


CONTENTS 

 
 

   NOTICE INVITING TENDER (NIT) 

 

SECTION 1  INSTRUCTIONS TO BIDDERS 

 

SECTION 2  CONDITIONS OF THE CONTRACT 

PART I - GENERAL CONDITIONS OF THE CONTRACT  

 

SECTION 3  CONDITIONS OF THE CONTRACT 

PART II - CONDITIONS OF PARTICULAR APPLICATION 

 

SECTION 4 TECHNICAL SPECIFICATIONS 

  

SECTION 5 FORM OF BID, APPENDIX TO BID, FORM FOR BID 

SECURITY, INTEGRITY PACT, JV FORMS 

 

SECTION 6 SAMPLE FORM OF AGREEMENT 

 

SECTION 7 SAMPLE FORMS OF SECURITIES 

 

SECTION 8 SCHEDULES OF SUPPLEMENTARY INFORMATION 

 

 

SECTION 9 PREAMBLE TO PRICE SCHEDULE AND PRICE SCHEDULE 

(BILL OF QUANTITIES) 

 



 

 

NOTICE INVITING TENDER (NIT) 
 



  

 

 

BHUTAN POWER CORPORATION LIMITED 
Registered Office, Thimphu 

 
 

 
BPC/C&PD/CMS/TENDER-2023/07                                             1 March 2023 
         

 
ABRIDGED NOTICE INVITING TENDER (NIT) 

 
Bhutan Power Corporation Limited (BPC) is pleased to invite Single Stage Single 
Envelope sealed bids from eligible contractors for the turnkey package for supply, 
construction, testing and commissioning of 132 kV double circuit transmission line (a) - 
Package (A) Yungichu LILO (approximately 5.96 km); and (b) - Package (B) Burgangchu 
LILO (approximately 7.69 km)  as defined in this bidding document (hereinafter referred 
to as the Works) under BPC financing.  
 
The Bidding Document shall be available on all working days from available for sale from 
March 1, 2023, to March 22, 2023. Sealed Bids shall be received up to 1500 hours on 
March 22, 2023, and shall be opened on the same day at 1600 hours.  
 
Detailed NIT and Bidding Documents are available at BPC website: www.bpc.bt for 
reference and purchase/download. Please contact +975 – 2 – 322046 (Office) for any 
queries.  
 
 
 
 
 
 

Senior Manager 
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BHUTAN POWER CORPORATION LIMITED 
THIMPHU: BHUTAN 

 

 

BPC/C&PD/CMS/TENDER-2023/07      1 March 2023 
         
 

NOTICE INVITING TENDER (NIT)  
 
Bhutan Power Corporation Limited (BPC) is pleased to invite Single Stage Single 
Envelope sealed bids from eligible contractors for the turnkey package for supply, 
construction, testing and commissioning of 132 kV double circuit transmission line (a) - 

Package (A) Yungichu LILO (approximately 5.96 km); and (b) - Package (B) Burgangchu 

LILO (approximately 7.69 km)  as defined in this bidding document (hereinafter referred 
to as the Works) under BPC financing.  
 
The tender is open to contractors who fulfill the qualification criteria set out in the tender 
documents. The followings are the details and some of the requirements: 
 

(a) The scope of work, in brief, includes check survey, soil investigation, preparation of 

tower schedule, manufacture & supply of Steel Towers in line with the drawings 
provided by the Employer, other line materials, transportation to site, insurance, 
storage, erecting, stringing, and testing & commissioning of the 132kV double 
circuit LILO as specified above.  The scope of work shall also cover associated civil 
works, including clearing of Right of Way, benching, tower foundations, retaining 
& breast wall, etc. 

 
(b) A complete set of Bidding Documents containing both Package A & B may be 

purchased by Bidder(s) or their representatives on submission of a written 
application to the address given below upon payment of a non-refundable fee of 
Nu. 15,000/- (fifteen thousand), in cash or in the form of a demand draft in favour 
of the “General Manager, Finance & Accounts Division, Bhutan Power 
Corporation Limited, Thimphu, Bhutan”, payable at Bank of Bhutan, Thimphu 
on all working days between 0900 hours and 1700 hours.  The tender will be available 

for sale from March 1, 2023, to March 22, 2023. 
 
BPC shall not be responsible for loss of documents or delay in dispatch through 
the post.  Further, the issuance of documents shall not construe the automatic 
qualification of Bidders. 

 
(c) The bidding document may also be downloaded from the BPC’s website: 

www.bpc.bt. However, the interested bidders shall intimate BPC at the address 
given below of its intent to bid for the works and arrange to register by making 
payment of Nu. 9,000/- (nine thousand) on or before 1500 Hrs., March 22, 2023. It 
shall be noted that in case of any discrepancy between the web copy and the hard 
copy sold by BPC, the provisions of the latter shall govern. 
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(d) All Bids must be accompanied by Bid Security as specified in the bid document, in 
the form of a Bank Draft or Bank Guarantee in the prescribed proforma given in 
the Bidding documents. All bids must be in Bhutanese Ngultrum only. All bidders 
will be required to sign and submit the Integrity Pact provided in the Bidding 
Document. 
 

(e) Sealed Bids complete in all respects along with the duly signed Integrity Pact may 
be submitted to the address of communication up to 1500 hours on March 23, 

2023, and the Bids shall be opened on the same day at 1600 hours in the 
Conference Hall of BPC Head Office, Thimphu, Bhutan in the presence of the 
Bidders or their authorized representatives who choose to attend. 
 

(f) Before the bid submission, bidders must make themselves fully conversant with 
the complete bid specifications and the Project Sites.  Towards this, a Zoom 
meeting of all interested bidders is scheduled on March 8, 2023, to present the 
proposed line route, and a pre-bid conference on March 14, 2023, will be held at 
Thimphu, Bhutan. 
 
Address for Communication:  
 

Senior Manager, 

Contracts Management Section,  

Construction Division, 

Construction & Procurement Department, 

PO Box No. 580, 

Bhutan Power Corporation Ltd., 

Thimphu: Bhutan 

 

 Telephone: 00975-2-3 322046 

               Email: dorjikinley@bpc.bt 
 

(g) BPC reserves the right to reject or accept the Bids or annul the bidding process 
without assigning any reason. 

 
         
      Senior Manager 

mailto:dorjikinley@bpc.bt


 

 

SECTION 1 
 

INSTRUCTIONS TO BIDDERS 
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1.8 Design Spans 

  

 The Special Towers (SP) stipulated in this Specification and any other tower types, if 

required during the execution of the line, shall be designed by the Contractor and 

submitted to Employer for approval and payment shall be made on the basis of 

material consumed as described in the Schedule of Prices. 

 

 Should Bidders consider it advantageous to the Employer, tower types may be further 

optimized. Full details of any advantage should be described in the tender. 

 

 The term Basic Span shall mean the horizontal distance between centers of adjacent 

supports on level ground from which the height of standard supports is derived with 

the specified conductor clearances to ground in still air at maximum temperature. 

 

 The term Wind Span shall mean half the sum of adjacent horizontal span lengths 

supported on anyone tower. 

 

 The term Weight Span shall mean the equivalent length of the weight of conductors 

supported at anyone tower at minimum temperature in still air. At suspension 

positions, the minimum weight of conductor supported shall not be less than 25 per 

cent of the total weight of conductor in the two adjacent spans. 

 

 Conductor tensions shall be checked for the conditions given and also IS 802.  

 

Conditions %UTS 

Temperature Wind 

Pressure(%Full 

value) 

Ice loading 

(%) 

Conductor OPGW 

Minimum 36 100 70 60 

Everyday 100 0 70 60 

Everyday 0 0 25 25 

 
 In addition to the above, the sag tension calculations shall also provide the values for the 

following conditions for Snow Zone Area. 

 

Conditions 

Temperature Wind Pressure(%Full 

value) 

Ice loading (%) 

Minimum 50 0 

Everyday 25 100 

Everyday 0 100 

 

1.9 Corona and Radio Interference 

 

 The design of all line conductor fittings, vibration dampers, etc., shall avoid sharp corners or 

projections which would produce high electrical stress in normal working. The design of 

adjacent metal parts and mating surfaces shall be such as to prevent corrosion of the contact 

surfaces and to maintain good electrical contact under service conditions. 

 

 Particular care shall be taken during manufacture of conductors and fittings and during 

subsequent handling to ensure smooth surfaces free from abrasion. 
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CHAPTER  2 

 

SURVEY & ALIGNMENT 

 

1.0 General  

 

 A detail survey has already been carried out by the Employer.  A map showing the 

line route is enclosed with the Bidding Document. This is to be used for the purpose 

of general reference and guidance only. The Contractor shall carry out final route 

alignment as per the requirement, detail survey, tower spotting, profiling, check 

survey, etc. PLS CADD software shall be used for this purpose and the documents / 

schedules submitted for approval shall be along with the soft copies of the PLS 

CADD file.  

  

2.0 Survey Equipment 

 

 The Contractor shall ensure that all the equipment / instruments and measurement 

devices are properly calibrated at the start of the work to reflect factual values. The 

Contractor shall present to the Employer, calibration certificates for the equipment, 

traceable to National Standards. If required by the Employer, the Contractor shall 

have the instruments and devices tested at an approved laboratory at his own cost. The 

Contractor shall submit the corresponding calibration reports to the Employer before 

these instruments are used for the work. If the Employer desires to witness the 

calibration tests, the Contractor shall arrange for the same. 

