installations for the project for the following, 
but not limited to, main items/systems: 

2.1 ESS & External Electrical Installation  

i. LT Panel with Synchronizing Relay for auto synchronizing and Auto-load 
management 

ii . Capacitor Panels (APFC) with Harmonic filters to improve Power factor up 
to 0.97 (lagging). 

iii . All Associated Equipment & accessories required  

iv. DG Sets including Synchronizing relay and PLC panels for Auto Start/ Stop, 
Auto Load Management & Load sharing etc. 

v. Lightening Protection System & Earthing Network 

vi. 1.1 kV LT power cables  

vii . Street Lighting System 

viii . Electrical distribution comprising of feeder cables from LT Two Pole 
structure to respective Main LT panel/ Changeover Panel. Separate 
distribution shall be provided for Lighting load, AC Load, Power/Medical 
Equipment load through Rising Mains etc. UPS power shall be distributed 
through suitable cabling & LT panels in all buildings. Separate LT panels at 
each floor shall be provided for feeding HVAC load of AHUs, FCUs, Split ACs 
and Ventilation Fans. 

The Electrical distribution should include - Emergency  power  supplying 
distribution system as per NBC 2016 for critical requirement for functioning of fire 
and life safety system and equipment, shall be planned for efficient and reliable  
power  and  control  supply  to  the following  systems  and  equipment where 
provided: 

i. Fire Pumps 

ii . Pressurization and  smoke  venting; including its ancillary systems such as 
dampers and actuators; 

iii . Fireman's Lifts (including all lifts). 
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iv. Exit Signage Lighting; 

v. Emergency Lighting; 

vi. Fire Alarm System; 

vii . Public Address (PA) System (relating to emergency  voice  evacuation  and 
annunciation); 

viii . Access Control System 

ix. Lighting in fire command centre and security room. 

x. Any other system as required  

2.2 Internal Electrical Installations  

It shall include the following items of work to be carried out simultaneously 
with the civil work within the buildings:  

i. Wiring for 6A Light Points and socket Outlets 

ii . Wiring for Call Bell, Fan & Exhaust Points. 

iii . Wiring for 16A/20A Power socket outlets. 

iv. Wiring for 3 Phase Power socket Outlets 

v. 1.1 KV L.T. Cables and Sub main wiring. 

vi. Rising Mains  

vii . MV Panels/ Floor Panels and Double Door MCB Type Distribution Boards. 

viii . Supply and Installation of LED Light fittings, fans, Exhaust Fans & fixtures 

ix. Earthing & Lighting Arrestor   

x. Wiring for Telephone  

xi. Wiring for Cable TV 

xii . Wiring for LAN Networking & Hospital Management Information System 
(HMIS) 

xiii . Wiring for CCTV & Access Control System, Boom Barriers  

xiv. Testing and commissioning of all electrical installations 

The scope of work shall also include any other item or item of work, equipment, 
material or accessories not specifically mentioned above but are required for the 
satisfactory completion & trouble free operation & maintenance of electrical 
equipment/ work. This shall also include spares required for commissioning of the 
equipment/work  

2.3 SPECIAL CONDITIONS FOR ELECTRICAL SERVICES: 

a) GENERAL:-The design and workmanship shall be in accordance with the best 
engineering practices, to ensure satisfactory performance and service life. The 
requirement offered by thecontractor  shall be complete in all respects.  

b) The contractor shall obtain all sanctions (electrical loads, approval of drawing/ 
%33Ⱦ $Ȣ'ȢȭÓ ÅÓÔÉÍÁÔÏÒȾ ÁÐÐÒÏÖÁÌ ÏÆ ÍÅÔÅÒ ÒÏÏÍ ÅÔÃȢ ÆÒÏÍ ÔÈÅ ÃÏÎÃÅÒÎÅÄ 
authorities and permits required for the electrical installation work. The actual 
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fee payable in this regard will be reimbursed against receipt/documentary 
evidence. On completion of work, the contractor shall obtain NOC from SEB & 
Director of Safety of the concerned state/Pollution Control Board; a copy of the 
same shall be delivered to HITES / Engineer In Charge.  

The HITES shall have full power regarding the materials or work to be got 
tested through independent agency at the expenses in order to prove their 
soundness and adequacy. The contractor will rectify the defects/suggestions 
pointed out by HITES/ independent agency at his own expenses.   

The installation shall comply in all respects with the requirements of Indian 
Electricity Act 1910, Indian Electricity Rules (IER) 1956 and other related Laws 
and Regulations as amended up to date, there under and special requirements, 
if any, of the State Electricity Boards etc. The bidder is liable to furnish the list 
of authorized licensed persons/ employed/deputed to carry out the 
works/perform the assigned duties to fulfill the requirement of Rule No.3 of 
IER 1956 as amended up to date. 

2.4 DRAWINGS 

i. Tender Drawings:  

The tender drawings are meant to give general idea to bidder regarding the 
nature of scope & works to be executed. Any information/data not shown in 
tender drawings shall not relieve the contractor of his responsibility to carry 
out the work as per the specifications & terms of the contract. Additional 
information required by the bidder/tenderer for successful completing the 
work shall be obtained at his end. 

ii . Shop Drawings:  

The  shall prepare detailed coordinated electrical shop drawing indicating 
Light Points, Power Points, Cal Bell points, Ceiling Fan, Exhaust Fan Points, 
Switch Boards, Distribution Boards (Light, Power & UPS), Lighting Fixtures, 
Convenience outlets, Single Line Diagram for complete HT/ LT electrical 
scheme, DG Sets, HT Panel, Transformers, LT  Panels, Capacitor Panels, RTCC 
Panels, PCC Panel, UPS Units, UPS Incoming/ Outgoing panels, Lift Panels, 
Rising Mains, HT/ LT Cable Schedules, Solar PV System, Earth Pit Layout, Earth 
Strip routes, HT/ LT Cable Routes, Street Light Layout & Street Cable routes, 
Schematic Diagrams & Floor wise Shop Drawings for all LV works namely,  
Telephone, LAN, Wifi, CCTV, Access Control, Fire Alarm, Public Adress System, 
Information Display System, Boom Barriers etc. with other relevant services 
and submit to the HITES for approval or the Engineer-in-Charge before 
commencing the work.  

GA Drawings, SLD & Control wiring diagrams, Room trench details for all HT /  
LT Panels, Capacitor Panels, UPS panels, Floor Electrical Panels, Transformers, 
DG Sets, UPS Units, Rising Mains  etc. shall be prepared & submitted. The shop 
drawings shall indicate all setting out details and physical dimensions of all 
equipment/items/ components with wiring and cable details, cable schedule 
and routes, manhole trap and fixing details as well as for conduit indicating 
run and size of wire/cables, outlet/pull/junction boxes etc. with fixing details 
etc. for the above mentioned work.  All work shall be carried out on the 
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approval of these drawings. However, approval of these drawings shall not 
relieve the contractor of his responsibility for providing maintenance free and 
fool proof system including any missing component/accessories to meet the 
intent of the specifications.  will submit 2 prints for preliminary approval and 
finally six prints for distribution. The recommended location/ position of the 
all equipment as shown on the layout drawings will be adhered to unless 
stated otherwise. 

iii . As-Built Drawings:  

On completion of the work and before issue of certificate of virtual completion, 
the contractor ÓÈÁÌÌ ÓÕÂÍÉÔ ÔÏ ÔÈÅ ()4%3ȟ ÒÅÑÕÉÒÅÄ 3ÅÔÓ ÏÆ Ȭ!Ó "ÕÉÌÔȭ ÄÒÁ×ÉÎÇÓ 
(in AutoCAD & PDF format) along with soft copy of the executed works 
incorporating all such changes and modifications during engineering and 
execution along with Operation and Maintenance Manuals, Warranty & 
Guarantee Certificates from Original Equipment Manufacturers (OEM), 
authorized Suppliers & Vendors, as applicable.  

These drawings must provide: 

Á Run and size of conduit, inspection and pull boxes including routing and 
locations. 

Á Number and size of conductor in each conduit. 

Á Locations and rating of sockets and switches controlling the light and power 
outlet. 

Á A complete wiring diagram as installed and schematic drawings showing all 
connections in the complete electrical system. 

Á Location of outlets of various services, junction boxes, light fixtures. 

Á Location of all earthing stations route and size of all earthing conductors. 

Á Layout and particulars of all cables. 

Á Location and details of Transformers, HT/ LT Panels, Feeder Pillars, 
capacitor control panels etc. 

Á UPS panel, and relay panels with description detailed control wiring 
diagram. 

Á Location of transformer and its details and control wiring diagram. 

Á Location of Hume pipe and manhole including HT/LT cable layout and 
scheduling 

a) Location of DG Sets, Exhaust and auxiliary equipment with schematic 
drawings. 

b) Layout of cable trays with support and their fixing details. 

c) Location of all earthing station, route and size of all earthing conductor.\  

d) Layout and particulars of rising mains with fixing details. 

The contractor shall submit 2 sets of samples of each type of accessories and 
apparatus, proposed to be used in the installation at site for approval (drawings or 
samples) as required shall be submitted by contractor and the choice of selection 
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out of the approved list lies with the HITES. For all non-specified items, approval of 
the HITES shall be obtained prior to procurement of the same. HITES shall in no 
way be liable for rejection of the any material due to poor quality, poor 
workmanship, poor material etc. 

2.5 MANUFACT52%2ȭ3 ).3425#4)/.3 

Where manufacturers have furnished specific instructions, relating to the 
material/ equipment to be used on this job, covering points not specifically 
ÍÅÎÔÉÏÎÅÄ ÉÎ ÔÈÉÓ ÄÏÃÕÍÅÎÔȟ ÍÁÎÕÆÁÃÔÕÒÅÒÓȭ ÉÎÓÔÒÕÃÔÉÏÎÓ ÓÈÏÕÌÄ ÂÅ ÆÏÌÌÏ×ÅÄȢ 

2.6 MATERIALS AND EQUIPMENT 

All the materials and equipment shall be of the approved make and design. Unless 
ÏÔÈÅÒ×ÉÓÅ ÃÁÌÌÅÄ ÆÏÒ ÁÎÙ ÁÐÐÒÏÖÁÌ ÂÙ ()4%3ȭÓ %ÎÇÉÎÅÅÒ-in-Charge, only the best 
quality materials and equipment shall be used. 

2.7 GENERAL DETAILS  

a) Space Heaters & Lighting.  

One of more adequately rated heaters thermostatically controlled with On-
Off switch and fuse shall be provided to prevent condensation in any panel 
compartment. The heaters shall be installed in the lower portion of the 
compartment and electrical connections shall be made from below the 
heaters to minimize deterioration of supply wire insulation. The heaters 
shall be suitable to maintain the compartment temperature to prevent 
condensation. CFL lamp shall be provided in any panel compartment.  

b) Fungistatic Varnish  

Besides the space heaters, special moisture and fungus resistant varnish 
shall be applied on parts, which may be subjected or predisposed to the 
formation of fungi due to the presence or deposit of nutrient substances. 
The varnish shall not be applied to any surface of part where the treatment 
will interfere with the operation or performance of the equipment. Such 
surfaces or parts shall be protected against the application of the varnish. 

c) Ventilation Opening  

In order to ensure adequate ventilation, compartments shall have 
ventilation openings provided with fine wire mesh of brass to prevent the 
entry of insects and to reduce to a minimum the entry of dirt and dust. 
Outdoor compartment openings shall be provided with shutter type blinds. 

d) Degree of Protection  

The enclosures of the Control Cabinets, Junction Boxes and Marshalling 
Boxes, Panels etc. to be installed shall provide degree of protection as called 
for in specifications / General arrangement, whenever it is not mentioned it 
shall be as given below: 

i. Installed out door: IP-55. 

ii . Installed indoor in air-conditioned area: IP-52. 

iii . Installed in covered area: IP-52. 
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iv. Installed indoor in non-air-conditioned area where possibility of 
entry of water is limited: IP-42. 

v. For L.T. switchgear (AC and DC distribution boards): IP-52. 

The degree of protection shall be in accordance with IS: 13947 (Part-I)/IEC-
947 (Part-I).  Type test report for degree of protection test, on each type of 
the box shall be submitted for approval. 

2.8 Rating Plates, Name Plates and Labels 

Rating Plates, Name Plates and Labels are to be provided & attached permanently 
in a conspicuous position to all equipment & items installed in various buildings. A 
rating plate of non-ÃÏÒÒÏÓÉÖÅ ÍÁÔÅÒÉÁÌ ÅÎÇÒÁÖÅÄ ×ÉÔÈ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÎÁÍÅȟ ÙÅÁÒ ÏÆ 
manufacture, equipment name, diagram, type or serial number etc. together with 
details of the loading conditions of equipment. The rating plate of each equipment 
shall be according to relevant BIS & IEC norms, as applicable. 

All such nameplates, instruction plates, rating plates shall be bilingual with Hindi 
inscription first followed by English. Alternatively two separate plates one with 
Hindi and the other with English inscriptions may be provided. 

2.9 First Fill of Consumables, Oil and Lubricants  

All the first fill of consumables such as oils, lubricants, filling compounds, touch up 
paints, welding/ soldering/ brazing material for all copper/ G.I. earthing and 
essential chemicals etc. which will be required to put the equipment/ scheme 
covered under the scope of the specifications, into successful operation, shall be 
furnished by the contractor unless specifically excluded under the exclusions in 
these specifications and documents. 

2.10 DESIGN IMPROVEMENTS / DEVIATIONS 

The bidder shall note that the equipment offered by him in the bid only shall be 
accepted for supply. If for any reason, contractor wishes to deviate from 
specification, prior permission from HITES will be sought. 

If any such agreed upon change is such that it affects the price and schedule of 
completion, the parties shall agree in writing as to the extent of any change in the 
price and/or schedule of completion before the proceeds with the change.  
Following such agreement, the provision thereof, shall be deemed to have been 
amended accordingly in the specification.  

3. QUALITY ASSURANCE PROGRAMME 

To ensure that the equipment and services under the scope of this Contract 
whether manufactured or performed within thecontractor ȭÓ ×ÏÒËÓ ÏÒ ÁÔ ÈÉÓ ÓÕÂ-ȭÓ 
ÐÒÅÍÉÓÅÓ ÏÒ ÁÔ ÔÈÅ 0ÕÒÃÈÁÓÅÒȭÓ ÓÉÔÅ ÏÒ ÁÔ ÁÎÙ ÏÔÈÅÒ ÐÌÁÃÅ ÏÆ ×ÏÒË ÁÒÅ ÉÎ ÁÃÃÏÒÄÁÎÃÅ 
with the specifications, the contractor shall adopt suitable quality assurance 
programme to control such activities at all points necessary. Such programme shall 
be outlined by the contractor and shall be finally accepted by the Purchaser after 
discussions before the award of Contract. A quality assurance programme of the 
contractor shall generally cover the following: 

a)  His organization structure for the management and implementation of the 
proposed quality assurance programme. 
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b)  Documentation control system. 

c) 1ÕÁÌÉÆÉÃÁÔÉÏÎ ÄÁÔÁ ÆÏÒ ÂÉÄÄÅÒȭÓ ËÅÙ ÐÅÒÓÏÎÎÅÌȢ 

d) The procedure for purchases of materials, parts components and selection of 
sub-contractorȭÓ ÓÅrvices including vendor analysis, source inspection, 
incoming raw material inspection, verification of material purchases etc. 

e) System for shop manufacturing and site erection controls including process 
controls and fabrication and assembly control. 

f) Control of non-conforming items and system for corrective actions. 

g) Inspection and test procedure both for manufacture and field activities. 

h) Control of calibration and testing of measuring instruments and field activities. 

i) System for indication and appraisal of inspection status. 

j) System for quality audits. 

k) System for authorizing release of manufactured product to the Purchaser. 

l) System for maintenance of records. 

m) System for handling storage and delivery.   

n) A quality plan-detailing out the specific quality control measures and 
procedures adopted for controlling the quality characteristics relevant to each 
item of equipment furnished and/or services rendered. 

3.1. QUALITY ASSURANCE DOCUMENTS 

The contractor shall be required to submit the following Quality Assurance 
Documents within three weeks after dispatch of the equipment: 

a) All Non-Destructive Examination procedures, stress relief and weld repair 
procedure actually used during fabrication and reports including radiography 
interpretation reports.  

b) Welder and welding operator qualification certificates. 

c) 7ÅÌÄÅÒȭÓ ÉÄÅÎÔÉÆÉÃÁÔÉÏÎ ÌÉÓÔȟ ÌÉÓÔÉÎÇ ×ÅÌÄÅÒÓ ÁÎÄ ×ÅÌÄÉÎÇ ÏÐÅÒÁÔÏÒȭÓ 
qualification procedure and welding identification symbols. 

d) Raw material test reports on components as specified by the specification 
and/or agreed to in the quality plan. 

e) Stress relief time temperature charts/oil impregnation time temperature 
charts. 

f) Factory test results for testing required as per applicable codes/ mutually 
agreed quality plan/ standards referred in the technical specification. 

g) The quality plan with verification of various HITES inspection points as 
mutually and methods used to verify the inspection and testing points in the 
quality plan were performed satisfactorily. 

4. INSPECTION, TESTING AND INSPECTION CERTIFICATE 

a) The HITES or duly authorized representative shall have at all reasonable times 
free access to thecontractor ȭÓȾ -ÁÎÕÆÁÃÔÕÒÅÒȭÓ ÐÒÅÍÉÓÅÓ ÏÒ ×ÏÒËÓ ÁÎÄ ÓÈÁÌÌ 
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have the power at all reasonable times to inspect and examine the materials 
and workmanship of the works during its manufacture or erection, if part of 
the works is being manufactured or assembled at other premises or works, 
thecontractor  shall obtain permission to inspect as if the works were 
manufactured or assembled on the contractorȭÓ Ï×Î ÐÒÅÍÉÓÅÓ ÏÒ ×ÏÒËÓȢ 
Inspection may be made at any stage of manufacture, dispatch or at site at the 
option of the Purchaser and the equipment if found unsatisfactory due to bad 
workmanship or quality, material is liable to be rejected. 

b) All equipment being supplied shall conform to type tests and shall be subject to 
routine tests in accordance with requirements stipulated under respective 
sections.  Bidder shall submit the type tests reports for approval. The 
contractor shall intimate the HITES the detailed programme about the tests at 
least three (3) weeks in advance in case of domestic supplies.  

c) The contractor shall give the HITES thirty (30) days written notice of any 
material being ready for testing. Such tests shall be to the contractorȭÓ account. 
The HITES, unless witnessing of the tests is virtually waived off, will attend 
such tests within thirty (30) days of the date of which the equipment is notified 
as being ready for test/ inspection, failing which the contractor may proceed 
with the test which shall be deemed to have been made in the presence of 
HITES and he shall forthwith forward to the HITES duly certified copies of tests 
in triplicate. 

d) The HITES shall within fifteen (15) days from the date of inspection as defined 
shall inform in writing to the contractor of any objection to any drawings and 
all or any equipment and workmanship which in his opinion is not in 
accordance with the Contract. The contractor shall give due consideration to 
such objections and make the necessary modifications accordingly. 

e) When the factory tests have been completed at the contractorȭÓ ÏÒ 3ÕÂ- 
contractorȭÓ ×ÏÒËÓȟ ÔÈÅ ()4%3 ÓÈÁÌÌ ÉÓÓÕÅ Á ÃÅÒÔÉÆÉÃÁÔÅ ÔÏ ÔÈÉÓ ÅÆÆÅÃÔ ×ÉÔÈÉÎ 
fifteen (15) days after completion of tests but if the tests are not witnessed by 
the HITES, the certificate shall be issued within fifteen (15) days of receipt of 
thecontractorȭÓ 4ÅÓÔ ÃÅÒÔÉÆÉÃÁÔÅ ÂÙ ÔÈÅ ()4%3Ȣ &ÁÉÌÕÒÅ ÏÆ ÔÈÅ ÉÓÓÕÅ of such a 
certificate shall not prevent the contractor from proceeding with the works. 
The completion of these tests or the issue of the certificate shall not bind the 
HITES to accept the equipment should, it, on further tests after erection, is 
found not to comply with the Specification. The equipment shall be dispatched 
to site only after approval of test reports and issuance of clearance by the 
HITES. 

f) The contractor shall arrange all necessary tools and testing facilities for 
inspection purpose including arrangement of air travel (inland as well as 
abroad), conveyance, lodging, boarding and other miscellaneous expenses etc. 
HITES shall depute its inspection engineers (2 or more as decided by HITES) 
after receipt of inspection call from the contractor. All such expenses incurred 
by the contractor ÔÏ×ÁÒÄÓ ÉÎÓÐÅÃÔÉÏÎ ÏÆ ÅÑÕÉÐÍÅÎÔ ÂÙ ()4%3ȭ ÉÎÓÐÅÃÔion 
engineers shall be borne by the contractor.  

g) For tests whether at the premises or at the works of the contractor or of any 
Sub- contractor, the contractor shall provide free of charge such items as 
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labour, materials, electricity, fuel, water, stores, apparatus and instruments as 
may be required by HITES or this authorized representative to carry out 
effectively such tests of the equipment in accordance with the Specification.   

h) The inspection by HITES and issue of Inspection Certificate thereon shall in no 
way absolve the liabilities and responsibilities of the contractor in respect of 
the agreed quality assurance programme forming a part of the Contract. 

i) The HITES will have the right of having at his own expenses any other tests(s) 
of reasonable nature carried out atcontractor ȭÓ ÐÒÅÍÉÓÅÓ ÏÒ ÁÔ ÓÉÔÅ ÏÒ ÉÎ ÁÎÙ 
other place in addition of aforesaid type and routine tests to satisfy that the 
material complies with the specifications. 

j) The HITES reserves the right for getting any field tests not specified in 
respective sections of the technical specification conducted on the completely 
assembled equipment at site. The testing equipment for these tests shall be 
provided by the contractor. 

5. TESTS 

5.1.  Charging Tests  

On completion of erection of the equipment and before charging, each item of the 
equipment shall be thoroughly cleaned and then inspected jointly by the HITES 
and the contractor for correctness and completeness of installation and 
acceptability for charging, leading to initial pre-commissioning tests at Site.  The 
pre-commissioning tests to be performed as per relevant I.S. given and shall be 
included in thecontractor ȭÓ ÑÕÁÌÉÔÙ ÁÓÓÕÒÁÎÃÅ ÐÒÏÇÒÁÍÍÅȢ 

5.2. Commissioning Tests  

a) The available instrumentation and control equipment will be used during 
such tests and the contractor will calibrate all such measuring equipment 
and devices as far as practicable. However, unmeasurable parameters shall 
be taken into account in a reasonable manner by thecontractor for the 
requirement of these tests. The tests will be conducted at the specified load 
points and as near the specified cycle condition as practicable. The 
contractor will apply proper corrections in calculation, to take into account 
conditions, which do not correspond to the specified conditions. 

b) All instruments, tools and tackles required for the successful completion of 
the Commissioning Tests shall be provided by the contractor, free of cost. 

c) Pre-commissioning test shall be carried out as per relevant IS and/or as 
specified in the relevant clause. 

d) The contractor shall be responsible for obtaining statutory clearances from 
the concerned authorities for commissioning of the equipment.  

6. PACKAGING 

All the equipment shall be suitably protected, coated, covered or boxed and crated 
to prevent damage or deterioration during transit, handling and storage at Site till 
the time of erection.  While packing all the materials, the limitation from the point 
of view of availability of Railway wagon/truck/trail er sizes in India should be 
taken account of. Thecontractorshall be responsible for any loss or damage during 
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transportation, handling and storage due to improper packing. Any demurrage, 
wharfage and other such charges claimed by the transporters, railways etc. shall be 
to the account of the contractor. HITES takes no responsibility of the availability of 
any special packaging/transporting arrangement. 

7. PROTECTION 

All coated surfaces shall be protected against abrasion, impact, discoloration and 
any other damages. All exposed threaded portions shall be suitably protected with 
either a metallic or a non-metallic protecting device. All ends of all valves and 
pipings and conduit equipment connections shall be properly sealed with suitable 
devices to protect them from damage. The parts which are likely to get rusted, due 
to exposure to weather should also be properly treated and protected in a suitable 
manner. 

