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SECTION - I

GENERAL TECHNICAL REQUIREMENTS

TECHNICAL SPECIFICATION

1.1 SCOPE

1.1.1 The specification covers Fabrication of Structural Steel of proper grade in strict accordance with the design specifications, Galvanization and Supply of these Pre-fabricated and Galvanized Tower Material, Transportation to various erection sites by technically acceptable methods. This job includes erection of towers including those falling in Special Snow Zone (SSZ) by methods as recommended in relevant IS Specifications. Supply and Erection of complete Hardware Fittings required in accordance with various types of towers for facilitating Stringing and Commissioning of ACSR ‘ZEBRA’ Conductor. Supply, Transportation to various sites, Laying, Stringing and Binding of ACSR ‘ZEBRA’ Conductor including ‘ZEBRA’ Conductor and GSS Earth Wire. Conducting Pre-Commissioning Tests and Commissioning of the complete project of 220kV D/C Alusteng-Mirbazar Transmission Line (Line Length 77.00Km.) on Turnkey Basis as per the route alignment shown in Exhibit-I within the specified time frame. The line shall be laid in snow zones/ special snow zones at an altitude between 1550 and 2500 meters above sea level.
1.1.2 The bidder shall quote in two parts- Part-I “Technical and General Terms and Condition” and Part-II “Price Bid” for complete work of fabrication, galvanizing, testing and supply of towers and complete line materials and erection, testing and commissioning of 220 kV D/C Transmission line.  The incomplete bids are liable to be rejected.

1.1.3  For detailed scope, the stipulation given in each Chapter shall be applicable. 

1.1.4  Maximum tension :

· At 15o C, full wind  pressure. 

· At -20oC with 50%  full wind pressure, no snow.
· At -20oC with 25% full wind pressure, 15 mm snow.
· At -20oC, no wind, 15 mm snow. 

1.1.4.1 The initial conductor/ Ground Wire tension at 15oC and nil wind shall be considered as 25% of ultimate tensile strength of conductor / Ground wire.

1.1.5 DESCRIPTION 

1.1.5.1 Fixing of the route alignment, preparation of  final profile and laying of  all foundations shall be in the scope of JKPDD.  The department shall provide structural drawings, tower schedules and line profiles of the project to the successful bidder after the award of contract. The scope of this specification also includes fabrication of prototype towers of each type, their assembly and proto inspection which shall have to be arranged and organized by the successful bidder.
1.1.5.2 The bidder shall quote for complete work of  
a. Fabrication, galvanizing, testing, supply of Towers , line materials which includes conductors, ground wire, insulators, hardware and conductor/ ground wire accessories etc. erection of towers , supply, testing, laying & stringing of ACSR “ZEBRA” and line material.

b. Testing and Commissioning of 220 kV D/C Transmission Line complete in  all respects, failing which the tender shall not be considered. 

The scope shall also cover supply of spare quantities of Towers and other line materials as detailed in Annexure II (Volume III). 

1.1.5.3 This is a turnkey contract. The bidder will be responsible for complete erection, testing and commissioning of the Transmission Line. Any item not included in the scope of work but necessary for successful completion/ functioning of the project shall be deemed included in the scope of work.

1.1.5.4 In case there is any contradiction between this document and J&K state Laws/ Rules/ Regulations/ Financial Powers, the J&K State Laws/ Rules/ Regulations/ Financial Powers shall prevail.

1.1.6 BIDDER’S QUALIFYING REQUIREMENTS

1.1.6.1 Indian firms, possessing the necessary competence shall be eligible to bid for works detailed under “scope of work”.

1.1.6.2 The bidder shall have the following minimum Qualification Criteria for submitting the bid.

a) The bidder shall have annual turnover of more than Rs. 22.00 Crores (Twenty Two Crores only) during the last three (3) years.

b) The bidder and his associates must have experience of design, fabrication,        testing, supply of galvanized towers and survey, erection, testing and commissioning of 100 km. of 220 kV Transmission Lines or higher voltage lines preferably in hilly areas, supply of 7500MT of tower materials for 220 kV and higher voltage lines, supply of 1500 km. ZEBRA (54/7/3.18mm) or above ACSR Conductor, 300 km. of  7 strand or above galvanized stranded steel Ground Wire and 10,000 nos. of 70/90/120/160KN size insulator discs for 220 kV Lines or above, supply of conductor and ground wire accessories and insulator hardware for 1500 km. 61 strands ACSR conductor and 300 km. of 7 strands GSS ground wire  respectively, in the past five years prior to bid opening date. The above commissioned Transmission Lines including river / deep valley, power line crossings etc and equipment / materials offered for them should have been in successful operation for the last three years. The certificate of successful operation of above lines from the concerned power utility should also accompany the tender.

c) Bids may be submitted by individual firms or joint ventures as one of the following:

i) A single firm that meets all qualification requirements set forth in para 1.1.6.2 above.

ii) A joint venture of firms, having one partner as lead partner, who shall meet all qualification requirements set forth in 1.1.6.2 (b) above  and annual turnover of  Rs 15.00 Crores during last three years.
d) The offer of those bidders, who shall provide satisfactory evidence to the owner of their capability and adequacy of resources to carry out the contract effectively, shall be considered for evaluation. Bids shall include the following information.

i) Copies of original documents defining the constitution or legal status, place of registration and principal place of business; written power of attorney of the signatory of the bid to commit the  Bid.
ii) Total annual turnover of supply of materials of similar type over the last five (5) years.

iii) Performance as prime Contractor for designs, fabrication and supply of towers for 220 kV and above Transmission Lines. 

iv)  Performance certificate in respect of 220 kV lines or above executed on turnkey basis.

v) Description of the plant for carrying out the work.

vi) The qualification and experience of key personnel proposed for carrying out the work.

vii) Reports on the financial standing of the bidder including profit and loss statements, balance sheets and auditor's reports for the past five (5) years and an estimated financial projection for the next five (5) years.

viii) Evidence of access lines of credit, and availability of other financial resources.

ix) Authority to seek reference from the Bidder's banks.

x) Information regarding any current litigation in which the Bidder is involved, the parties concerned and disputed amount.

1.1.6.3  The bidder shall furnish list of testing facilities and adequate plant and manufacturing capacity available to execute the works properly and expeditiously within the time period specified. The evidence shall consist of written details of the installed manufacturing capacities and present commitments (excluding the work under this specification).

1.1.6.4 The bidder and his associate should have adequate plant and machinery for erection of  220 kV and/or above voltage Transmission Line. They should have adequate number  of hydraulic type tensioner and puller, pulling and lifting machines, winches, jacks and any other modern equipment for completion of the project within stipulated time frame. A list of plant and machinery should accompany the tender.

1.1.6.5 The bidder shall have adequate field service organization to provide the necessary field erection and management services required to successfully erect, test and commission the Transmission Line as required under the scope of work.

1.1.6.6 The bidder shall have established Quality Assurance System and Organization, designed to achieve high level of equipment/material reliability during the manufacture, field installation activities and operations.

1.1.6.7 The Bidder shall submit the above details with documentary evidence to fulfill above eligibility requirements.

1.1.6.8 The purchase of bidding documents will not entitle the bidder(s) to qualify the eligibility criteria set for the bidder.  The details furnished by the bidder along with the bid will be examined in detail as per the requirement of bidding documents and accordingly his eligibility will be established.

1.1.6.9 Notwithstanding anything stated above the owner reserves the right to assess the Bidder's capability and capacity to perform the contract, should the circumstances warrant. 

1.1.6.10 The type test reports of the materials shall be submitted by the bidder along with the bid, failing which the bid is liable to be rejected.
1.1.6.11 The entire project right from its inception is likely to be monitored by a Project Acceleration Cell for the purpose of instilling best practice discipline in project management. Also sufficient inputs, outputs and outcomes have to be provided by the executing agency for creating transparency, identifying bottlenecks from time to time. The bidder shall certify entire cooperation and create all documents/software which have to be in strict accordance with the recommendations of the Project Monitoring Cell. Aimed at providing adequate integrated project management and coordination (IPMC), individual project execution (IPE),contracting and procurement management(CPM) and concept and design optimization (CDO)
1.1.7 COMPLETION SCHEDULE:

The work is to be completed on turnkey basis within 12 months from date of award of contract.  The bidder shall submit along with the tender a Bar Chart/Gantt giving schedule for completion of entire works covering supply as well as erection indicating commencement and completion of each activity considering zero date as the day order is placed.  The bidder / bidder shall also indicate the number of independent gangs/groups intended by him to be deployed for execution of the work in accordance with latest available Microsoft Project updates. The Agency shall identify the 77.0 Km. line length in maximum of three sections of approximately 26.0 Km each and accordingly organize their activities section wise only. Supply of material for next section/sections shall not be accepted / received by the department till 90% of the identified work of first identified section is completed. For example when 90 Towers of one among three sections are erected, dispatch instructions for next identified 26 Km section shall be issued only after above requirements are met. This will apply to all key items classified in below mentioned categories.
1.
Tower material
2. Hardware fittings/accessories
3. ACSR Zebra Conductor
4.
Laying, Stringing and Binding of Conductor.
CHAPTER – 1