 

 The Employer reserve the right to reject any instrument and debar its use for this 

work, if the Employer finds the equipment defective or found wanting in any manner. 

The Contractor shall then immediately replace such instruments at his own cost 

without hampering the progress of work. No extension of time will be granted on this 

account. 

 

3.0 Survey  Personnel   

 

 The Survey shall be carried out under the direction and control of a qualified 

Surveyor. 

 

 The fieldwork shall be carried out and supervised full time by qualified surveyors 

only. The Drawings shall be executed by experienced draughts person and personnel 

on computer, using AutoCAD. The Report shall be prepared by a qualified and 

experienced surveyor. 

 

4.0 Transmission Line Survey 

 

4.1 Access to Site  

 

 The Employer will provide such right of access along the line routes as the Employer 

agrees it necessary, to enable the Contractor to proceed with setting out, preliminary 

and profile survey, and soil-investigation. 
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4.2 Route Clearing 

 

 The Contractor shall clear the line routes of trees to such an extent as will permit 

erection of the lines and their subsequent safe operation. The required corridor as 

mentioned elsewhere in this Specification on each side of the centerline of the 

transmission route, shall be made to facilitate construction. The width of the corridor 

shall be measured parallel to the ground, particularly on sloping terrain.  

 

 In addition to the above, after the completion of the line, those trees also shall be cut, 

which if they fall will endanger the line by falling on it. Such trees shall be cut to the 

extent that if they fall, they will leave the live line clear by at least 5m. It is expected 

that once a clear required corridor on either side of line is made, cutting after 

completion of line will be very small. 

 

 The timber thus cut shall be the property of the RGOB. The Contractor shall, at his 

own expense, be responsible for any arrangements necessary to avoid damage to 

orchards, gardens etc. Clearing will be carried out after way-leaves have been 

obtained by the Employer.  

 

 It shall be noted and remembered that unauthorized tree cutting being an offence in 

Bhutan; any tree cutting shall be started only after the requisite permission has been 

obtained by the Employer from the concerned authorities for each and every tree to be 

cut. 

 

4.3 Preliminary Survey 

  

 The Contractor shall carry out preliminary survey in the region where re-alignment is 

necessary, as specified herein below. Preliminary survey will not be necessary, 

(except for a small line portion) along the original alignment for which report will be 

provided to the successful bidder. 

 

 The Contractor shall make immediate arrangements to set out angle and terminal 

support positions. He shall then establish preliminary lines by instrument survey 

between angle and terminal points with an adequate number of intermediate line pegs 

and including the minimum clearing of vegetation necessary to obtain lines of sight, if 

such circumstances arise. 

 

 The Contractor shall record the positions of angle and terminal pegs on sketches 

related to existing permanent features nearby or to additional pegs placed off line, in 

such a way that the angle and terminal pegs can be conveniently and accurately 

replaced in event of loss. For the preliminary survey, wooden or any other convenient 

pegs may be used, but the same shall be replaced at the Contractor’s cost, in case they 

are lost, till the Profile Survey is completed with peg-marking, in that stretch of the 

line. The preliminary route shall then be offered for inspection to the Employer.  

 

 In certain stretches of the line, the Employer may find it necessary to again carry out 

the Preliminary Survey along an adjacent route discarding the one where survey has 

been done. It shall be deemed that such changes have been considered in the per km 

rate of the survey, and the payment for the survey shall be made only for the length of 
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the finally adopted route. No payment shall be made for the discarded stretches. All 

efforts shall be made by the Employer to limit such changes to the minimum.  

 

 Employer’s Representative will accompany the Contractor’s staff during preliminary 

survey. Preliminary survey shall be deemed complete, when the Employer has 

approved the preliminary line. 

 

4.4 Profile Survey & Setting Out 

 

 After obtaining the Employer's approval to the preliminary routes, the Contractor will 

proceed to peg out the centerline and carry out profile survey in convenient sections 

and shall not await completion of the entire preliminary survey. The profile survey 

shall be carried out for the entire line route inclusive of original alignment and 

sections of re-alignment as approved by the Employer. 

 

 It is the responsibility of the Contractor to center-peg the line in a manner that pegs 

are not easily removable. As a safeguard it may be necessary to locate and tie-in 

permanent features near to the line which will enable the speedy reinstatement of both 

angle and intermediate points in the event of unauthorized removal of any pegs. The 

pegging shall be done by 1:2:4 concrete block, 150 x 150 mm square in size, 400 mm 

buried in ground and projecting 300 mm above ground. After concreting the concrete 

block to the required height, the top surface should be finished smooth, with slight 

slope from the center towards the 4 outer edges to drain off the rainwater falling on 

the coping. 

 

 The rate for Survey shall be deemed to include center-pegging and reinstatement of 

any lost, removed or otherwise destroyed pegs. 

 

 Strip plans and longitudinal sections shall be prepared by the Contractor for each 

complete line at scales of 1:2000 horizontal and 1:200 vertical. 

 

 The Contractor shall plot thereon the proposed support positions and submit the 

profiles for approval. The use of standard tower spotting software is recommended. 

Supports shall be so located that the wind and weight span loading specified in these 

Specifications are not contravened. Before submitting profiles for approval the 

Contractor shall provide the Employer with three sets of transparent sag templates for 

each line type in Perspex or similar material 3 to 4mm thick, based on the range of 

equivalent spans required and for the conductor types and scales. The templates shall 

show the sag in still air at maximum temperature, the ground clearance line, and a line 

showing the sag in still air at minimum temperature. Each template shall be clearly 

endorsed with the design loading conditions, particulars of conductors, equivalent 

span and the scales.  

 

 Failure to provide accurate and approved templates before submitting profile may 

result in a delay in the approval of profiles which shall be the responsibility of the 

Contractor. 

 

 Each sag template shall be used over a range of equivalent spans commencing at a 

span equal to 76% of the difference between that template and one of a smaller 

equivalent span and up to 75% of the difference between that template and one of a 
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higher equivalent span, e.g. for a set of templates of 200m, 300m and 400m 

equivalent spans, the 300m template would be used from 276 to 375m.  

 

 The profile drawings are to include the following: - 

  

 Strip map, continuous longitudinal section chainage between angle points, positions 

of pegs on line, ground line salient levels related to local datum levels, ground line, 

ground clearance line, line of lowest conductor at maximum sag, indication of side 

slopes where these affect ground clearances below the outer conductor phases (due 

account being taken of conductor swing with respect to vertical or other steep slopes 

and obstructions), walls, fences, hedges, buildings, streams and rivers, roads, power 

and telecommunication lines to be crossed or to be deviated, pipe lines, sections 

unsuitable for support positions, vegetation, and any other features affecting the line 

construction. 

 

 High voltage power line crossings shall be surveyed and drawn in sufficient detail to 

show that all required clearances are obtained. If necessary, separate plan and 

elevation scale sketches shall be prepared for the same.  

 

 Once profile is approved, the Contractor shall lose no time in center pegging the 

supports for inspection by the Employer. 

 

 The rate for survey shall be deemed to include for any and all costs that the Contractor 

shall have to bear to satisfy all that has been specified herein, including submission of 

survey drawings, removal of obstructions, crossing power lines, replacement of lost 

pegs etc. all included in an average rate per km of alignment. 

 

 A plan and a cross section shall be prepared based on the survey at each tower 

location. The plan of tower location shall include contours with interval of 0.5 m at 

least 6 m beyond tower-leg away from the tower center. The cross-sections shall show 

ground levels, on eight lines radiating from the tower center and extending 6 m 

beyond tower legs, four lines in transverse and longitudinal directions of tower and 

the other four lines in the directions of four tower legs. The Contractor shall prepare 

the plan and cross-section at scale of 1:100 horizontal and vertical.  

 

 The Contractor shall indicate on the drawings his proposed setting levels, body 

extensions etc. for approval by the Employer. After the completion of the line and 

before final payment, a drawing showing the completed line marked on 1:20000 map 

shall be submitted to the Employer. 

 

 Profile survey shall be deemed complete and the Contractor shall be entitled to claim 

payment for survey, when all activities specified herein have been completed to the 

approval of the Employer. A small amount of 5% to 10%, at the discretion of 

Employer shall be withheld after the completion of line to ensure that all trees likely 

to endanger the line on falling, are cut as specified above and drawing of the 

completed line marked on 1:20000 map is submitted. 
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4.5 Damage to Crops & Property 

  

 The Contractor shall take all precautions to avoid damage to land property, crops, etc. 

and shall ensure that the work is adequately supervised so that damage is reduced to 

the minimum. All surplus material shall be removed after erection and the site shall be 

left in a clean and tidy condition, to the satisfaction of the Employer. 

 

 Compensation for crop and property which may need to be paid to the affected 

landowners as a result of acquiring the ROW, shall be paid by the Employer. 

However, damages caused by the Contractor as a result of careless and unprofessional 

work ethics, shall be paid by the Contractor. 

 

4.6 Removal of Obstructions 

 

 Where it is agreed that obstructions such as telecommunication lines, power lines or 

pipes are to be permanently removed or relocated to allow erection of the lines, the 

Employer will initiate relocation procedures, obtain necessary consents and secure 

removal upon receipt of sufficient notice through the Employer from the Contractor of 

his planned date for commencing work at the places affected. The Contractor shall be 

responsible for ascertaining the periods of notice required and shall make appropriate 

allowance in his program. 