8. FINISHING OF METAL SURFACES 

8.1. General 

All metal surfaces shall be subjected to treatment for anti-corrosion protection. 
All ferrous surfaces for external use unless otherwise stated elsewhere in the 
specification or specifically agreed, shall be hot-dip galvanized after fabrication.  
High tensile steel nuts and bolts and spring washers shall be electro galvanized. 
All steel conductors used for earthing/grounding (above ground level) shall be 
galvanized according to IS: 2629. 

8.2.  Hot Dip Galvanizing  

a) The minimum weight of the zinc coating shall be 700 gm/sq.m and minimum 
thickness of coating shall be 85 microns.  

b) The galvanized surfaces shall consist of a continuous and uniform thick 
coating of zinc, firmly adhering to the surface of steel. The finished surface 
shall be clean and smooth and shall be free from defects like discolored 
patches, bare spots, unevenness of coating, spelter which is loosely attached 
to the steel globules, spiky deposits, blistered surface, 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. 

c) After galvanizing drilling or welding shall be performed on the galvanized 
parts of the earthing materials.  Sodium dichromate treatment shall be 
provided to avoid formation of white rust after hot dip galvanization. 

d) The galvanized steel shall be subjected to six one minute dips in copper 
sulphate solution as per IS-2633. 

e) Sharp edges with radii less than 2.5mm shall be able to withstand four 
immersions of the Standard Preece test. All other coatings shall withstand six 
immersions. The following galvanizing tests should essentially be performed 
as per relevant Indian Standards. 

- Coating thickness, 

- Uniformity of zinc, 

- Adhesion test, 
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- Mass of zinc coating. 

f) Galvanized material must be transported properly to ensure that galvanized 
surfaces are not damaged during transit. Application of zinc rich paint at site 
shall not be allowed. 

8.3. Painting  

a) All sheet steel work shall be degreased, pickled, phosphate in accordance with 
the IS-φππυ Ȱ#ÏÄÅ ÏÆ ÐÒÁÃÔÉÃÅ ÆÏÒ ÐÈÏÓÐÈÁÔÉÎÇ ÉÒÏÎ ÁÎÄ ÓÈÅÅÔȱȢ !ÌÌ ÓÕÒÆÁÃÅÓ 
which will not be easily accessible after shop assembly shall beforehand be 
treated and protected for the life of the equipment. The surfaces, which are to 
be finished painted after installation or require corrosion protection until 
installation, shall be shop painted with at least two coats of primer. Oil, 
grease, dirt and swaf shall be thoroughly removed by emulsion cleaning. Rust 
and scale shall be removed by pickling with dilute acid followed by washing 
with running water, rinsing with slightly alkaline hot water and drying. 

b) After phosphating, thorough rinsing shall be carried out with clean water 
followed by final rinsing with dilute dichromate solution and oven drying. 
The phosphate coating shall be sealed with application of two coats of ready 
mixed, staving ÔÙÐÅ ÚÉÎÃ ÃÈÒÏÍÁÔÅ ÐÒÉÍÅÒȢ 4ÈÅ ÆÉÒÓÔ ÃÏÁÔ ÍÁÙ ÂÅ ȰÆÌÁÓÈ ÄÒÉÅÄȱ 
while the second coat shall be shoved. 

c) Powder coating/electrostatic painting of approved shade shall be applied. 

d) The exterior color of the paint shall be as per shade no. 697 of IS-5 or as 
approved by Engineer-in-charge and inside shall be white or as approved by 
Engineer-in-charge. A small quantity of finishing paint shall be supplied for 
minor touching up required at site after installation of the equipments, if 
required. 

e) In case the Bidder proposes to follow his own standard surface finish and 
protection procedures or any other established painting procedures like 
electrostatic painting etc. the procedure shall be submitted along with the 
"ÉÄÓ ÆÏÒ ()4%3ȭÓ ÒÅÖÉÅ× ÁÎÄ ÁÐÐÒÏÖÁÌȢ  

9. HANDLING, STORING AND INSTALLATION 

a) In accordance with the specific installation instructions as shown on 
ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÒÁ×ÉÎÇÓ ÏÒ ÁÓ ÄÉÒÅÃÔÅÄ ÂÙ ÔÈÅ 0ÕÒÃÈÁÓÅÒ ÏÒ ÈÉÓ 
representative, the contractor shall unload, store, erect, install, wire, test and 
place into commercial use all the equipment included in the contract. 
Equipment shall be installed in a neat, workmanlike manner so that it is level, 
plumb, square and properly aligned and oriented.  

b) Shall follow the unloading and transporting procedure at site, as well as 
storing, testing and commissioning of the various equipment being procured 
by him separately. The contractor shall unload, transport, store, erect, test 
and commission the equipment as ÐÅÒ ÉÎÓÔÒÕÃÔÉÏÎÓ ÏÆ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
Engineer(s) and shall extend full co-operation to them. 

c) In case of any doubt/ misunderstanding as to the correct interpretation of 
ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÒÁ×ÉÎÇÓ ÏÒ ÉÎÓÔÒÕÃÔÉÏÎÓȟ ÎÅÃÅÓÓÁÒÙ ÃÌÁÒÉÆÉÃÁÔÉÏÎÓ ÓÈÁÌÌ ÂÅ 
obtained from the HITES. The contractor shall be held responsible for any 
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ÄÁÍÁÇÅ ÔÏ ÔÈÅ ÅÑÕÉÐÍÅÎÔ ÃÏÎÓÅÑÕÅÎÔ ÆÏÒ ÎÏÔ ÆÏÌÌÏ×ÉÎÇ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ 
drawings/instructions correctly.  

d) Where assemblies are supplied in more than the one section, contractor shall 
make all necessary connections between sections. All components shall be 
protected against damage during unloading, transportation, storage, 
installation, testing and commissioning. Any equipment damaged due to 
negligence or carelessness or otherwise shall be replaced by the contractor at 
his own expense. 

e) The contractor shall submit to the HITES every week, a report detailing all the 
receipts during the weeks.  However, the contractor shall be solely 
responsible for any shortages or damages in transit, handling and/or in 
storage and erection of the equipment at Site.  Any demurrage, wharfage and 
other such charges claimed by the transporters, railways etc. shall be to the 
account of the contractor. 

f) The contractor shall be fully responsible for the equipment/material until the 
same is handed over to the HITES in an operating condition after 
commissioning. The contractor shall be responsible for the maintenance of 
the equipment/material while in storage as well as after erection until taken 
over by HITES, as well as protection of the same against theft, element of 
nature, corrosion, damages etc. 

g) The contractor shall be responsible for making suitable indoor storage 
facilities, to store all equipment, which require indoor storage. 

h) 4ÈÅ ×ÏÒÄÓ ȬÅÒÅÃÔÉÏÎȭ ÁÎÄ ȬÉÎÓÔÁÌÌÁÔÉÏÎȭ ÕÓÅÄ ÉÎ the specification are 
synonymous.   

i) Exposed live parts shall be placed high enough above ground to meet the 
requirements of electrical and other statutory safety codes. 

j) The minimum phase to earth, phase to phase and section clearance along with 
other technical parameters for the various voltage levels shall be maintained 
as per relevant IS. 

10. PROTECTIVE GUARDS   

Suitable guards shall be provided for protection of personnel on all exposed 
rotating and/or moving machine parts. All such guards with necessary spares and 
accessories shall be designed for easy installation and removal for maintenance 
purpose. 

11. DESIGN CO-ORDINATION 

The contractor shall be responsible for the selection and design of appropriate 
equipments to provide the best co-ordinated performance of the entire system. 
The basic design requirements are detailed out in this Specification. The design of 
various components, sub-assemblies and assemblies shall be so done that it 
facilitates easy field assembly and maintenance. 

12. DESIGN COORDINATION MEETING 

The contractor will be called upon to attend design co-ordinat ion meetings with 
HITES/ Client during the period of Contract. The contractor shall attend such 
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meetings at his own cost contractor at mutually agreed venue as and when 
required and fully co-operate with such persons and agencies involved during 
those discussions. 

13. TOOLS AND TACKLES 

Thecontractor shall supply with the equipment one complete set of all special tools 
and tackles for the erection, assembly, dis-assembly and maintenance of the 
equipments.  

14. SAFETY CODES & PRECAUTIONS 

The contractor at his own expenses shall arrange for safety provisions as required 
to comply with the statuary regulations, ISI recommendations and CPWD codes. 

The contractor shall provide necessary barriers, warnings, signals and other safety 
measures to avoid accidents. He shall indemnify HITES against any claims arising 
out of negligence in this respect.  

15. REGULATIONS AND STANDARDS 

All equipments their installation, testing and commissioning shall conform latest 
CPWD/ IS specifications in all respects. Indian Standard Code of Practice for 
Electrical Wiring Installation IS:732-1989. It shall also be in conformity with Indian 
Electricity Rules and the Regulations, National Electric Code, National Building 
Code 2016, ECBC, latest CPWD specifications amended up to date and 
requirements of the Local Electric Supply Authority. In general, all materials 
equipment and workmanship shall conform to the Indian Standards specifications 
and code. Some of the applicable codes/standards are as under: 

a.  CPWD General specifications for electrical works  Part-I (Internal) 2013  

b.  CPWD General specifications for electrical works Part-II (External) 1994 

c.  CPWD General specifications for electrical works Part-III (Lifts & Escalators) 
2005 

d.  CPWD General specifications for electrical works Part-IV (Substation) 2013 

e.  CPWD General specifications for electrical works Part VII (DG Sets) 2013 

f.  CPWD Guidelines for Substation & Power 
Distribution Systems of Buildings  

2019 

g.  Guide for uniform system of marking and 
identification of conductor and apparatus 
terminals. 

IS 11353 -1985 

h.  Low voltage switchgear and control gear 
assemblies 

IS/IEC 61439  

i.  Specification for low voltage switchgear and 
control gear assemblies 

IS 8623 (Part -2-1993) 
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j.  Code of practice for selection, Installation and 
maintenance of switchgear and control gear. 

IS 10118 Part ɀ 1 ɀ 4 

k.  PVC insulated (heavy duty) electric cables IS 1554 

l.  PVC insulated cables for working voltages up to 
and including 1100V. 

IS 694 

m.  Conduit for electrical installations IS 9537 

n.  Accessories for rigid steel conduits for electrical 
wiring  

IS 3837 

o.  Boxes for the enclosure of electrical accessories IS 14772 

p.  General and safety requirements for luminaries IS 1913 

q.  Code of practice for earthing IS 3043 

r.  Electrical accessories ɀ circuit breakers for over 
current protection for household and similar 
installations. 

IS 8828 

s.  Low Voltage switchgear and control gear  IS 13947 Part 1 ɀ 5 

t.  Residual current operated Circuit Beakers  IS 12640 

u.  Current Transformers IS 2705 

v.  Voltage Transformers IS 3156 

w.  Direct acting indicating analogue electrical 
measuring instruments and their accessories 

IS 1248 part ɀ 1 to 9 

x.  Control Switches (switching device for control 
and auxiliary circuits including contactor relays) 
for voltages up to and including 1000V AC and 
1200 V DC. 

IS 13947 & IS 1336 

In case of contradiction in specification the priority of the documents shall be 
CPWD/ IS Specifications, Drawings, and Technical Specifications. 

 

16. 11/ 0.433  kV SUBSTATIONS 

16.1. 11 kV VACUUM CIRCUIT BREAKER (VCB) PANEL BOARD 

16.1.1. GENERAL: 

Vacuum Circuit Breaker shall be incorporated in HT Panel boards in required 
combination of incoming panels, coupler panel, outgoing transformer panels & 
ÏÕÔÇÏÉÎÇ ÆÅÅÄÅÒ ÐÁÎÅÌÓȢ 6#"ȭÓ ÓÈÁÌÌ ÃÏÎÆÏÒÍ ÔÏ )%# ςωψ ÁÎÄ φωτȟ )3 στςχȟ "3 
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5227 and VDE 0670, Part 6 aÓ ×ÅÌÌ ÁÓ ÔÈÅ ÒÅÇÕÌÁÔÉÏÎÓ ÍÅÎÔÉÏÎÅÄ ÔÈÅÒÅÉÎȢ 6#"ȭÓ 
shall be indoor type & suitable for operation on 11 kV, 3-Phase, 50 Hz AC 
supply. Metering and protection in the panels as detailed herein after. 11KV 
Panel board in each Substation shall be comprising of 2 Incoming Panels, One 
Bus coupler & Outgoing Panels with provision of at least one no. spare Breaker 
panels on each side.  

16.1.2. TYPE AND CONSTRUCTION: 

i. The metal clad panel shall be fully extensible and compartmentalized to 
give. 

a.  Circuit Breaker Compartment 

b.  Busbar Compartment 

c.  CT and Cable Compartment 

ii . The compartments shall be safe to touch and compartments thus formed 
shall be dust proof & vermin proof. A separate metering chamber for fixing 
the necessary instrumentation metering and protective equipment shall be 
provided panel on   the front. 

iii . The VCB shall consist of three air insulated poles incorporating mechanism 
of   interrupters. The body of interrupters shall be made of nickel chromium 
steel supported on insulators made out of metalised aluminum oxide. The 
contacts shall be of chromium copper and butt shaped. 

iv.  Vacuum Circuit Breaker shall be mounted on truck or a carriage 
mechanism. In case of truck mechanism, the breaker shall be on a trolley 
while in a carriage mechanism, shall be separate door and it shall be 
possible to perform all operations with front door closed. The draw out 
carriage shall have two positions for the circuit breaker viz isolated/test & 
service position. Bus bars shall be insulated type made of high conductivity 
copper supported on cast epoxy monobloc designed to withstand full short 
circuit currents and shall be provided all along the length of the HT Board. 

v. It shall be horizontal isolation, horizontal draw out type, fully interlocked, 
with dust and vermin proof construction, suitable for indoor instillation. 
The panel shall be supplied wiÔÈ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÔÅÓÔ ÃÅÒÔÉÆÉÃÁÔÅÓȢ  

vi. The steel work should have undergone a rigorous rust proofing process 
comprising alkaline degreasing, descaling in dilute sulphuric acid and 
recognized phosphate process and shall then be given power coating 
(ElectÒÏÓÔÁÔÉÃɊ ÐÁÉÎÔ ÏÆ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÔÁÎÄÁÒÄ ÓÈÁÄÅȢ 

vii . The switchgear constructions shall be such that breaker operation and 
internal explosions do not endanger the operating personnel, and the front 
of the panel shall be specially designed to withstand these. Pressure relief 
flaps shall be provided for safely venting out gases produced inside the high 
voltage compartment, bus bar compartment and termination compartment. 
These flaps shall be vented upwards and cannot be opened from outside. 
These relief flaps shall be of such construction as not to permit ingress of 
dust/water in harmful quantities under normal working conditions. 
Enclosure shall be constructed with sheet steel of at least 2.0 mm thickness. 
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It shall have a rigid, smooth, leveled, flawless finish. 

viii . Voltage transformer of burden not less than 100 VA and of proper ratio as 
specified shall be provided. The accuracy class for the VT shall be 0.5 as per 
is 3156 Part 1 to III for incomer and class I for outgoing panels. The PT shall 
be of cast epoxy resin construction. It shall be fixed/withdraw able type. 
HRC fuses circuit Breaker shall be provided on both HV and LV side. 
Adequate space at the rear of the panel shall be provided for the 
termination of power & control cables. The panel shall be provided with 
suitable terminating arrangement for the termination of cables. Burden of 
PT should match with the requirement of client. 

ix. The making contact arms (upper & lower) of the circuit breaker shall be 
encased in polyprolene tubes. Penetration type bushings shall be provided 
in the busbars & cable compartment for the fixed contacts. 

x. Safety shutters shall be provided to cover up the fixed high voltage contacts 
on busbar and cable sides when the carriage is moved to 
Isolated/Disconnected position. The shutters shall move automatically with 
the movement of the draw out carriage.  It shall, however, be possible to 
open the shutters of busbars side and cable side individually. 

xi. Mechanically operated circuit breaker auxiliary switches of minimum 5 NO 
+ 5 NC ways, shall be provided for control and indication purposes. Control 
wiring shall be done by 1.5 sq. mm, 1.1 kV grade stranded copper PVC 
insulated wires.   All control device shall be MCB type. 

xii . Terminal blocks shall be clamp type suitable for connection of only 2 wires 
per terminal and shall be 650 V grade. The LT control circuit shall be 
routine tested to withstand 1.5 kV for one minute. 

xiii . Busbar compartment shall be provided at the rear. Electrolytic copper 
busbars shall be of rectangular cross section and insulated.  Busbars shall 
be supported properly by cast epoxy resin insulators so as to withstand 
thermal and dynamic stresses during system short circuits.  Busbars shall 
be provided with necessary color coding for phases indication. The busbars 
shall be designed to withstand a temperature rise of 60 deg. C above and 
ambient temperature of 45 deg. C. 

16.1.3. BUSBAR AND REGULATORS 

i. All bus bars and jumper connections shall be of electrolytic copper 
conforming to relevant IS Standards. They shall be adequately supported on 
epoxy insulators to withstand electrical and mechanical stresses due to 
specified short circuit currents. Busbar cross section shall be uniform 
throughout the length of switch board. 

ii . Contact surface at all joints shall be properly cleaned and No-oxide grease 
applied to ensure an efficient and trouble free connections. All bolted joints 
shall have necessary washers for maintaining adequate contact pressure. 
All connection hardware shall have high corrosion resistance. 

iii . Bus bar insulators shall be of track-resistance, high strength, and non-
hygroscopic, non-combustible type & shall be suitable to withstand stresses 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 112 
 

due to over voltages and short circuit current. Busbar shall be supported on 
the insulator such that the conductor expansion and contraction are 
allowed without straining the insulators. The temperatures of the busbars 
and all other equipments, when carrying the rated of relevant Indian 
Standards, duly considering the specified ambient temperature. 

iv. EARTHING AND PROTECTIVE EARTHING 

Copper earthing bus shall be provided. It shall be bolted/ welded to the 
framework of each panel. The earth bus shall have sufficient cross time 
fault currents to earth without exceeding the allowable temperature rise. 
Suitable arrangement shall be provided at each end of the earth for 
bolting. Earthing conductors and earth bus shall run inside at the back of 
the panel for entire length. Facilities shall be provided for integral 
earthing of busbars & feeder circuit. Earthing rod consisting of 16 Sq.mm. 
stranded/flexible copper cable 15 Mtr. long and connectors shall be 
supplied. Cost of this earthing rod is deemed to be included in the cost of 
VCB Panel. 

v. METERING AND PROTECTION 

The VCB Panel Board shall be provided with epoxy resin current 
transformers for metering and protectiÏÎȢ 4ÈÅ  ÐÒÏÔÅÃÔÉÏÎ #4ȭÓ  ÓÈÁÌÌ ÂÅ ÏÆ 
accuracy class 5P10 of 2705- Part ɀIII - 1992. The metering CTs shall 
confirm to the metering ratio and accuracy class 0.5 of is 2705-1992 for 
the incomer and Class I for the outgoing panels. Ammeter and voltmeter 
to be installed on panel shall be digital type. Voltmeter transformer of 
burden not less than 100 VA shall be 0.5 as per IS 3156 Part-I to Part-III 
for incomer and class I for outgoing panels. The PT shall be 
fixed/withdraw able type. HRC fuses/ MCB shall be provided on both HV 
and LV side. All meters shall be 96mm squire pattern, flush mounting type 
necessary selector switches. Necessary lamps of low voltage type with 
built in resistors shall be provided (maximum wattage 2.5watt. Burden of 
CT should match with the requirement of the client. 

vi. Metering and Protection to be provided in Panels shall be as detailed 
below:  

INCOMING PANELS - 800 A, 11 kV VCB BREAKER PANEL 

1 Set .-11KV/110Volts , 3 phase PT Class -0.5 accuracy and 100 VA burden 
with 1 No. Voltmeter (0-15KV), digital type with built-in selector switch 
and protection MCBs for HT metering up to 12 KV on Incomer (IS-3156) 

1 Set- Ammeter Digital Type with built -in selector switch. 

1 Set-Microprocessor based relay with O/L, S/C and E/F protection. Relay 
shall be communicable on modbus  protocol of IBMS. 

1 Set of dual core dual ratio 3 CTs of suitable ratio 15VA burden and 
accuracy Class-0.5 for metering and class 5P10 for protection. (IS-2705-
1992) 
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1 Set calibrated intelligent multi function digital panel meter of class 0.5 
accuracy with communication interface port RS 485 for  giving output on 
MOD BUS protocol of IBMS for receiving V, A, KVA, KVAh, KW, KWH, Hz, 
KVAR , PF, MDI individual total harmonic distortion with suitable rating 
CTs etc complete with wiring connections etc. 

1 Set  R/Y/B phase LED indication lamp  

1 Set Red - ON, Green - OFF, TRIP, TRIP CIRCUIT HEALTHY, SPRING 
CHARGE, DC ON. (6 Nos. Ind. Lamps (LED TYPE) for each set). 

1 Set of Push button for Emergency Tripping with 1 NO + 1 NC contacts & 
inscription plates.  

1 Set Trip / Neutral / Close Breaker Control Switch. 

1 Lot - Master Trip Relays  / Lockout Relays / Anti pumping / Aux. Relays/ 
Over current/ Earth Fault/ Phase Sequence Relay for Incoming VCB 
Feeders as required. 

OUTGOING PANELS- 630 A, 11 KV VCB BREAKER PANEL 

1 set Ammeter digital type with built-in selector switch. 

1 set -Microprocessor based relay with O/L, S/C and E/F protection. Relay 
shall be communicable on modbus for protocol of IBMS. 

1 Set of dual core  3 CTs of 15VA burden and accuracy Class-1.0 for 
metering and class 5P10 for protection. 

1 set  R/Y/B phase LED  indication lamp   

1 set Red - ON, Green - OFF, TRIP, TRIP CIRCUIT HEALTHY, SPRING 
CHARGE, DC ON and  AC ON. Indication LED lamps (7 Nos. Ind. Lamps for 
each set) 

1 set of Push button for Emergency Tripping with 1 NO + 1 NC contacts & 
inscription plates.  

1 set Trip / Neutral / Close Breaker control switch. 

1set calibrated intelligent multi function digital panel meter of class- 1.0 
accuracy with communication inter face port RS 485 for  giving output on 
BACNET / MOD BUS protocol of IBMS for receiving V, A, KVA, KVAh, KW, 
KWH,F, KVAR & PF etc. complete with wiring. 

1 Set 8 window solid state audio/ Visual Annunciators with Test/ Accept/ 
Reset push buttons and Electronic Hooter. 

1 Lot - Master Trip Relays  / Lockout Relays / Anti pumping / Aux. Relays/ 
Over current/ Earth Fault for Outgoing VCB feeder as required. 

The Incoming & Outgoing VCBs panels shall SCADA/BMS compatible. 