TOWERS AND ACCESSORIES

FABRICATION, ASSEMBLY, TESTING AND SUPPLY OF GALVANISED STEEL TOWERS 

INCLUDING TOWER ACCESSORIES

1.1 SCOPE

1.1.1 This part of the specification covers fabrication including supply of steel, proto type testing, Galvanizing, Testing before dispatch, packing, supply and delivery FADS (free at destination site/stores) of 220 kV Double  Circuit Transmission Line Towers, tower accessories complete in all respects including bolts, nuts and washers as per the structural drawings and Bill of Materials to be provided to the successful bidder by the department 
1.1.2 The scope also covers fabrication, including supply of  steel  Proto Type  Testing, Galvanizing, testing before dispatch, packing, supply and delivery FADS (free at destination site/stores) of 220 kV SZ/SSZ Transmission Line Towers, Tower accessories complete in all respects including bolts, nuts and washers .
1.1.3  STANDARDS

The Indian Standard Specification (IS) mentioned below as amended up to date shall be 
applicable to the materials and process used in the manufacture of towers and tower 
accessories.
	S.No.
	Indian

Standards (IS)
	TITLE

	1.
	IS 2-1960
	Rules for rounding off numerical values

	2.
	IS 209-1979
	Specification for Zinc

	3.
	IS 278-1978
	Specification for Galvanized steel barbed wire for fencing

	4.
	IS 432-1982
	Mild steel & Medium tensile steel bars & hard drawn steel wire for concrete Reinforcement

	5.
	IS 802 (Part-1)
	Code of practice for use of structural steel in overhead transmission line Towers : Material, Loads and permissible stresses

	
	Section-1-1995
	Materials & Loads

	
	Section-2-1992
	Permissible stress

	6.
	IS 802 -(Part II)-

Latest Edition
	Code of practice for use of structural steel in overhead transmission line : Fabrication, galvanizing, inspection and packing

	7.
	IS 802-(Part-III)

Latest Edition
	Code of practice for use of structural steel in overhead transmission line : Testing

	8.
	IS 808-1976
	Specification for hot rolled steel beams, channels & Angle sections

	
	Part-V & VI
	Angles

	9.
	IS 1200-1974
	Method of measurement of Building and civil works

	11.
	IS 1573-1986
	Specification for Electroplated coatings for zinc on iron and steel

	12.
	IS1893(Part-I)-2002
	Criteria for earthquake resistant design of structures

	13.
	IS 2062-1992
	Specification for steel for general purpose

	14.
	IS 2551-1982
	Danger Notice plates

	15.
	IS 2629-1966
	Recommended practice for hot dip galvanizing of iron and steel

	16.
	IS 2633-1972
	Method of testing uniformity of coating on zinc coated articles

	17.
	IS 3063-1972
	Specification for Single coil rectangular section spring washers for bolts, nuts and screws

	18.
	IS 3757-1985
	High strength structural bolts

	19.
	IS 4759-1984
	Specification for Hot dip zinc coating on structural steel and other allied products

	20.
	Is 5358-1969
	Specification for Hot dip galvanized coating on fasteners

	21.
	Is 5613-1985

(Part-2/Sec-1)
	Code of practice for design, installation and maintenance of overhead power Lines : Designs

	22.
	IS 5613-1985

(Part-2/Sec-2)
	Code of practice for design, installation and maintenance of overhead power Lines : Installation and maintenance

	23.
	IS 6610-1972
	Specification for Heavy washers for steel structures

	24.
	IS 6639-1972
	Specification for Hexagonal bolts for steel structures

	25.
	IS 6745-1972
	Specification for Methods for determination of weight of zinc coating of zinc coated iron and steel articles

	26.
	IS 7215-1974
	Specification for Tolerance for Fabrication of steel structures

	27.
	IS 8500-1992
	Specification for welded structural steel (Medium and High Strength Qualities)

	28.
	IS 10238-1982
	Step bolts for steel structures

	29.
	IS 12427-1988
	Transmission tower bolts

	30.
	
	Indian  Electricity Rules, 1956

	31.
	Publication No.19/N/700/1963
	Regulation for electrical crossings for Railway tracks.

	32.
	CBI&P Publication No. 290
	Manual on Design of Long Span River Crossing Towers.


1.2 MATERIALS AND WORKMANSHIP


All materials used in the manufacture of the tower and tower accessories shall  be conforming to relevant standards given in Clause 1.2.

1.3 TYPE OF TOWERS

The towers shall be of types A, B, C, D,  Special towers & SSZ towers, fully described under Table-A is given below:
TABLE A

	Type of Tower
	Designation of towers
	Type of string
	Typical use

	1
	2
	3
	4

	Tangent tower

(0-2 deg.)
	D A
	Suspension
	To be used on straight runs and up to 2 deg. line deviation

	Small/Medium Angle Tower

(2-30 deg.)
	DB/C
	Tension
	To be used for line deviation from 2 to 30 deg.

	Large Angle & dead end tower

(30-60 deg. & Dead End)
	DD
	Tension
	To be used for line deviation from 30 to 60 deg. or for dead end.

	Snow Zone
	SZ/SSZ
	Tension
	To be used for heavy Snow Zone in Zabarwan Hills

	Special Towers
	
	
	These may be required for major river crossings or for very long valley spans.  For special requirements of these structures refer Chapter-IV.


1.4 CONFIGURATION AND TYPE OF CONNECTIONS

1.5.1 The towers shall be of vertical configuration. The typical tower out line drawing is annexed for reference vide drawing No. STED-01. "The contractor shall submit detailed drawings."

1.5.2 All member connections used in the tower and extensions shall be of bolted type.

1.5.3 The standard tower and tower with extensions shall have K-bracings along with plan bracings in the lowest panel. Further, the lower most three panels of standard tower including K-bracings shall be provided with hip bracings instead of plan cleats. The plan cleats in the lower panels should not be permitted.

1.5 ROAD, POWER LINE, TELECOMMUNICATION LINE, DEEP VALLEY & RIVER CROSSING AND RAILWAY CROSSING
1.6.1 ROAD CROSSING


At  Road crossings, the towers shall be fitted with normal Double suspension/double tension insulator strings as required so that ground clearances at the highest point of the road at maximum temperature in still air is not less than the specified values. The effects of conductor creep and broken conductor in the adjacent span is also to be taken into account in addition to above ground clearance.
1.6.2 POWER LINE CROSSINGS

Where the line has to cross over another line of the same voltage or lower voltage,  suspension/tension  towers with suitable extensions shall be used. Where long shut-downs are envisaged it would be preferable to undertake power line crossings on suspension towers followed by angle towers suitably guyed. Where the line has to cross another line of higher voltage the bidder shall provide necessary arrangement with approval of purchaser

1.6.3 TELE-COMMUNICATION LINE CROSSINGS

The crossings shall be designed in such a manner that the clearance between conductors of the power line and the telecommunication wires is not less than specified value given in Section-II. For further details, the contractor shall refer to “Code of Practice for Crossings between Power and Tele-communication Lines – 1974”, copies of which can be had from the concerned General Manager of P&T Department.

1.6.4 DEEP VALLEY & RIVER CROSSINGS

In case of major river crossing, towers shall be of suspension type using double suspension strings and the anchor towers on either side of the main river crossings shall be DD type tower.  Clearance required by navigation authority shall be provided.  For non navigable river, clearance shall be reckoned with respect to highest flood level (HFL).

1.6.5 RAILWAY CROSSINGS

1.6.5.1 Railway crossings shall be supported on dead end type towers on either side, depending on the merits of each case and shall be constructed in conformity with the specification laid down by the Railway Authorities. 

1.6.5.2 The crossing shall normally be at right angle to the Railway Track. 

1.6.5.3 The minimum distance of the crossing tower shall be at least equal to the height of the tower plus six meters away measured from the centre of the nearest railway track.

1.6.5.4 No crossing shall be located over a booster transformer, traction switching station, traction sub station or a track cabin location in an electrified area.

1.6.6

STATUTORY REQUIREMENTS

Statutory requirements as laid down in the “Indian Electricity Rules 1956” or by any other statutory body applicable to such structures shall be satisfied/observed.
1.6.7

 SAG TENSION CALCULATION :

Sag tension calculations for conductor and earth wire shall be made for the following combinations.

i) 15oC, no wind, no snow (initial condition)

ii) 15oC, full wind.

iii) -20oC with 50% full wind pressure, no snow

iv) -20oC with 25% full wind pressure, 15 mm snow

v) -20oC , no wind, 15 mm snow

vi) 0oC, no wind, 15 mm snow.

vii) 75oC/53oC for conductor/ground wire at nil wind & nil ice

Note:

The entire Transmission Line in Kashmir region shall traverse at an altitude ranging from 1550 to 2500 m above sea level. All towers shall fall in the snow zone area and have been designed for snow load conditions for the most stringent combination of loadings. All conditions need to be incorporated for sag tension chart / calculations to be submitted by the bidder.
1.7.1   CLIMATIC LOADS

Climatic loads are related to reliability requirements
:

These are random loads imposed on tower, conductor, insulator strings and earth wire due to action of wind on transmission line and do not act continuously.  Climatic loads shall be determined either of the following climatic conditions whichever is more stringent.