 

 Immediately after completion of profile survey the Contractor shall provide sketches 

showing the relative positions of the lines and the obstructions. 

 

4.7 Crossing of Public Services 

 

 Where public services are to be crossed and are not to be permanently removed, the 

Employer will obtain necessary approval for crossing on the basis of sketches to be 

provided by the Contractor immediately after completion of profile survey and 

showing the relative position of the lines and the services. Where the Contractor is 

about to erect conductor along or across power lines, telecommunication lines, public 

roads or waterways, he shall be responsible for ascertaining and giving requisite 

notice to the appropriate authority, of the date and time at which the Work is to be 

carried out. 

 

 Existing LV lines (400/230V) will generally be switched off during working 

(daylight) hours while conductor erection is in progress at crossing points. The 

Contractor shall provide scaffold to protect the existing lines from physical damage 

and to maintain adequate clearance against accidental contact with lines when 

energized outside working hours. 

 

 For existing lines at voltages exceeding 400/230 V, extended outages will not be 

possible, and the Contractor shall provide live line scaffolds such that conductor 

erection can proceed safely over energized lines. The Employer will arrange outages, 

for erection and removal of live scaffolds, upon receipt from the Contractor of 

requisite notice (which the Contractor shall ascertain and allow for in his program), 

but the duration of such outages will be the minimum necessary for the work to be 

completed. Where essential supplies are affected it may be possible to provide 

outages only at weekends or public holiday. The Employer shall inform the 
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Contractor, which existing lines are subject to such restriction, and the Contractor 

shall arrange his program accordingly.  

 

 Where it is necessary to provide scaffolding for other HV/EHV line crossings, over 

roads or telecommunication lines in order not to interfere with the passage of traffic, 

this shall be carried out by the Contractor at such times as may be convenient to the 

authority concerned. Flagmen and approved types of danger or warning notices shall 

be provided by the Contractor to ensure safety of the public. Scaffolding and decking 

shall be erected in a safe manner to the approval of the Employer and the time taken 

to affect the crossing and remove the temporary work shall be kept to a minimum. 

The Contractor shall provide with his Bid, drawings showing his proposed 

scaffolding. 

 

 The cost of all scaffolding, warning signs, notices and other necessary precautions 

shall be deemed to be included in the Schedule of Quantities/Rates for stringing. 

Separate payment shall not be made for the cost of live line scaffold for HV lines. 

Such costs are deemed to be included under the items of stringing and erection. 

 

4.8   Other Crossing    

 

 The Contractor shall, at his own expense, make the necessary arrangements and take 

any necessary precaution where the route crosses other obstacles or ground over 

which erection cannot be carried out in the normal manner. 

 

4.9 Livestock   

 

 Adequate provision shall be made by the Contractor to prevent the straying of or 

damage to livestock during the execution of the Contract Works and until permanent 

reinstatement of fences, walls, hedges, gates and the like is completed, the Contractor 

shall be held responsible for any loss or damage to live stock due to failure to comply 

with above requirement. 

 

4.10     Drawings / Maps and Field Records 

 

 The Contractor shall initially produce check prints of all Drawings for review and 

comments of the Employer prior to proceeding with the final copies at no extra cost to 

the Employer. All comments of the Employer shall be incorporated onto the final 

Drawings. The Detailed Survey Drawing shall identify and depict all prominent 

features and details with their sizes, elevations/ depths, bearings and co-ordinates. The 

Contractor shall mention and acknowledge on all the drawings, all the reference 

survey and other data used for the Survey and for compilation of the drawings. All 

drawings shall have their respective scales drawn upon them. Name-plates of 

drawings and Drawing Numbers shall be as directed by the Employer only. All 

drawings submitted by the Contractor shall be in one of the standard sizes decided 

with the approval of the Employer.  

 

 The Contractor shall prepare all drawings and maps in ink on good quality tracing 

paper weighing not less than 90/95 gm / sq.m. The Contractor shall submit the 

tracings along with one reproducible and 6 prints of each map. The Contractor shall 

also submit all the drawing information on CD s, compiled in AutoCAD.  All these 
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drawings, prepared in AutoCAD, shall have various layers and the Contractor shall 

furnish this information with the drawings. 

  

 The Contractor shall submit all the Field Records, Field Books, Calculations, Check 

Prints as marked up by the Employer, etc. 

 

4.11     Errors & Accuracy 

 

 The Contractor shall be responsible for the correctness and accuracy of the work 

done.  If any errors are detected, even if such work is approved, the particular work 

shall be redone by the Contractor at his cost. The Employer may check the survey 

work as required during the course of the survey. However such checks shall not 

absolve the Contractor of his responsibility for the correctness and accuracy of the 

work. 

 

 All levels shall be read accurate to the nearest 5mm. The error for linear measurement 

shall not exceed 1:10,000. The error in angular measurements shall not exceed six (6) 

seconds per station. In any triangulation or traverse, the cumulative angular error shall 

not be more than 30/N seconds where N is the number of traverse stations. The 

probable error of computed sides shall not exceed 1 in 5000. 

 

 The closing error for leveling shall not exceed ± (5 K) mm, where K is the distance of 

the traverse in kilometers. 

 

4.12     Maintenance of Records 

 

 All book entries shall be made in ink in proper field and level books in accordance 

with the standard practice. Any wrong entries shall be neatly struck out and rewritten. 

All such books shall be made available for inspection by Employer during any stage 

of the Survey. If in the opinion of the Employer the book entries are unsatisfactory, he 

may order the survey work to be redone. The Contractor shall submit calculations to 

establish the accuracy of the work done, area of the plot and such other calculations 

that may be necessary. 

 

4.13     Measurements 

 

 Measurement of all transmission line work shall be on horizontal length basis. The 

work covered shall be measured from the prepared drawing by AutoCAD. 

Transmission line length shall be measured parallel to the conductor (i.e. tower peaks) 

to be erected later on.  

 

 Quantities of work indicated in the Schedule of Quantities are only approximate. The 

Employer reserves the right to modify the extent of the Scope of Survey in each area 

to be surveyed at any time during the course of the work. All work actually done will 

be measured and paid at the rates quoted. 

  

 Rates quoted shall include the supply of all documents, drawings, maps, and computer 

diskettes etc., all as per the Bid Documents. The rates shall also be inclusive of the 

cost of all cutting of vegetation, transportation, boarding and lodging of all personnel, 

stationeries, wages of temporary and permanent personnel, all materials, equipment, 
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taxes, insurance and everything necessary for due performance of work under this 

Contract complete as specified. 

 

4.14 Submission of Reports 

 

 On completion of work, a full report of the works done shall be submitted. This shall 

be on the lines of Standard Civil Engineering practice and shall include a general 

write-up of the work executed along with angle point details, tower details, 

accessibility etc.  
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CHAPTER  3 

 

SOIL INVESTIGATION 

 

1.0 Geotechnical Investigation 

 

1.1 General 

 

 Detailed report of the Geotechnical study, where carried out by the Employer shall be 

furnished to the Contractor at the time of contract award. For this project, however, no 

such studies have been carried out and detail Soil Investigation is in the scope of the 

Contractor, which shall be carried out in strict compliance to the best practices and the 

following specifications. The Contractor should carry out a detailed geotechnical 

investigation along the route and submit a comprehensive Geotechnical report for 

designing the appropriate foundation type. All work shall be carried out strictly in 

accordance with these Technical Specifications, unless otherwise approved by the 

Employer in writing.  Where not specified, the latest edition of the applicable code of 

practice or procedure as laid down by the Bureau of Indian Standards (BIS) shall be 

followed.  The Earth Manual of the United States Bureau of Reclamation shall also be 

referred to in the absence of relevant information, procedures and guidelines by BIS.  

Only the SI system shall be observed.  Metric system may be used only if approved 

by the Employer.  In case of any discrepancy between these Specifications and BIS, 

these Specifications shall govern. 

 

1.2       Purpose 

 

 The purpose, in brief, of the proposed Geotechnical investigation is to ascertain the 

type of substrata such as soil, rock etc, their characteristics and their suitability for the 

structures proposed to be built and to decide on the choice of the types of foundation 

to be adopted for the type and magnitude of envisaged loading. 

 

1.3       Scope of Work 

 

 The scope of sub-soil investigation covers mobilization of necessary equipment and 

personnel, setting of equipment, boring, drilling, excavating trial pits, collection of 

undisturbed soil samples wherever possible, otherwise disturbed samples, conducting 

field and laboratory tests on soil and rock samples to find out the various parameters 

as detailed in this Specification and submission of Geotechnical report in five copies 

along with recommendations regarding suitable type of foundations, soil improvement 

wherever necessary etc.  The Contractor also provides technical services as and when 

called for by the Employer. The Contractor shall ensure that all the equipment/ 

instruments are properly calibrated at the start of the work to reflect factual values. 

 

1.4       Field Investigations 

 

 Fieldwork shall be supervised on full time basis by a suitably qualified and 

experienced Civil/ Geotechnical Employer and/ or Geologist. 

 

 All the specified locations for boreholes and field tests shall be set out at site by the 

Contractor from two established reference grid lines. 
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 The ground level shall be related to an established bench mark or to a GTS bench 

mark or as directed by the Employer or indicated on the drawing. 