16.1.4. OPERATING MECHANISM 

i. Vacuum Circuit Breaker shall be equipped with motorized spring charge. 
These operating mechanisms shall be of the stored energy type. In the 
closed state of the breaker, the energy stored in the springs shall be suitable 
for O-C-O duty.  
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ii . Interlocking and Safety Arrangement- Vacuum Circuit Breaker shall be 
provided with the following safety and interlocking arrangements: 

a). The draw out carriage cannot be moved from either test/disconnected 
ÔÏ ÓÅÒÖÉÃÅ ÐÏÓÉÔÉÏÎ ÏÒ ÖÉÃÅ ÖÅÒÓÁȟ ×ÈÅÎ ÔÈÅ ÃÉÒÃÕÉÔ ÂÒÅÁËÅÒ ÉÓ Ȭ/ÎȭȢ 

b). 4ÈÅ ÃÉÒÃÕÉÔ ÂÒÅÁËÅÒ ÃÁÎÎÏÔ ÂÅ Ó×ÉÔÃÈÅÄ Ȭ/.ȭ ×ÈÅÎ ÔÈÅ ÃÁÒÒÉÁÇÅ ÉÓ ÉÎ 
any position between test & service position. 

c). The front door of the panel cannot be opened when the breaker is in 
service position or in an intermediated position. 

d). The low voltage plug & socket cannot be disconnected in any position 
except test/isolated position. 

e). The door cannot be closed unless the LV plug has been fitted. 

f). It shall be possible to mechanically close and trip the circuit breaker 
through push buttons with the circuit breaker in service position and 
the door closed. 

g). Individual explosion vents shall be provided for breaker, busbar, cable 
chambers on the top of the panel to let out the gases under pressure 
generated during an unlikely event of a fault inside the panel. 

h). Circuit Breaker & sheet metal enclosure shall be fully earthed. 

i). Self locking shutters shall be provided which close automatically and 
shall be interlocked with the movement of the draw out carriage 
mechanism. 

iii . Rating: The rating of the vacuum circuit breaker shall be as below 

Rated current    800 A for I/C and 630 A for O/G     Panels  

 Rated Voltage   11 KV 

 Rated Frequency  50 Hz 

 Rated Breaking capacity 18.37 kA  (350 MVA) 

 Rated making capacity   as per relevant standards. 

iv.  Accessories: Circuit Breakers shall be provided with the following 
accessories. 

a). Auxiliary Switch with minimum 5 NO + 5 NC auxiliary contacts. 

b). Tripping Coil 

c). Mechanical Operation Counter 

d). Spring Charging Handle 

v. Mounting: -Vacuum Circuit Breakers shall be mounted as per 
ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÓÔÁÎÄÁÒÄ ÐÒÁÃÔÉÃÅȢ 

vi. Auxiliary Supply  

a). The tripping shall be at 24 Volt D.C. through a power pack unit or 
Battery Charger  
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b). Space heater indication & other auxiliary supply requirement shall be at 
230 V AC. Necessary termination arrangements complete with isolating 
switch, control fuse & link shall be provided at one place in the panel for 
ÒÅÃÅÉÖÉÎÇ ÔÈÅ ÐÕÒÃÈÁÓÅÒȭÓ ÃÁÂÌÅȢ 

16.1.5.  TESTS    

i. Factory Tests 

The circuit breakers panel shall be subjected to routine tests at 
ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ×ÏÒËÓ ÉÎ ÁÃÃÏÒÄÁÎÃÅ ×ÉÔÈ ÔÈÅ ÄÅÔÁÉÌÓ ÓÐÅÃÉÆÉÅÄ ÉÎ ÔÈÅ 
relevant IS specifications. These shall however necessarily comprise of 
the following. 

a. Power frequency voltage test on the main power circuit. 

b. Verification of the correct wiring/Functional Test. 

c. Dielectric test at 1.5kV on the control circuit. Apart form above, the 
shall submit the routine test certificates for the following equipment. 

¶ Circuit Breakers 

¶ Current Transformers 

¶ iii.Voltage Transformers   

d. Temperature rise test. 

e. Impulse & power frequency voltage test 

f. Short time current test on circuit breaker. 

ii . Site Test 

General 

a. Verification for completion of equipment, physical 
damage/deformities. 

b. Alignment of panel, interconnection of busbars & tightness of bolts & 
connection etc. 

c. Interconnection of panel earth busbar with plant earthing grid. 

d. Inter panel wiring between transport sections.  

e. Cleanliness of insulators and general Cleanliness of panel to remove 
traces of dust, water etc.  

Circuit Breaker &Panel  

a. Check for free movement of circuit breaker, lubrication of moving 
part & other  parts as per manufacturers manual. 

b. Manual/Electrical operations of the breaker and Functional test as 
per drawings. 

c. Meggar before the Hi Pot test. 
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d. H.T. Test - Hi Pot test (Power frequency withstand test for one 
minute at 28kV RMS). At site Hi Pot test is carried out at 80% of 
28kV RMS value. 

e. Meggar after the Hi Pot test. 

f. CT/PT ratio/polarity primary injection test.     

g. Secondary injection test on relays to practical characteristics. 

16.2. 11 KV HT CABLES 

 The size & runs of the HT cables shall be decided as per the Electrical Load 
requirements and rated short circuit capacity of Substations & HT cable Schedule 
shall be got approved from Engineer-In-Charge. 

16.2.1. Construction  

 All HT cables shall be of 11 kV grade, armored, aluminum conductor, XLPE 
insulated, earthed & PVC sheathed. All HT cables shall be manufactured & tested in 
accordance with relevant IS Code Specifications.  

16.2.2. 11KV CABLE  JOINTS/ TERMINATIONS 

 Terminal joints shall be carried out as per IS specifications. Heat shrink cable 
termination kit shall be used for terminations & straight through joints. 

16.2.3. INSTALLATION OF CABLES 

Cable laying in ground, Cable trays , Ducts or fixing on Wall shall be carried out as 
per CPWD specifications for Electrical works Part II as amended up to date.Cable 
route marker shall be provided at regular intervals as per CPWD specifications. 
Cost of cable route markers is deemed to be included in the cost of cables/cable 
laying. 

16.3. LT PANELS 

16.3.1. GENERAL 

The scope of supply covers design, fabricate, integrate,  pack, dispatch to site along 
with routine testing as per IEC of Low Voltage Switchgear &Controlgear 
Assemblies up-ÔÏ ρπππ 6 ɉ 7ÉÌÌ ÂÅ ÔÅÒÍÅÄ ÁÓ Ȭ ,4 0ÁÎÅÌ ȭ ÈÅÒÅ ÆÏÒÔÈ Ɋ Ȣ Main LT 
Panel, Distribution Boards & Sub Panels shall be factory fabricated by Original 
Equipment Manufacturer or their authorized system intergrators/ channel 
partners. All Main LT Panels shall comply with IEC-61439 codes & manufactured 
accordingly. The Panels shall be indoor type, metal clad, floor mounted, free 
standing, totally enclosed, extensible type, air insulated, cubicle type for use on 415 
Volts, 3-phase, 50 cycles system. All LT Panels shall be designed to accommodate 
suitable ratings of Incoming Feeders, Outgoing Feeders, Bus Couplers etc. to cater 
to electrical load requirements of various buildings & facilities. All necessary 
wiring, cabling etc between LT Panels, Sub- Panels etc and BMS shall be carried out 
as per norms. Incoming Feeders from Transformers & DG Sets shall also be 
controlled through Sync Relay/ PLC for auto Load change over / load sharing.  

Degree of protection shall be IP-42 for Indoor & IP-62 for Outdoor Panels. All 
Outdoor Panels shall be weather proof, Double Door with suitable canopy on top. 
4ÈÅ ÓÈÏÒÔ ÃÉÒÃÕÉÔ ÃÕÒÒÅÎÔ ÒÁÔÉÎÇ ÏÆ ,4 3×ÉÔÃÈÇÅÁÒÓ ÓÈÁÌÌ ÂÅ І υπ Ë!Ȣ  
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All LT Panels shall be provided with necessary instruments for Monitoring & 
Metering purpose to meet ECBC & GRIHA requirements.  

All incoming feeders of LT panels shall have R, Y, B, ON, OFF & Trip LED Type 
indication lamps. All outgoing feeders of LT panels shall have ON, OFF & Trip LED 
Type indication lamps.  

Multifunction  meters with BMS compatibility shall be provided in all incoming 
feeders of all LT Panels. Suitable digital energy meter with CTs, wiring etc. shall be 
provided for all outgoing feeders of Main LT Panels to be installed in various 
buildings. 

Main LT Panels in ESS buildings shall have Multifunction meters with BMS 
compatibility in all Incoming Feeders & all Outgoing Feeders. 

Site Conditions: The LT Panel will be located indoors and shall be designed to 
operate satisfactory at rated load under the service conditions. This equipment will 
be subject to the ambient temperature conditions at the site as specified in the 
Project Requirements. 

a. Location    -  Indoor 

b. Altitude above main sea level    - < 2000 M above sea level.  

c. Design Ambient Temperature -   40 Deg. C 

d. Temperature Rise  -   As per IEC-61439  

e. Relative Humidity Max  -   95% 

f. Relative Humidity Min  -   10%  

g. Pollution                 -   Up to Degree of Pollution-3 

h. Application    -   Indoor  

16.3.2. CONSTRUCTION- 

a) Standards: 

The equipment covered under this specification shall conform to the latest 
revisions of relevant Indian and International Standards some of  which are 
listed below: 

IEC 61439 part 1 & 2 : Low voltage switchgear and control Gear assemblies  

  IS 13947 1993  : General requirements of Switchgear and Control Gear 
 for Voltage not exceeding 1000 / 1200V AC  

IS 11353 1985 : Guide for uniform system of marking Identification of 
Busbarand Terminals. 

IS 13703 1993  : Low voltage fuses  

IS 2705   1992  : Current transformers  

   IS 694     1990    : PVC insulated cables for voltages including 1100 V 
 with Copper and Aluminum Conductor.  

IS 1248   1983  : Direct Acting Electrical Indicating Analog  

IS 8623   1993  : Low voltage Switch gear & control gear assemblies  
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IS 5082  : Electrolytic Aluminum Busbar, Trunking system, Rod 
 tubes sections for Electrical Purposes. 

IS 13779 1999  : AC Electric Meters / Static Meters. 

b) Main/ Sub Panels shall be: 

i. Of metal enclosed, indoor, floor mounted, free standing construction 
(unless otherwise specified) type. 

ii . Ade up of the requisite vertical sections, which when coupled together 
shall form continuous dead front switchboards. 

iii . Provide dust and damp protection. 

iv.  Be readily extensible on both sides by the addition of vertical sections 
after removal of the end covers in case of Main Panels. 

v. All panels shall be front access type. 

Main/ Sub Panels shall be constructed only of materials capable of withstanding 
the mechanical, electrical and thermal stresses, as the effects of humidity, which 
are likely to be encountered in normal service.  

Each vertical section shall comprise of the following: 

i. A front-framed structure of rolled/ folded sheet steel channel section, of 
minimum 2 mm thickness, rigidly bolted together. This structure shall 
house the components contributing to the major weight of the equipment, 
such as circuit breaker cassettes, moulded case circuit breaker, main 
horizontal busbars, vertical risers and other front mounted accessories. 
The structure shall be mounted on a rigid base frame of 100 mm height 
with folded sheet steel of minimum 2 mm thickness. The design shall 
ensure that the weight of the components is adequately supported without 
deformation or loss of alignment during transit or during operation. 

ii .  A cable chamber housing the cable end connections, and power/control 
cable terminations. The design shall ensure generous availability of space 
for ease of installation and maintenance of cabling, and adequate safety for 
working in one vertical section without coming into accidental contact with 
live parts in an adjacent section. 

iii . A cover plate at the top of the vertical section, provided with a ventilating 
hood where necessary. Any aperture for ventilation shall be covered with a 
perforated sheet having less than 1 mm diameter perforations to prevent 
entry of vermin. 

iv. Front and rear doors fitted with dust excluding neoprene gaskets with 
fasteners designed to ensure proper compression of the gaskets. When 
covers are provided in place of doors, generous overlap shall be assured 
between sheet steel surfaces with closely spaced fasteners to preclude the 
entry of dust. 

The height of the panels should not be more than 2400 mm for MV Panels. 
Operating handle of breaker in top most compartments shall not be higher than 
1800 mm. The total depth of the panel should be adequate to cater to proper 
cabling space and should not be less than 350 mm. 
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Doors and covers shall be of minimum 2 mm thick sheet steel.  Sheet steel 
shrouds and partitions shall be of minimum 1.6 mm thickness. All sheet panels 
shall be smoothly finished, leveled and free from flaws. The corners should be 
rounded. The apparatus and circuits in the power control centers (panels) shall 
be so arranged as to facilitate their operation and maintenance and at the same 
time to ensure the necessary degree of safety. 

Apparatus forming part of the Main/ Sub Panels shall have the clearances more 
than as given below. 

i. Between phases                         - 32 mm 

ii . Between phases and neutral -  26 mm     

iii . Between phases and earth     -  26 mm 

iv. Between neutral and earth     -  26 mm 

When, for any reason, the above clearances are not available, suitable insulation 
shall be provided. Clearances shall be maintained during normal service 
conditions. 

Creepage distances shall comply with those specified in relevant standards. 

All insulating material used in the construction of the equipment shall be of non-
hygroscopic material, duly treated to withstand the effects of the high humidity, 
high temperature tropical ambient service conditions. 

Functional units such as circuit breakers and moulded case circuit breakers shall 
be arranged in multi-tier formation, except that not more than two air circuit 
breakers shall be housed in a single vertical section. Cable entry for various 
feeders shall be from the rear. Panel shall be suitable for termination of bus duct 
for incoming breakers. 

Metallic/insulated barriers shall be provided within vertical sections and 
between adjacent sections to ensure prevention of accidental contact with: 

i. Main busbars and vertical risers during operation, inspection or 
maintenance of functional units and front mounted accessories. 

ii .  Cable termination of one functional unit, when working on those of adjacent 
unit /units.  

All doors/ covers providing access to live power equipment/ circuits shall be 
provided with tool operated fasteners to prevent unauthorized access. 

Provision shall also be made for permanently earthing the frames and other 
metal parts of the switchgear by two independent connections. 

16.3.3. METAL TREATMENT & FINISH 

All steel work used in the construction of the Main/Sub Panels should have 
undergone a rigorous metal treatment process as follows:- 

i. Effective cleaning by hot alkaline degreasing solution followed by cold 
water rinsing to remove traces of alkaline solution.   
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ii.  Pickling in dilute sulphuric acid to remove oxide scales & rust 
formation, if any, followed by cold water rinsing to remove traces of 
acidic solution. 

iii.  A recognized phosphating process to facilitate durable coating of the 
paint on the metal surfaces and also to prevent the spread of rusting in 
the event of the paint film being mechanically damaged. This again, 
shall be followed by hot water rinsing to remove traces of phosphate 
solution. 

iv.  Passivating in de-oxalite solution to retain and augment the effects of 
phosphating. 

v.  Drying with compressed air in a dust free atmosphere. 

vi.  Panel shall be powder coated with epoxy based powder paint after the 
above process so as to render the material suitable for corrosive 
environment. 

vii. Paint shade shall be Pebble (light) grey, shade No RAL 7032 unless 
otherwise specified. 

16.3.4. BUSBARS 

The busbars shall be air insulated and made of high conductivity, high strength 
aluminum alloy complying with the requirement of IS-5082. 

The busbars shall be suitable braced with non-hygroscopic SMC supports to 
provide a through fault withstand capacity of at least 50 kA RMS symmetrical 
for one second. The neutral as well as the earth bar should be capable of 
withstanding the above level. Ridges shall be provided on the SMC supports to 
prevent tracking between adjacent busbars. Large clearances and Creepage 
distances shall be provided on the busbar system to minimize possibilities of 
fault. 

The Main/Sub Panels shall be designed that the cables are not directly 
terminated on the terminals of breaker etc. but on cable termination links. In 
general, Cross-section area/ size of aluminum busbars shall be designed 
considering current density as 0.8 Amp per sqmm. Likewise Cross-section 
area/ size of copper busbars shall be generally designed considering current 
density as 1.2 Amp per sqmm. However, in case of LT Panels complying to IEC-
61439, main busbar size shall be provided as per regulations of IEC-61439 & 
OEM standards. The main busbars shall have continuous current rating 
throughout the length of Panels. The cross section of neutral busbars shall be 
same as that of phase busbar for busbars of capacity up to 200 Amp; for higher 
capacity the neutral busbar shall not be less than half (50%) the cross section 
of that the phase busbars. The busbar system shall consist of main horizontal 
busbar and auxillary vertical busbars run in busbar alley/chamber on either 
side in which the circuit could be arranged/connected with front access. 

Connections from the main busbars to functional circuit shall be arranged and 
supported to withstand without any damage or deformation the thermal and 
dynamic stresses due to short circuit currents. Busbars to be colour coded with 
PVC sleeves. 
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All MCCBs & ACBs shall be provide with spreader links/terminals or Bus Bar 
extension pieces for easy termination of cables. 

Clamp or screw type control terminal blocks shall be provided for outgoing 
control cables.  

Minimum 20% spare terminals shall be provided for future use. Control 
terminal block shall be separated from power terminal blocks by means of an 
insulating barrier. 

16.3.5.  SWITCHGEARS 

Refer 16.4 ɀ LT switchgears 

Protection Relays:  

Provision of Relays like Under Voltage & Reverse Power shall be incorporated 
in incoming Feeders in addition to the relays already inbuilt in the ACBs as 
mentioned above. 

16.3.6. CABLE TERMINATIONS 

Cable entries and terminals shall be provided in the Main/Sub Distribution 
Panels to suit the number, type and size of aluminium conductor power cables 
and copper conductor control cable specified. 

Provision shall be made for top or bottom entry of cables as required. A cable 
chamber 150 mm. high shall be provided at the bottom through out the length 
and depth of the MDB/SDB. Generous size of cabling chambers shall be 
provided, with the position of cable gland and terminals such that cables can 
be easily and safely terminated. 

Barriers or shrouds shall be provided to permit safe working at the terminals 
of one circuit without accidentally touching that of another live circuit. 

Cable risers shall be adequately supported to withstand the effects of rated 
short circuit currents without damage and without causing secondary faults. 

16.3.7. Auxiliary  wiring and terminals:                                             

Wiring for all controls, protection, metering, signaling etc. inside the 
switchboard shall be done with 1100 V gray colour PVC insulated FRLS copper 
conductors. Minimum size of these conductors shall not be less than 1.5 mm2. 
However, CT circuit wiring shall be done with 2.5 mm2. Control wiring to 
components fixed on doors shall be flexible type. 

10% spare terminals shall always be available in each terminal block. Control 
wiring up to these terminal blocks shall be done by supplier. 

15% spare feeders of various ratings completely prewired shall be supplied in 
each MCC. 

All conductors should be terminated using compression type cable sockets / 
lugs at both the ends. 

Each control wiring termination shall be identified at both the ends by PVC 
ferrules. The identification termination numbers should match with those on 
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drawings. Suitable size SP MCB shall be used for tapping power for control 
circuit wiring.    

For all motor starter feeders, provision for control wiring to remote ON/OFF 
control is to be made. The auxiliary wiring for the same shall be brought up to 
terminal block in the feeder's cubicle. 

16.3.8.   LABELS 

Labels shall be anodisedaluminium with white engraving on black background 
shall be provided for each incoming and outgoing feeder of Main/Sub 
Distribution and all Panels. 

 

16.3.9. TEST AT MANUFACTURES WORK 

All routine tests specified in IS: 8623-1977 shall be carried out and  test 
certificates submitted. 

16.3.10.  INSTALLATION, TESTING AND COMMISSIONING  

Installations of LT Panels shall be done as per CPWD norms/Specifications. 

Commissioning checks and tests shall be included all wiring checks and 
checking up of connections. Primary/secondary injection tests for the relays 
adjustment/setting shall be done before commissioning in addition to routine 
Meggar test. Checks and tests shall include the following. 

a. Operation checks and lubrication of all moving parts. 

b. Interlocking function check. 

c. Insulation Test:As per CPWD Specifications for Electrical Works Part-I 
(2013)  

d. Trip tests & protection gear test. 

16.4. LT SWITCHGEARS 

16.4.1. AIR CIRCUIT BREAKERS 

¶ GENERAL 

Air Circuit Breakers shall be incorporated in Main Distribution Panels 
wherever specified. ACBs shall conform to IS 13947 (Part 2) & IEC 60947 
(2) in all respects.  ACBs shall be suitable for operation on 415 volts, 3 
phase, 50 Hz, AC supply. ACB shall be provided for feeder ratings 800A and 
above. 

All electrical panels shall be provided with BMS compatibility.  

TYPE AND CONSTRUCTION 

Air Circuit Breakers shall be of enclosed pattern, dead front type with 'trip 
free' operating mechanism.  It shall have microprocessor based electronic 
release. Air Circuit Breakers shall be EDO type (Electrically draw out type 
unless otherwise specified) with horizontal draw out carriage.  The ACBs 
shall be strong and robust in construction with suitable arrangements for 
anchoring when in fully engaged or fully drawn-out positions.  The carriage 
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or cradle on which the breakers are mounted shall be robust design made of 
fabricated steel, supported on rollers.  Cradle shall also comprise of main 
and secondary separable contacts and all draw out mechanism in a 
completely fig welded assembly. There shall be no dependence upon the 
switchboard frame for any critical alignment.  The withdrawal arrangement 
shall be such as to allow smooth and easy movement. 

All the current carrying parts of the circuit breakers shall be silver plated, 
suitable arcing contacts shall be provided to protect the main contacts.  The 
contacts shall be of spring loaded design.  The sequence of operation of the 
contacts shall be such that arcing contacts 'make before' and break after' the 
main contacts.  Arcing contacts shall be provided with efficient arc chutes 
on each pole and these shall be such suitable for being lifted out for 
inspection of main as well as arcing contacts.  The contact tips and arc 
chutes shall be suitable for ready replacement.  Self aligning isolating 
contacts shall be provided.  The design of the breaker shall be such that all 
the components are easily accessible to inspection, maintenance and 
replacement. Inter phase barriers shall be provided to prevent flashover 
between phases. 

¶ OPERATING MECHANISM 

Air Circuit Breaker shall be provided with a quick-make, trip free operating 
mechanism, the operating mechanism shall be 'strain-free' spring operated.  
The operating handle shall be in front of the panel type.  The design shall be 
such that the circuit breaker compartment door need not be opened while 
moving the breaker from completely connected, through test, into the 
disconnected position. Electrical operated breakers shall have a motor 
wound spring charged closing mechanism. Breaker operation shall be 
independent of the motor, which shall be used solely for charging the 
closing spring. The operating mechanism shall be such that the breaker is at 
all times free to open immediately and the trip coil is energised. Mechanical 
operation indicator shall be provided to show open and closed position of 
breaker. Electrically operated breakers shall be additionally provided with 
mechanical indication to show charged and discharged condition of 
charging spring. 24 Volt DC supply through battery backup for closing and 
opening for tripping circuit. 

Means shall be provided for slow closing and opening of the breaker for 
maintenance purposes and for manual charging and closing of electrically 
operating breakers during emergencies. 

¶ INTERLOCKING AND SAFETY ARRANGEMENT 

Air Circuit Breakers shall be provided the following safety and interlocking 
arrangements: 

i. It shall not be possible for breaker to be withdrawn when in "ON" 
position.   

ii . It shall not be possible for the breaker to be switched on until it is 
either in fully inserted position or for testing purposes it is in fully 
isolated position. 
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iii . The breaker shall be capable of being racked into 'testing', 'isolated' 
ÁÎÄ ȬÍÁÉÎÔÅÎÁÎÃÅȭ ÐÏÓÉÔÉÏÎÓ ÁÎÄ ËÅÐÔ ÌÏÃËÅÄ ÉÎ ÁÎÙ ÏÆ ÔÈÅÓÅ 
positions. 

iv. A safety catch to ensure that the movement of the breaker, as it is 
wi thdrawn is checked before it is completely out of the cubicle. 

v. The operating mechanism shall provide for racking the breaker into   
connected, test and disconnected positions without operating 
compartment door. When cubicle door shall be open position, the 
breaker can be pulled out to a fourth position, maintenance, where 
free access shall be possible to all parts of the breaker.         

¶ RATING 

Rated service breaking capacity (Ics) of the breakers shall be 50 kA at 433 
Volts unless otherwise specified. The rated making capacity shall be as per 
the relevant standard. Rated service, short Circuit Breaking capacity shall be 
equal to the Rated ultimate Short circuit breaking capacity (Icu) and short 
circuit withstand values (Icw) for 1 sec. 

¶ RELAYS & ACCESSORIES 

All ACBs (except bus couplers) shall be provided with micro-controller 
based release to offer accurate and versatile protections with complete 
flexibility and in the following zones: 

i. Overload (Phase & Neutral) protection with adjustable time delay. 

ii . Short time protection with intentional delay. 

iii . Instantaneous protection. 

iv. Ground fault protection with intentional time delay. 

The release should provide local LED indication for identification of type of 
fault, without requiring using external power supply. The release shall meet 
the EMI / EMC requirements. 

Transformer & DG set Incomer ACB releases shall have LED/LCD display 
showing all Power & Energy Parameters (I, Imax, %loading, Iavg, V, Freq, 
PF, W, VAr, VA, Wh, VArh, Vah, MD-Active, MD-Reactive, MD-Apparent, 
Temperature in each Phase). 