1. 15oC, full wind.

2. -20oC with 50% full wind pressure, no snow

3. -20oC with 25% full wind pressure, 15 mm snow

4. -20oC , no wind, 15 mm snow

1.7.2 FAILURE CONTAINMENT LOADS

Failure containment loads are related to Security Requirements.


These loads comprise of :

i) Anti cascading loads, and

ii) Torsional and longitudinal loads

1.7.3

ANTICASCADING LOADS

Cascade failure may be caused by failure of small items such as insulators, hardware, joints, failures of major elements such as towers, foundations, conductor due to defective material or workmanship or from climatic overloads or sometimes from casual events such as misdirected aircraft, avalanches, sabotage etc. The security measures adopted for containing cascade failures in the line is to provide angle towers at specific intervals which shall be checked for anti-cascading loads (see Cl. No. 1.7.12).

1.7.4

SAFETY REQUIREMENTS (CONSTRUCTION AND MAINTENANCE)

These loads are related to the safety requirement of the working personnel on the line. These are loads imposed on tower during construction and maintenance of Transmission Line.

1.7.5

 SPAN:

a) Normal Span

The normal ruling span of the Transmission Line shall be 350 meters .

b) Wind Span

The wind span is the sum of the two half spans adjacent to the support under consideration.  For Normal Horizontal span this equals to Normal ruling span. For 220 kV lines covered in this specification, the wind span shall be considered as 350 meters .

c) Weight Span

The weight span is the horizontal distance between the lowest point of the conductors on the two spans adjacent to the tower. For design of structures, the span limits given in section-II shall prevail :

1.7.6

LONGITUDINAL LOADS

Longitudinal Loads shall be computed for reliability, security and safety requirements.

a) Reliability Requirements

These loads shall be taken as:

a. No longitudinal loads for suspension and tension towers.

b. Longitudinal loads which might be caused on tension towers by adjacent spans of unequal lengths can be neglected in most cases, as the strength of the supports for longitudinal loads is checked for security requirement and for construction and maintenance requirements.

c. Longitudinal load for dead-end towers to be considered corresponding to mechanical tension of conductors and earth wire corresponding to the relevant loading conditions as per clause no. 1.7.7 of the specification.

b) Security Requirements (Broken Wire Condition)

These loads shall be taken as under :-

i) Suspension Tower :

Longitudinal loads equal  to component of 50% of mechanical tension of conductor and 100% mechanical tension of earth  wire at every day temperature and 75% wind or any other climatic condition which is more stringent.
ii) Tension Towers :

Horizontal loads in longitudinal direction due to mechanical tension of conductors and earth wire corresponding to the relevant loading conditions as per clause no. 1.7.7 of the specification.

iii) Dead End Towers :

Horizontal loads in longitudinal direction equal to mechanical tension of  conductor and earth wire corresponding to the relevant loading conditions as per clause no. 1.7.7 of the specification.

c) Safety Requirements :  These loads shall be taken as under

i) Normal condition :-

· Suspension Tower:- Nil

· Tension Tower :- Nil

· Dead end Towers :- Longitudinal load equal to mechanical tension of conductor/earth wire at every day temperature and no wind. Longitudinal loads due to unequal spans may be neglected.

ii) Broken Wire Condition

· Suspension Towers :-

Longitudinal loads per conductor and earth wire shall be considered as 10,000 N and 5,000 N respectively.

·  Tension Towers :-

Load equal to twice the sagging tension (sagging tension is equal to 50% of tension at every day temperature and  no wind) for wire under stringing and 1.5 times the sagging tension for all intact wires (stringing completed).

· Dead End Towers :-

Intact conductors same as under normal condition and nil for broken conductors.
1.7.8

ANTI CASCADING CHECKS
All angle towers shall be checked for anti cascading conditions during construction. Adequate balancing anchors shall have to be used to avoid damage of transmission lines and ensuring safety to the working personnel’s / staff.

1.8.1

STRENGTH FACTORS RELATED TO QUALITY
The design of tower shall be carried out in accordance with the provisions covered in IS:802 (Part-1/Section 2):1992. However, to account for the reduction in strength due to dimensional tolerance of the structural sections, yield strength of steel used , the following strength factors shall be considered :
i) If steel with minimum guaranteed yield strength is used for fabrication of tower, the estimated loads shall be increased by a factor of 1.02, to account for dimensional tolerances.

ii) If steel of minimum guaranteed yield strength is not used for fabrication of tower, the estimated loads shall be increased by a factor of 1.05, in addition to that mentioned in (i) above.

1.8.2

  TOWER STEEL SECTIONS
Steel sections in conformity to IS:808-1976 are to be used in towers, extensions and stub   setting templates and shall be of tested quality conforming to IS:2062-1992. No individual members shall be longer than 6000 mm. Use of high tensile steel as per IS:8500 is permitted for fabrication of towers.

The steel sections as per any other International standards, if used shall be of equal or superior quality with corresponding Indian Standards.

For designing of towers, only rationalized steel sections shall be used. During execution of the project, if any particular section is not available, the same shall be substituted by higher section at no extra cost to the purchaser. 

However, design approval for such substitution shall be obtained from the Purchaser.  Angle sections up to size 120 x 120 x12 mm may be procured from re-rollers provided these are made from the tested  billets of SAIL satisfying conditions stated in volume -1 of the Bidding Documents.

1.8.3

 THICKNESS OF MEMBERS
The minimum thickness of angle section used in the design of towers, unless otherwise specified elsewhere in this specification, shall be kept not less than the following values :

a. Main corner leg members including the  earth  wire


5 mm



      

peak and lower members of cross arm in compression

b. For all other members





                    

4 mm

1.8.4

 ALLOWABLE STRESS

Structural steel angle section manufactured according to the latest IS:808-1976 (Part V and VI) and tested according to the latest edition of IS:2062-1992 or any other equivalent or superior International Standards will be used in the fabrication of the towers having its yield strength not less than 250 N/sq.mm. and stress value of high tensile steel (Fe 490 High Tensile and Fe 540-High Tensile) grade according to IS:8500-1992.
1.8.5

AXIAL STRESS IN TENSION


The estimated tensile stress on the net effective sectional area in various members, shall 
not exceed 250 N/sq.mm for mild steel or the specified yield stress of the High tensile 
steel sections if proposed to be used in the fabrication of towers as per stresses value of 
high tensile steel according to IS:8500-1992 or any other equivalent to International 
Standards.

1.8.6

 AXIAL STRESS IN COMPRESSION

1.8.6.1

The estimated compressive stress in various members shall not exceed the value given by the formulae specified in Clause 5.2 of IS:802 (Part-I/Section 2)  revision. The provisions are reproduced for reference.

1.8.6.2

The allowable unit stress Fa, in Mpa on the gross cross sectional area of the axially l
oaded compression members shall be :


           _____                      _____         

           |                             2          |

Fa =    |  1-1/2    KL/r                  |     x    Fy

          

           |
                  Cc                  |



                    |_____                     _____|

                             When KL/r < Cc
 And,



b) Fa    =     (2  x E



       (KL/r)2   

                             When KL/r > Cc

    
                       Where,



Cc
=
( x sq. root, (2E/Fy)



Fy
=
minimum guaranteed yield stress of the material, Mpa



E
=
modulus of elasticity of steel that is 2x105 Mpa,

  KL/r  =
largest effective slenderness ratio of any unbraced segment of the member,



L
=
un braced length of the compression member in cm, and



r
=
appropriate radius of gyration in cm.

1.8.6.3
The formulae given in 1.8.6.4 are applicable provided the largest width thickness ratio b/t is not more than the limiting value given by :

                (b/t) lim = 210/sq. root (Fy)


Where

               b
=
distance from edge of fillet to the extreme fibre in mm, and

               t 
=
thickness of flange in mm.

1.8.6.4
Where the width thickness ratio exceeds the limits given the formulae given in 1.8.6.4 shall be used substituting for Fy the value Fcr given by :

a)
Fcr 
=
1.677  - 0.677 x (b/t)
 x Fy





(b/t) lim
 


when (b/t) lim < b/t< 378/sq. root (Fy)

and,

b)
Fcr
=
65550
                                (b/t) 2

when b/t > 378/sq. root (Fy)
Note : The maximum permissible value of b/t for any type of steel shall not exceed 25.

1.8.6.5      The redundant members shall be checked individually for 2.5 percent of axial load carried by the member to which it supports.

1.8.7

STRESSES IN BOLTS



The estimated stresses in bolts shall not exceed the values given in Table (1) of  IS:802-
Part-1/ Section (2) 3rd revision. Table-1, is reproduced.