 

1.5       Trial Pits 

 

 Trial pits of size 2m x 2m x 3.5m depth (except for sound rock at shallow depth) shall 

be excavated at every identified location. These trial pits shall be properly logged on 

all four sides upto the foundation depth. Undisturbed samples shall be collected at 

every one-meter depth. Pocket penetrometer tests shall be conducted at different 

depths, in different strata, in cohesive soils only. In situ densities shall be determined 

for the sample locations: The samples should be tested in laboratory to find out the 

various parameters as detailed further ahead in this Specification. Ground water 

sample shall be collected from each Trial pit. 

  

1.6       Bore Holes 

 

 The boring shall be done at tower locations (to be decided by the Employer or his 

authorized representative) depending upon the necessity. For towers at river or water 

body crossings, at critical angle points or dead end points, the bore holes may be 

carried out depending upon terrain and type of soil as decided by Employer. The test 

boring through different layers of all types of soil shall have to be carried out by the 

Contractor as briefed here under. 

 

(a) Boring in soil strata shall be carried out by Shell and Auger or percussion method.  

No bentonite slurry or any lubricant except water shall be used during boring and 

drilling.  The diameter of the borehole shall be such as to permit collection of 

undisturbed sample (UDS) of 90mm to 100mm diameter. 

 

 Selection of sampling tube and method of sampling, recording of boring, protection, 

handling and leveling of samples shall be done as specified in IS 1892 -1979 with 

latest revision, if any, after obtaining approval from the Employer or his authorized 

representative. The Contractor shall furnish in the Geotechnical report in details the 

equipment and method of boring actually adopted. 

 

(b) In rock strata, boring shall be done by using a rotary cutting tool tipped with 

diamonds and equipped to recover cores with double / triple tube core barrel.  The 

drill hole size shall be NX.  For each run, Core Recovery and Rock Quality 

Designation (RQD) shall be noted carefully, immediately after cores are taken out of 

the barrel. 

 

 Each and every core piece shall be serially and sequentially numbered from top 

downwards as soon as the core pieces are removed from the core barrel.  The serial 

number shall be painted with good quality enamel paint or permanent marker.  All 

core pieces shall be placed in core boxes in serial order in correct sequence from top 

downwards.  Core boxes shall be made according Specifications laid down in 

IS:4078. 

 

(c) Depth of boring below ground level shall be 10m unless continuous bed rock is 

encountered earlier. In case rock is encountered within 10m, minimum drilling in rock 
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shall be 2m.  Adequate study of rock and assessment of strength characteristics shall 

be done and recommendation shall be given. 

 

(d) For the purpose of payment, rock immediately underlying soil overburden and 

overlying hard rock and with rock quality designation (RQD) of 10% and less will be 

considered as "Weathered rock" or "Soft rock". If the RQD is greater than 10%, it will 

be treated as Hard Rock. 

  

 The soft or weathered rock underlying hard rock and with thickness less than 0.5m, 

will be considered as hard rock for payment purpose.  The soft or weathered rock 

underlying hard rock and with thickness greater than 0.5m, will be considered and 

paid as soft/ weathered rock only. 

 

(e) Undisturbed soil samples shall be collected for the initial 4.5m depth at every 1.5m 

interval and at change of strata. After this initial 4.5m depth, samples shall be 

obtained preferably at every 3m or where there is a change of strata. 

 

(f) In case collection of undisturbed samples become difficult/ impossible, detailed soil 

testing on remoulded soil sample is to be considered upon approval of Employer and 

reported in the soil report. 

 

(g) Standard Penetration Test (SPT) as per IS: 2131 -1981 shall be conducted in different 

strata to obtain resistance of soil to penetration at every 1.5m interval and recorded 

properly. Part of the disturbed soil samples of medium stiff to hard cohesive soils 

obtained from SPT spoon shall be coated with paraffin wax and sealed immediately 

on collection to completely retain all moisture within the sample. 

  

(h) Standard Penetration Tests shall also be conducted in weathered/ soft rock with Rock 

Quality Designation (RQD) less than 10%.  In such a case, test shall be conducted at 

every 1.5m interval, unless specified otherwise, with the first test at a depth of 0.5m 

below the elevation at which weathered/ soft rock is encountered.  The procedure for 

the test shall be same as that in soil except that penetration corresponding to 20 and 

120 blows shall be noted.  Also, if the total penetration is more than the seating 

penetration of 15cm, then the break up of blow count for 15cm seating penetration 

and for remaining portion of penetration shall also be given. 

 

(i) Water samples shall be collected from boreholes before addition of water to the hole.  

Care shall be taken to see that water sample is not contaminated by surface water or 

rain water.  The water sample shall be collected in an air tight, scrupulously clean 

glass or inert plastic bottle or jerry can.  The bottle/ can shall be rinsed three times 

with water being sampled, before filling.  The quantity of each water sample collected 

shall be about 1 litre.  Water samples shall be tested as soon as possible after 

sampling. 

 

(j) The ground water table shall be recorded carefully during boring operation and 

incorporated in the bore log. To ascertain the general ground water table inquiries in 

surrounding villages could be made to find out the highest ground water table, in the 

year. 
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(k) Borehole shall be backfilled by bentonite-cement grout after completion. The cement 

and bentonite for the grout shall be in the ratio 1 to 1 by weight, and shall be made 

into a slurry with no more water than is necessary for placing the slurry in the 

borehole.  If there is standing water in the borehole, the borehole shall be dewatered 

first before placing the mix.  The pits shall be backfilled with proper ramming using 

the excavated material. 

 

(l) The Contractor shall submit progressively two copies of data from the field work.  As 

soon as each borehole/ trial pit is completed, the borelog / pitlog with all relevant field 

details shall be submitted. 

 

1.2       Soil Resistivity Measurement 

 

 Soil resistivity measurements shall be carried out at every third tower or at angle point 

tower location whichever is closer. The test shall be conducted in the field as per IS: 

3043 by Wenner's four electrode method for 1.0, 2.0, 3.0 and 5.0m spacing in all 

directions. Results shall include location, pin spacing, direction, resistance and 

calculated resistivity along with curves. 

 

1.3       Laboratory Tests 

 

 Adequate volume of test samples shall be collected from site.  Samples shall be 

properly sealed immediately after recovery and transported carefully to laboratory for 

carrying out necessary laboratory tests to find out the following parameters in respect 

of each sample, all as specified in relevant IS code. The Employer will direct the 

Contractor on samples to be tested and on type of tests to be conducted.  Following 

tests shall be performed on the soil samples: 

 

1. Grain size distribution (Hydrometer tests required for cohesive soils). 

2. Liquid Limit, Plastic Limit, Plasticity Index and Shrinkage Limit. 

3. Natural Moisture Content, Bulk and Dry Density of soil (on undisturbed soil 

samples only) 

4. Consolidation Tests on undisturbed soil samples or on soil samples compacted 

to specified density (to establish e-log P curve, pre-consolidation pressure, 

coefficient of compression Cc, coefficient of consolidation Cv etc.) 

5. Specific Gravity 

6. Free Swell Index test (Swelling Pressure test, if required). 

7. Triaxial Tests (consolidated undrained and consolidated drained as and when 

applicable) or Direct Shear tests depending on classification of soil and density 

of soil. The results shall be represented in Tables, Graphs and Drawings. 

8. Permeability Tests 

9. Chemical tests on soil samples (either undisturbed soil samples or disturbed 

SPT soil samples coated with wax) and water at different layers to determine 

the requirement of protection of concrete and reinforcement steel. 

10. Unconfined compression test for cohesive soil (if encountered) on undisturbed 

soil samples or soil samples compacted to specified density. 

 

 

 

 



Volume II / Section 4 (Part II) / Chapter 3 / Page 5 of 6 

 

 Following tests shall be performed on the rock samples: 

 

1. Density, Porosity and Water absorption for rock cores. 

2. Crushing strength of rock (with and without saturation for 7 days) 

3. Brazilian test on rock core as per IS:10082 (only if adequate rock samples of 

L/D ratio equal to 2, are not available). 

 

1.4 Recommendations 

 

 The recommendations based on observations and test results shall encompass 

theoretical as well as practical considerations for all foundations.  Recommendations 

shall include but not be limited to the following: 

 

(a) Geological description of the site including that of faults, folds, etc. if any, 

based on published literature and investigation carried out. 

(b) Seismic history of site including brief description of previous earthquakes, if 

any, giving time, period, duration, magnitude, epicentre location, damage done, 

maximum ground acceleration produced etc. and relevant details about design 

earthquake. 

(c) Special considerations, if any, adopted in design of previous structures of the 

region because of seismicity, faults, folds etc. 

(d) Behaviour of proposed foundations under seismic conditions including analysis 

for possibility of liquefaction and expected settlement under earthquake. 

(e) Analysis and recommendations for foundations subject to vibratory actions. 

(f) Recommendations in regard to use of subsurface material for various 

construction activities and methods for quarrying the same. 

(g) Topographical details of site and recommendations related to site preparation 

including classification, source, placement and compaction of fill materials 

required to bring the general site levels to final grade level, if so warranted; 

recommendations regarding excavation, stable slopes for excavation, 

dewatering etc. 

(h) The various parameters to be adopted for design such as cohesion, angle of 

internal friction, angle of repose, unit weight, elastic modulii and modulus of 

sub-grade etc. 

(i) Ultimate Bearing Capacities of various soil strata, defining the limiting changes 

of the routes. These values shall be based on shear strength and settlement 

consideration. 

(j) On the basis of above data and subsurface stratification, definition of 

foundation types to be adopted along the route, including feasibility of adopting 

undercuts. 

(k) Recommendations and precautions (if required) to guide construction activity 

such as mode of excavation for foundations, de-watering, backfilling etc. 