The release shall draw its power from the main breaker CTs and shall 
require no external power supply for its operation, release shall also be 
connected to aux. supply for display of parameters during off or lightly 
loaded conditions.  

The ACB should have breaker control through Modbus Breaker control. 

The breaker shall be fitted with following accessories for control, signal and 
interlocking. 

i. Auxiliary contacts 6 NO + 6 NC, of rating 16Amp at 415 volts 50Hz. 
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ii . Shunt release for tripping the breaker remotely and shall be suitable 
for 240 Volt/415 Volt 50Hz with range of operation from 10% to 
130% of rated voltage. 

iii . Micro switches shall be mounted on the cradle of draw out breaker to 
indicate the position of the breaker on the cradle. 

a) Kit for test/isolated indication.  

b) Kit for service position indication. 

c) Kit for shutter assembly. 

iv.  Accessories for following interlocking schemes shall be provided. 

a) Accessory kit for locking the breaker in isolated position. This kit 
is useful for interlocking scheme as well as keeping personnel and 
equipment safe. 

b) Door interlock kit: Panel or cubicle door cannot be opened with 
the ACB in Test or Service position. 

c) Lockable trip push button.   

¶ MOUNTING 

 #ÉÒÃÕÉÔ "ÒÅÁËÅÒÓ ÓÈÁÌÌ ÂÅ ÍÏÕÎÔÅÄ ÁÓ ÐÅÒ ÍÁÎÕÆÁÃÔÕÒÅÒÓȭ ÓÔÁÎÄÁÒÄ ÐÒÁÃÔÉÃÅȢ 

¶ TESTING 

Testing of each circuit breaker shall be carried out at the works as per IS 
2516 and the original test certificate shall be furnished in triplicate.  The 
tests shall incorporate at least the following. 

i. Impulse withstand test. 

ii . Power frequency withstand test. 

iii . Short circuit test. 

iv. Temperature - rise test under rated conditions. 

16.4.2. MOULDED CASE CIRCUIT BREAKERS. 

¶ GENERAL 

Moulded Case Circuit Breaker shall be incorporated in the Main/Sub 
Distribution Boards wherever specified. MCCBs shall conform to IS 13947 
(Part 2) & IEC 60947 (2) in all respects. MCCBs shall be suitable either for 
single-phase AC 230 volts or three phase 433Volts. All MCCBs shall have 
microprocessor based over current and short circuit releases with 
adjustable current setting from 0.4In to 1.0 In. 

¶ Technical Specifications   

The MCCB should be current limiting type with trip time of less than 10 
milli sec under short circuit conditions. All MCCB should be 4 poles type 
unless stated otherwise.  
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MCCB shall comply with the requirements of the relevant standards 
IS13947 ɀ Part 2 /IEC 60947-2 and should have test certificates for 
breaking capacities from independent test authorities CPRI / ERDA. 

MCCB shall comprise of Quick Make-break switching mechanism, arc 
extinguishing device and the tripping unit shall be contained in a compact, 
high strength, heat resistant, flame retardant, insulating moulded case with 
high withstand capability against thermal and mechanical stresses.   

The MCCBs shall be provided with following type of Relays for overload, 
short circuit & earth fault protection in the LT panels boards: 

All incoming ACBs /MCCBs of LT Panel boards shall be with Microprocessor 
based release having inbuilt adjustable protections against Over Load (L), 
Short Circuit (S), instantaneous short-circuit  protection (I) and Ground 
Faults (G)] with time delay (LSING).  

The outgoing MCCBs shall be with Thermal Magnetic type release for with 
adjustable Overload and fixed short circuit protections.  However, MCCBs of 
ratings 250A & above shall be provided with Microprocessor based release 
with LSING protection.  

Microprocessor based Trip unit shall be suitable for 433 V voltage rating.  

All MCCBs should be provided with the Rotary Operating Mechanism. The 
ROM should be with door interlock (with defeat feature) &padlock facility 

MCCB should have Spreader links & Phase barriers as standard feature.  
Superior quality of engineering grade plastics confirming to glow wire Tests 
as Per IEC 60695-2-1 should be used for insulation purpose.  

4ÈÅ ÈÁÎÄÌÅ ÐÏÓÉÔÉÏÎ ÓÈÁÌÌ ÇÉÖÅ ÐÏÓÉÔÉÖÅ ÉÎÄÉÃÁÔÉÏÎ ÏÆ Ȭ/.ȭȟ Ȭ/&&ȭ ÏÒ Ȭ4ÒÉÐÐÅÄȭ 
thus qualifying to disconnection as per the IS/IEC indicating the true 
position of all the contacts.   

For Motor application, motor duty type MCCBs shall be selected with 
reference to Type 2 coordination chart provided by the manufacturer. 

¶ CONSTRUCTIONS  

The MCCB's cover and case shall be made of high strength heat treatment 
and flame- retardant thermo-setting insulating material. Operating handle 
shall be quick make/quick break, trip-free type. The operating handle shall 
have suitable "ON", "OFF" "and" "tripped" indicators. Three-phase MCCBs 
shall have common operating handle for simultaneous operation and 
tripping of all the three phases. MCCBs shall be provided with rotary handle. 

Suitable extinguishing device shall be provided for each contact. Tripping 
unit shall be of thermal magnetic or static release type provided in each 
pole & connected by a common trip bar such that tripping of any pole 
operates all three poles to open simultaneously. MCCB shall be current 
limiting type.  

Contact trips shall be made of suitable air resistant, silver alloy for long 
electrical life. Terminals shall be of liberal design with adequate clearance. 
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¶ BREAKING CAPACITY 

All MCCB shall be 4 pole type and shall have following short circuit current 
rating/breaking - 

i. MCCB rating below 250 A ɀ 25 kA 

ii . MCCB rating 250 A and above upto 630 A ɀ 36 kA 

The ratedservice breaking capacity should be equal to rated ultimate 
breaking capacities (Ics=Icu). 

¶ TESTING 

i. Original test certificate of the MCCB as per Indian Standards (IS) 
315C- 8370 shall be furnished. 

ii . Pre-commissioning tests on the Main Distribution/Sub Distribution 
Board incorporating the MCCB shall be done as per standard. 

 

16.5. MEASURING INSTRUMENTS, METERING & PROTECTION 

16.5.1. GENERAL 

Direct reading electrical instruments shall be in conformity with IS 1248. The 
accuracy of direct reading shall be 0.5 for voltmeter and 0.5 for ammeters.  
Other type of instruments shall have accuracy of 1.5. The errors due to 
variations in temperature shall be limited to a minimum. The meter shall be 
suitable for continuous operation between-10 degree Centigrade to + 50 degree 
Centigrade.  All meters shall be of flush mounting type of 96mm square or 
circular pattern.  The meter shall be enclosed in a dust tight housing.  The 
housing shall be of steel or phenolic mould. The design and manufacture of the 
meters shall ensure the prevention of fogging of instrument glass.  Instruments 
meters shall be sealed in such a way that access to the measuring element and to 
the accessories within the case shall not be possible without removal of the seal.  
The meters shall be provided with white dials and black scale markings.   

The pointer shall be black in colour and shall have zero position adjustment 
device which could be operated from outside. The direction of deflection shall be 
from left to right.  

Suitable selector switches shall be provided for all ammeters and voltmeters 
intended to be used on three-phase supply. 

The specifications herein after laid down shall also cover all the meters, 
instrument and protective devices required for the electrical work. The ratings 
type and quantity of meters, instruments and protective devices shall be as per 
DBR/Drawings. 

16.5.2. DIGITAL AMMETERS 

Ammeters shall be standard digital type. The ammeters shall be calibrated as 
per the latest edition of IS:1248.  Ammeters shall be instrument transformer 
operated, and shall be suitable for 5A secondary of instrument transformer.  The 
scales shall be calibrated to indicate primary current, unless otherwise specified.  
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The ammeters shall be capable of carrying sustained overloads during fault 
conditions without damage or loss of accuracy. 

16.5.3. DIGITAL VOLTMETERS 

Voltmeters shall be standard digital type. The voltmeters shall be calibrated as 
per the latest edition of IS:1248.  The range for 415 volts, 3 phase voltmeters 
shall be 0 to 500 volts. Suitable selector switch shall be provided for each 
voltmeter to read voltage between any two lines of the system.  The voltmeter 
shall be provided with protection fuse of suitable capacity. 

16.5.4. CURRENT TRANSFORMERS 

Current transformers shall be in conformity with IS: 4201 - 1983 as amended up 
to date in all respects. All current transformers used for medium voltage 
applications shall be rated for 1kV. Current transformers shall have rated 
primary current, rated burden and class of accuracy as required. However, the 
rated acceptable minimum class of various applications shall be as given below: 

 Measuring : Class 0.5 to 1 

 Protection  :     Class 5P10. 

Current transformers shall be capable of withstanding without damage, 
magnetic and thermal stresses due to short circuit fault of 50KA on medium 
voltage system.  Terminals of the current transformers shall be marked 
permanently for easy identification of poles.  Separate CT shall be provided for 
measuring instruments and protection relays. Each C.T. shall be provided with 
rating plate. 

Current transformers shall be mounted such that they are easily accessible for 
inspection, maintenance and replacement. The wiring for CT's shall be copper 
conductor, PVC insulated wires with proper termination lugs and wiring shall be 
bunched with cable straps and fixed to the panel structure in a neat manner. 

All Current Transformer shall be Cast resin type 

16.6. MISCELLANEOUS 

¶ Control switches shall be of the heavy-duty rotary type with escutcheon 
plates clearly marked to show the operating position.  They shall be semi-
flush mounting with only the front plate and operating handle projecting. 

¶ Indicating lamps shall be of the filament type of low watt consumption, 
provided with series resistor where necessary, and with translucent lamp 
covers, bulbs & lenses shall be easily replaced from the front. 

¶ Push buttons shall be of the momentary contact, push to actuate type fitted 
with self-reset contacts & provided with integral escutcheon plates marked 
with its functions. 

16.7. LT CABLES 

16.7.1. GENERAL 

LT Cables shall be supplied, inspected, laid tested and commissioned in 
accordance with drawings, specifications, relevant Indian Standards 
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specifications as per given below. The cable shall be delivered at site in 
original drums with manufacturer's name clearly written on the drums.  

Total number of runs and size of LT power cables shall be designed so that 
voltage drop does not exceed 2% as per latest ECBC norms. 

CODES OF PRACTICE GUIDE 

S. 
NO. 

Reference 
Description  

1 
IS 694 : 1990                       
IEC 60227 - 1 
to 5 : 1979 

PVC insulated cables for working voltages up to and 
including 1100 V 

2 IS 694 : 2010 

Polyvinyl chloride insulated sheathed and unsheathed  
cables with rigid and flexible conductor for rated 
voltages up to and including 450/750 V : Part general 
requirements( fourth revision)  

3 
IS: 7098:  1988 
(Part-I)  

XLPE insulated (heavy duty ) electric cables. For working 
Voltages up to and including 1100 V ( third revision) 

4 IS 4288 : 1988 
PVC insulated ( heavy duty) electric cables with solid 
aluminium conductors for voltages up to and 1100 V ( 
second revision)  

16.7.2. CABLE CONDUCTOR MATERIAL  

a)  The LT Power cables shall be XLPE insulated, PVC sheathed, copper 
conductor armoured cable for sizes up to & including 16 sqmm, unless 
otherwise stated.  

b)  For LT Power cable sizes above 16 sqmm, cables shall be XLPE 
insulated, PVC sheathed, Aluminium conductor, armoured cables, 
unless otherwise stated.   

c)  LT Control cables shall be XLPE insulated, PVC sheathed type, copper 
conductor, armoured cables, unless otherwise stated.   

d)  All LT Power & Control cables shall conform to IS: 7098:  1988 (Part-I) 
with up to date amendments. 

16.7.3. INSTALLATION OF CABLES 

Cables shall be laid directly in ground, pipes, masonry ducts, on cable tray, 
surface of wall/ceiling etc. as indicated on drawings and/or as per the 
direction of Engineer in Charge. Cable laying shall be carried out strictly as 
per CPWD specifications. 

16.7.4. INSPECTION 

All cables shall be inspected at site and checked for any damage during 
transit. 
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16.7.5. JOINTS IN CABLES 

The contractor shall take care to see that the cables received at site are 
apportioned to various locations in such a manner as to ensure maximum 
utilization and avoiding of cable joints.  This apportioning shall be got 
approved from Engineer-in-Charge before the cables are cut to lengths.                  

16.7.6. LAYING CABLES IN GROUND 

Cables shall be laid by skilled experienced workmen, using adequate rollers 
to minimize stretching of the cables.  The cable drums shall be placed on 
jacks before unwinding the cable. With great care it shall be unrolled on 
over wooden rollers placed in trenches at intervals not exceeding 2 meter. 
Cables shall be laid at depth of 0.75 meters below ground level for LT Cables 
and 1.20 meter below ground level for HT cable. A cushion of sand total of 
250 mm shall be provided both above and below the cable, joint boxes and 
other accessories. Cable shall not be laid in the same trench or alongside a 
water main.   

The cable shall be laid in excavated trench over 80mm layer of sand 
cushion.  The relative position of the cables, laid in the same trench shall 
preserve.  At all changes in direction in horizontal and vertical planes, the 
cables shall be bent smooth with a radius of bent not less than 12 times the 
diameter of cables.  Minimum 3 meter long loop shall be provided at both 
ends of cable.             

Distinguishing marks may be made on the cable ends for identifications of 
phases.  Insulation, tapes of appropriate voltage and in red, yellow and blue 
colours shall be wrapped just below the sockets for phase identifications. 

16.7.7. CABLE ROUTE MARKERS: 

Cable route marker shall be provided at regular intervals as per CPWD 
specifications. Cost of cable route markers is deemed to be included in the 
cost of cables/cable laying. 

16.7.8. PROTECTION OF CABLES: 

The cables shall be protected by bricks laid on the top layer of the sand for 
the full length of underground cable.  Where more than one cable is laid in 
the same trench, the bricks shall cover all the cables and shall project a 
minimum of approximately 80mm on either side of the cables.  Cable under 
road crossings and any other places subject to heavy traffic shall be 
protected by running them through Hume Pipes of suitable size.  Hume 
Pipes for road crossing of the cables the shall be laid at a depth of 1000 mm. 

16.7.9. EXCAVATION & BACK FILL 

All excavation and back fill required for the installation of the cables shall be 
carried out by the contractor in accordance with the drawings and 
requirements laid down elsewhere.  Trenches shall be dug true to line and 
grades.  Back fill for trenches shall be filled in layer not exceeding 150mm.  
Each layer shall be properly rammed and consolidated before laying the 
next layer. 
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The contractor shall restore all surfaces, road ways, side walks, curbs, wall 
or the works cut by excavation to their original condition to the satisfaction 
of the Engineer-in -Charge. 

16.7.10. LAYING OF CABLES ON CABLE TRAY/SURFACE OF WALL/ CEILING  

Cable shall be laid on perforated M.S. Cable tray/ladders. Cables shall be 
properly dressed before cable ties/clamps are fixed.  Wherever cable tray is 
not proposed, cables shall be    fixed on surface of wall or ceiling slab by 
suitable MS    clamps/saddles.  Care shall be taken to avoid crossing of cable.  

16.7.11.  CABLES ON HANGERS OR RACKS 

The contractor shall provide and install all iron hangers racks or racks with 
die cast cleats with all fixings, rag bolts or girder clamps or other specialist 
fixing as required. Where hangers or racks are to be fixed to wall sides, 
ceiling and other concrete structures, the contractor shall be responsible for 
cutting away, fixing and grouting in rag bolts and making good. 

The hangers or racks shall be designed to leave at least 25mm clearance 
between the cables and the face to which it is fixed.  Multiple hangers shall 
have two or more fixing holes.  All cables shall be saddled at not more than 
150mm centres.  These shall be designed to keep provision of some spare 
capacity for future development. 

16.7.12. CABLES TAGS 

Cable tags shall be made out of 2mm thick aluminium sheets, each tag 1-1/2 
inch in dia with one hole of 2.5mm dia, 6mm below the periphery.  Cable 
designations are to be punched with letter/number punches and the tags 
are to be tied inside the panels beyond the glanding as well as below the 
glands at cable entries.  Tray tags are   to   be   tied at all bends.   On straight 
lengths, tags shall be provided at every 5 metres.   

16.7.13. TESTING OF CABLES 

Prior to installation burying of cables, following tests shall be carried out.  
Insulation test between phases, phase & neutral, phase & earth for each 
length of cable. 

i. Before laying. 

ii . After laying. 

iii . After jointing. 

Along with the test as prescribed in IS Code, cross sectional area shall also 
be checked. On completion of cable laying work, the following tests shall be 
conducted in the presence of the Engineer in Charge. 

i. Insulation Resistance Test (Sectional and overall). 

ii . Continuity Resistance Test. 

iii . Earth Test. 

All tests shall be carried out in accordance with relevant Indian Standard 
code of practice and Indian Electricity Rules. The contractor shall provide 
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necessary instruments, equipments and labour for conducting the above 
tests & shall bear all expenses of conducting such test 

16.8. CABLE TRAY    

16.8.1. Ladder Type Cable Tray  

Ladder type cable tray shall be fabricated out of double bended channel 
section longitudinal members with single bended channel section rungs of 
cross members welded to the base of the longitudinal members at a centre 
to centre spacing of 250 mm. The channel sections shall be supplied in 
convenient lengths and assembled at site to the desired lengths. Ladder type 
cable trays shall be Hot Dip Galvanized as per IS-2629 latest as amended.  

16.8.2. Perforated Type Cable Tray  

i. The cable tray shall be fabricated out of slotted/perforated Hot Dip 
Galvanized (HDG), M.S. Sheet as channel section single or double bended.  
The channel section shall be supplied in convenient length and 
assembled at site to the desired lengths. All cable trays and its 
accessories, supporting structures, suspenders etc. shall be Hot Dipped 
Galvanized only as per relevant IS Codes.   

ii . Typically, the dimensions, fabrication details etc. are shown in CPWD 
General Specification for Electrical Works - Part II -External, 1994 as 
amended up to date. The jointing between the sections shall be made 
with coupler plates of the same material and thickness as the channel 
section.  

iii . Two coupler plates, each of minimum 200 mm length, shall be bolted on 
each of the two sides of the channel section with 8 mm dia round headed 
bolts, nuts and washers. In order to maintain proper earth continuity 
bond, the paint on the contact surfaces between the coupler plates and 
cable tray shall be scraped and removed before the installation. 

iv. The maximum permissible uniformly distributed load for various sizes of 
cables trays and for different supported span are as per CPWD General 
Specification of Electrical Work Part II -1994. The sizes shall be specified 
considering the same. 

v. The width of the cable tray shall be chosen so as to accommodate all the 
cable in one tier, plus 30 to 50% additional width for future expansion. 
This additional width shall be minimum 100 mm. The overall width of 
one cable tray shall be limited to 900 mm. 

vi. Dimensions of Cable Trays shall be as following: 

Sr Widt h Depth  Thickness  

1 100 mm to 300 mm 50 mm 2 mm 

2 375 mm to 450 mm 62.5 mm 2 mm 

3 600 mm to 900 mm 75 mm 2 mm 
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vii . Factory fabricated bends, reducers, tee/cross junctions, etc. shall be 
provided as per good engineering practice. (Details are typically shown in 
figure 3 of CPWD General Specification of Electrical Work Part II -1994) 
or as amended up to date.  The radius of bend, junctions etc. shall not be 
less than the minimum permissible radius of bending of the largest size 
of cable to be carried by the cable tray. 

viii . The cable tray shall be suspended from the ceiling slab with the help of 
10mm dia, Hot Dip Galvanized (HDG), MS rounds or 25 mm X 5 mm 
(HDG) flats at specified spacing as per CPWD General Specification of 
Electrical Work Part II -1994 or as amended up to date. Flat type 
suspenders may be used for channels up to 450 mm width bolted to cable 
trays. Round suspenders shall be threaded and bolted to the cable trays 
or to independent support angles 50 mm x 50 mm x 5 mm at the bottom 
end as specified. These shall be grouted to the ceiling slab at the other 
end through an effective means, as approved by Client to take the weight 
of the cable tray with the cables. 

ix. The entire cable trays including all accessories like bends, reducers, 
coupler plates etc and supporting structures like rods, suspenders, angle, 
channels etc shall be Hot Dip galvanized as per IS-2629 Code latest as 
amended.  

x. The cable tray shall be bonded to the earth Terminal of the switch bonds 
at both ends. 

xi. The cable trays shall be measured, in case of item rate contracts, on unit 
length basis, along the center line of the cable tray, including bends, 
reducers, tees, cross-joints, etc, and paid for accordingly. 

16.9. SANDWICH BUS DUCTS/ TRUNKING, RISING MAINS  

16.9.1. Scope : 

These specifications are intended for design, manufacturing, Supply, 
Installation,  testing & commissioning of 3 Phase 3 Wire / 3 Phase 4 Wire 
(100% Neutral ) / 3 Phase 5 Wire Sandwich type Aluminum Busbar 
Trunking System. 

16.9.2. System details : 

The Busbar Trunking System shall be suitable for operational Voltage of 
415V / 690V / 1000 V with supply frequency of 50Hz, minimum insulation 
voltage of 1100 V & impulse withstand voltage of 12 kV. 

16.9.3. Standards : 

The Busbar Trunking System shall be designed to comply in accordance 
with the following international standards, 

IEC 61439 ɀ Part 1  : Low voltage switchgear &controlgear assembly- 
General rules 

IEC 61439 ɀ Part 6    : Busbar Trunking Systems (busways) 
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IEC 60529  : Degree of protection 

IS 8623 ɀ Part 2        : Specification for Low Voltage Switchgear 
&Controlgear Assemblies 

IS 1893 ɀ Part 1       : Criteria for Earthquake Resistant Design of Structures  

IEEE 693:2005          : High Seismic Qualification Level 

Wherever required and specified, the Busbar Trunking System shall 
conform to Fire Rating of 600 deg C for 2 Hours. 

Busbar Trunking System should also have Seismic Zone-5, Flame 
Propagation and Fire Resistance certification. 

16.9.4. Manufacturer :  

The manufacturer must have an established track record in design and 
manufacture of sandwich busbar trunking system. 

Design & Construction requirements : 

¶ General : 

The Busbar Trunking System shall be of sandwich construction, non-
ventilated and natural cooled design. It shall be possible to mount the 
Busbar Trunking System in any orientation without affecting the 
current rating. 

¶ Busbars : 

o The busbars should be made of high conductivity electrical grade 
Aluminum with conductivity >60%   

o Purity of Aluminum conductor should not be less than 99.6% 

o Aluminum busbars should be Tin plated at the joint area 

o Provision for mounting external earth strip to be provided on both 
side ofbusduct. 2 Nos. Copper earth strips of appropriate size shall 
be provided for the complete run of bus bars enclosure. 

¶ Insulation :  

o Each bus bar shall be individually insulated by means of Multi-layer 
Class-F Insulation; each layer shall have withstand breakdown 
voltage of minimum 6 kV. 

o The insulation material used shall be of minimum Class F (155 deg. 
C) 

o Insulation must be Halogen free & RoHS compliance 

¶ Housing : 

The housing shall be made of minimum 1.6 mm electro-galvanized 
sheet steel, epoxy powder coated with RAL7032 shade. Enclosure must 
be dust & vermin proof IP rating of indoor busduct must be IP-54 / IP-
55 & Outdoor busduct should be IP-65 / IP-66 with canopy. 