TABLE 1 

ULTIMATE STRESSES IN BOLTS, MPa
	NATURE OF STRESS
	PERMISSIBLE STRESS FOR BOLTS OF PROPERTY CLASS
	REMARKS

	
	4.6
	5.6
	

	Shear

Shear Stress on gross area of bolts
	218
	310
	For bolts in double shear the area to be assumed shall be twice the area defined. For gross area of bolts refer item (a) below.

	Bearing

Bearing stress on gross diameter of bolts
	436
	620
	For the bolts in bearing see item (b) below

	Tension

Axial tensile stress
	194
	250
	


Item : (a)
Gross area of Bolt : - For the purpose of calculating the shear stress, the gross area of bolts shall be taken as the nominal area of the bolt.

(b) Bearing Area of Bolt :- Shall be taken as dxt, where “d” is the nominal diameter of the bolt, and “t” the thickness of the thinner of the parts jointed.

1.8.8

SLENDERNESS RATIO
1.8.8.1
Slenderness ratios of compression and redundant members shall be computed in accordance with clause 6 of  IS:802 (Part1/ section 2) 3rd revision. Provisions reproduced for reference.

	
	Type of Members
	Value of KL/r

	a)
	Compression Members
	

	i)
	Leg sections or joint members bolted in both faces at connections for ) 0 < L/r < 120
	L/r

	ii)
	Members with concentric loading at both ends of the unsupported panel for 0 < L/r < 120
	L/r

	iii)
	Member with concentric loading at one end and normal framing eccentricity at the other end of the unsupported panel for 0 < L/r < 120
	30+0.75 L/r

	iv)
	Member with normal  framing eccentricities at      both ends of the un-supported panel for 0 < L/r < 120
	60+0.50 L/r

	v)
	Member unrestrained against rotation at both ends of the unsupported panel for 120 < L/r < 200
	L/r

	vi)
	Member partially restrained against rotation at one end of the unsupported panel for 120 < L/r <225
	28.6+0.762 L/r



	vii)
	Member partially restrained against rotation at both ends of the unsupported panel for 120 < L/r < 250
	46.2+0.615 L/r



b)
Redundant Members



i)
For ) 0< L/r < 250






L/r

Note : 
The values of KL/r corresponding to (a) (vi) and (a) (vii), the following  evaluation is suggested :


The restrained member must be connected to the restraining member with at least two bolts.


The restraining member must have a stiffness factor I/L in the stress plane (I=Moment of inertia and L=Length) that equals or exceeds the sum of the stiffness factors in the stress plane of the restrained members that are connected to it.


Angle members connected by one leg should have the holes located as close to the outstanding leg as feasible. Normal framing eccentricities at load transfer connection imply that connection holes are located between the heel of the angle and the centre line of the framing leg.

1.8.8.2 

In calculating the slenderness ratio of the members, the Length L should be the distance between the intersections of the centre of gravity lines at each end of the member.

1.8.8.3
The following maximum limit of the effective slenderness ratio i.e. the ratio of unsupported length of the section in any plane to the appropriate radius of gyration shall not exceed value specified here under.

a. For main corner leg members including the corner

120



       members of  earth wire peak and the lower members



       of the cross-arms in compression

b. For the members having calculated stresses


      200

c. For redundant members

 



             250

d. For members having tensile stress only



      400

1.14


NUMBER, DANGER, PHASE PLATES AND CIRCUIT PLATE 


Bidder shall supply number plates, danger plates, phase plates & circuit plates for all towers as shown in drawing No. STED-9 to STED-12.


Danger plates shall conform to IS:2551-1982.


The number, circuit and phase plates shall conform to IS:5613 (Part-2/Section-1)-1985.

1.15


 ANTI-CLIMBING DEVICE

1.15.1

Towers shall be fitted with anti-climbing devices which shall be as per  drawing No. STED-13 and conform to IS:5613 (Part-2/Section-1)-1985. Anti-climbing devices shall be installed on the tower at the height duly  approved by the Purchaser.

1.15.2

Necessary holes shall be provided on the tower members for installation of the anti climbing device.

1.15.3

The bidder shall quote unit rate for anti climbing device inclusive of structural and barbed wire.

1.16


BIRD GUARDS

1.16.1
 The bird guards for suspension towers shall be made of galvanized iron sheet and shall be as per drawing No. STED-14 and shall conform to IS:5613 (Part-2/Section-1)-1985.

1.16.2
Necessary holes shall be provided on the cross arm of the suspension towers for fixing the bird guards.

1.17


FABRICATION

1.17.1

The fabrication of towers shall be in accordance with the provisions made in the following sub-clauses. 

1.17.2
  Except where here-in-after modified,  details of fabrication shall conform to the relevant clauses of IS : 802(Part -II) -1978 or latest edition.

1.17.3         The Contractor during fabrication of tower members shall ensure that mild steel and high tensile steel do not get mixed up (if applicable) during fabrication and as such identification mark shall be embossed on each and every Steel section.
1.17.4       All parts of the towers shall be cut to correct lengths and fabricated in accordance with the shop drawings approved by the Purchaser.  Welding of two or more pieces to obtain the length of member specified will not be allowed.  Members shall be straight to the permissible tolerances or better when required to ensure proper fit before being laid off or worked and after galvanizing.

1.17.5
Normally butt splices shall be used. The components constituting the joint shall have a total strength greater than the heavier of the members connected. Lap splices may be used for connecting members of unequal sizes.  The inside angle of lap splice shall be ground at the heel to fit the fillet of the outside angle. All splices shall develop full strength of the members connected through bolts, But as well as lap splices shall be made above and as close to the main panel points as possible.

1.17.6

Joints shall be so designed and detailed as to avoid eccentricity as far as possible.  However, where the connections are such that the elimination of gusset plates would result into eccentric joints, gusset plates and spacer plates  may be used in conformity with modern practices.  The thickness of gusset plates shall not be less than 6 mm.  Where a gusset plate is required to transmit stress, its thickness shall not be less than the thickness of the thickest connected bracing members but not less than 6 mm.

1.17.7

The use of fillers in the connections shall be avoided as far as possible.  The diagonal web members in tension may be connected entirely to the gusset plate where necessary to avoid the use of fillers.  Each diagonal shall be in one piece without splices or centre gusset, and it shall be connected at f intersection by one or more bolts. 

1.17.8
The tower members shall be accurately fabricated to bolt together easily at site without any undue strain on them or the bolts.

1.17.9

No angle member shall have the two leg flanges brought together by closing the angle.

1.17.10

All parts of the towers shall be accessible for inspection and cleaning. Drain holes shall be provided at all points where pockets or depressions are likely to hold water.

1.17.11

All similar parts shall be made strictly interchangeable. No rough edges shall be permitted any where throughout the work.

1.18


STRAIGHTENING:

Straightening through straightening machines of proper strength shall be allowed only.

1.19


CUTTING : 



The cut surfaces shall be clean , smooth, reasonably  square and free from any distortion.

1.20


BENDING :



Mild steel angle sections up to 75x75mm (thickness up to and including 6mm ) shall be 
bent cold up to and including bend angles of 10 deg.  Mild steel angle sections above 
75x75mm (thickness up to and including 6mm ) and up to and including 100x100mm 
(thickness up to 8mm ) may also be bent cold up to bend angles of 5 deg. All other angle 
sections and bend angles not covered above shall be bent hot.  All plates up to 12mm 
thickness shall be cold worked up to a maximum bend angle of 15deg.  Hot bending shall 
be employed for greater bend angles and thicker plates.  All hot bent material shall be air-
cooled.  The bends shall be of even profile and free from any surface damages.  Bends on 
all high tensile steel sections shall be done hot 

1.21


HOLING:

Holes in the members shall either be drilled or punched to jig and shall not be formed by 
flame cutting process.  All burrs left by punching or drilling shall be completely 
removed.  Punching may be adopted for M.S. sections with thickness up to 16mm . For thicker sections, drilling shall be done. The holes near the bend line of a bent member on both sides of bend line should be punched/drilled after bending and  relative positions of 
those holes shall be maintained  with the use of proper templates/jigs and fixtures.  The limit of punching for H.T. Steel section may be indicated in the bid.

1.22


FASTENERS : BOLTS, NUTS AND WASHERS
All bolts and nuts shall conform to IS: 6639-1972 and IS 12427-1988  or latest edition.  All bolts and nuts shall be galvanized and shall have hexagonal head and hexagonal nut. The heads being forged out of the solid truly concentric, and square with the shank, which must be perfectly straight,  ultimate stresses in the bolts shall be as given in table - I of cl. 5.4.1 of IS 802(part I /Section 2 ) 3rd revision.

1.22.1 Fully threaded bolts shall not be used.  The length of bolts shall be such that the threaded portion will not extend into the plane of contact of the member.

1.22.2 All bolts shall be threaded to take the full depth of the nut and threaded fr enough to permit firm gripping of the members, but not further.  It shall be ensured that the  threaded  portion of each bolt protrudes not less that 3mm and not more than 8mm when fully tightened.  All nuts shall fit and tight to the point where the shank of the bolt connect to the thread.