(l) Comments on chemical nature of soil and ground water with respect to 

potential deleterious effects on concrete and steel and recommended protective 

measures. 

(m) Seismic history of the site including brief description of previous earthquakes,  

(n) Study on probability of landslide (slope stability analysis) and erosion for 

individual tower location and recommendation on remedial measure. 

(o) Specific recommendations regarding type of soil improvement for weak soils.  
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(p) Recommended side slopes for cutting and embankment, if any. 

(q) Recommendations on lateral earth pressures as relevant. 

(r) Past observations and historical data, if available, for structures resting in the 

area under consideration or for other areas with similar profiles. 

(s) Precautions to be taken such that relevant construction activities do not cause 

damage in any way to adjoining structures, in relation to subsurface 

characteristics. 

(t) Recommendations for additional investigation, beyond the scope of the present 

work, if the Contractor considers such investigation is necessary. 

 

1.5 Submission of Soil Investigation Report 

 

 The Contractor shall submit a detailed Geotechnical Investigation report (in SI units) 

in five copies. The report shall generally contain geological history of the site, all 

detailed boreholes, summarized test data, observations, conclusions and 

recommendations.  Actual field and laboratory observations, calculations of test 

results, supporting calculations for their recommendations made, etc. shall also be 

presented as appendices to the report. 
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CHAPTER 4 

 

TRANSMISSION LINE TOWERS 

 

Where the design is not in the scope of the contractor, the provisions under this chapter 

would be limited only to the extent applicable. For this project, the tower and foundation 

designs will be furnished by the Employer and accordingly, the tower design parameters 

under this chapter may not be applicable. However, all other relevant portions of this chapter 

would be applicable to ensure that the material, workmanship and other issues under the 

scope of work are not compromised.  

 

1.0 Type of Towers 

 

1.1 Non Snow Towers 

  

 Towers located below 2500m level are classified as Non Snow Towers and shall be 

categorized as given below: 

  

Type of 

tower 

Designation 

of tower 

Typical use 

Small Angle 

Tower 

(0-15°) 

B To be used for line deviation upto 15° 

with normal span and also for longer 

span with smaller angles. 

Medium 

Angle Tower 

(15-30°) 

C To be used for line deviation for more 

than 15° and upto 30° with normal span 

and also for longer span with smaller 

angles. 

Large Angle 

& Dead End 

Tower 

(30-60°) 

D To be used for line deviation for more 

than 30° and upto 60° with normal span 

and also for longer span with smaller 

angles. These towers will also be used as 

Terminal Dead End Towers.  

Special 

Towers 

SP These may be required for major 

river/valley crossing & under specific 

conditions where normal towers are not 

suitable. 

   

1.2 Snow Towers 

 

 Towers located above 2500 meters level shall be similarly classified as in 1.1 above 

except that the prefix “S” is added for indicating that they fall in the Snow Zone area 

and have to be designed for snow load. Thus towers falling in Snow Zone are 

classified as SB (Snow B), SC (Snow C), SD (Snow D) & SSP (Snow Special) 

towers. 
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1.3 Height of Towers 

 

 The height of the basic body of all tower types shall be as follows: 

   

Voltage Level (kV) Height of basic tower body upto the lowest 

conductor attachment (metre) 

66 11.0 

132 14.0 

220 18.0 

 

 Height and span of SP and SSP type of towers shall be decided as per site 

requirement, after topographical survey and tower spotting are completed. 

 

 Towers for each type of construction shall be capable of being extended by 3, 6, 9, 12, 

15 m without alteration to the standard body and individual legs shall be capable of 

being extended in 1.5 metre intervals for hillsides and side slopes. The towers shall be 

designed in such a manner that the members and connections at any level will not 

have to be changed when fitted with any combination of leg and body extensions at 

lower levels, or used independent of extensions at lower levels.  

 

1.4 Base Width of Towers 

 

 In view of difficult terrain and to minimize the total cost of towers, foundations, 

benching, rock cutting/revetment work, Narrow Base Towers shall be used and the 

base width of Normal as well as Special towers shall be kept to a techno-economic 

optimum value. The maximum base width i.e center to center distance between tower 

legs at point of connection between tower leg and chimney of the different towers 

with the highest extension shall be limited to the following: 

 

1.4.1 Base Width for Single Circuit Towers 

 

 a) 66 kV line 

 

Non Snow Towers Snow Towers 

Tower Type 
Base Width 

(m) 
Tower Type 

Base Width 

(m) 

B+9 3 SB+9 4 

C+9 3.5 SC+9 5 

D+9 4 SD+9 6 

SP+9 5 SSP+9 7 
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 b) 132 kV line 

 

Non Snow Towers Snow Towers 

Tower Type 
Base Width 

(m) 
Tower Type 

Base Width 

(m) 

 

B+9 4 SB+9 5 

C+9 5 SC+9 6 

D+9 6 SD+9 7 

SP+9 7 SSP+9 9 

 

 c)  220 kV line 

 

Non Snow Towers Snow Towers 

Tower Type 
Base Width 

(m) 
Tower Type 

Base Width 

(m) 

 

B+9 4 SB+9 5 

C+9 5 SC+9 6 

D+9 6 SD+9 7 

SP+9 8 SSP+9 9 

 

 

1.4.2 Base Width for Double Circuit Towers 

  

 Base width requirement for 66kV and 132kV Double Circuit Towers   is normally 1.5 

times the base width of Single Circuit Towers. The base width requirement for 

Double Circuit 220kV Tower is 1.6 times the base width of 220kV Single Circuit 

Tower. Accordingly, the base width requirement for Double Circuit towers shall be 

calculated from the base width provided for Single Circuit towers above. 

  

 All Tower types (Type B, C, D, SB, SC, SD, SP and SSP towers) are referred to as 

TENSION or STRAIN TOWERS in these Specifications. 

 

2.0 Tower Loadings 

 

 The loads and load-combinations shall generally be in accordance with IS 802 latest 

edition, and as per the guidelines set here-in, adopting the more demanding 

parameters in case of a clash.  

 

 The following points have to be considered while calculating the loads on the towers. 

 

2.1 Transverse Loads  

 

 Under broken wire conditions the transverse load due to wind on the conductor or 

OPGW shall be assumed to be not less than 60% of the load under normal condition 

(50% of unbroken span and 10% for broken conductor hanging from the tower on the 

other side) and transverse load due to deviation not less than 50% of that under 

normal condition. 
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2.2 Vertical Loads  

 

 While computing compression, the weight of conductor and OPGW will be taken 

based on maximum weight span. However, in evaluating the tension or uplift, the 

weight of conductor and OPGW will be taken based on the minimum weight span and 

weight of insulator string only is to be considered.  Effect of unbalanced vertical loads 

will also be taken into account for design of tower members.  

 

2.3 Longitudinal Loads 

 

 The loads due to mechanical tension of conductor and OPGW shall be resolved into 

longitudinal and transverse components.  This shall be taken for maximum as well as 

minimum angle of deviation for which the tower is designed and the condition which 

is most stringent for a member shall be adopted. 

 

3.0 Material 

 

3.1 Steel 

 

 The tower members shall be fabricated using mild steel structural sections having 

yield strength as per IS:2062 / 1999. High Tensile Steel may be used for the tower 

members subject to the following restrictions: 

 

(a) The work using HT steel shall confirm to all relevant IS codes of practice in 

addition to all that has been specified in these specifications. 

(b) Either all members of all towers for the entire works shall be of HT steel or 

only leg members of all towers shall be of HT steel, while all other members 

can be of Mild Steel for the entire works. No other combination of HT and MS 

shall be allowed. 

 

3.2      Zinc 

 

 Zinc used for galvanizing shall be of 99.95% purity. 

 

3.3 Bolts, Nuts and Flat Washers 

 

 All bolts shall conform to Property Class 5.6 as per IS:12427/1988. Diameter of bolts 

used shall be of 16 mm or 20 mm, but only one size shall be used for one type of 

tower. Nuts shall conform to Property Class 5 as per IS:1363(Part-III/1982) with 

mechanical properties conforming to IS:1367 –1980. Galvanizing of bolts and nuts 

shall conform to IS:1367-1980. Testing of bolts and nuts shall be done in accordance 

with IS:1367 / 1980. Mild steel flat washers of 5 mm thickness shall be used with 

every bolt and nut.  The manufacturing details shall conform to relevant IS for flat 

washers. 

 

3.4 Sectional Properties of Structural Members of Towers 

 

 Structural steel angle sections manufactured according to the latest IS:808 1989 will 

be used for fabrication of towers. 
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4.0 Erection Stress  

 

 Where erection stress combined with other permissible co-existent stresses could 

produce a working stress in any member appreciably above the specified working 

stress such additional material shall be added to the member or such other provision 

made as is necessary to bring the working stress within the specified limit. 

 

5.0 Design Calculations & Drawings 

 

 The following design calculations and drawings are required to be furnished for all 

types of towers: 

 

 a) The Contractor shall submit detailed design of tower, extensions, stub 

template, clearance diagram, outline diagrams and their structural drawings 

etc. 

 

b) After testing of the tower, the Contractor shall furnish final design calculations 

and drawings, detailed assembly drawing, shop drawings indicating the details 

of chipping, notching etc. where required and erection drawings etc.  The 

Contractor shall also submit copies of finally approved structural drawings, 

bill of material, foundation designs & outline-diagram of structure. 