¶ Joints : 
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o The joint design shall have inbuilt provision of absorbing expansion 
& contraction of 12mm per joint during operation. 

o The joint insulation must be of single piece moulded design of 
thermoset material for longer life and higher temperature withstand 
& better insulation property.  

o The joint construction must allow +/- 3mm adjustment at the time 
of installation, for ease of adjusting to site measurement variations. 

o The joint bolt must be insulated with a bolt insulator. The bolt 
insulator must be of molded one piece. 

o The joint design shall have inbuilt provision to prevent excessive 
insertion of busduct which can damage the bolt insulator. 

o The busbar ends shall not have holes or slots at the joints to avoid 
reduction in cross section area which will lead to temperature 
increase. The electrical continuity shall be through pressure plates, 
achieving a high contact area of joint cross section and expansion 
capability.  

o It shall be possible to install and remove the joints without 
disturbing the adjacent feeder section 

o Joint set should have insulators with temperature withstand 
capacity of class-F 

¶ Plug-in Unit / Tap off units :  

o Plug in boxes will be of draw out type. Contacts will be of silver 
plated copper and spring loaded. Earth connection will be the first to 
make and last to break during insertion and with drawl. Plug in 
boxes will be made from 1.6 mm CRCA sheet steel powder coated.  

o Each section of Bus Bar enclosure plug in ports spread at interval of 
approximately 600 mm for the insertion of plug in boxes.  

o Inside the plug in Boxes MCCB will be located as per requirements. 
The operating handle will be interlocked with plug in box cover so 
that MCCB can be operated only with the suitable cover in closed 
position. The plug in box will be interlocked with bus bar trunking 
so that it cannot be inserted or removed with the plug in box lid 
open. MCCB will be of 4 pole type.  

o When the MCCB in the Plug-ÉÎ ÕÎÉÔ ÉÓ ÉÎ Ȭ/.ȭ ÐÏÓÉÔÉÏÎȟ ÔÈÅ ÏÐÅÒÁÔÏÒ 
should not be able to open the door. 

o The design of plug-in units shall be such that, the PE conductor shall 
ÂÅ ÏÆ Ȭ&ÉÒÓÔ--ÁËÅȭ Ȭ,ÁÓÔ-"ÒÅÁËȭ ÔÙÐÅȢ 

o The Plug-in unit will be suitable for accommodating MCCBs or other 
accessories, as required. The Plug-in unit should allow the flexibility 
of accommodating different reputed MCCB makes, to be mutually 
agreed depending on the tender requirements. 

o Plug-in unit must achieve IP-54 protection. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 136 
 

o Plug-in units should be plug-in type up to 400A & Bolt-on Type from 
630A. 

¶ Routine & Type Tests :  

o The busduct shall be type tested at a reputed test laboratory 
(certified by ASTA or ERDA) for the tests as per IEC-61439 Part-1 
(Low voltage switchgear &controlgear assembly- General rules) & 
Part 6 (Bus bar trunking systems & bus ways)  

o Short circuit testing of busduct should be for duration of 1 Sec. 
Neutral & Earth conductor should also be tested for 60% short 
circuit rating of phase conductor 

o Degree of ingress protection (IP rating) shall also be tested at any 
reputed independent laboratory as per IEC-60529 

o Dielectric test. 

o Busduct should be tested for minimum Seismic Zone-4 & High 
Seismic Qualification level as per IEEE:693 

¶ Installation: -   

The Bus Section shall be joined together with flanges and tie bolts. Bus 
trunking shall be suspended at a uniform height as per site conditions 
above floor/Ground level with suitable MS suspenders and MS supports 
duly Hot dip Galvanised. 

16.9.5. CAPACITOR PANEL  

16.9.6. SCOPE 

Supply, installation, testing and commissioning of medium voltage 
capacitors and Automatic Power Factor Correction Panel (APFC) for 
improvement in power factor of electrical system. It will be connected to 
main LT panel. It shall improve power factor up to 0.97 (lagging) from 
initial power factor of 0.85 (lagging). Capacitor panel shall be provided with 
Auto/ Manual selector switch.  

Power factor correction shall be done through Automatic Power Factor 
Correction panels with passive detuned filters. 

16.9.7. BASIC Design Specifications 

An automatic power factor correction relay, microprocessor based, with 
arrangement for sensing the power factor of the inductive load (maximum 
14 channels) and giving signal to the feeders of power capacitors as per the 
setting of P.F. and electronic circuit to ensure that once a capacitor gets cut 
off, it is not put on at least for a minute. The relay should automatically 
manage capacitor banks according to the reactive power required to correct 
the power factor of the load to the power factor set on the relay. The 
ÃÁÐÁÃÉÔÏÒÓ ÍÕÓÔ ÂÅ ÔÕÒÎÅÄ ȰÏÎȱ ÁÎÄ ȰÏÆÆȱ ÔÏ ÃÏÒÒÅÃÔ ÔÈÅ ÐÏ×ÅÒ ÆÁÃÔÏÒ ÏÆ ÔÈÅ 
load to the power factor set on the relay. The relay should have automatic 
and manual mode of operation with an LED to indicate the operating mode. 
The auto / manual function makes it possible to turn the capacitor banks 
ȰÏÎȱ ÁÎÄ ȰÏÆÆȱ ÍÁÎÕÁÌÌÙ ÒÅÇÁÒÄÌÅÓÓ ÏÆ the line value measured. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 137 
 

Rated System 
Voltage 

440 V / 415 V / 380 V / 400 V 

Rated Frequency 50 Hz 

Short Circuit Rating > 30 kA 

Altitude 1000 m 

Duty Continuous 

Ambient 
temperature 

-5° C to 50° C 

Power Supply Three phase, four line 

Relay current input 
signal 

-- / 5A, from CT on line 

Enclosures 

The load bearing structure is made of 2 mm sheet 
steel 

The front door and partition are made of 1.6 mm 
sheet steel 

The internal switchgear components are accessible 
on opening the front door and Capacitors & 
Reactors shall be accessed through back door 

Ingress protection - IP42 

Installation 

Indoor, wall mounted (up to 100 kVAr), floor 
mounted (100 kVAr and above) in a well-
ventilated, non-dusty environment, cable entry 
from bottom 

Control Auto + Manual 

Incomer 
3 Pole  MCCBs up to 630 A (400 kVAr) , 3 Pole ACBs 
above 630 A (above 400kVAr) 

Other important features required are: 

¶ Various system parameter display on APFC Relay 

¶ Fully automatic / manual setup and operation 

¶ Minimal joining in all the connections to ensure better reliability and 
lower losses. 

¶ Use of special connecting cables suitable for high temperature 
withstands. 

¶ Flush mounted meter to indicate line voltage and current. 

16.9.8. CAPACITOR BANK:  

Capacitor voltage shall be minimum 480 V when used with 7% reactors. 
Capacitors shall be MPP Heavy Duty type/ Gas filled type. The capacitor 
element used in unit shall have metallized polypropylene film (MPP) having 
low loss dielectric and impregnated with such impregnate, which shall have 
high dielectric constant, low viscosity and high chemical stability. The 
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impregnate should be resin filled. The capacitor unit shall have over 
pressure dis-connector protection. Discharge resistance shall reduce the 
residual voltage to less than 50 volts within one minute  

General specifications:  

¶ 3 phase, delta connected, 50 Hz 

¶ Overvoltage +10% (for 8h / 24h), + 15% (for 30m / 24h), + 20% 
(5m/24h), +30% (1m/24h)  

¶ Overcurrent: 1.8 x In 

¶ Peak Inrush current withstand: 250 x In 

¶ Total watt-losses: < 0.45 W / kVAr 

¶ 6000 switching operations per yearIEC 

¶ Provisions of IEC - 61921 for Low voltage power factor correction 
banks, IS-16636 : 2017 and IEC- 60831latest as amended. 

 

16.9.9. DETUNED FILTER 

¶ 7% detuned harmonic filter reactors shall be used along with power 
capacitors to mitigate harmonics amplification and to avoid electrical 
resonance in LV electrical networks.  

¶ The complete unit shall be impregnated under vacuum and over-
pressure in impregnation resin. The insulation shall be Class H. 

¶ The reactors shall be made of high grade aluminum windings, having a 
three phase, iron core construction suitable for indoor use. The reactor 
shall be air cooled and the layout shall be in accordance with IEC 60289 
/ IS 5553.  

¶ The permitted tolerance of inductance is ± 3% of rated inductance value.                        

¶ Reactor tuning factor shall be 7 % (189 Hz) and the current rating of the 
reactor shall include the effects of harmonics and other possible over-
currents. 

¶ The limit of linearity of inductance of the filter reactor is: 1.8*In with 
L=0.95*LN.  

¶ The reactor shall be fitted with a temperature sensitive micro-switch in 
the center coil (normally open) for connection to trip circuits in case of 
high operating temperatures. 

¶ Power loss in each reactor shall be less than 5 W/kVAr 

¶ Each reactor shall have routine test certificate for the above tests. 

16.9.10. Thyristor switching  

All capacitor banks shall be controlled with suitable rating thyristor 
switches. 
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16.9.11. APFC Controll er  

The APFC controller should be microprocessor based and should correct 
power factor with the help of contactors by switching the required no. 
capacitor banks  

The controller should offer power factor correction without any need for 
manual intervention. The controllers should decide optimum configuration 
of capacitor banks in order to achieve desired power factor by taking into 
consideration the kVAr of each step, no of operations, total usage time, re-
connection time of each step etc. Besides manual switching of capacitors 
should also be possible directly through the controller, The APFC controller 
should have the following basic features  

¶ Backlit LCD display with multiple parameters displayed at the same time  

¶ Auto step programmable  

¶ Capable of measuring VTHD and ITHD values at least up to 15th order  

¶ Automatic CT reversal sensing and correction  

¶ Should be 1A / 5A CT selectable.  

¶ Sensing shall be done at LT as well as HT side of the transformer 

¶ Display of average weekly power factor  

¶ Keypad lock feature to prevent operation by unauthorized persons 

¶ Alarms for under/over compensation, high VTHD/ITHD, over 
temperature, capacitor failure, capacitor over-current, over/ under 
voltage  

¶ )ÎÄÉÖÉÄÕÁÌ ÃÁÐÁÃÉÔÏÒȭÓ /.Ⱦ/&& ÓÔÁÔÕÓ ÁÎÄ ÃÁÐÁÃÉÔÏÒ ÆÁÉÌÕÒÅ ÉÎÄÉÃÁÔÉÏÎ 

¶ Temperature sensing feature with alarm in case of panel over heating  

¶ Should have RS485 communication protocol.  

16.9.12. SWITCHGEAR & PROTECTION: 

Suitable capacity duty contactor for each step shall be used and must be 
capable of capacitor switching duty. Busbars shall be suitably colour coded 
and must be mounted on appropriate insulator supports. 

Power cable used shall have superior mechanical, electrical and thermal 
properties. Internal wiring between main bus bars, contactor, capacitor etc 
shall be made with 1100 volt grade PVC insulated FRLS copper conductor of 
appropriate size by using suitable copper crimping terminal ends etc 
suitable bus links for input supply cable termination shall be provided.  

Control circuit shall be duly protected by using suitable rating MCB. An 
emergency stop push button shall be provided to trip the entire system 
(22.5 mm dia, mushroom type, press to stop and turn to reset). 440 Volt 
caution board shall be provided on the panel. 

16.9.13.  TESTS AT -!.5&!#452%2ȭ3 WORKS: 
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All routine and type tests as per IS:2834 relevant to capacitor banks as 
ÁÍÅÎÄÅÄ ÕÐ ÔÏ ÄÁÔÅ ÓÈÁÌÌ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔ ÁÔ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ×ÏÒËÓ ÁÎÄ ÔÅÓÔ 
certificates to be submitted. 

TEST AT SITE: 

Insulation resistance with 500 V DC Meggar shall be carried out and test 
results should be recorded. 

Residual voltage shall be measured after switching of the capacitors and the 
same shall not be more than 50 volts after one minute. Each discharge 
resister shall be tested for its working.  

16.9.14.  INSTALLATION: 

Capacitor bank shall be installed at least 30 cm away from the walls on 
suitable frame work of welded construction. The earth terminals provided 
on the body of capacitor bank shall be bonded to main capacitor panel earth 
bus with 2 nos 8 SWG copper or 6 SWG GI earth wire. 

Contractorshall also submit four sets of installation and maintenance 
manual. 

17. Hybrid Power Factor Correction Panel  

The contractor shall carry out Design, fabrication, assembling, wiring, supply, 
installation, testing and commissioning of HPFC (Hybrid power factor correction) 
panel having IGBTs, microprocessors, capacitors, reactors and other associated 
accessories, as explained below: 

The HPFC panel shall be fabricated out of 14/16 gauge CRCA sheet steel in cubicle 
compartment, free-standing, floor-mounted, dust and vermin proof with 
ÒÅÉÎÆÏÒÃÅÍÅÎÔ ÏÆ ÓÕÉÔÁÂÌÅ ÓÉÚÅȟ ÁÎÇÌÅ ÉÒÏÎȟ ÃÈÁÎÎÅÌȟ Ȭ4ȭ ÓÅÃÔÉÏÎÓ ÁÎÄȾÏÒ ÆÌÁÔÓ 
wherever necessary. Pre-treatment of panel shall be carried out before epoxy 
powder coating with at least eight tank process. The HPFC panel shall adhere to IP 
41 protection standard.  

#ÁÂÌÅ ÇÌÁÎÄ ÐÌÁÔÅÓ ÓÈÁÌÌ ÂÅ ÐÒÏÖÉÄÅÄ ÏÎ ÔÏÐ Ⱦ ÂÏÔÔÏÍ Ⱦ ÂÏÔÈ ɉÁÓ ÐÅÒ ÃÌÉÅÎÔȭÓ 
requirements) of the HPFC panel. Lifting hooks shall also be provided at least on all 
four corners of the panel.  

The HPFC panel shall be suitable for 415V, 4 phase, 4 wire, 50 Hz supply system. 
The panel shall have a tolerance of 10% for the voltage and 5% for the frequency. 
Two numbers of earthing terminals shall be provided on either side of the panel.  

The HPFC Panel shall, in its default configuration, shall implement the following: 

¶ Step-less Power Factor Correction (for both leading and lagging current)  

¶ Harmonics Compensation up to 51st order  

¶ Load Current Balancing in the three phases  

¶ Neutral current compensation in neutral phase  

¶ All capacitor banks shall be controlled with suitable rating thyristor switches. 
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17.1 HPFC Panel: The HPFC Panel shall comprise:  

i. Incomer:  

ACB four pole a having thermal magnetic based over-current and short-
circuit protection and at least 50kA breaking capacity (Ics) as the 
incomer of the panel. 100% Icu breakers shall be used. 

ii .  Metering and Indication:  

a. A HMI display meter showing voltage, current, frequency, PF, THD, 
kW, kVA, and other related parameters  

b. Required number of CTs of suitable rating  

c. Required number of three phase digital ammeter showing current 
of HPFC panel  

iii .  An active filter part and a passive filter part shall be provided. The ratio 
of the rating of active filter to that of the passive filter shall be at least 
1:1. 

17.2 Detuned capacitor bank unit:  Each fixed detuned capacitor bank unit    
shallcomprise: 

i. Incomer:  

a. A three pole, thermal magnetic based MCCB having over-current and 
short-circuit protection and at least 36 kA breaking capacity as the 
incomer  

b. 100% ICU breakers shall be used  

c. Three pole capacitor duty contactor of suitable rating 

ii . Power Circuit:  

a. Three phase delta connected capacitors of suitable rating  

b. The capacitor unit shall be heavy-duty MPP type and have an AC 
voltage    rating of 525V  

c. A series detuned reactor of suitable rating connected to the capacitor 
bank  

d. The series detuned reactor shall be a 7% reactor having linearity of 
at least 180%  

e. Heavy duty exhaust fans and suitably placed ventilation louvers for 
proper heat dissipation from the reactors and capacitors shall be 
provided.  

iii . Control Circuit:  

a. On and Off indication lights for each detuned capacitor bank  

b. Start and Stop push buttons for each detuned capacitor bank  

c. Auto/Manual selector switch for auto mode (through the HPFC 
0ÁÎÅÌȭÓ $30 ÍÉÃÒÏÐÒÏÃÅÓÓÏÒɊ ÏÒ ÍÁÎÕÁÌ ÍÏÄÅ ÏÆ ÏÐÅÒÁÔÉÏÎ ÏÆ ÔÈÅ 
capacitor banks  
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d. On delay timer for the detuned capacitor bank so that all the detuned 
ÂÁÎËÓ ÄÏÎȭÔ ÇÅÔ Ó×ÉÔÃÈÅÄ ÏÎ ÁÔ ÔÈÅ ÓÁÍÅ ÔÉÍÅ  

17.3 Active Filter Unit :  

Active filter unit shall provide the required reactive power in a step-less 
mode to meet the requirement for neutral compensation. Each Active filter 
unit shall comprise: 

i. Incomer:  

a. A four pole MCCB having thermal magnetic based over-current and 
short-circuit protection and at least 36kA breaking capacity (Ics) as 
the incomer of the 3-Ph HPFC Panel  

b. 100% ICU breakers shall be used  

ii . Metering and Indication:  

a. On/Off selector switch for the Active filter  

iii . Power Circuit:  

a. Suitable rating four phase inverter stack.  

b. The inverter stack shall be rated for the full rating of active filter and 
shall have sufficient margins for overloading the filter  

c. Four single phase inductor chokes of suitable rating  

d. Inductor  chokes shall have overload margin of at least 150% for 1 
minute  

e. Suitable rating four pole AC1 duty power contactor  

f. The contactor shall be connected to the input of the IGBT power 
stack  

g. The inverter stack shall comprise suitable number and rating (with 
sufficient margin for overload) of IGBTs, DC Capacitors and IGBT 
driver circuits to meet the full power output of the inverter stack  

h. Resistors, capacitors and other passive components of suitable rating 
(with sufficient margin) and quantity to continuously carry the full 
load of the filter  

i. Cables, bus-bars and other associated hardware of suitable rating 
(with sufficient margin) to continuously carry the full load of the 
filter  

j. Heavy duty exhaust fans and suitably placed ventilation louvers for 
proper heat dissipation from the inverter stacks and inductor choke 
shall be provided  

k. Heavy duty PWM filter comprising capacitors, resistances and/or 
inductors to filter out the switching ripple from the filter output  

iv. Control Circuit:  

a. Control MCB of rating 6A, FP, 10 kA, C-Curve to provide power 
supply to the control circuit of the Active filter  
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b. Advanced DSP microprocessor controller which shall monitor the 
voltage and current in the three phases (Red, Yellow and Blue) to 
compute the exact power requirement in the three phases, and thus, 
implement the following features - step-less compensation of leading 
and lagging power factor, harmonics compensation and load 
balancing  

c. Suitable number and rating of voltage and current sensing circuits  

d. Necessary control and firing cards with proper wiring and lugs of        
required rating shall be provided  

e. Suitable number and rating of any other items, e.g. relays, SMPS, etc.  

17.4 HMI (Human Machine Interface):   The HMI (Human Machine Interface) 
installed in the HPFC Panel shall have the following features:  

a. A 7-inch, colored touch screen LCD/ LED interface  

b. It must at-least have Ethernet port, USB port and SD card port  

c. It must support MODBUS TCP communication protocol  

d. Start, stop and trip status (with trip code) on the home screen  

e. Internal CAN communication with the DSP controller  

f. The HMI must display the following (minimum) numerical parameters: 

¶ Irms - All 3 phase currents + Neutral  

¶ Irms (Fundamental Current) - All 3 phase fundamental currents  

¶ iTHD (%) - All 3 phase current harmonic distortion  

¶ Iunb (%) - All 3 phase current unbalance  

¶ Vrms - All 3 phase voltages  

¶ Urms - All 3 line voltages  

¶ V1rms (Fundamental Voltage) - All 3 phase fundamental voltages  

¶ vTHD (%) - All 3 phases voltage harmonic distortion  

¶ Vunb (%) - All 3 phase voltage unbalance  

¶ Grid Frequency  

¶ Active Power (kW) - All 3 phases + Total  

¶ Reactive Power (kVAr) - All 3 phases + Total  

¶ Apparent Power (kVA) - All 3 phases + Total  

¶ Power Factor (PF) - All 3 phases + Total  

¶ Displacement Power Factor (dPF) - All 3 phases + Total  

¶ Ipk - Peak Current of 3 phases of power stack  

¶ Utilization (%) - Utilization percentage of 3 phases of power stack  

¶ Vdc - DC bus voltage of power stack  
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¶ Stack Temperature - Temperature of 3 phase IGBTs of power stack  

¶ Control Card Temperature  

¶ System Running hours  

¶ Fan Running hours  

¶ Advanced logging capabilities  

¶ The HMI must save a minimum of 50,000 time stamped event logs  

¶ The logs view must be password protected  

¶ The logs should capture system events like system On/Off  

¶ System trip event should be logged with associated trip code and time 
stamp  

¶ User entry into settings should get logged  

¶ Any failed user login attempt (wrong password) should be logged  

¶ Changes in user settings must be logged  

¶ Logs must be accessible day-wise for ease of navigation  

¶ Logs must be arranged in First In - Last Out fashion to display the 
latest events on top  

¶ User must be able to export the logs to an external USB storage device  

¶ HMI must have provision for Ethernet communication or suitable 
communication bus 

The HMI must provide graphical information for the following (minimum) 
data:  

¶ Individual harmonic bar chart of 3-phase currents - upto 51st order  

¶ Individual harmonic bar chart of 3-phase voltages - upto 51st order  

¶ Simultaneous graphical display of 3-phase currents and 3-phase 
voltages on single window with user select-able options  

17.5 Additional Features in HPFC Panel: The HPFC Panel shall have the 
following features, in addition to those already mentioned above: 

¶ Panel shall be suitable for operation within an ambient temperature 
between 0ºC and 45ºC . 

¶ Panel shall have an audible noise level lesser than 70 db 

¶ Panel shall have a filtering efficiency of at least 98%  

¶ Panel shall have a reaction time of less than 200 micro-seconds  

¶ Selection between the features - PF compensation, harmonics 
compensation load balancing and neutral compensation of the filter 
shall be programmable using the HMI  
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¶ In the default mode, harmonics compensation is set at 1st priority, PF 
compensation is set at 2nd priority and load balancing is set at 3rd 
priority  

¶ Panel shall also have provision for selection of individual harmonic 
orders for compensation in the harmonic compensation mode 
through the HMI  

¶ Panel shall only compensate the load balancing requirements arising 
from distributed loading in the three phases or due to two phase 
loads  

¶ Any compensation requirements arising due to the unbalanced 
current in the neutral shall be compensated  

¶ Auto fold-back of the HPFC Panel panel if total current requirement 
exceeds the rated  

¶ capacity of the filter  

¶ Bus-bars or cables shall be suitably color coded and mounted using 
appropriate insulator supports  

¶ Suitable clearances shall be provided for the bus-bars and other live 
parts of the system as per international standards  

¶ All live parts of the system shall be properly shrouded  

¶ Inspection terminal strip, number ferruling, and other labeling shall 
be suitably provided  

¶ 3ÔÉÃËÅÒÓ ÍÁÒËÅÄ ×ÉÔÈ Ȱ$!.'%2ȱ ÓÈÁÌÌ ÂÅ ÐÒÏÖÉÄÅÄ ×ÈÅÒÅÖÅÒ ÒÅÑÕÉÒÅÄ  

¶ Detailed drawings and manuals shall be provided wherever required  

17.6 Protections: Following protections shall be provided:  

¶ Over voltage (AC) protection  

¶ Over voltage (DC) protection  

¶ Phase sequence protection  

¶ Over current protection  

¶ One phase disconnection (double phasing) detection/protection  

¶ Over temperature protection  

¶ Temperature sensor abnormality detection  

¶ Protection circuits for the IGBT stack and its components  

¶ Temperature based de-rating to protect the system and longer 
operational   life  

¶ The system will de rate its capacity by sensing the control card 
temperature  

¶ System will sense abnormally high stack temperature and trip itself to 
protect the converter with suitable error indication  
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¶ The system will sense abnormality with stack temperature sensing 
circuit and generate a suitable error indication  

 All components and wiring used in the system shall adhere to the relevant ISI and 
IEC standards shall also submit four sets of installation and maintenance manual. 

The HPFC Panel shall have the following settings options for the user:  

¶ Define priority between Harmonic, Reactive and Unbalance compensation 
e.g: User can easily choose to do only one of the three or a combination of 
the three. Filter will utilize its full capacity as per defined priority.  

¶ Individual harmonic selection  

17.7 Tests at -ÁÎÕÆÁÃÔÕÒÅÒȭÓ Works:  

All routine and type tests as per IS:2834 relevant to capacitor banks as 
amended ÕÐ ÔÏ ÄÁÔÅ ÓÈÁÌÌ ÂÅ ÃÁÒÒÉÅÄ ÏÕÔ ÁÔ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ×ÏÒËÓ ÁÎÄ ÔÅÓÔ 
certificates to be submitted. 