1.22.3 Flat and tapered washers shall be provided wherever necessary. Spring washers designated as B-16 as per IS-3063 Electro galvanized shall be provided for insertion under all nuts.  These washers shall be of steel and electro-galvanized, conforming to IS-1573 -1986 and positive  lock type and 3.5 mm in thickness  for 16 mm dia. bolt and 4mm for 20mm dia bolt and 4.5mm for 24mm bolt as per IS:3063-1972.

1.22.4 The Bidder shall furnish bolt schedules giving thickness of members connected, the nut and the washer and the length of shank and the threaded portion of bolts and sizes of holes and other special detail of this nature.

1.22.5 To obviate bending stress in bolts or to reduce to minimum, no bolt shall connect aggregate thickness of more than (3) times the bolt diameter and also the number of members  carrying stresses to be connected by a single bolt shall not generally exceed three ( excluding gusset and packing).

1.22.6 The bolt positions in assembled towers shall be as per IS: 5613(Part-3/Section-2)-1989.

1.22.7 Bolts at the joints shall be so staggered that nuts may be tightened with spanners without fouling. 

1.23


SPACING OF BOLTS AND EDGE DISTANCE :

The minimum spacing of bolts and edge distances shall be as given below:

	BOLT DIAMETER

(mm)
	HOLE DIAMETER

(mm)
	MINIMUM

BOLT SPACING

(mm)
	MINIMUM EDGE HOLE CENTRE TO ROLLED OR SAWN EDGE
	DISTANCE (mm) HOLE CENTRE TO SHARED OR FLAME CUT EDGE

	16
	17.5
	40
	20
	23

	20
	21.5
	48
	25
	28

	24
	25.5
	60
	33
	38


1.24


LOCKING DEVICES 



Electro galvanized / hot dip galvanized spring washers of type B of thickness indicated 
below corresponding to bolt diameter shall be provided for insertion under all nuts.

	BOLT DIAMETER

(mm)
	THICKNESS OF SPRING WASHER (mm)

	16
	3.5

	20
	4.0

	24
	4.5


1.25

The gap between the ends of two connected members  in a butt shall not be more than 6 mm and less than 4 mm.

1.26


TOLERANCES

1.26.1

The fabrication tolerances in general shall conform to IS:7215-1974 unless otherwise specified here-in-under:

1.26.2

The maximum allowable differences in diameter of the holes on the two sides of the plate or angle shall be 0.8mm i.e. the allowable taper in a punched hole shall not exceed 0.8 mm on diameter.

1.26.3

Tolerance cumulative and between consecutive holes shall be within + 1.6mm.

1.26.4

Tolerance on gauge distance shall be within +0.5mm.

1.27


ERECTION MARK

1.27.1 Each individual member shall have erection mark conforming to the component number given to it in the fabrication drawings.  This mark shall be punched with marking dies of 16 mm size before galvanizing and shall be legible after galvanizing.

1.27.2 Erection Marks for towers other than multi circuit towers shall be as per the Bill of Materials to be provided by the purchaser to the successful bidder.

1.27.3 For multi circuit towers shall be A-BB-CC-DDD


A
=
Purchaser's code assigned to the contractors-Alphabet.


BB
=
Contractor's Mark-Numerical


CC
=
Tower Type-Alphabet


DDD
=
Number mark to be assigned by Contractor-Numerical.

1.28


CHECK ASSEMBLY OF TOWERS.


Before proceeding with the bulk fabrication of any type of tower, the Contractor shall fabricate and assemble in his works for inspection by the purchaser or his authorized representative, one tower of each type as finally approved by the Purchaser for checking the fabrication accuracy and workmanship.  The check assembly shall be in a horizontal position.  Proto assembly made on ground in horizontal position shall be adequately supported to prevent distortion and overstressing of members to ensure proper fit and shall be accomplished without extraordinary effort to align bolt holes or to force pieces into position.  For the check assembly, bolts and nuts shall be not more than finger tight.

1.29


GALVANISING
1.29.1

All tower members and stubs shall be fully galvanized. Galvanizing of the member of the towers and stubs shall conform to IS:2629-1966 and IS: 4759-1968. All Galvanized members shall withstand tests as per IS:2633-1972. For fasteners, the Galvanizing shall conform to IS : 5358-1969. The Galvanizing shall be done after all fabrication work is completed, except that the nuts may be tapped or re-run after Galvanizing.  Threads of bolts and nuts shall have a neat fit and shall be such that they can be turned with finger throughout the length of the threads of bolts and they shall be capable of developing full strength of the bolts.  Spring washers shall be electro-galvanized as per Grade 4 of IS :1573-1970.

1.29.2

The finished materials shall be dipped into the solution of dichromate after Galvanizing or treated with approved inhibitor (the details of which shall be given in the tender) for protection against white rust formation during transportation.

1.30


DRAWINGS AND BILL OF MATERIALS 
1.30.1
The Structural Drawings and Bill of Materials of all the towers shall be provided by the department to the successful bidder.
1.31
PACKINGS  
1.31.1

The material shall be boxed or bundled for transport in the following manner :-

1.31.2

Angles shall be packed in bundles securely wrapped four times around at each end and at every meter with No.9 gauge galvanized steel wire with ends twisted tightly.  Gross weight of any bundle shall not exceed approximately 450 kg.

1.31.3

Cleat angles, brackets, fillet plates and similar small loose pieces shall be nested and bolted together in multiples , and securely  wired together through holes, wrapped round at least four times with No.9 gauge galvanized steel wire and ends twisted tightly.  Gross weight of each bundle shall not exceed approximately 70kg.

1.31.4

The correct number of bolts, nuts and washers to be packed in heavy gunny bags accurately tagged in accordance with the contents and a number of bags packed in a solid box of 22mm thick lumber with paneled ends to be securely nailed and further reinforced with 22mm x No. 18 gauge iron band stretched entirely around the batons with ends over lapping at least 150mm. Gross weight of each box shall not exceed approximately 70kg.


All packing shall be subject to the approval of the Purchaser, or his appointed 
representatives.


The packing shall be carried out with caution to protect the material from moisture, salt or any impurities which may cause rust or harmful effects.


The packages shall be new and sufficiently sturdy in construction to withstand normal service incident to shipping and field handling.
1.33


MARKING OF PACKINGS 


Each bundle or package shall have the following marks :

1.33.1 The contract/purchase order no. and date, the name or designation of the consignee (to be furnished by the Purchaser).

1.33.2 Ultimate destination (as required by the Purchaser).



  Detailed dispatch instruction shall be asked for by the contractor from the 

                  
 Purchaser at least 4 weeks ahead of the scheduled date of dispatch.



 All packages shall be marked with the standard packing mark as desired by the   
Purchaser.

1.34


PLACE OF MANUFACTURE AND MANPOWER



The bidder must have established steel fabrication facilities in his works or at the works 
of his Associates. The galvanizing bath plant & equipment  available  for fabrication, 
testing facilities available in their works and other Institution which they intend to make 
use of shall be stated in the Schedules in Section III, and shall not be changed without the 
approval of the Purchaser.  The bidder shall also submit the details of manpower 
available with his Organization indicating clearly the number of personnel engaged in the 
design, fabrication of supporting structures and for erection/construction of the 
Transmission Line.  The bidder shall give a brief profile of the Organization(s)

1.35


SCHEDULE OF REQUIREMENTS  AND DESIRED DELIVERY



The schedule of requirements (tentative ) and desired deliveries is given in  Annexure I & 
II  of Volume III of the Specification.

1.36


PERFORMANCE  SCHEDULE



The bidder shall furnish the details of his performance in respect of the major works 
carried out by him involving supplies of materials for and/or erection of such EHV lines 
preferably 220 kV and above voltage  lines which are in service, at least for the last five 
years, in the performance schedule contained in Schedule B (Section – III) of this 
Specification.

1.37


QUALITY ASSURANCE  PLAN :



A Quality Assurance Plan including customer hold points covering the manufacturing 
activities of the material shall be required to be submitted by the bidder to the 
Purchaser along with the tender.  The Quality Assurance Plan after the same is found 
acceptable, will be approved by the Purchaser. 



The Contractor shall follow the approved Quality Assurance Plan in true spirit.  If desired 
by the Purchaser, he shall give access to all the documents and materials to satisfy the 
Purchaser that the Quality Assurance Plan is being properly followed.

1.38


SCHEDULE OF DEVIATIONS / VARIATIONS:



If the bidder has any exceptions to any of the clause/s laid down in this specification, 
these should be clearly stated in the schedule of deviations/variations, (technical or 
commercial ) otherwise it shall be presumed that the bidder agrees to the provision/s of 
this specification and same shall be included in the purchase order and the contract in 
case of successful bidders.

1.39


PAYMENTS 



The payments towards supply of tower part shall be in accordance with the section 
General Condition of Contract(GCC)) of volume I of this specification.