Reproducible of all design/drawings will also be submitted to Employer after 

the same have been finally approved. 

 

An approved computer program shall be used for the Three Dimensional Space-Truss 

analysis of latticed towers supporting the transmission line. All information necessary 

for the approval of the analysis and design of the towers and tower-foundations shall 

be submitted to the satisfaction of the Employer, in hard copy form and in electronic 

form in CDs or Pen Drives. Analysis of towers by manual methods and other 

approximate methods shall not be allowed. 

 

6.0 Detailing of Tower Members 

 

 The Contractor shall be required to keep in consideration the following points, while 

designing the structures: 

 

 a) All the members shall be designed out of structural mild steel sections or gusset 

plates having their sizes and properties as per relevant Indian Standard 

Specification bolted together by means of bolts and nuts only. 

   

  Use of mild steel rounds will be permissible only for making the hangers or U-

Bolts or extension links for supporting the insulator strings and OPGW clamps 

at the tower for which welding may be permitted, if considered necessary. 

 

 b) All parts shall be made accurately to standard gauges so as to facilitate 

replacement and repairs. All corresponding parts of similar towers shall be 

interchangeable. 
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 c) Members shall be connected directly to each other without use of gusset plates, 

wherever practicable. 

 

 d) All the connections shall be detailed to minimise eccentricity of the 

connections. 

 

 e) Notching shall not be normally permitted, but if unavoidable, the cut of 

outstanding flanges to the extent of sheared edge distance can be provided.  

Chamfering of the flanges upto 45 may be done.  In case where clearances are 

critical, the minimum sheared edge distance from bolt hole centres shall be 

retained. 

 

 f) At all places where there is gap between two connected members, mild steel 

packing washers or wrought iron tapered washers shall be provided, wherever 

possible.  The size of washer shall be determined as follows: 

 

i) Thickness: Equal to gap 

ii) Length and breadth: As per edge security considerations for sheared edge. 

 

g) The gap between the ends of two connected members in a butt joint shall not 

be more than 6 mm and not less than 4 mm. 

 

h) No individual members in any type of towers, extensions, templates and 

special structures shall be longer than 6 metres. 

 

i) Same stub in respect of section size, length and fabrication details shall be 

suitable for one type of tower with or without 6 metre extensions, irrespective 

of the type of foundation, where it is used.  For other extensions, the stubs may 

be different, but same stub should be suitable for all types of foundations for 

one type of tower. 

 

j) For members of double diagonal web system which are bolted at their point of 

intersection, slenderness ratio (KL/r) shall be determined from the following 

criterion: 

 

  i) 'L' is the greatest distance from the point of intersection to either of the 

end connections and 'r' is the minimum radius of gyration. 

 

  ii) 'L' is equal to 0.75 times distance between end connections and 'r' is the 

radius of gyration of the members for its axis parallel to the plane of 

connected leg. 

 

  iii) In the criteria (i) above if the member is supported intermediately then 

the radius of gyration of members for its axis parallel to the plane of 

connected leg may be considered.  But in such cases check as specified 

in criteria (ii) is also to be considered and the worst slenderness ratio of 

the two only shall be considered for design. 

 

 However, the followings may be considered to be offering restraint in axial 

direction. 
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  iii-1) Hip bracings of patterns shown in sketches contained in example B-8.3 

and B-8.4 (p 10) of IS:802 (Part-I/Sec-2)-1992. 

 

  iii-2) Horizontal redundant member fixed leg to leg and passing through the 

point of intersection of members of double angle-web system, if used, 

the KL/r of such horizontal leg shall not exceed 250 where 'L' is 

distance between end connections (on legs) and 'r' is radius of gyration 

of member for its axis parallel to the plane of connected legs. 

 

  iii-3) Corner plan bracings shall not be considered to be effective in offering 

restraint in axial direction. 

 

 k)  

  i) In case of K-bracings the KL/r of horizontal main bracing member 

shall not exceed 200 where 'L' is distance between end-connections (on 

main leg members) and 'r' is radius of gyration of the members for its 

axis parallel to plane of connected legs. 

 

  ii) If plan bracing with complete and perfect framing and giving support 

to central node is provided, KL/r of horizontal main bracings shall be 

considered according to bracings design. 

 

  iii) Hip bracing of the pattern shown in B-9.3 and B-9.4 (p.11) of IS:802 

(Part-I/Sec.-2) 1992. 

 

  iv) Corner plan bracings shall not be considered to be effective in offering 

restraint in axial direction. 

 

 l) The angle between any two members common to a joint of a trussed frame 

shall preferably be greater than 20 and never less than 15 due to uncertainty 

of stress distribution between two closely spaced members. 

 

7.0 Fasteners 

 

 For connecting members, bolts and nuts of 16 mm dia or 20 mm dia will be used with 

5 mm flat washers underneath. 

 

 The following minimum flange width of sections, rolled edge distances, sheared edge 

distances and bolt to bolt distances from centre of the bolt holes shall be maintained:  

 

Diameter 

of bolts 

Minimum 

flange width 

of sections 

Minimum 

rolled edge 

distances 

Minimum 

sheared edge 

distances 

Minimum 

bolt to bolt 

distances 

 

16 mm 

 

20 mm 

 

45 mm 

 

50 mm 

 

20 mm 

 

25 mm 

 

23 mm 

 

28 mm 

 

40 mm 

 

50 mm 
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 Tests on the galvanised samples of fabricated materials shall be carried out regularly 

in accordance with IS:2633 with latest amendment.  If the galvanising does not satisfy 

testing requirements the entire batch represented by the sample piece shall be rejected 

and re-galvanised to satisfy the test requirements without any extra expenditure to the 

Employer's account. All galvanised towers and accessories shall be treated with 

sodium dichromate or an approved equivalent solution after galvanising so as to 

prevent white storage stains. Galvanising of bolts and nuts shall be done as per 

IS:1367 - 1980. In addition strict inspection of the galvanised material shall be carried 

out by the Contractor before despatch and any visible or suspected defects shall be 

rectified forthwith. 

 

11.0 Packing 

 

 Light angle sections shall be wire bundled and heavy angle sections may be sent 

loose. Cleat angles, plates, hangers, U-bolts, pack washers and similar loose pieces 

shall be nested and bolted together in multiples or securely wired together through 

holes. 

 

 Bolts, nuts, washers and other attachment shall be packed in non-returnable double 

gunny bags and accurately tagged in accordance with contents.  The packing shall be 

done in such a manner so as to avoid losses/damages during transit.  Each bundle or 