17.8 Tests at Site: 

¶ Insulation resistance with 500 V DC Meggar shall be carried out and test 
results should be recorded. 

¶ Residual voltage shall be measured after switching of the capacitors and 
the same shall not be more than 50 volts after one minute. Each discharge 
resister shall be tested for its working.  

17.9 Installation : 

Hybrid Power Factor Capacitor Panel shall be installed with adequate 
clearance from the adjacent walls on suitable frame work of welded 
construction. The earth terminals provided on the body of capacitor bank 
shall be bonded to main capacitor panel earth bus with 2 nos 8 SWG copper 
or 6 SWG GI earth wire. 

18. EARTHING & LIGHTENING PROTECTION SYSTEM 

Earthing system shall conform to CPWD General Specifications for Electrical Works 
(Part I-Internal), 2013. Earthing system shall comprise of suitable nos. of Earthpits 
with GI & Copper Plate electrodes as per IS-3043 & CPWD specifications. 

Neutral Earthing with suitable size Copper strips and Copper plate earthpits for 
Transformer, DG Sets and other equipment as specified by OEMs shall be provided. 
earthing of all sus. The body earthing for transformers, DG, HV & MV panels shall 
be done separately (2 Nos. for Each equipment) and shall also made a common 
earth bus network. 

Like for a single transformer, the total number of earth electrodes shall be 4 (2 for 
neutral and 2 for connection to a common earth bus for body earthing). 

18.1 ELECTRODES 

The earth electrodes shall be as per CPWD General Specifi cations for Electrical 
Works (Part I-Internal), 2013. 

18.2 LOCATION OF EARTH ELECTRODES 
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Distance of earth electrode from any building and other earth electrode shall be as 
per CPWD specification & IS codes. Care shall be taken that the excavation of earth 
electrode may not affect the column footings or foundation of the building. In such 
cases electrodes may be farther away from the building. The location of the 
electrode earth will be a place where the soil has reasonable chance of remaining 
moist. As far as possible, entrances, pavements and road ways, are to be definitely 
avoided for locating the earth electrode. 

18.3 WATERING ARRANGEMENT 

Method of watering arrangement shall comply with CPWD general specifications. 

18.4 SIZE OF EARTH LEAD 

The recommended sizes of copper earth bus lead in case of Sub-stations shall be in 
accordance with General Specifications for Electrical Works (Part I-Internal), 2013 
amended upto date. The minimum size of earth lead shall be 25 mm x 5 mm copper 
or equivalent GI strip. 

18.5 INSTALLATION 

All joints shall be riveted and sweated. Joints in the earth bar shall be bolted and 
the joints faces tinned. Where the diameter of the bolt for connecting earth bar to 
apparatus exceeds one quarter of the width of the earth bar, the connection to the 
bolt shall be made with a wider piece of flange of copper jointed to earth bar. These 
shall be tinned at the point of connection to equipment and special care taken to 
ensure a permanent low resistance contact to iron or steel. All steel bolts, nuts, 
washers etc. shall be cadmium plated, main earth bars shall be spaced sufficiently 
on the surface to which they are fi xed such as walls or the side trenches to allow 
for ease of connections. Copper earthing shall not be fi xed by ferrous fi ttings. The 
earthing shall suitably be protected from mechanical injury by galvanized pipe 
wherever it passes through wall and floor. The portion within ground shall be 
buried at least 60 cm deep. The earthing lead shall be securely bolted and soldered 
to plate or pipe as the case may be. In the case of plate earthing the lead shall be 
connected by means of a cable socket with two bolts and nuts. All washers shall be 
of the same materials as the plate or pipe. All iron bolts, nuts and washers shall be 
galvanized. 

18.6 TESTING 

After installation, the tests as specifi ed in CPWD General Specifications for 
Electrical Work (Part I-Internal), 2013 shall be carried out and results recorded 

18.7 LIGHTENING PROTECTION SYSTEM 

Lightening Protection System shall be provided for all buildings, blocks and 
facilities constructed under this contract as per IS/IEC-62305:2010 amended up to 
date and NBC 2016. However, All earth pits shall be GI or copper Plate electrodes. 
Finial shall be of copper material and for earth grid/mes& downcomers, required 
size Copper strip/equivalent size G.I. strip shall be used.  

19. SAFETY REQUIREMENTS 

Safety provisions shall be generally in conformity with appendices (A) and (C) of 
CPWD General Specifi cations of Electrical Works (Part I-Internal), 2013. In 
particular following items shall be provided: 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 148 
 

(i) Insulation Mats 

Insulation mats conforming to IS 15652: 2006 shall be provided in front of of 
all HT & LT Panels as well as other control equipments as specified. 

(ii ) First Aid Charts and First Aid Box 

Charts (one in English, one in Hindi, one in Regional language), displaying 
methods of giving artificial respiration to a recipient of electrical shock shall 
be prominently provided at appropriate place. Standard first aid boxes 
containing required materials should be provided in each sub-station. 

(iii ) Danger Plate 

Danger Plates shall be provided on HV and MV equipments. MV danger notice 
plate shall be 200 mm x 150 mm made of mild steel at least 2 mm thick 
vitreous enameled white on both sides and with the descriptions in signal red 
colour on front side as required. Notice plates of other suitable materials such 
as stainless steel, brass or such other permanent nature material shall also be 
accepted with the description engraved in signal red colour. 

(iv) Fire Extinguishers 

Portable CO2 conforming to IS 2878: 1976/ chemical conforming to IS 2171: 
1976 extinguishers, HCFC Blend A (P-IV) shall be installed in the sub-station 
at suitable places. Other extinguishers recommended for electric fires may 
also be used. 

(v) Fire Buckets 

Fire buckets conforming to IS 2546: 1974 shall be installed with the suitable 
stand for storage of water and sand. 

(vi) Tool Box 

A Standard tool box containing necessary tools required for operation and 
maintenance shall be provided in the sub-station. 

(vii ) Caution Board 

.ÅÃÅÓÓÁÒÙ ÎÕÍÂÅÒ ÏÆ ÃÁÕÔÉÏÎ ÂÏÁÒÄÓ ÓÕÃÈ ÁÓ Ȱ-ÁÎ ÏÎ ,ÉÎÅȱ Ȭ$ÏÎȭÔ 3×ÉÔÃÈ ÏÎȭ 
etc. shall be available in the sub-station. 

(viii ) Key Board 

A keyboard of required size shall be provided at a proper place containing 
castle keys, and all other keys of sub-station and allied areas. 

 

20. 11/0.433 KV DRY TYPE TRANSFORMER (ON LOAD TAP CHANGER TYPE) 

20.1. GENERAL 

Power transformers shall be Cast Resin Dry Type for  indoor use. The transformers 
shall be suitable for 11KV/ 433 Volts, 50 Hz and 3-phase.  All the transformers 
shall be ON LOAD TAP CHANGER type with RTCC Panels. 

The design manufacture and performance of transformer shall comply with all 
performance of equipment status, regulations and safety codes in the location 
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where the transformers will be installed. Transformers shall conform to the latest 
applicable standards. Transformer losses at 50% & 100% loads & impedance shall 
ÂÅ ÁÓ ÐÅÒ ÌÁÔÅÓÔ ÁÐÐÌÉÃÁÂÌÅ %#"# "ÕÉÌÄÉÎÇ ÎÏÒÍÓȢ 4ÒÁÎÓÆÏÒÍÅÒÓȭ ÉÎÃÏÍÉÎÇ ÆÅÅÄÅÒÓ 
ÉÎ ÔÈÅ ,4 0ÁÎÅÌ ×ÏÕÌÄ ÂÅ ÅÑÕÉÐÐÅÄ ×ÉÔÈ ÍÅÔÅÒÉÎÇ ÃÌÁÓÓ ÃÕÒÒÅÎÔ ÔÒÁÎÓÆÏÒÍÅÒÓ ɉ#4ȭÓɊ 
Ǫ ÐÏÔÅÎÔÉÁÌ ÔÒÁÎÓÆÏÒÍÅÒÓ ɉ04ȭÓɊ ÓÏ ÔÈÁÔ ÐÅÒÉÏÄÉÃ ÌÏÓÓ ÍÏÎÉÔÏÒÉÎÇ ÃÁÎ ÂÅ ÃÁÒÒied out.  

20.2. CODES AND STANDARD 

Transformers shall comply with the latest edition of Indian Standards No. IS 2026 
Part I to Part V (Power Transformer) and IS-11171 for Dry Type Transformer. In 
case the Provision of Indian Standards is not directly applicable to dry type 
Transformer, the provision of latest IEC-60726 and any other relevant IEC shall 
apply. Latest Stadards as applicable shall be followed the Insulating materials, 
Bushing, Installation and Maintenance of the Transformer. 

20.3. SERVICE CONDITION 

 Altitu de     Less than 1000 meters. 

 Maximum Ambient Temperature  50 deg. C 

 Minimum Ambient Temperature  -5 deg C 

 Relative Humidity                 100 % 

 Installation                  Corrosive,dusty, humid and tropical. 

20.4. RATING AND TYPE 

The Transformer shall have core type construction, 3 phase and shall be suitable 
for indoor service under the climatic conditions prevailing at site. The Transformer 
shall be capable of withstanding thermal and mechanical effects of short circuit at 
terminals of any winding with full voltage maintained on other winding as per IS: 
2026.  

20.5. WINDING 

The primary and secondary winding shall be of electrolyte copper conductors. The 
high and low voltage winding shall be totally encapsulated and should be cast 
under vaccum in moulds with fiber glass reinforce epoxy resin laminate. Both HV 
and LV winding of each phase shall be separately cast as arigid tubular coil with no 
mechanical and electrical connection between their co- axial arrangements. The 
Transformer shall be free of partial discharges at least up to 1.1 times the rated 
voltage. 

The winding shall not absorb moisture under the worst tropical conditions. The 
collection of moisture and dust over the winding shall not in any way affect the 
insulation strength of the winding. 

20.6. CORE 

The transformer core shall be build up with high non-aging low and high 
permeability CRGO Silicon steel lamination. CRGO sheet shall be coated with 
inorganic material or equivalent insulation to reduce eddy current to minimum. 
After shearing, the laminations shall be treated to remove all burrs and shall be 
annealed to remove all the residual stresses. 
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Core frame work and clamps shall be arranged and tighted to securely hold 
lamination in order to prevent any settling or displacement in case of heavy shocks 
during transport, handling or short circuits. All the Iron parts except the core shall 
be galvanized and treated with high temperature resistance paint. Core Fastening 
shall be insulated to reduce losses and avoid spots. Transformer shall be designed 
to witstand 10 % over fluxing corresponding to rated voltage. 

Suitable lugs shall be provided for lifting the complete core and coil assembly of 
the transformer. 

20.7. INSULATION 

Interturn and inter coil insulation shall be designed such that di - electric stress is 
uniformly distributed throughout the winding under all operating conditions. The 
×ÉÎÄÉÎÇ ÓÈÁÌÌ ÂÅ ÐÒÏÖÉÄÅÄ ×ÉÔÈ #ÌÁÓÓ Ȭ&ȭ )ÎÓÕÌÁÔÉÏÎȢ 

20.8. TEMPERATURE RISE 

The temperature rise of the winding shall not exceed 90 deg C on continuous full 
load above maximum ambient temperature of 50 Deg C and in no case shall reach 
value that may damage the core itself or other adjacent part.   

20.9. TAP CHANGING: 

"ON LOAD" circuit tap changing with AVR arrangement on H.V side is to be 
provided. The tapping is to be provided for variation on high voltage side from + 
5% to - 15% steps of 1.25% each.  Automatically operated STEPLESS "ON LOAD 
Tap Changing Switch" having a position indicating lights & Locking device and 
complete with Automatic Voltage regulator and its Control panel shall be provided 
separately. 

In case of transformers having OFF Load Tap Changer, the tapping is to be 
provided for variation on high voltage side from + 5% to - 5% in steps of 2.5% 
each. 

20.10. VECTOR GROUP: 

Transformer shall have the vector group of Dyn 11. 

20.11. IMPEDANCE 

The desired impedance shall be as mentioned in the IS:11171 and ECBC norms. 

 

20.12. FLUX DENSITY 

The maximum flux density at any point in the winding shall not exceed 1.6 Tesla on 
the normal rated tap voltage and frequency.  

20.13. CURRENT DENSITY  

The Maximum current density at any point in the winding shall not exceed 2.2 
Amp. Per sq.mm at the rated full load, voltage and frequency. 

20.14. COOLING  

The Transformer shall be designed for natural cooling (AN) or forced cooling as 
required for smooth continuos functioning at site. 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 151 
 

20.15. ENCLOSURE  

Transformer shall be provided with a sheet steel enclosure with adequate 
provision for ventilation. The degree of protection of enclosure shall be IP 21 for 
indoor installation and IP 44 for outdoor installations. The sheet steel thickness of 
enclosure shall be minimum 2mm. 

20.16. CABLE TERMINATION 

The low voltage side of the transformer shall be suitable to receive Sandwich 
Aluminium Bus Duct of suitable capacities from the top of the Transformer. A 
suitable size of flange to be provided for connecting the suitable size overhead 
sandwich busducts in the LT Box. 

H.T. sides of the transformers shall have cable end boxes to receive 3 C X 300 
sq.mm size of 11KV HT cables with bottom entry provision.  

All cable end boxes shall have bore holes to match the opening for each cable 
specified and shown in the single line diagram. 

20.17. EARTHING 

Two main earthing terminals shall be connected to the terminals provided for 
transformer. 

20.18. FITTINGS AND ACCESSORIES 

Ɇ Rating and Terminal Marking Plate of the Transformer including the details 
of OFF circuit changing voltage of the links. 

Ɇ Earthing terminal with Lugs. 

Ɇ Transformer Neutral Earthing terminal. 

Ɇ Marshal Box with wiring and terminal and temperature scanner. 

Ɇ PT 100 type temperature scanner and its connection with marshal box. 

Ɇ Neutral CT 2000/1 Amp. And its connection with marshal box  for 2000 
KVA Transformer only. 

Ɇ Limit Switch in all hinged door fix door and wiring till marshal box. 

Ɇ HV cable end box at primary. 

Ɇ LT Bus Trunking  box at secondary.   

Ɇ Nos. Plan bi- directional rollers. 

Ɇ Inspection windows shall be provided in the cover. 

Ɇ Lifting lugs for both the transformer and core shall be provided. 

20.19. RTCC PANEL 

RTCC Panel shall be provided to operate OLTC from control room located in 
substation. RTCC shall be provided with main switch, a sequence selector switch. 
RTCC shall be provided with lower push button & raise push button, tap change in 
progress & complete. A.C supply ON/OFF lamp indicator & AVR relay operated 
operation indication. Cubical panel shall be totally enclosed, floor mounting and 
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fabricated with a framed structure with rolled/folded sheet steel channel section of 
minimum 2mm thickness.  

All the sheet steel work forming the exterior of RTCC panel shall be smoothly 
finished and all steel work used in construction of RTCC panel shall undergone a 
regrious metal treatment process consisting of effective cleaning by hot alkaline 
degreasing solution followed by the cold water rinsing, pickling in dilute sulphuric 
acid to remove scales and rust formation, a recognized phosphating process, 
passivating in deoxidize to retain  & augment the effects of phosphating, drying 
with compressed air and dust free atmosphere, primer coating with two coats of 
highly corrosion resistant primer applied under strictly controlled conditions and 
finished coat of stoving. RTCC Panels shall be connected with respective 
transformers through suitable size multicore copper conductor armoured control 
cables. 

20.20. INSTALLATION OF TRANSFORMER 

Installation of transformer shall be carried out in accordance with manufacturer's 
instructions and/or as directed by purchaser.  

All power/control connections and mechanical joints shall be completed, checked 
and adjusted to ensure safety and satisfactory operation of the transformer. 

Transformer shall not be placed on bare ground during unloading but it shall be 
placed on wooden sleepers. After placing on foundation, alignment, leveling etc. 
shall be carried out in best workman like manner. 

For the power/control cabled projecting above the ground, the termination to 
cable box shall be run in GI conduits of suitable cross section and the same shall be 
supported properly and pipe ends shall be sealed with bitumen compound. 

The cable box of detachable type of the transformer shall be supported properly so 
as to facilitate taking out of the transformer for repair without disturbing the 
cables.  

20.21. TEST CERTIFICATES. 

Test certificate shall be furnished in required number of copies for approval. The 
routine, special and type test certificate of the transformer shall be furnished. 

The routine and type test certificates of miscellaneous components shall be 
furnished or approval. 

20.22. ROUTINE TESTS 

During manufacture and on completion the transformer shall be subjected but not 
limited to the following Routine Tests as laid down in the latest revision of the IS 
11171 IEC - 726 

i. Applied voltage test 

ii . Induced voltage test 

iii . No-load loss and excitation current tests 

iv. Impedance voltage and load loss tests 

v. Resistance measurement 
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vi. Ratio tests 

vii . Polarity and phase relation tests 

viii . Insulation resistance tests  

ix. Insulation power factor tests  

20.23. TYPE TESTS 

The type test certificates for the following type tests carried out on similar capacity 
rating shall be submitted along with the routine test certificates. 

i. Heat run test 

ii . Impulse test    

20.24. FIELD TEST 

After installation a site, the transformer shall be subjected to the following field 
test: 

i. Construction inspection 

ii . Ratio tests 

iii . Polarity test 

iv. Tap change operation test. 

20.25. ELECTRICAL & PERFORMANCE REQUIREMENT : 

i. Transformer shall operate without injurious heating at the rated KVA at any 
voltage within variation of  +/ - 10% of the rated voltage of that particular 
tap. 

ii . Transformer shall be designed for 110% continuous over fluxing withstand 
capability. 

iii . The neutral terminals of the winding with star connection shall be designed 
for the highest over current that can flow through the winding. 

iv. Overloads shall be allowed within the conditions defined in the loading 
guide of the applicable standard. Under these conditions, no limitations by 
terminal bushings, tap changers or other auxiliary equipment shall apply. 

v. Temperature Rise for continuous full load application shall be guided by 
Maximum temperature rise clause of IS 2026.  The temperature rise shall 
not exceed 45 degree C by thermometer in oil or 50 degree C for winding 
over an ambient of 45 degree C.  

(Please note maximum ambient temperature shall be considered 50 degree C).  

20.26. DRAWINGS AND O&M MANUALS: 

Four copies of manual of complete instructions for the installation, operation, 
maintenance and repairs circuit  diagrams, foundation and trenching details shall 
be provided with the transformers.  List of spare parts shall also be indicated. 

i. GA drawing showing dimension, net weight and shipping weight, quantity of 
insulating oil etc. 
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ii . Crane requirements for assembly and dismantling of the transformer. 

iii . Drawing indicating GA of cable box and its dimension for cable entry cut out 
requirements etc. 

The drawings in (four sets) to be furnished by the supplier for approval after 
acceptance of his order shall include the following: 

a)  GA showing front and side elevations and plan of transformer and all 
accessories and external features, detailed dimensions, crane lift for untanking, 
H.T./L.T. clearances etc. 

b)  Drawings of Bus duct termination arrangement. 

c)  HV cable box arrangement & disconnecting chamber GA drawings. 

d)  Name plate and terminal making and connection diagram. 

e)  Assembly of OLTC gear mechanism & details of mechanism parts, limits, 
contours of wearing parts, timing gear adjustments etc. 

21. DISTRIBUTION TRANSFORMER OIL FILLED 

11/ 0.433 kV OIL TYPE DISTRIBUTION TRANSFORMER WITH ON LOAD TAP CHANGER 
MECHANISM WITH AUTOMATIC VOLTAGE REGULATOR  

21.1. GENERAL 

The step down double wound core type transformers shall be suitable for Outdoor 
mounting with a voltage ratio of 11000/433 Volts and naturally oil cooled with a 
Delta/Star configuration. The transformer shall comply with the regulations of IEC 76, 
B.S. 171, IS: 1180, Level -2 efficiency, as amended up to date.   

21.2. TRANSFORMER OPERATION  

The transformer shall be suitable for operation on 11 kV, 3 phase 50 cycle earthed 
system, connected Delta on H.V. side and star on the L.V. side with neutral brought out 
for independent Earthing (Vector Group DYN11). The transformer shall be suitable for 
continuous operation at the rated capacity under Site conditions.   

21.3. TRANSFORMER MATERIAL 

The material used in the manufacture of the transformer shall be of the best quality of 
their respective kind available as per standard specifications. 

21.4. CORE  

The core shall be built up with high grade non-aging, low loss and high permeability 
CRGO lamination special silicon steel suitable for transformers. After being sheared, the 
lamination shall be treated to remove all burs and shall be re-annealed to remove all 
residual stresses.  Each lamination shall be coated with a durable, insulating coating.  
Core assembly shall be provided with lugs suitable for lifting the complete core and coil 
assembly of the transformers. Core and coil shall be so fixed that there is permanent 
displacement of windings on other parts when the transformer is moved or during 
short circuit.  Core frame parts shall be galvanized. 

21.5. WINDINGS 

The HV and LV windings shall be of copper conductors using highly densified glass fiber 
reinforcement.  Temperature rise of winding shall not exceed 50 deg C by resistance on 
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continuous full load above ambient of 50 deg C and temperature rise of oil shall not 
exceed 45 deg C above ambient of 50 deg C.  Flux density at any point in winding and 
core shall not exceed 1.7 T on normal rated voltage and frequency. 

21.6. On Load Tap Changer (OLTC) 

The transformer shall be provided with an Automatic On Load Tap Changer (OLTC) 
with Remote Tap Changer Control (RTCC) facility. The OLTC suitable for an incoming 
voltage variation from +5% to -15% in 17 steps on H.V side so as to give a near constant 
voltage of 433 Volt on the L.V. side. The OLTC shall be provided with automatic voltage 
sensing relay and shall be fully automatic in operation.  

The OLTC shall be supplied with the first filling of the oil, oil surge relay, shut off valve 
for the OLTC oil surge relay, trip contracts, access windows for OLTC connection etc. 
The OLTC shall be provided with motorized / manual operation alongwith handle for 
operating manually. Mechanical tap position indicator shall be provided.  

OLTC shall be provided with remote / local operation facility with selector switch for 
remote/local operation. The Remote Tap Changer Control Panel (RTCC) shall have 
remote indicator for the position of the steps and automatic voltage regulating relays. 
The RTCC Panel shall have Push buttons for Raise and Lower. The RTCC shall have 
indicating lamps for :- 

Tap in progress  

Raise  

Lower 

Out of step indication 

21.7. INSULATION CLASS 

The insulation material shall be insulation class 'F'.   

21.8. TRANSFORMER TAPPINGS 

Ȭ/.ȭ ÌÏÁÄ ÔÁÐ ÃÈÁÎÇÉÎÇ ÌÉÎËÓ ÏÎ (6 ÓÉÄÅȢ  4ÈÅ ÔÁÐÐÉÎÇÓ to be  provided for variation on 
HV side from + 5% to ɀ 15% in  steps of  1.25 % each. 

In case of transformers having OFF Load Tap Changer, the tapping is to be provided for 
variation on high voltage side from + 5% to - 5% in steps of 2.5% each. 

21.9. TRANSFORMER CHARACTERISTICS 

The no load voltage ratio of the transformer shall be 11000/433 Volts and the 
percentage impedance be as per latest applicable ECBC building norms. 

21.10. TRANSFORMER TERMINATIONS 

The transformer shall have self-supporting cable boxes with suitable glands and cable 
sockets for receiving 11,000 Volt grade XLPE cables on the H.V. side as required. 

On the LV side the transformer shall have a suitable self supporting terminal 
arrangement with extended busbars to receive 1100 Volt grade Aluminium Conductor 
Sandwich Busduct as specified.  

21.11. TEMPERATURE RISE PARAMETERS 

Thermistor sensors shall be embedded in the low voltage winding for warning and 
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tripping, for temperature control.  The temperature detectors shall be suitable for 24 
volts D.C. The temperature rise when continuously operated of windings by resistance 
method shall not exceed 20 deg C over 50 deg C ambient for warning and 45 deg C over 
50 deg C ambient for tripping. 