CHAPTER 2
ERECTION,  TESTING & COMMISSIONING

2.1 SCOPE

2.1.1 This chapter covers erection, testing and commissioning of the Transmission Line enumerated in Section I -"GENERAL TECHNICAL REQUIREMENT". The  successful bidder will transport the tower members, tower accessories and other line materials to the work sites.

2.1.2 The erection work shall also include the cost of labour, all tools and plants including tension stringing equipment and all other incidental expenses in connection with the erection, testing &  commissioning of the lines.
2.1.3 VARIATION IN QUANTITIES


The rates indicated in the Price schedule  shall  hold good up to 5%variation in quantity.  When quantity against any item exceeds 5% of the scheduled quantity the contractor shall bring the fact to the notice of the Chief Engineer System & Operation Wing Kashmir  well in advance and obtain his approval before commencing execution of such excess quantity.
2.2 .SPECIFIC TECHNICAL REQUIREMENTS
The specific technical requirements for erection, testing and commissioning  of the line and the particulars of the line, completion programme, etc. are specified in Section-II of this Specification 

2.3 STANDARDS

2.3.1 Except where otherwise specified or implied the erection, testing and commissioning  shall  conform to the provisions of IS :5613 (part 2 / Section-2) -1985 (as amended up to date).

2.3.2 The Indian Standard Specifications mentioned below shall be applicable to the materials and processes used in executing the work.

i)
IS:5613(Part  2-1985)

:
Code of Practice for Design 

Installation, and Maintenance of over head power lines 



Section - 1:



Design



Section - 2:



Installation and Maintenance.

2.4 COMMUNICATION AND TRANSPORT



The information about the existing communication and transport facilities may be 
verified from the concerned authorities before submitting the offer.

2.5 MATERIAL HANDLING AND ACCOUNTING 

2.5.1 The Contractor shall be responsible for taking delivery, clearance and unloading of material from wagons,  transportation of the material to their storage yards and storage of the material etc.  In case of loss/damage of the material, the Contractor shall be responsible for making good the shortages/damages within the period specified by the Purchaser.  Any demurrage and wharf age incurred on the material due to Contractor's carelessness shall be to his account.

2.5.2 The Contractor shall be responsible for safe transportation of conductor, Ground wire, insulators, etc. to the work sites.  He shall be responsible for proper distribution of the Conductor and Ground wire drums so that the numbers and lengths of cut pieces are minimum.

2.5.3 No separate charges shall be paid for head loading of materials, tools and tackles.  The bidders shall inspect the line route before submitting their tenders.

2.6 ERECTION LOSSES




The Contractor shall be responsible for any  breakages, losses and wastages of materials 



during erection.
2.7 GENERAL STORAGE OF MATERIAL

2.7.1 The Contractor shall stack the fabricated steel members in separate piles member - wise and tower - wise .  These shall be stacked clear off the ground with their heels upwards in order to avoid entrapping of water between the angle-sections.    Other line material shall be stocked properly with a view of ease of handling, issue, accounting minimum exposure to inclement weather etc.

2.7.2 Engineer-In-Charge shall have the right of exercising inspection of Contractor's stores at any time to ensure no damages to the material.

2.8 RIGHT-OF -WAY, CUTTING OF TREES, ETC. 

2.8.1 The purchaser will arrange the right of way along the transmission line route.  Any avoidable or deliberate damage done to standing crop or private property by the Contractor's labourers shall be the Contractor's responsibility.

2.8.2 The Purchaser will acquire only such piece of land as is actually required for each tower foundation.  Any extra land required by the Contractor temporarily for dumping of the erection material shall be the responsibility of the Contractor.  The Purchaser shall also not be responsible for arranging access roads/right - of - way for transport of material from road side to work sites.  If the Contractor has to adopt any such arrangements, he may do so with the consent of the property owners and any compensation in that respect will be his responsibility.  The Contractor shall take all reasonable steps for preventing damage to crops during execution of the contract work.

2.8.3 Clearing of obstructions falling in the right -of way as per IS:5613 (part-2/ section 2)-1985 and lopping or  trimming of the portion of the trees falling within the minimum electrical clearance zone shall be the responsibility of the Purchaser.  However, any lopping or trimming of tree branches obstructing the line of sight during check survey shall be the responsibility of the Contractor.

2.9 ROADS,   RIVER,   KHUD  /  NALLAH,   POWER    AND   TELE COMMUNICATION LINE AND RAILWAY CROSSINGS.

2.9.1 The crossings of roads, river, Ditches/ Nallahs, power and telecommunication lines, and railway tracks falling in the line route shall be carried out with the types of structures and at angles as indicated in the approved profile sheets and tower schedules.
2.9.2 The crossings of railway tracks, telecommunication lines and erection of lines in the vicinity of aerodromes shall in addition meet the requirements of the regulations/ code listed below:

i) Regulation for Electrical crossing of Railway Tracks issued by the


Ministry of Railways.

ii) Code of Practice for Crossings between power and telecommunication 

lines - 1974 ( as amended up to date).

iii) Requirements for routing of over head lines in the vicinity of Aerodromes laid down by the Director, General of Civil Aviation, Govt. of India.

2.10 CROSSING OF PUBLIC  UTILITIES 

2.10.1 The Contractor shall be responsible for giving requisite notice to the appropriate authorities and intimate them the date and time when he proposes to carry out erection of the conductors and ground wires along or across power lines or telecommunication lines, public roads, water ways, railways etc. Lowering of the conductors, ground wires etc. of the existing power lines and its restringing and taking all necessary  precautions to avoid damage to the existing lines will be the responsibility of the Contractor.  Any guying, temporary reinforcement required for the existing structures will also be the responsibility of the Contractor. 

2.10.2 Where other authorities or public undertakings affected , deem it necessary for the protection  of their employees, property, public or for the assistance of traffic to provide flagmen or watchmen, the cost of such provision shall be borne by the Contractor.

2.10.3 Where it is necessary to provide scaffolding over roads, power lines or telecommunication lines this shall be carried out by the Contractor at such times as may be convenient to the requisite Authority and such work shall be deemed to be covered in the rates. Flagmen and approved types of danger or warning notices shall be provided by the Contractor to ensure safety of the public. The time taken to effect the crossing  shall be kept to the minimum.

2.11 ERECTION TOOLS AND PLANTS 


The Contractor shall provide at his own expenses all necessary erection tools and plants such as surveying instruments, tackles, spanners, wrenches, pumps, timbering, scaffoldings, jacks, winches, ropes and all construction machinery such as tractors, bull dozers, hydraulic compressors and dies, dynamometers, come along clamps, tension stringing equipments, camping requisites etc.

2.12 ELECTRIC POWER FOR CONSTRUCTION PURPOSES



The Contractor shall make all necessary arrangements and provide all necessary electric 
power for construction purposes at  his own cost.  In case the power is available with the 
Purchaser, the same shall be supplied at the prevailing tariff rates.

2.13  HANDLING AND TRANSPORTATION OF STEEL

All galvanized tower steel, including stub angles, shall be handled and transported to work site by the Contractor with care to avoid bending of members and damage to galvanized surfaces.

2.14 TOWER ERECTION 

2.14.1 The Towers shall be erected by member by member assembly or any other standard method.  The tower shall be erected in the best workmanlike manner.

2.14.2 The Contractor shall be entirely responsible for correct erection for all towers as per the approved drawings.  The towers must be truly vertical after erection, the permitted  tolerance in verticality being 1 in 360 of the tower height.  No straining will be permitted to make the towers vertical. 

2.14.3 A reasonable amount of drifting as permissible in IS:5613 (Part 2/  Section -2) 1985 shall be allowed in assembling, but reaming for correction of mis-matched holed due to shop errors will not be permitted.  If any shop errors are discovered, the Contractor shall notify the Purchaser, who will decide whether the errors may be corrected in the field or members returned to tower fabricator for correction or replacement.  All galvanized surfaces damaged as a result of correction shall be made good as directed by the Purchaser.

2.14.4 All errors and omissions in erection of towers shall be corrected by the Contractor at no additional cost to the Purchaser.  Any tower damaged during erection due to incomplete bolting, improper guying or any other reasons, shall be repaired/ replaced by the Contractor as directed by the Purchaser.

2.14.5 ASSEMBLY
The method followed for the erection of towers, shall ensure the points mentioned below:

a) Straining of the members shall not be permitted for bringing them into position. It may, however, be necessary to match hole positions at joints and to facilitate this, tommy bars not more than 450 mm long may  be used.

b) Before starting erection of an upper section, the lower section shall be completely braced and all bolts provided in accordance with approved drawings.

c) All plan diagonals relevant to a section of tower shall be placed in position before assembly of upper section is taken up. 

d) The bolt positions in assembled towers shall be as per IS:5613 (part-2 / Section-2)-1985.

e) Tower shall be fitted with number plate, danger plate, phase plates, circuit plate and anti climbing device as described. 

f) All the blank holes, if any left, after complete erection of the tower, are to be filled up by bolts and nuts of correct size.