package shall be appropriately marked.  No extra charges for packing shall be 

admissible, and packing charges shall be assumed to be included in the contract rates. 
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	(a) Boring in soil strata shall be carried out by Shell and Auger or percussion method.  No bentonite slurry or any lubricant except water shall be used during boring and drilling.  The diameter of the borehole shall be such as to permit collection of...
	Selection of sampling tube and method of sampling, recording of boring, protection, handling and leveling of samples shall be done as specified in IS 1892 -1979 with latest revision, if any, after obtaining approval from the Employer or his authorize...
	(b) In rock strata, boring shall be done by using a rotary cutting tool tipped with diamonds and equipped to recover cores with double / triple tube core barrel.  The drill hole size shall be NX.  For each run, Core Recovery and Rock Quality Designati...
	Each and every core piece shall be serially and sequentially numbered from top downwards as soon as the core pieces are removed from the core barrel.  The serial number shall be painted with good quality enamel paint or permanent marker.  All core pi...
	(c) Depth of boring below ground level shall be 10m unless continuous bed rock is encountered earlier. In case rock is encountered within 10m, minimum drilling in rock shall be 2m.  Adequate study of rock and assessment of strength characteristics sha...
	(d) For the purpose of payment, rock immediately underlying soil overburden and overlying hard rock and with rock quality designation (RQD) of 10% and less will be considered as "Weathered rock" or "Soft rock". If the RQD is greater than 10%, it will ...
	The soft or weathered rock underlying hard rock and with thickness less than 0.5m, will be considered as hard rock for payment purpose.  The soft or weathered rock underlying hard rock and with thickness greater than 0.5m, will be considered and paid...
	(e) Undisturbed soil samples shall be collected for the initial 4.5m depth at every 1.5m interval and at change of strata. After this initial 4.5m depth, samples shall be obtained preferably at every 3m or where there is a change of strata.
	(f) In case collection of undisturbed samples become difficult/ impossible, detailed soil testing on remoulded soil sample is to be considered upon approval of Employer and reported in the soil report.
	(g) Standard Penetration Test (SPT) as per IS: 2131 -1981 shall be conducted in different strata to obtain resistance of soil to penetration at every 1.5m interval and recorded properly. Part of the disturbed soil samples of medium stiff to hard cohes...
	(h) Standard Penetration Tests shall also be conducted in weathered/ soft rock with Rock Quality Designation (RQD) less than 10%.  In such a case, test shall be conducted at every 1.5m interval, unless specified otherwise, with the first test at a dep...
	(i) Water samples shall be collected from boreholes before addition of water to the hole.  Care shall be taken to see that water sample is not contaminated by surface water or rain water.  The water sample shall be collected in an air tight, scrupulou...
	(j) The ground water table shall be recorded carefully during boring operation and incorporated in the bore log. To ascertain the general ground water table inquiries in surrounding villages could be made to find out the highest ground water table, in...
	(k) Borehole shall be backfilled by bentonite-cement grout after completion. The cement and bentonite for the grout shall be in the ratio 1 to 1 by weight, and shall be made into a slurry with no more water than is necessary for placing the slurry in ...
	(l) The Contractor shall submit progressively two copies of data from the field work.  As soon as each borehole/ trial pit is completed, the borelog / pitlog with all relevant field details shall be submitted.
	1.2       Soil Resistivity Measurement
	Soil resistivity measurements shall be carried out at every third tower or at angle point tower location whichever is closer. The test shall be conducted in the field as per IS: 3043 by Wenner's four electrode method for 1.0, 2.0, 3.0 and 5.0m spacin...
	1.3       Laboratory Tests
	Adequate volume of test samples shall be collected from site.  Samples shall be properly sealed immediately after recovery and transported carefully to laboratory for carrying out necessary laboratory tests to find out the following parameters in res...
	1. Grain size distribution (Hydrometer tests required for cohesive soils).
	2. Liquid Limit, Plastic Limit, Plasticity Index and Shrinkage Limit.
	3. Natural Moisture Content, Bulk and Dry Density of soil (on undisturbed soil samples only)
	4. Consolidation Tests on undisturbed soil samples or on soil samples compacted to specified density (to establish e-log P curve, pre-consolidation pressure, coefficient of compression Cc, coefficient of consolidation Cv etc.)
	5. Specific Gravity
	6. Free Swell Index test (Swelling Pressure test, if required).
	7. Triaxial Tests (consolidated undrained and consolidated drained as and when applicable) or Direct Shear tests depending on classification of soil and density of soil. The results shall be represented in Tables, Graphs and Drawings.
	8. Permeability Tests
	9. Chemical tests on soil samples (either undisturbed soil samples or disturbed SPT soil samples coated with wax) and water at different layers to determine the requirement of protection of concrete and reinforcement steel.
	10. Unconfined compression test for cohesive soil (if encountered) on undisturbed soil samples or soil samples compacted to specified density.
	Following tests shall be performed on the rock samples:
	1. Density, Porosity and Water absorption for rock cores.
	2. Crushing strength of rock (with and without saturation for 7 days)
	3. Brazilian test on rock core as per IS:10082 (only if adequate rock samples of L/D ratio equal to 2, are not available).
	1.4 Recommendations
	The recommendations based on observations and test results shall encompass theoretical as well as practical considerations for all foundations.  Recommendations shall include but not be limited to the following:
	(a) Geological description of the site including that of faults, folds, etc. if any, based on published literature and investigation carried out.
	(b) Seismic history of site including brief description of previous earthquakes, if any, giving time, period, duration, magnitude, epicentre location, damage done, maximum ground acceleration produced etc. and relevant details about design earthquake.
	(c) Special considerations, if any, adopted in design of previous structures of the region because of seismicity, faults, folds etc.
	(d) Behaviour of proposed foundations under seismic conditions including analysis for possibility of liquefaction and expected settlement under earthquake.
	(e) Analysis and recommendations for foundations subject to vibratory actions.
	(f) Recommendations in regard to use of subsurface material for various construction activities and methods for quarrying the same.
	(g) Topographical details of site and recommendations related to site preparation including classification, source, placement and compaction of fill materials required to bring the general site levels to final grade level, if so warranted; recommendat...

	(h) The various parameters to be adopted for design such as cohesion, angle of internal friction, angle of repose, unit weight, elastic modulii and modulus of sub-grade etc.
	(i) Ultimate Bearing Capacities of various soil strata, defining the limiting changes of the routes. These values shall be based on shear strength and settlement consideration.
	(j) On the basis of above data and subsurface stratification, definition of foundation types to be adopted along the route, including feasibility of adopting undercuts.
	(k) Recommendations and precautions (if required) to guide construction activity such as mode of excavation for foundations, de-watering, backfilling etc.
	(l) Comments on chemical nature of soil and ground water with respect to potential deleterious effects on concrete and steel and recommended protective measures.
	(m) Seismic history of the site including brief description of previous earthquakes,
	(n) Study on probability of landslide (slope stability analysis) and erosion for individual tower location and recommendation on remedial measure.
	(o) Specific recommendations regarding type of soil improvement for weak soils.
	(p) Recommended side slopes for cutting and embankment, if any.
	(q) Recommendations on lateral earth pressures as relevant.
	(r) Past observations and historical data, if available, for structures resting in the area under consideration or for other areas with similar profiles.
	(s) Precautions to be taken such that relevant construction activities do not cause damage in any way to adjoining structures, in relation to subsurface characteristics.
	(t) Recommendations for additional investigation, beyond the scope of the present work, if the Contractor considers such investigation is necessary.