21.12. TRANSFORMER FITTINGS 

The transformer alongwith OLTC shall be manufactured in accordance with the 
requirements as specified in the Standards stated above and shall be fitted with:  

i. Diagram and Rating plate 

ii . Lifting Lugs. 

iii . Two earthing terminals on either side of the tank. 

iv. Four bidirectional rollers on the under carriage for movement. 

v. Winding Temperature Indicator with alarm contacts for alarm and trip 
circuits.  

vi. Externally operated tapping switch with position indicator & locking 
arrangement. 

vii . Terminal marking plate. 

viii . Jacking Lugs. 

ix. H.V. cable box for 3 core XLPE cable as required. 

x. L.V. cable box suitable for reception of XLPE armoured cables or chamber 
for receiving sandwich/ air insulated bus ducts as required. 

xi. Oil conservator with drain plug. 

xii . Oil filling hole and cap. 

xiii . Filter valve with plug. 

xiv. Drain valve with plug or cover plate. 

xv. Oil level indicator with minimum marking. 

xvi. Dehydrating breather (Silica gel breather) 

xvii . Air release valve. 

xviii . Explosion vent. 

xix. Thermometer pocket with plug. 

xx. 150 mm dial type contact thermometer with maximum temperature 
indicator and alarm and trip contacts for oil temperature. 

xxi. Buchholz relay of double float type with alarm and trip contacts and M.S. 
box for terminating control cables of 4 x 2.5 sq. mm. size. 

xxii. L. V. Neutral bushing 

xxiii . Shut-off valve between Buchholz relay and conservator. 

xxiv. The transformer shall be complete with the first filling of insulating oil as 
per IS 335 - 1983 including makeup fill at site. 
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21.13. TRANSFORMER GUARENTEED TECHNICAL PARTICULARS 

The following guaranteed technical particulars of the transformer shall be furnished. 

a). Core loss 

b). Load loss 

c). Percentage Impedance 

21.14. TRANSFORMER TESTING 

Prior to acceptance and dispatch of the transformer, the CLIENT/HITES reserves the 
ÒÉÇÈÔ ÔÏ ×ÉÔÎÅÓÓ ÔÈÅ ÒÏÕÔÉÎÅ ÔÅÓÔÓ ÁÔ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ×ÏÒËÓȢ 4ÈÅ ÔÒÁÎÓÆÏÒÍÅÒ ÓÈÁÌÌ ÂÅ 
subjected to the following routine tests as per relevant Standards at the manufacturers 
Works.  The test certificates shall be submitted to the CLIENT/HITES/Engineer-in-
charges for approval prior to dispatch. 

a). Measurement of Winding Resistance 

b). Ratio polarity and phase relationship 

c). Losses in kW at No load, 50% Load, 75% Load and 100% Load  

d). Impedance Voltage 

e). No load and Full load current 

f). Insulation resistance 

g). Induced over voltage withstand 

h). Separate source voltage withstand 

In addition type test certificate for following parameters shall also be submitted to 
CLIENT/HITES/ Engineer-in-charges for record. Any type test if specifically asked 
for by CLIENT/HITES, shall be carried out on the equipment covered by this 
contract shall be done at extra cost prior to dispatch.  

a). Temperature Rise 

b). Impulse Voltage withstands. 

21.15. INSTALLATION 

4ÈÅ ÔÒÁÎÓÆÏÒÍÅÒ ÓÈÁÌÌ ÂÅ ÉÎÓÔÁÌÌÅÄ ÁÓ ÐÅÒ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒÓȭ ÉÎÓÔÒÕÃÔÉÏÎ ÍÁÎÕÁl and 
shall conform to the requirements of IS 10028: 1981. 

Transformer and all other accessories shall be handled carefully in its upright position 
as indicated on the packing cases. Lifting lugs and jacking pads shall be use for lifting 
the transformer. Utmost care shall be taken in proper application of jacks. Where 
transformer is dragged or pulled on sleeper or rollers, the traction eyes provided at the 
bottom frame shall be used with suitable wire ropes and shackles. 

Transformer shall be mounded on concrete plinth/foundation prepared for the 
purpose. Rollers shall be checked and locket to prevent movement of the transformer 
after being positioned after on the plinth. 

The transformer cable end boxes shall be sealed to prevent entry of moisture. 

The transformer neutral and body earthing shall be as per the requirements of IS 3043-
1966 and the Local Inspecting Authorities. 
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21.16. COMMISSIONING TESTS 

The following tests shall be carried out prior to commissioning at site by third party  

a). Insulation resistance of the winding between phases and phase and earth on 
the H.T. side. 

b). Winding resistance of all the windings on all tap positions. 

c). Voltage ratio test shall be carried out by applying low voltage on H.T. side and 
measuring the voltage between phases and phase and neutral on the L.T. side 
for every tap setting. 

d). On commissioning of the transformer the following readings shall be taken: 

-  MV side voltages at all tap settings 

-  Temperature rise under no load conditions 

e). Transformer Oil Test  

f). If necessary, the transformer shall be heated by applying low voltage on the HT 
side and shorting the LT side. This shall be done for a period of 48 hours or till 
all the moisture has been removed from the transformer 

22. INTERNAL ELECTRIFICATION OF BUILDING 

22.1. SCOPE 

The electrical Installation work shall be carried out in accordance with Indian 
Standard Code of Practice for Electrical Wiring Installation IS: 732-1989 and IS: 
2274-1963. It shall also be in conformity with the current Indian Electricity rules 
and regulations and requirements of the Local Electricity Supply Authority and 
Fire Insurance regulations, so far as these become applicable to the installation.  
Electrical work in general shall be carried out as per following CPWD 
Specifications with up to date amendment. 

V Specifications for Electrical Works Part-I (Internal) by CPWDɀ2013 
with latest revision 

V Specifications for Electrical Works Part-II (External) by CPWDɀ1994 
with latest revision 

Wherever these specifications calls for a higher standard of material and or 
workmanship than those required by any of the above mentions regulations and 
specification then the specification here under shall take precedence over the 
said regulations and standards. 

Following Light/power point Shall be provided as minimum or as per approved 
shop drawings in following areas and as directed by Engineer In-Charge 

Consultation Room / Workstation -  

¶ 6/16 A Raw Power points- 2 nos. 

¶ 6/16 A UPS power points ɀ 2 Nos. 

¶ Data points- 1 Nos. 

¶ Telephone Points ɀ 1 Nos. 
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¶ Light fittings as per required Lux level (NBC-2016, ECBC) 

General Wards (with Each Bed)- 

¶ 6/16 A UPS power points ɀ 4 Nos. 

¶ Light fittings as per required Lux level (NBC- 2016, ECBC) 

¶ Foot Light 

ICU/ICCU with Each Bed- 

¶ 6/16 A UPS power points ɀ 8 Nos. 

¶ Light fittings as per required Lux level (NBC-2016, ECBC) 

¶ Bed Head Light (Up & Down) 

Confrence Room- 

¶ 6/16 A Raw Power points- 4 nos. 

¶ 6/16 A UPS power points ɀ 2 Nos. shared in Two seats (in Pop up   
box) 

¶ HDMI Port ɀ 1 Nos. shared between Two seats (in Pop up box) 

¶ Data points ɀ 2 Nos. shared between Two seats or Wifi 
connectivity 

¶ Dimmer Lights as per requirement 

¶ Light fittings as per required Lux level (NBC-2016, ECBC) 

¶ Data & UPS Power points for Projector / Monitor/PC/Audio 
Visual system 

22.2. DISTRIBUTION BOARDS 

As a general practice MCB type double door DB shall be used. Provision of Vertical 
type MCB DBs is to be considered in areas where 3-phase outlets are also required: 

Provisions in MCB DB: 

i. Recess/ surface type with integral loose wire box. 

ii . Phase/neutral/ earth terminal blocks for termination of incoming & 
outgoing wires. 

iii . DIN channel for mounting MCBs. 

iv. Arrangement for mounting incomer MCB/RCCB/RCBO/MCCB as required. 

v. Copper Bus Bar. 

vi. Earthing terminals. 

vii . Interconnection between terminal block/ incoming switch/ bus bar/ 
neutral/ termina l block/ earth terminal connector with specified size of 
FRLS pre insulated copper conductor cable duly fitted with copper lugs/ 
thimbles. 
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viii . Termination block should be suitable for termination of conductor/ cable 
of required size but minimum rated cross section of the terminal blocks 
should be 6 sq. mm. 

ix. Terminal block shall be made of flame retardant polyamide material. 

x. Coloured terminal blocks and FRLS wires for easy identification of RYB 
phases, Neutral and Earth. 

xi. DB shall be provided with a detachable cassette for safe removal of MCBs, 
RCCBs. Terminal connectors from the DB without loosening the internal 
cable connections of phase and neutral circuits. 

xii . The DB shall have peel able poly layer on the cover for protection from 
cement, plaster, paints etc during the construction period. 

xiii . Detachable plate with knock out holes shall be provided at the top/ 
bottom of board. Complete board shall be factory fabricated / pre-wired in 
factory, ready for installation at site. The box and cover shall be fabricated 
from 1.2 mm sheet steel, properly pretreated, phosphotized with powder 
coated finish. 

xiv. DB shall be of double door construction provided with hinged cover in the 
front. 

xv. DB doors shall be suitably earthed. 

Distribution Board shall be standard type. Distribution boards shall contain 
miniature circuit breakers. Miniature circuit breakers shall be quick make and 
quick break type with trip free mechanism. MCB shall have thermal and magnetic 
short circuit protection. All miniature circuit breakers shall be of minimum 10 kA, 
Ȭ#ȭ ÃÕÒÖÅ ÒÁÔÅÄ ÒÕÐÔÕÒÉÎÇ ÃÁÐÁÃÉÔÙ ÕÎÌÅÓÓ ÏÔÈÅÒ×ÉÓÅ ÓÐÅÃÉÆÉÅÄȢ  

Neutral busbars shall be provided with the same number of terminals, as there are 
single ways on the board, in addition to the terminals for incoming mains.  An earth 
bar of similar size as the neutral bar shall also be provided. All live parts shall be 
screened from the front.  Ample clearance shall be provided between all live metal 
and the earth case and adequate space for all incoming and outgoing cables. A 
circuit identification card in clear plastic cover shall be provided for each 
distribution board.  

MCB's shall be provided on the phase of each circuit. No isolator shall be used in 
distribution board &  panels unless stated otherwise. The individual banks of MCB's 
shall be detachable. There shall be ample space behind the banks of MCB's to 
accommodate all the wiring. All the distribution boards shall be completely factory 
wired, ready for connections. All the terminals shall have adequate current rating 
and size to suit individual feeder requirements. Each circuit shall be clearly 
numbered from left to right to correspond with wiring diagram. All the switches 
and circuits shall be distinctly marked with a small description of the service 
installed.      

Earth Leakage Circuit Breaker/Residual Current Circuit Breaker shall be provided 
in each Distribution Board as required. Earth Leakage Circuit Breaker shall be 
current operated type and of 30 mA sensitivity unless otherwise specified. It shall 
also provide over-current and short circuit protection i.e. it shall be MCB-cum-
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2##" ɉ2ÅÓÉÄÕÁÌ #ÕÒÒÅÎÔ #ÉÒÃÕÉÔ "ÒÅÁËÅÒɊȢ )Î ÃÁÓÅ %,#" ÄÏÅÓÎȭÔ ÈÁÖÅ ÉÎÂÕÉÌÔ ÓÈÏÒÔ 
circuit protection, same rating MCB have to be provided for short circuit protection 
along with ELCB. Cost of this MCB is deemed to be included in the cost of ELCB. 
ELCB shall be housed within the Distribution Board. 

Distribution Boards shall be ready for connections and shall be inspected in the 
factory by Electrical Engineer- In charge before dispatch.   

"ÅÆÏÒÅ ÐÒÏÃÕÒÅÍÅÎÔ ÏÆ $ÉÓÔÒÉÂÕÔÉÏÎ "ÏÁÒÄÓȟ -#"ȭÓȟ %,#"ȭÓ ɉÉÎÃÏÍÅÒ ÁÎÄ 
outgoings) etc., the  has to take approval of the DB Schedule/Drawings of each DB 
from the  Electrical Engineer In Charge. The whole unit i.e. Distribution Board, 
-#"ȭÓȟ %,#"ȭÓ ÅÔÃȢ ÓÈÁÌÌ ÃÏÍÅ ÆÒÏÍ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÓ ÐÒÅÍÉÓÅÓȾ×ÏÒËÓÈÏÐȢ !ÆÔÅÒ 
inspection, if required, HITES representative shall provide dispatch clearance for 
installation at site.  

22.3. METALLIC CONDUIT WIRING SYSTEM: 

22.3.1. TYPE AND SIZE OF CONDUIT 

All conduit pipes shall be of approved gauge (not less than 16 SWG for conduits 
of sizes up to 32 mm diameter and not less than 14 SWG for conduit of size 
above 32mm diameter) solid drawn or reamed by welding finished with black 
stove enameled surface. All conduit accessories shall be of threaded type and 
under no circumstances pin grip type accessories shall be used. The maximum 
number of PVC insulated 650/1100 volts grade copper conductor cable that 
can be drawn in conduit of various sizes shall be as per IS Code. No steel 
conduit less than 20 mm in diameter shall be used. 

22.3.2. CONDUIT JOINTS. 

Conduit pipes shall be joined by means of threaded couplers, and threaded 
accessories only.  In long distance straight run of conduits, inspection type 
couplers at reasonable intervals shall be provided or running threads with 
couplers and jam nuts shall be provided. In the later case the bare threaded 
portion shall be treated with anti-corrosive preservative. Threads on conduit 
pipes in all cases shall be between 13 mm to 19 mm long sufficient to 
accommodate pipes to full threaded portion of couplers or accessories. 

 Cut ends of conduit pipe shall have neither sharp edges nor any burrs left to 
avoid damage to the insulation of conductor while pulling them through such 
pipes. 

22.3.3. PROTECTION AGAINST CONDENSATION. 

The layout of conduit should be such that any condensation or sweating inside 
the conduit is drained out. Suitable precaution should also be taken to prevent 
entry of insects inside the conduit.          

22.3.4. PROTECTION OF CONDUIT AGAINST RUST. 

The outer surface of conduit including all bends, unions, tees, junction boxes 
etc. forming part of conduit system shall be adequately protected against rust 
when such system is exposed to weather by being painted with two coats of 
oxide paint applied before they are fixed. In all cases, no bare threaded portion 
of conduit pipe shall be allowed. Unless such bare thread portion of conduit is 
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treated with anticorrosive preservative or covered with approved plastic 
compound. 

22.3.5. PAINTING OF CONDUIT AND ACCESSORIES. 

After installation, all accessible surface (if any) of conduit pipes, fittings etc. 
shall be painted with two coats of approved enameled paint or aluminium 
paint as required to match the finish of surrounding wall, trusses etc. 

22.3.6. SURFACE CONDUIT 

Conduit pipes shall be fixed by saddles, secured to suitable approved plugs 
with screws in an approved manner at an interval of not more than one 
meter,but on either side of the couplers or bends or similar fi ttings, saddles 
shall be fixed at a distance of 30 cm from the center of such fittings.Where 
conduit pipes are to be laid along the trusses, steel joists etc. the same shall be 
secured by means of saddles or girder clips or clamps asrequired by the 
Engineer-in-charge.In long distance straight run of conduit, inspection type 
couplers at reasonable intervals shall be provided, or running threads with 
couplers and jam nuts shall be provided.Fixing Outlet Boxes Only portion of the 
switch box shall be sunk in the wall, the other portion beingprojected out for 
suitable entry of conduit pipes into the box. 

22.3.7. RECESS CONDUIT 

The chase in the wall shall be neatly made and of ample dimensions to permit 
the conduit to be fixed in the manner desired. In the case of building under 
construction, conduit shall be buried in the wall before plastering and shall be 
finished neatly after erection of conduit. In case of exposed brick/rubble 
masonry work, special care shall be taken to fix the conduit and accessories in 
position along with the building work. Entire work of chasing the wall, fixing 
the conduit in chases, and burring the conduit in mortar before plastering shall 
form part of point wiring work.  

The conduit pipe shall be fixed by means of staples or by means of saddles not 
more than 60cm apart or by any other approved means of fixing. Fixing of 
standard bends and elbows shall be avoided as far as practicable and all curves 
maintained by bending the conduit pipe itself with the long radius, which shall 
permit easy drawing in of conductors. All threaded joints of conduit pipe shall 
be treated with some approved preservative compound to secure protection 
against rust. Suitable inspection boxes to the barest minimum requirements 
shall be provided to permit periodical inspection and of facilitate replacement 
of wires, if necessary. These shall be mounted flush with the wall. Suitable 
ventilating holes shall be provided in the inspection box covers. Wherever the 
length of conduit run is more than 10 meters, then circular junction box shall 
be provided. 

22.3.8. METAL OUTLET BOXES & COVERS. 

The switch box shall be made of modular metal boxes with suitable size 
modular cover plates. Modular metal box shall be made of mild steel on all 
sides except on the front. The metal box (other than modular type) shall be 
made of metal on all sides except on the front. Boxes shall be hot dip 
galvanized mild steel. Metal boxes up to 20 x 30 cm size M.S. box shall have 
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wall thickness of 18 SWG and MS boxes above 20 x 30 cm size shall be of 16 
SWG.  The metallic boxes shall be painted with anticorrosive paint before 
erection. Clear depth of the box shall not be less than 60mm.  All boxes shall be 
covered from top with Phenolic laminated sheet of approved shade. These shall 
be of 3 mm thick synthetic phenolic resin bonded laminated sheet as base 
material and conform to grade P-I of IS: 2036-1994. 

22.3.9. ERECTION AND EARTHING OF CONDUITS. 

The conduit of each circuit or section shall be completed before conductors are 
drawn in. The entire system of conduit after erection shall be tested in 
presence of Engineer In Charge for mechanical and electrical continuity 
throughout and permanently connected to earth conforming to the 
requirement by means of special approved type of earthing clamp effectively 
fastened to conduit pipe in a workmen like manner for a perfect continuity 
between the earth and conduit. 

22.4. NON-METALLIC CONDUIT WIRING SYSTEM 

22.4.1. Scope 

This chapter covers the detailed requirements for wiring work in non-metallic 
conduits.This chapter covers both surface and recessed types of wiring work. 

22.4.2. Applic ation  

¶ Recessed conduit work is generally suitable for all applications. Surface 
conduit work may be adopted in places like workshops etc. and where 
recessed work may not be possible to be done. The type of work shall be as 
specified in individual works. 

¶ Flexible non-metallic conduits shall be used only at terminations, wherever 
specified. 

¶ Special Precautions - 

i. If the pipes are liable to mechanical damages, they should be adequately 
protected. 

ii . Non-metallic conduit shall not be used for the following applications:- 

iii . In concealed/inaccessible places of combustible construction where 
ambient temperature exceeds 60 degrees C. 

iv. In places where ambient temperature is less than 5 degrees C. 

v. For suspension of fluorescent fi ttings and other fi xtures. 

vi. In areas exposed to sunlight. 

 

22.4.3. Materials  

a) Conduits  

Á All non-metallic conduit pipes and accessories shall be of suitable 
material complying with IS 2509 : 1973 and IS 3419 : 1989 for rigid 
conduits and IS 9537 (Part 5) : 2000 for flexible conduits. The interior 
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of the conduits shall be free from obstructions. The rigid conduit pipes 
shall be ISI marked. 

Á The conduits shall be circular in cross-section. The conduits shall be 
designated by their nominal outside diameter. The dimensional details 
of rigid non-metallic 

Á No non-metallic conduit less than 20 mm in diameter shall be used. 

¶ The maximum number of PVC insulated aluminium/copper conductor 
cables of 650/1100 V grade conforming to IS 694 : 1990 that can be 
drawn in one conduit of various sizes as per CPWD specification. 
Conduit sizes shall beselected accordingly. 

b) Conduit Accessories 

Á The conduit wiring system shall be complete in all respect including 
accessories. 

Á Rigid conduit accessories shall be normally of grip type. 

Á Flexible conduit accessories shall be of threaded type. 

Á Bends, couplers etc. shall be solid type in recessed type of works, and 
may be solid or inspection type as required, in surface type of works. 

Á Saddles for fi xing conduits shall be heavy gauge non-metallic type 
with base. 

Á The minimum width and the thickness of the ordinary clips or girder 
clips shall be as per CPWD specification 

Á For all sizes of conduit, the size of clamping rod shall be 4.5 mm (7 
SWG) diameter. 

c) Outlets  

Á The switch box shall be made of either rigid PVC molding, or mild steel, 
or cast iron on all sides except at the front. The regulator boxes shall 
however be made only of mild steel or cast iron. 

Á PVC boxes shall comply with the requirements laid down in IS 14772 : 
2000. These boxes shall be free from burrs, fi ns and internal 
roughness. 

Á The thickness of the walls and base of PVC boxes shall not be less than 
2 mm. 

Á The clear depth of PVC boxes shall not be less than 60 m. 

Á 3 mm thick phenolic laminated sheet covers for all types of boxes shall 
be as per requirements.  

22.4.4. Installation  

a) Common Aspects for Both Recessed and Surface Conduit Works 

Á The erection of conduits of each circuit shall be completed before the 
cables are drawn in. 

Á Conduit Joints 
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o All joints shall be sealed/cemented with approved cement. Damaged 
conduit pipes/fi ttings shall not be used in the work. Cut ends of 
conduit pipes shall have neither sharp edges nor any burrs left to 
avoid damage to the insulation of conductors while pulling them 
through such pipes. 

o The Engineer-in-charge, with a view to ensuring that the above 
provision has been carried out, may require that the separate lengths 
of conduit etc. 

Á Conduit joints after preparation shall be submitted for inspection 
before being fixed. 

Á All bends in the system may be formed either by bending the pipes by 
an approved method of heating, or by inserting suitable accessories 
such as bends, elbows or similar fittings, or by fixing non-metallic 
inspection boxes, whichever is most suitable. Where necessary, solid 
type fittings shall be used. 

o Radius of bends in conduit pipes shall not be less than 7.5 cm. No 
length of conduit shall have more than the equivalent of four quarter 
bends from outlet to outlet. 

o Care shall be taken while bending the pipes to ensure that the 
conduit pipe is not injured, and that the internal diameter is not 
effectively reduced. 

Á Outlets 

o All switches, plugs, fan regulators etc. shall be fitted in flush pattern.  

b) Additional Requirements for Surface Conduit Work  

Á Conduit pipes shall be fixed by heavy gauge non-metallic saddles 
with base, secured to suitable approved plugs with screws in an 
approved manner, at an interval of not more than 60 cm, but on 
either side of couplers or bends or similar fi ttings, saddles shall be fi 
xed at a closer distance from the centre of such fi ttings. 

Á Slotted PVC saddles may also be used where the PVC pipe can be 
pushed in through the slots. 

Á Where the conduit pipes are to be laid along the trusses, steel joists 
etc. the same shall be secured by means of saddles or girder clips as 
required by the Engineer in-charge. Where it is not possible to use 
these for fi xing, suitable clamps with bolts and nuts shall be used. 

Á If the conduit pipes are liable to mechanical damage, they shall be 
adequately protected. 

22.4.5. Earthing Requirements  

Á A protective (earth) conductor shall be drawn inside the conduit in 
all distribution circuits to provide for earthing of non-current 
carrying metallic parts of the installation. These shall be terminated 
on the earth terminal in the switch boxes and/or earth terminal 
blocks at the DBs. 
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Á Gas or water pipe shall not be used as protective conductors (earth 
medium). 

22.5. SWITCHES. 

All 6 and 16 Amp switches shall be modular type of 240 volts A.C. grade. All 
switches shall be fixed on modular metal boxes. All 6 Amp socket shall be 3 pin 
type and 16 Amp socket shall be 5/6 pin type (unless otherwise specified) suitable 
for 16/6 Amp.  All modular switches, sockets, telephone outlets, TV outlet etc. shall 
be in off white finish unless otherwise specified. The switches controlling the lights 
or fans shall be connected to the phase wire of the circuit. Switch boards shall be 
located at 1200 mm above finished floor level unless otherwise indicated on 
drawings or directed by Engineer-In-Charge. 