2.15 TIGHTENING AND PUNCHING OF BOLTS AND NUTS

2.15.1 All nuts shall be tightened properly using correct size spanners and torque wrenches.  Before tightening, it will be ensured that filler washers and plates are placed  in relevant gaps between members, bolts of proper size and length are inserted and one spring washer shall be placed under each nut, and in case of step bolts, spring washers have been placed under the outer nuts.  The tightening shall progressively be carried out from the top downwards, care being taken that all bolts at every level are tightened simultaneously.  The threads of bolts projecting outside the nuts shall be punched at three position on the diameter to ensure that the nuts are not loosened in coarse of time.  If during tightening a nut is found to be slipping or running over the bolt threads, the bolt together with the nut shall be replaced.

2.15.2 
All the bolts projected outside the nuts shall be welded with the nuts at two diametrically opposite places. The length of each welding shall be at least 10 mm .  The welding shall be provided from ground level up to bottom cross arm level.  After welding cold galvanized paint (zinc rich paint) having at least 90% zinc content shall be applied to the welded portion.  At least two coats of the paint shall be applied.  The cost of welding including application paint shall be deemed to be included in the erection price.

2.16 TOWER ACCESSORIES

2.16.1 "Each tower shall be fitted with number plate, danger plate, circuit plate  and phase plates."

2.16.2 Anti- climbing device shall be provided on all towers.

2.16.3 Bird- guards shall be provided on suspension towers.

2.16.4 The dead end compression and jumper connection in tension assemblies shall be fixed to conductor in accordance with manufacturer’s recommendation which shall be furnished by the contractor.

2.17 INSULATOR HOISTING

2.17.1 The insulators, string fittings and insulator string assembly drawings shall be supplied by Contractor. The number of insulator units required per string are given in Section-II of this specification for suspension as well as tension strings.  Suspension insulator strings                                    shall be used on tangent towers and tension insulator strings on all tension towers.

2.17.2 Damaged insulators and fittings, if any, shall not be used in the assemblies.  All insulators shall be cleaned in a manner that will not spoil , injure or scratch the surface of the insulator, but in no case any oils shall be used for the purpose. Before hoisting, the components of the insulator string shall be checked for any damage, crack and missing of security clips etc. The yoke arrangements shall be horizontal for tension and longitudinal or suspension strings.  Torque wrench shall be used for fixing different components, like suspension clamp for conductor and ground-wire, etc. whenever, 
recommended by the manufacturer of the same.

2.17.3 The installation of string assemblies shall also include the installation of armour rod sets 
at suspension locations. 

2.17.4 The compression dead ends and jumper connection in tension assemblies shall be fixed to 
conductor in accordance with manufacturer's recommendations which shall be furnished 
by the Contractor.

2.17.5 Sacking shall be wrapped over the cross arm members of towers to prevent damage to the 
galvanized surface during hoisting of string assemblies.

2.17.6 Payment for installing insulator assemblies of various types shall be included in the rates 
quoted in the Schedule of Prices for stringing of conductors.

2.18 HANDLING OF CONDUCTOR AND GROUND WIRE

2.18.1 Before commencement of stringing, the Contractor shall submit stringing charts for the conductor and Ground wire for various temperatures corresponding to spans and equivalent spans prepared on the basis of the data given in Section - II of this Specification and also on the data obtained from the detailed survey for the approval of the Purchaser.

2.18.2 The Contractor shall be entirely responsible for any damage to the towers or conductor's during stringing.  While running out the conductors care shall be taken that the conductors do not touch and rub against the ground or objects which could cause scratches or damage to the strands.  The conductor shall be run out of the drums from the top in order to avoid damage due to chafing.  Immediately after running out, the conductor shall be raised at the supports to the levels of the clamp and placed into the running blocks. The groove of the running blocks shall be of such a design that the seat is semi-circular and larger than the diameter of the conductor, ground wire and it does not slip over or rub against the sides.  The grooves shall be lined with hard rubber or neoprene to avoid damage to conductor and shall be mounted on properly lubricated bearing.

2.18.3 The running blocks shall be suspended in a manner to suit the design of the cross-arm. All running blocks, especially those at the tensioning end shall be fitted on the cross arms with jute cloth wrapped over the steel work and under the slings to avoid damage to the slings as well as to the protective surface finish of the steel work. Normally, suspension towers shall not be used even for temporary termination.  In case small or medium angle towers are used even for temporary terminations, these shall be well guyed and steps be taken by the Contractor to avoid damage.  Guying proposal along with necessary calculations shall be submitted by the Contractor to Engineer -in - Charge, for the approval. Proper T & P shall also be made available to the Purchaser by the Contractor for checking tensions in the guy wires.  The drums shall be provided with a suitable braking device to avoid damages, loose running out and kinking of the conductor. The conductor shall be continuously observed for loose or broken strands or any other damage. When approaching end of a drum length, at least three coils shall be left when the stringing operations are to be stopped. These coils are to be removed carefully, and if another length is required to be run out, a joint shall be made as per the recommendations of the conductor manufacturers.




Alternative procedure for stringing other than that specified may be offered.

2.18.4 Repairs to conductors, if necessary, shall be carried out during the running out operations, with repair sleeves. Repairing of conductor surface shall be done only in case of minor damage, scuff marks etc. keeping in view both electrical and mechanical safety requirements.  The final conductor surface shall be clean, smooth and shall be without any projections, sharp points, cuts abrasions etc.

2.18.5 Conductor splices shall be so made that they do not crack or get damaged in the stringing operation.  The Contractor shall use only such equipment/methods during conductor stringing which ensures complete compliance in this regard. 

2.18.6 Derricks and scaffolding shall be used where roads, rivers, channels, telecommunication or overhead power lines, railways lines, fences or walls have to be crossed during stringing operations.  It shall be seen that normal services are not interrupted or damage caused to property.  Shut-down shall be obtained when working at crossing of overhead power lines.  The Contractor shall be entirely responsible for the proper handling of the conductor, Ground wire and accessories in the field.  

2.18.7 Suitable guards/sheaves shall be used to protect the conductor from damage in places where it would otherwise be impossible to save the conductors from coming in contact with objects which may injure the conductors.  Guards shall consist of material over which the conductor may slide without injury and shall be subject to the approval of Purchaser.

2.18.8 The sequence of running out shall be from top to downwards, i.e.  The ground wire shall      be run out first, followed by the conductors in succession.  Unbalances of loads on towers shall be avoided as far as possible. 

2.18.9 The proposed 220 kV Transmission line may run parallel for certain distance with the existing  132 kV, 220 kV,400 kV lines which may remain energized during the stringing period.  As a result there is a possibility of dangerous voltage build up due to electromagnetic and electrostatic coupling in the pulling wire conductors and round wires, which although comparatively small during normal operations can be severe during switching operation. It shall be the Contractor's responsibility to take adequate safety precautions to protect his employees and other from this potential danger.

2.18.10 The small and medium angle tension towers of 220 kV lines are not designed for one side stringing.  Proper guying arrangement shall therefore be made by the Contractor during stringing to avoid unbalanced loads on towers.  All the expenditure on account of the above work is deemed to be included in the tender and no extra payment shall be made for the same.

2.19 STRINGING OF CONDUCTOR AND GROUND WIRE


The stringing of the conductor for 220 kV lines shall be done by the control tension method.  

2.20 JOINTING


2.20.1 
All the joints on the conductor and Ground wire shall be of compression type, in 
accordance with the recommendations of the manufacturer for which all necessary tools 
and equipment like compressors, dies, etc.  shall have to be arranged by the Contractor.  
Each part of the joint shall be cleaned by wire brush to make it free of rust or dirt etc. and 
shall properly be greased with anti-corrosive compound, if required and as recommended 
by the supplier before the final compression is done with the compressors.

2.20.2 
All joints or splices shall be made at least 15 meters away from the structures. No joints or splices shall be made in the spans crossing over main roads, railways and rivers.  The joints in the tension spans shall be permitted after the approval of the Purchaser Engineer.  Not more than one joint per sub-conductors shall be allowed in one span. The compression type fitting used shall be self - centering type or care shall be taken to mark the conductors to indicate when the fitting is centered properly. During                        compression or splicing operation, the conductor shall be handled in such a manner as to prevent lateral or vertical bearing against the dies.  After pressing the joint,  the aluminum sleeve shall  have all corners rounded, burrs and sharp edges removed and smoothened.

2.20.3 
During stringing of conductor, to avoid any damage to the joint, the Contractor shall use a suitable protector with mid span compression joints in case joints are to be passed over pulley blocks /aerial rollers.  The size of the groove of the pulley shall be such that the joint along with protector can be passed over it smoothly.  The arrangement to be adopted shall be explained in the tenders.

2.21 SAGGING-IN-OPERATION

2.21.1 The conductors and Ground wire shall be pulled up to the desired sag and left in running block for at least one hour after which the sag shall be re-checked and adjusted,  if necessary, before transferring the conductors from the running blocks to the suspension clamps. The conductors shall be clamped within 36 hours of sagging in.

2.21.2 The sag will be checked in the first and the last span of the section in case of sections up to eight spans and in one intermediate span also for sections with more than eight spans.  The sag shall also be checked when the conductors  have been drawn up and transferred from running blocks to the insulator clamps.