	1.5 Submission of Soil Investigation Report
	The Contractor shall submit a detailed Geotechnical Investigation report (in SI units) in five copies. The report shall generally contain geological history of the site, all detailed boreholes, summarized test data, observations, conclusions and reco...
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	1.0 Tests at Manufacturer’s Works
	The plant will be inspected during manufacture and testing by the Employer. Every facility shall be provided by the Contractor to enable the Employer to carry out the necessary inspection of the plant and the cost of all tests during manufacture and ...
	The materials shall be inspected and tested during manufacture by an approved inspection firm or laboratory and be accompanied by appropriate compliance certification as part of the extent of works. The Employer and / or his representatives may also ...
	The passing of such inspection or test will not, however, prejudice the right of the Employer to reject the Plant and any or all of material, if it does not comply with the Specifications, or give complete satisfaction in service.
	Instruments shall be approved and shall, if required by the Employer, be calibrated by the National Physical Laboratory or such other body as may be approved, at the expense of the Contractor.
	Unless otherwise specified in this Contract, selection of test samples, numbers of specimens and acceptance of results shall be in accordance with the terms of the relevant Indian standard, where applicable. Where no terms exist, the Employer is to i...
	Breakdown test voltages shall be measured by means of a crest or electro-static voltmeter connected to the high voltage side of the transformer, or by an instrument connected to the low voltage side of the transformer supplying the test voltage and c...
	The following tests shall be carried out at the manufacturer's works:
	1.1 Type Tests
	All equipment/materials shall confirm to type tests including routine, acceptance and additional tests in accordance with the relevant Standards and Codes. The Bidder shall submit copies of type tests for each equipment along with his bid. The type t...
	2.0 Conductors
	Routine Tests: Samples of individual wires from each length of finished conductor shall be taken at the option of the Employer and subjected to the tests stated in the specified standards. Where practicable, tests shall be taken on samples of individ...
	3.0 Insulators
	Routine Tests: Sample and type tests shall be carried out on all types of insulators used in the Contract. Type tests, including radio interference type tests, would be waived on the production by the Contractor of the requisite certificates by an in...
	4.0 Insulator Strings
	Design Tests: One suspension and one tension string of each type, selected by the Employer, shall be subject to the following tests in accordance with the provisions of IEC 383 or such other standard as may be approved :
	(i) Radio interference tests (Grade II): For these tests, single unit RI tests will be required on the insulator discs which are used to make-up the complete string. The two noisiest discs should be placed at the line end, but otherwise the order may...
	(ii) Impulse tests: Dry withstand and dry 50% flashover, positive and negative polarity.
	(iii) Power frequency tests: Wet withstand and wet flashover.
	Tests shall include vibration dampers and any other fittings attached to the conductors in service, and shall be made with and without arc horns.
	5.0 Insulator Fittings
	Routine and sample mechanical tests shall be carried out on fittings in accordance with the specified standards.
	6.0 Tension Clamps and Joints
	Two samples each of tension clamps and tension and non-tension joints shall be submitted to mechanical and electrical type tests, galvanising and mechanical routine tests in accordance with the specified standards. The Employer, from time to time. ma...
	7.0 Tests on OPGW and accessories
	All tests as required by Employer shall be carried out by the Bidder as per relevant standards codes both at the factory before dispatch and at site after installation. The Contractor shall submit a Factory Acceptance Test (FAT) proposal for the OPGW...
	The Bidder shall demonstrate in the field, compliance of the values, cable performance, and/ or all other parameters, by tests, with the corresponding guaranteed values indicated in the offer. Transmission loss test, tension test to check cable's str...
	 Mechanical and Optical Parameters
	Tests shall be carried out as per approved Factory Acceptance Test (FAT) plan to determine the following parameters:.
	a) Recommended maximum allowable tensile stress (N/sq.mm)
	b) Recommended maximum allowable Every Day Stress  (N/sq.mm)
	c) Cable overall diameter
	d) Core diameter
	e) Mode field diameter
	f) Cladding diameter
	g) Coating diameter
	h) Non-circularity of the core
	i) Non-circularity of the cladding
	j) Cladding ovality
	k) Core-cladding concentricity error
	l) Thickness of the PE Sheath
	j) Maximum theoretical numerical aperture
	m) Attenuation (each type separately e.g. material, splice, etc.)
	n) Bandwidth
	o) Dispersion (material and waveguide)
	p) Tensile test
	q) Crush test
	r) Thermal cycle test
	s) Diameter of armouring wires
	t) Breaking load of armouring wires
	u) Attenuation characteristic under tensile stress and temperature change.
	Test reports and certificates for OPGW cable and brought out components shall be submitted for Employer's approval.
	8.0 Tests & Inspection of Towers
	8.1 General
	All standard tests, including quality control tests in accordance with relevant Standards and Codes shall be carried in cases of all standard type of towers with their extensions.
	In addition to the provisions contained elsewhere the following shall also apply:
	a) The Contractor shall keep the Employer informed in advance of the time of starting and of the progress of manufacture, fabrication and galvanising of various tower parts at various stages, so that arrangements could be made for inspection.
	b) The acceptance of any batch of items shall in no way relieve the Contractor of any of his responsibilities for meeting all the requirements of the specification and shall not prevent the subsequent rejection if any item of that batch is later found...
	The Employer or his representative shall have free access at all reasonable times to those parts of the Contractor's works which are concerned with the fabrication and galvanising of the steel work and shall be provided all reasonable facilities for ...
	Should any fabricated member of the structure be found not to comply with the approved design/drawing or provisions of the specification, it shall be liable to rejection. No member once rejected shall be re-offered for inspection, except in cases whe...
	All gauges and templates necessary for inspection of fabricated material shall be supplied by the Contractor. The correct grade and quality of steel and zinc shall be used by the Contractor. To ascertain the quality of steel/zinc used, the Employer m...
	8.2 Tower Tests at Works
	One of each type of towers complete with the maximum body extensions or as may be advised by the Employer, shall be tested as given below as per IS:802 (Part-III), latest edition, for the following conditions to compare the actual strength with the c...
	i) Specified ultimate design loads, in all of the normal and broken wire conditions,
	ii) Destruction under normal conditions
	As and when the testing plan is approved by the Employer, Contractor shall arrange these tests and the Employer will pay for such tests. The tested tower shall be the property of the Contractor. Proto-type tower, however, will be type tested without ...
	The black tower shall be subjected to design and destruction tests by first applying test loads equivalent to the specified ultimate design loads and applied in the manner as approved by the Employer.  The tower shall withstand these tests without sh...
	The Contractor shall submit to the Employer for approval, his detailed programme and proposal for testing towers showing the methods of carrying out the tests and manner of applying the tests load. After the Employer has approved the test procedures ...
	If the Contractor does not have all the facilities for the testing of tower at his own test bed, the Employer has every right to ask the Contractor to test the tower at such test bed where all the facilities exist, without any extra charges, whatsoev...
	The testing charges for each type of tower shall be paid only once upon successful testing of tower to the satisfaction of the Employer.  Employer's responsibility for paying against test charges is limited to Contract rates only. Any replacement or ...
	The Contractor shall ensure that the specification of materials and workmanship of all towers actually supplied conform strictly to the towers which have successfully undergone the test.  In case any deviation is detected, the Contractor shall replac...
	8.2.1 Tower Testing Procedure
	8.2.1.1 Preparatory Work
	a) Leg Anchorage
	Each type of tower to be tested shall be a full scale proto-type black tower and shall be erected vertically on rigid foundation with as much unbraced portion of the stub protruding above ground level as approved in the design.  The tower erected on ...
	b) Calibration of Measuring Instruments
	All measuring instruments shall be calibrated in systematic manner with the help of standard weights.  The calibration shall, before commencing the test on each tower, be done up to the maximum anticipated load to be applied during testing.  Calibrat...
	c) The tower shall be tested with the blank holes for step bolts on one leg.  The tower under test should be so erected that blank step bolt holes are on compression leg of tower.
	8.2.1.2 Method of Load Application
	a) Load shall be applied according to the rigging diagram through normal wire attachments, angles or bent plates.  As far as possible all loads on towers shall be applied through strain gauge dynamometers.
	b) The various types of loads, i.e. transverse, vertical and longitudinal shall be applied in such a way that there is no impact loading on the tower due to jerks from the winches.
	c) The application of loads should be such that it simulates nearly the actual load application in the transmission line.  For suspension type tower the loads shall be applied through flexible ropes on plates of the same side used in design and inclin...
	8.2.1.3 Load and Deflection Measurement
	All loads shall be measured through a suitable arrangement of strain devices.  Positioning of strain devices shall be such that the effect of pulley frictions eliminated.  In case the pulley friction cannot be avoided the same shall be measured by me...
	Tower deflection under load shall be measured by suitable procedure at the top cross-arm level on the front sides of the transverse and longitudinal faces or front and rear sides of transverse faces.  Deflection readings shall be recorded for the "be...
	8.2.1.4 Testing Procedure
	8.2.1.4.1 Bolt Slip Test
	In bolt slip test, the test loads are gradually applied upto the 50% of the ultimate design loads under normal conditions and kept constant for two minutes at these loads and then the loads are released gradually.
	8.2.2.4.2 Normal Load/Broken Wire Load Tests
	All the loads shall be applied gradually upto the ultimate design loads in the following steps of percentage of limit and shall be released in similar manner.
	50 percent 75 percent 90 percent 95 percent,  & 100 percent
	8.2.2.4.3 Observation Period
	a) Under normal and broken wire load tests, the tower shall be kept under observation for sign of failure for two minutes (excluding the time for adjustment of loads) for all the intermediate steps of loading upto and including 95 percent of above des...
	b) For normal as well as broken wire tests, the tower shall be kept under observation for five minutes (excluding the time for adjustment of loads) after it is loaded upto 100% ultimate design loads.  The counting of waiting time shall start when all ...
	c) While the loading operations are in progress, the tower shall be constantly watched, and if it shows any tendency of failure anywhere, the loading shall be immediately stopped, released and then entire tower shall be inspected.  The re-loading shal...
	8.2.2.4.4 Recordings
	a) The deflections of the tower shall be recorded at each intermediate and final stage of normal load/broken wire load test by means of the theodolite and graduated scales fitted on the tower.
	b) The graduated scales shall be about one metre long with marking upto 5 mm accuracy.
	8.2.2.4.5 Check for Mechanical Strength of Tower
	The structure is considered to be satisfactory if it is able to support the specified ultimate load for 5 minutes as stipulated herein with no visible local deformation after unloading (such as bending, buckling) and no breakage of elements.
	8.3 Material Test
	Steel materials used for tested tower shall be subjected to tensile load or bend test in accordance with the Indian standards.  Test shall be performed by the Contractor without any additional cost.  The test specimens shall be selected as follows:
	i) Two samples selected from destructed members of each tower.
	ii) Two samples selected from the undestructed members of each tower.
	8.4 Test Report
	The report shall include the following:
	a) The type of tower tested
	b) The name and address of the tower manufacturer
	c) The name and address of Client
	d) The dates and location of testing
	e) The name of persons present during test.
	f) A list of various assembly and shop drawings relating to the tower tested including any modification of the drawings referred to.
	g) A dimensioned line diagram of the tower showing the various load points and directions of loading to be applied and table with the specified loads.
	h) Diagram showing the rigging arrangement used to apply the test loads.
	i) Brief description of the test facility including the number, location, range and calibration charts of tables of every load transducer, as well as the accuracy of the equipment used to measure the test loads.
	j) One table per test, showing the loads required at various points on the structure and for the various loading steps.
	k) One table per test, showing the various deflection values which may have been recorded.
	l) In the case of failure.
	i) A table showing the maximum loads applied to the structure, just before the collapse
	ii) A brief description of the failure
	iii) The dimensional and mechanical characteristics of the failed elements.
	m) A certain number of photographs, showing the whole of the structure and details of the failure.
	n) Material test reports.
	9.0 Tests at Site

	Where ordered by the Employer, site investigation tests shall be carried out by the Contractor and such cost is deemed to be included in the schedule of rates for respective items or similar items in the Bill of Quantities. The rates may include for ...
	9.1 Concrete Tests
	The Contractor shall carry out tests on sample of concrete from the foundation works, as required by the Employer. No separate payment shall be paid for Concrete test.
	The test specimens shall be cubes of 150 mm side and the mould shall be of metal with inner face accurately machined. Each mould shall be provided with a metal base having a smooth machined surface. The interior surfaces of the mould and base shall b...
	Test Specimens shall be moulded by placing the fresh concrete in the mould in 50 mm layers, each layer being thoroughly compacted with a steel bar 380 mm long and having a ramming face 25 mm square and weighing 2.8 kg. The concrete may be compacted b...
	Concrete for test specimens shall be taken at the point of deposit. To ensure that the specimens are representative of the concrete in the foundations a number of samples shall be taken from different points.  Each sample shall be large enough to mak...
	The test specimens shall be stored at the site at a place free from vibration, under damp sacks for 24 hours, plus 1/2 hour, after which time they should be removed from the moulds, marked and stored in water at a temperature between 10( C and 21( C ...
	The test shall be made at the age of the concrete corresponding to that for which the strengths are specified.  Compression test shall be made between smooth plane steel plates without end packing and a load shall be applied axially at the rate of ap...
	The results shall be handed in triplicate to the Employer, as soon as possible after testing.
	9.2 Measurement of Galvanizing Thickness
	The Contractor shall have available on site for the Employer’s use, an instrument suitable for the accurate checking of galvanizing thickness. The gauge shall be available from the time of arrival of the first consignment of steelwork until the issue...
	Other tests on galvanizing shall be carried out as described in chapter 4, clause 10.0 “Galvanising”.
	9.3 Testing of Rock Anchors
	Where rock anchor foundations are used in hard rock, as provided for by the Specification, the Contractor shall type test individual anchors by tensile test loading to failure. The type test shall be considered satisfactory if the foundation fails at...
	Anchor for type testing shall be installed away from permanent foundation anchors but in the same rock.  The frequency of type testing shall depend upon the different types of hard rock encountered and the number of type tests performed shall be such...
	The frequency of type testing shall, in the case of dispute, be reasonably determined by the Employer. The cost of rock anchor tests shall be included in the Scheduled Price of Hard rock foundation.
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