In case of computer power points, Data points, telephone points etc. to be fixed on 
laminated partition board (furniture), same shall be fixed on laminated board 
(portion of laminated board meant for fixing power points) with base plate/cover 
plate as applicable, duly fixed with screws. 

One modular switch may control maximum one, two or three light points as per 
requirement and as directed by Engineer-In-Charge. One light point controlled by 2 
switches shall be provided in the staircases as directed by Engineer-In-Charge. 
Depending on area of rooms, halls etc. one or more than one switchboards shall be 
provided as directed by Engineer-In-Charge. At least one number 6A Socket with 
Switch shall be provided in each switchboard as directed by Engineer-In-Charge. 
Suitable power points and light points shall be provided for urinal sensors and 
hand dryers in the toilets as directed by Engineer-In-Charge. At least 10% Light 
fixtures shall be provided and operated with UPS supply with switches fed from 
UPS Distribution Boards. 

22.5.1. COVER PLATE 

All modular switches, sockets, telephone outlets etc. shall be fixed on 
modular metal boxes with modular base plates and modular cover plates on 
top.  

22.5.2. WALL SOCKET PLATE 

Each outlet shall have a switch located beside the socket preferably on the 
same cover plate/modular base. The earth terminal of the socket shall be 
connected to the earth wire. 

22.6. WIRING 

All PVC insulated copper conductor wires shall conform to relevant IS Codes. All 
wires/ cables shall be stranded type irrespective of its size.  

All internal wiring shall be carried out with PVC insulated FRLS, Copper wires of 
650/11 00 Volts grade. The circuit wiring for points shall be carried out in 
looping in system and no joint shall be allowed in the length of the conductors. 
Circuit wiring shall be laid in separate conduit originating from distribution 
board to switch board for light/fan. A light/fan switchboard may have more than 
one circuit but shall have to be of same phase.  Looping circuit wiring shall be 
drawn in same conduit as for point wiring.  
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Each circuit shall have a separate neutral wire. Neutral looping shall be carried 
out from point to point or in light/fan switchboards. A separate earth wire shall 
be provided along with circuit wiring for each circuit. For point wiring 
red/yellow/blue colour wire shall be used for phase and black colour wire for 
neutral.  

Circuit wiring shall be carried out with red, yellow or blue colour PVC insulated 
FRLS copper wire for RYB phase wire respectively and black colour PVC 
insulated FRLS Copper wire for the neutral wires. Green/Green-Yellow Colour 
copper wire shall be used as earth continuity conductor and shall be drawn along 
with other wires.  No wire shall be drawn into any conduit until all work of any 
nature, that may cause injury to wire is completed.  Care shall be taken in pulling 
the wires so that no damage occurs to the insulation of the wire. 

Before the wires are drawn into the conduit, the conduits shall be thoroughly 
cleaned of moisture, dust and dirt. Drawing and jointing of copper conductor 
wires and cables shall be as per CPWD specifications for Electrical works (Part - 
I) 2013 

Maximum number of PVC insulated 650/1100 V grade aluminium/copper 
conductor cable conforming to IS : 694 ɀ 1990 

Conduit 
size                

20mm  25mm  32mm  40mm  50mm  60mm  

Wire size 
in sq.mm . 

S B S B S B S B S B S B 

1.50 7 5 12 10 20 14 - - - - - - 

2.50 6 5 10 8 18 12 - - - - - - 

4 4 3 7 6 12 10 - - - - - - 

6 3 2 6 5 10 8 - - - - - - 

10 2 - 4 3 6 5 8 6 - - - - 

16 - - 2 - 4 3 7 6 - - - - 

25 - - - - 3 2 5 4 8 6 9 7 

35 - - - - - - 3 2 6 5 8 6 

50 - - - - - - - - 5 3 6 5 

70 - - - - - - - - 4 3 5 4 

NOTE : 

1. The above table shows the maximum capacity of conduits for a 
simultaneous drawing in of cables. 
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2.  The columns headed `S' apply to runs of conduits which have distance not 
exceeding 4.25m between draw in boxes and which do not deflect from the 
straight by an angle of more than 15 degrees. The columns headed `B' apply 
to runs of conduit which deflect from the straight by an angle of more than 
15 degrees. 

  3.   Conduit sizes are the nominal external diameters. 

22.6.1. JOINTS. 

All joints shall be made at main switches, distribution board socket and switch 
boxes only. No joint shall be made in conduits and junction boxes. Conductors 
shall be continuous from outlet to outlet.      

22.6.2. LOAD BALANCING 

Balancing of circuits in three-phase installation shall be planned before the 
commencement of wiring and shall be strictly adhered to.      

22.6.3. COLOUR CODE FOR CIRCUIT WIRING 

Colour code for circuit and sub main wiring installation shall be Red, Yellow, 
and Blue for three phases. Black for neutral and yellow/green or green only for 
earth in case of insulated earth wire.      

22.6.4. CLASSIFICATION OF POINTS. 

¶ General 

Classification of Point wiring shall be as per CPWD specification for 
Electrical Works (Part-I- Internal) 2013. 

¶ Point Wiring (Modular)  

i . Definition of Point Wiring  

A point (other than socket outlet point) shall include all work necessary 
in complete wiring to the light points/fan/exhaust fan/call bell point 
from the controlling switch/MCB. The scope of wiring for a point shall, 
however, include the wiring work necessary in tapping from another 
point in the same distribution circuit i.e. from first switch board (wiring 
from distribution board to first switch box is covered in the circuit 
wiring and is not in the scope of point wiring) to subsequent switch 
board(s) in the same distribution circuit. The point wiring includes all 
materials specified below including chasing the wall (in case of recessed 
wiring in wall), fixing the conduit and making the wall good as it 
originally was. It also includes supply, drawing, testing and 
commissioning of wires. 

¶ Scope of point wiring  

Following shall be deemed to be included in point wiring.  

(a) Supply & fixing conduit & conduit accessories for the same and 
wiring cables  (including supplying and drawing wires) between 
the switch box and the point outlet.  
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(b) All fixing accessories such as clips, nails, screws, phil plug, rawl 
plug etc. as required. 

(c) Modular switches, modular base plates and modular cover plates 
over the same. regulators, sockets with Metal boxes  etc. in  
recessed or surface .  

(d) Outlet boxes, junction boxes, pull-through boxes etc. but excluding 
modular metal boxes if any, provided the switchboards for loose 
wires/conduit terminations.  

(e) In case of recessed wiring in wall the scope includes chasing of 
wall, fixing the conduit and making the wall good as it originally 
was. 

(f) Control modular switch (5/6A) as specified. 

(g) Ceiling rose or connector (in case of points for ceiling/exhaust fan 
point, prewired light fittings and call bells).  

(h) Connections to ceiling rose, connector, socket outlet, lamp holder, 
switch etc. 

(i) Interconnecting wiring between points on the same circuit, in the 
same switch box or from another. Interconnecting wiring from 
first switchboard to subsequent switch board(s). 

(j) Protective (loop earthing) conductor as required from one 
metallic switch box to another in the distribution circuits, and 
from switchboard to each point (light/fan/exhaust fan/call bell 
etc). 

(k) Bushed conduit where wiring cables pass through wall etc. 

(l) Ceiling rose (in the case of pendants except stiff pendants). 

(m)  Lamp holder (in the case of goose neck type wall bracket, batten 
holder and fittings which are not pre-wired).. 

(n) Back Plate (in the case of stiff pendants). 

22.6.5. Circuit and Submain Wiring  

a. Circuit Wiring  

Circuit wiring shall mean the wiring from the distribution board up to 
the tapping point for the nearest first point of that distribution circuit i.e. 
up to the nearest first switch box. 

b. Submain Wiring  

Submain wiring shall mean the wiring from one main/distribution 
switchboard to another. 

22.6.6. Power Plug Wiring  

a. 6A Plug Wiring  

Wiring for all 6 A Socket Outlets shall be done with 2 X 2.5 sqmm PVC 
insulated FRLS copper wire in suitable size MS Conduit (including 
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supplying and fixing MS Conduit) along with the earth wire. Up to 3 
points may be connected to one circuit. 

b. 16A Power Plug Wiring  

Wiring for all 16 A Socket Outlets/Geyser point shall be done with 2X4 
sq mm PVC insulated FRLS copper wire in suitable size MS Conduit 
(including supplying and fixing MS Conduit) along with the earth wire, 
directly from the MCB- Distribution Board or from one power socket 
outlet to another in case of computer power points. Looping shall not be 
done in general 16A power points (other than computer power points). 

c. Wiring for 20A Metal Clad Socket Outlets  

Wiring for all 20A Metal Clad Socket Outlets shall be done with 2X6 
sqmm PVC insulated FRLS copper wire in suitable size MS Conduit 
(including supplying and fixing MS Conduit) along with the earth wire 
directly from the MCB-Distribution Board. Wiring for 20A Metal Clad 
Socket outlet shall be done on linear basis i.e. complete wiring directly 
from MCB-Distribution Board to the socket outlet. 

22.6.7. CONDUCTOR SIZE. 

Wiring shall be carried out with following sizes of PVC insulated FRLS 
multiple stranded single core copper conductor wire/ca ble. 

i. Light Point. - 1.5 sq.mm 

ii . Ceiling /Cabin/Exhaust Fan Point  - 1.5 sq.mm 

iii . Call Bell Point - 1.5 sq.mm 

iv. 6A Plug Point/ UPS Computer outlets (up to 3 outlets on one ckt.)  - 
2.5 sq.mm 

v. Circuit Wiring - 2.5 sq.mm 

vi. General Power Point ɀ 4 sq.mm  

vii . 20A Industrial Socket Outlet ɀ 6 Sqmm 

viii . Special Power Point ɀ 6 Sqmm 

ix. A/C Industrial box / Modular Socket with 32A MCB- 6 Sqmm 

22.7. LIGHTING FIXTURE AND FANS 

22.7.1. GENERAL 

a. The Contractor  shall supply and install all LED Lighting fixtures as per 
relevant IS Codes for all buildings. 

b. All fixtures shall be delivered to the building complete with suspension 
accessories, canopies, hanging devices, sockets, holders, reflectors, 
ballasts, diffusing material, louvers, plaster frames, recessing boxes, etc. 
all wired and assembled as indicated. 

c. Full size shop detail drawings of special fixture or lighting equipment, 
where called for in the fixtures, shall be submitted to the Engineer In 
Charge for approval. 
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d. Fixtures, housing, frame or canopy, shall provide a suitable cover for 
fixture outlet box or fixture opening. 

e. Fixtures shall comply with all applicable requirements as herein 
outlined unless otherwise specified or shown on the Drawings. 

f. Manufacturer's name and catalogue number of light fixtures, fans, 
switchgears etc. shall be strictly adhered. 

g. Fixtures shall bear manufacturer's name and the factory inspection 
label. 

h. Fixtures shall be completely wired and constructed to comply with the 
IEE wiring regulations requirements for lighting fixtures, unless 
otherwise specified.  

i. Revamping the fixture shall be possible without having to remove the 
fixture from its place. 

j. Lamps of the proper type, wattage and voltage rating shall be furnished 
and installed in each fixture. 

k. For Labs, ICU, CCU and other Critical Areas, Clean Room LED Light 
Fixtures shall be provided to maintain requisite Lux level as per NBC 
2016, ECBC  and as directed by Engineer-In-Charge.  

22.7.2. INSTALLATION 

Fixtures shall be installed at mounting heights as detailed on the Drawings or 
as instructed on site by the Engineer-In -charge.  

Pendent fixtures within the same room or area shall be installed plumb and at 
a uniform height from the finished floor.  Adjustment of height shall be made 
during installation. 

Flush mounted recessed fixtures, shall be installed so as to completely 
eliminate leakage of light within the fixture and between the fixture and 
adjacent finish.  

Fixtures mounted outlet boxes shall be rigidly secured to a fixture stud in the 
outlet box. Hickeys or extension pieces shall be installed where required to 
facilitate proper installation. 

Fixtures located on the exterior of the building shall be installed with 
non-ferrous metal screws finished to match the fixtures. 

22.7.3. LED Light Fixtures -GENERAL 

Indoor & Outdoor type LED Lighting Fixtures shall conform to following 
specifications:  

LED Light Fixtures - Indoor  

Sl Criteria  Specification  

1 
The Luminaire 
Construction  

Single Piece Pressure die cast Aluminium 
alloy housing for better thermal 
conductivity. Seperate driver and optical 
compartment for Thermal isolation.  

2 Beam Angle Injection Moulded PC diffuser for optimum 



 
 
Construction of LINAC & Nuclear Medicine Buildings at PGIMS Rohtak                Volume-IV Tech Specifications 

Tender No. HITES/IDN/PGIMS-ROHTAK/2020-21 Page 172 
 

light transmission 

3 Operating Voltage Range 140-270 VAC 

4 Frequency 50 Hz 

5 Power Factor@240 VAC ІπȢωυ 

6 Driver  

$ÒÉÖÅÒ %ÆÆÉÃÉÅÎÃÙ  І ψυϷ  
Driver inbuilt Surge Protection - 3 KV  
Silicon Potted IP-66 
Over voltage Protection 
Short circuit Protection 
Thermal Protection 

7 THD @ 240 VAC Ѕ 5% 
8 Ingress Protection IP-20 
9 Colour Temperature 5300 K to 6000 K 

10 
Color Rendition Index 
(CRI) І80 

11 System Efficacy І110 Lumens per Watt 

12 
Junction Temperature of 
LED  

Ѕ φυ° C 

13 
LED Make 

NICHIA/ Philips Lumileds/ CREE/ OSRAM/ 
Samsung/ Bridge Lux 

14 
Operating Temperature 
Range 

0°C to 35°C 

15 
Unified Glare Rating (UGR) 

Ѕ ρω 

16 
Average Operating Life 

50,000 Hours @ L 70 B50 

17 Humidity  10 to 80% 
 

LED  Light Fixtures ɀ Outdoor  

Sl Criteria  Specification  

1 The Luminaire 
Construction 

Single Piece Pressure die cast Aluminium 
alloy housing for better thermal 
conductivity. Seperate driver and optical 
compartment for Thermal isolation.   Each 
LED should be covered with IP-66 or more 
protected lens. Luminaire with 
glass/PC/Acrylic cover/diffuser will not be 
accepted due to accumulation of 
insects/dust and decrease in light output. 

2 Operating Voltage Range 140-270 VAC 

3 Frequency 50 Hz 

4 Power Factor@240 VAC ІπȢωυ 

mailto:THD@240%20VAC
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5 Driver Driver Efficiency І 85%  
Driver inbuilt Surge Protection: 5 KV  
Silicon Potted: IP-66 
Over voltage Protection 
Short circuit Protection 
Thermal Protection 

6 THD@240 VAC Ѕ 5% 

7 Ingress Protection IP-66 

8 Impact Resistance IK-08 

9 Colour Temperature 5300 K to 6000 K 

10 Color Rendition Index 
(CRI) 

І 70 % 

11 System Efficacy І110 Lumens per Watt 

12 Junction Temperature of 
LED 

Ѕ ψυ°Celcius 

13 LED Make NICHIA/ Philips Lumileds/ CREE/ OSRAM/ 
Samsung/ Bridge Lux 

14 Operating Temperature 
Range 

0°C to 50°C 

15 Humidity  10 to 80 % 

 

All relevant Test Reports for Light Fixtures from NABL accredited laboratory 
shall be submitted at site alongwithLigh Fitting consignments.   

22.7.4. Ballasts/ Driver  

Ballasts/ Driver shall be electronic type and having high power factor type.  

Ballasts shall have manufacturer's lowest sound level and case temperature 
rise rating. 

22.7.5. TESTING 

After all lighting fixtures are installed and are connected their respective 
switches, test all fixtures to ensure operation on their correct switch in the 
presence of the engineer. 

All non-operating fixtures or ones connected to the wrong or inconveniently 
located switch shall be correctly connected as directed by the Engineer In- 
charge. Stickers are to be placed on each light fixture w.r.t. controlling switch 
of respective light. 

22.7.6. CEILING FANS 

All ceiling fans shall be provided with suspension arrangement in the 
concrete/slab/roof members.   to ensure that provision is kept at appropriate 
stage at locations shown on the drawing. Fan box with MS hook shall be as per 
CPWD specification. Ceiling fan shall be Heavy Duty, double ball bearing type, 
copper wound motor complete with canopy, down rod, blades etc. and shall 
conform to relevant IS Standards. Ceiling Fans shall be white in colour. Ceiling 
fan shall be provided with electronic regulator with stepped control. Electronic 
Regulator shall be suitable for 240 volts A.C supply 50 Hz and shall be of 

mailto:THD@240%20VAC
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continuous duty type and with BEE Star rating. Ceiling Fans shall be 5-Star 
BEE rated & comply with  ECBC norms. 

22.7.7. EXHAUST FANS 

Exhaust fans shall be heavy-duty type with double ball bearing and 
conforming to IS 2312 (latest revision). Exhaust fan shall be complete with 
copper wound motor, capacitor, Louver/shutter, frame and mounting bracket. 
Exhaust fan shall be suitable for operation on 240 volts single phase A.C supply 
with BEE 5-star rating & comply to ECBC norms. 

22.8. TELEPHONE SYSTEM 

22.8.1. Telephone  point wiring  

a. The point wiring shall be carried out with four pair Cat6a LAN cable, in the 
PVC conduit Minimum Dia. of Conduit for Internal/External Telephone 
Wiring - 20mm. 

b. If more than one telephone point has to be provided at one point, multi 
CAT6a Cable shall be used in suitable size of conduit. 

c. The point shall commence from the main telephone Rack and would 
terminate at outlet box of point. 

d. Fixing of conduit, conduit accessories draw out boxes and outlet box etc. in 
concealed/surface conduit works as that of wiring for light fixtures shall be 
applicable for telephone wiring conduit system also. 

e. Joint in telephone wiring (between Rack and outlet box of point) shall not 
be allowed and the contractor should bear the wastages of wire if resulted 
due to this special requirement of telephone system. 

f. External/Internal telephone and intercom wiring can be drawn in the same 
conduit, provided after drawing wires, 50% of conduit cross sectional area 
is free. However, independent armoured CAT 6A wire shall be used for 
external intercom. 

g. To identify telephone wire/cable, PVC indication numbers shall be put on 
both ends of wire/cable just before termination. 

22.8.2. Telephone Rack 

The Telephone CAT6A cables can also be terminated in the existing LAN 
Rack of suitable space.  

22.8.3. Telephone Instruments:  

Telephone Instruments shall be provided at various locations in the all the 
buildings and as directed by Engineer-In-Charge.  

23. MASTER ANTENNA TELEVISION SYSTEM 

The system shall comprise the reception and distribution of VHF Broadcast signals 
through one Master Head Antenna through suitable cable network, to each 
individual outlet. The equipment shall be: Master Antenna, Master Head Antenna 
Pre-Amplifier (if required), Broad Band (VHF-UHF) Amplifier/Mixer, Splitters and 
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Directional Coupler, Wall Connectors/Terminations of Antenna Cables and 
Interconnecting low-loss MATV co-axial cables.  

MATV systems allow multiple receivers (TV & FM) to receive signals from a single 
(Master) antenna, as opposed to individual antennas for each receiver. MATV 
ÓÙÓÔÅÍÓ ÁÒÅ ÓÅÐÁÒÁÔÅÄ ÉÎÔÏ Ô×Ï ÐÏÒÔÉÏÎÓȟ ÔÈÅ Ȭ(ÅÁÄ %ÎÄȭ ÁÎÄ ÔÈÅ Ȭ$ÉÓÔÒibution 
3ÙÓÔÅÍȭȢ  

23.1.  Master Antenna  in MATV System 

The Master Antenna shall be selected, as per as site location and requirement. 
The antenna shall be fixed on to the highest point of the building and shall be 
orientated for reception of maximum signal level. Construction of Master antenna 
shall be Outdoor type & weather protected. Frequency should be either VHF or 
UHF as required, and impedance to be 75 ohms. 

23.2. Antenna  Pre-Amplifier  

The Master Pre-Amplifier shall be mounted on the Antenna Master. The Master 
Pre-Amplifier shall be of low noise, offering a gain of 15-25 dB or as required to 
boost the incoming signal to feed free signals to the main amplifier. Its 
construction shall be outdoor, totally enclosed type, frequency to be 40 MHz to 
230 MHz/ 470-890 MHz, Input Impedance shall be 75 ohms, output Impedance 
shall be 75 ohms, gain should be between 15-25 dB, noise figures of 3 dB or 
similar, operating temp between -10 Degree C to 45 Degree C and electrical 
power supply should be 230 V, 50 HZ, AC. 

23.3. Broad Band Amplifier / Mixer for MATV System  

The Board Band Amplifier / Mixer shall be suitable for amplification of VHF / 
UHF signal strength sufficiently, to enable further distribution. The gain shall be 
adjustable over 40 dB, so that distribution voltage can be adjusted for week 
signals as well as for strong signals. The amplifier shall have high noise rejection 
characteristics. The amplifier / mixer shall have common output with two 
separate inputs for VHF and UHF signals. Construction of broad band amplifier / 
mixer shall be indoor type, aluminium housing, input frequency should be 
separately given for both VHF and UHF, output to be single common, frequency 
bandwidth for VHF 40-230 MHz and UHF 470-860 MHz. Signal gain shall be 35 
dB (VHF)  and 40 dB (UHF), input Impedance to be 75 ohms, output impedance 
to 75 ohms, noise level shall be 3 dB for VHF and 4 dB UHF; operating temp to be 
-10 Degree C to 45 Degree C. 

23.4. Splitters for  MATV System 

The splitters in Master Antenna System shall be for 2 way and 4 way output as 
required. The incoming signal shall be split into 2 or 4 equal signal outputs. The 
attenuation and mismatch shall be minimum. Construction of Splitters for MATV 
System to be indoor totally enclosed type. It shall have 2/4 ways, 4/8 dB VHF 
insertion loss, 75 ohms impedance and F type cable termination. 

23.5. Directional  Couplers for MATV System 

Directional couplers to be constructed suitable for indoor type, totally enclosed. 
No. of outputs to be 1/2, less than 3 dB insertion loss, 75 ohms input impedance, 
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75 ohms, output impedance, branch loss to be 12 dB for VHF and 14 dB for UHF 
and F type cable termination. 

23.6. Wall Connectors of MATV System 

The wall connectors shall be suitable for termination of TV Antenna co-axial 
plug-connectors, in positions shown in drawings. The outlets shall be recessed in 
walls, with the connectors fixed onto acrylic sheets. 

23.7. MATV CABLE 

The MATV cable shall be Co-axial, solid copper conductor PE insulated, shielded 
with fine tinned copper braid and protected with PVC Sheath. It shall be laid in 
the PVC conduit. 

23.8. Specification  of the devices shall be as following: - 

RG 59 Dual Shield MATV Cable- 

MATV 
CABLE 

Conductor 
size (mm)  

(AWG) Cond. 
Type 

Shield Type  Nominal 
O.D. 

(mm)  

Inslulation& 
Core O.D. 

(mm)  

Velocity of 
Propagation 

(%)  

RG 59 
Dual 
Shield 
MATV 
Cable 

0.813 20 Solid 
BCCS 

60% 
Aluminium 
Braids 

6.02   3.66     83 

RG6 Dual 
& Tri 
Shield 
MATV 
Cable 

1.02  18 Solid 
BCCS 

60% 
Aluminium 
Braids 

   6.86     4.57     85 

RG6 Quad 
Shield 
MATV 
Cable 

1.02  18 Solid 
BCCS 

60% & 40% 
Aluminium 
Braids 

   7.57     4.57     85 

RG11 
Quad 
Shield 
MATV 
Cable 

1.63  14 Solid 
BCCS 

60% & 40% 
Aluminium 
Braids 

11.34     7.1     83 

 

24dB Wide -band VHF/UHF Amplifier  

 Frequency Maximum Inputs Noise 
Figure 

Gain 
Figure 

Current FM Trap Pager Output 

 Range Gain(dB)    (mA) Option Option Figure (dB) 

VHF 44-470 18 1 <3 Tilt 14-10 80 NO NO 105 