2.21.3 The running blocks, when suspended from the transmission structure for sagging shall be so adjusted that the conductors on running blocks will be at the same height as the suspension clamp to which it is to be secured.

2.21.4 At sharp vertical downward angles, the sags and tensions shall be checked on both sides of the angles, the conductor and earth wire shall be checked on the running block for equality of tension on both sides. The suspension insulator assemblies shall normally assume  vertical positions when the conductor is clamped.

2.21.5 Tensioning and sagging operations shall be carried out in calm weather  when rapid changes in temperatures are not  likely to occur.  In areas where calm weather is not prevalent during working season, the Contractor shall recommend the precautions to be taken during final tensioning and sagging of conductor.

2.22 TENSIONING AND SAGGING OF CONDUCTORS AND GROUND WIRE
2.22.1 The tensioning and sagging shall be done in accordance with the approved stringing charts before the conductors  and ground wire are finally attached to the towers through the ground wire clamps for the ground wire and insulator strings for the conductor. Dynamometers shall be employed for measuring tension in the conductor and ground wire. The dynamometers employed shall be periodically checked and calibrated with a standard dynamometer.

2.22.2 Provision for ground undulations, errors in stringing  has been made in clause No.1.16.2  This shall be considered at the time of stringing of conductors. 

2.22.3 No pre stressing / over-tensioning of the ground wire shall be done.

2.22.4 The Contractor shall terminate the line conductors and ground wire at the dead end  towers on each end of the line.  Payment for stringing work shall be made for the actual route length of the line at the unit rates quoted for the stringing of conductors and ground wire in the Schedule of Prices.

2.23 CLIPPING IN 

2.23.1 Clipping of the conductors in position shall be done in accordance with the recommendations of the Purchaser. Conductor shall be fitted with the armour rods at suspension point and with vibrations dampers at suspension and tension points. 

2.23.2 The jumpers at the section and angle towers shall be formed to parabolic shape to ensure maximum clearance requirements.  Pilot suspension insulator string shall be used, if so desired by the Purchaser to restrict the jumper swings to the designed values.

2.23.3 Fasteners in all fittings and accessories shall be secured in position.  The security clip shall be properly opened and strung into position.

2.24 FIXING OF CONDUCTOR AND GROUND WIRE ACCESSORIES

2.24.1     Vibration dampers and other conductor and ground wire accessories shall be installed by the Contractor as per the design requirements and respective  manufacturer's  instruction.  Vibration dampers shall be fitted within 24 hours. of the conductor clamping. While installing the conductor and ground wire accessories proper care shall be taken to ensure that the surfaces are clean and smooth and no damage shall occur to any part of the accessories.

2.24.2 
The Contractor shall ensure that drain holes, if provided, in the weights of the vibration dampers are open.  The vibration dampers shall be installed at the intervals indicated by the Purchaser. The required number of spacer cars/ cycles with meter counters suitable for installing vibration damper shall be arranged by the Contractor.

2.24.3 
Rates for installing vibration dampers shall be included in the rates of stringing of conductor and ground wire.

2.25 REPLACEMENT


If any replacements are to be effected after stringing and tensioning or before handing over, leg members  and bracings shall not be removed without reducing the tension on the tower with proper guying or releasing the conductor. If the replacement of cross arms becomes necessary after stringing, the conductor shall be suitably tied to the tower at tension points or transferred to suitable roller pulleys at suspension points. 

2.26 FINAL CHECKING, TESTING AND COMMISSIONING

After completion of the works,  final checking of the line shall be done by the Contractor to ensure that all the tower erection, and stringing have been done strictly according to the specifications and as approved by the Purchaser.  All the works shall be thoroughly inspected keeping in view  the following main points:

a) All the tower members are correctly used, strictly according to the drawings and are free from  any defect or damage  whatsoever.

b) All bolts are properly tightened and punched /and tack welded ( as specified ).

c) The stringing of the conductors and Ground wire has been done as per approved sag and tension charts and desired clearances are clearly available.

d) All conductor and Ground wire accessories are properly installed.

e) All other requirements to complete the work like fixing of danger plate, phase plates, number  plate, anti-climbing device, Bird guards etc.  are properly installed.

f) The line insulation is tested by the Contractor by providing his own equipment, labour etc. to the satisfaction of the Purchaser.

g) The line is tested satisfactorily for commissioning purpose.

h) The right-of-way all along the route of line is clear of all obstructions and  meets requirements of clause 5.3 of IS:5613 (Part -2/ Section-2)-1985.

i) Any defects found as a result of testing shall be rectified by the Contractor forthwith to the satisfaction of the Purchaser and Electrical Inspection Agency of J&K PDD without any extra charges.

j) Before taking over of the line by the Purchaser , the line shall be energized at full working voltage.

2.27 PAYMENTS

2.27.1 The payment to the Contractor for various items of works shall be based on the rates quoted in the Schedule of prices for Erection.
2.27.2 The payment for super-structure erection shall be based on the weights of towers  and their extensions as per the bill of material for each type of tower 

2.27.3 No claim for idle period resulting from any "force majeure" condition shall be entertained by the Purchaser.

2.28 ERECTION EXPERIENCE AND FINANCIAL RESOURCES OF BIDDER

The bidder should have experience of erection and commissioning of 220 kV  lines as per volume - I.  The bids received from the bidders who do not fulfill these requirements  shall not be considered.  The bidders shall submit details of the 220 kV lines of similar construction erected by them which are in operation, in 'Performance Schedule', along with certificates  from their customers in support of the satisfactory construction and operation of the lines.  Information about financial resources of the tender shall also accompany the tender.

2.29 ERECTION SCHEDULE

2.29.1 
The transmission line(s) covered under this specification are required to be completed as per the programme given in the Annexure I. of Volume III. And referred at Page No.4 under Clause: Completion Schedule. 
2.29.2 
The bidder  shall submit erection schedule(s) covering all phases of work starting from the date of award of contract up to the commissioning of the transmission line, in the form of flow-diagrams showing critical path construction schedule of all phases of work simultaneously or in the form of Bar Chart for all the lines separately.

2.30 PROGRESS REPORT


Weekly Progress Reports of erection work in triplicate shall be submitted by the Contractor, in accordance with the recommendations figuring at 1.1.6.11 at Page No.04
CHAPTER - 3
CONDUCTOR, GROUND WIRE, CONDUCTOR AND GROUND WIRE
ACCESSORIES.

.

3.1 POWER CONDUCTOR

3.1.1 SCOPE

This section  covers  design, manufacture, testing before dispatch, packing,  supply  and  delivery  F.O.R destination of  'ZEBRA'  ACSR Conductor of size 54/7/3.18 mm.

3.1.2 STANDARDS

3.1.2.1 The  Conductor  shall  also comply  in all respects with the IS:398(Part-II)-1996  with  latest   amendments   unless   otherwise stipulated  in  this  specification or any other International Standards which ensure equal or higher quality material.

3.1.2.2 The ACSR Conductor shall also conform to the following standards.

	S.No.
	Indian Standard
	Title
	International 

Standard

	1
	IS:209-1979     
	Specification for Zinc          
	BS-3436-1961

	2
	IS:398-1996     
	Specification for aluminium 

conductors for overhead 

transmission purposes
	

	
	Part II
	Aluminium conductors galvanized steel reinforced        
	IEC-209-1966

BS-215

(Part-II) 1970

	3
	IS:1521-1972    
	Method of Tensile Testing of Steel Wire
	ISO/R89-1959

	4
	IS:1778-1980    
	Reels and Drums for Bare conductors
	BS-1559-1949



	5
	IS:1841-1978    
	E.C.Grade Aluminum rod

produced by rolling
	

	6
	IS:2629-1966    
	Recommended practice for Hot Dip Galvanizing of iron and steel
	

	7
	IS:2633-1986    
	Method of testing uniformity

of coating of zinc coated

articles.
	

	8
	IS:4826-1968    
	Galvanized coatings on round  steel wires.                      
	ASTM A472-729

BS-443-1969

	9
	IS:5484-1978    
	E.C.Grade Aluminum rod produced by continuous casting and rolling.
	

	10
	IS:6745-1972    
	Methods of determination of weight of zinc-coating of zinc coated iron and steel articles       
	BS-443-1969

	11
	IS:8263-1976    
	Method of radio-interference tests on high voltage installations.    
	IEC:437-1973

NEMA:107-1964


3.1.2.3 Offers   conforming   to Standards other  than  IS-398  shall  be  accompanied  by  the English  version  of  relevant  standards  in  support  of the guaranteed particulars to be  furnished  as  per  Section-III enclosed.

3.1.3 GENERAL TECHNICAL REQUIREMENTS

The General Technical Requirements are  given  in  Section-II. The Conductor shall conform to these technical requirements.



The  Bidder  shall furnish guaranteed technical particulars in Section-III.

3.1.3.1 MATERIALS/WORKMANSHIP

3.1.3.1.1 The material offered shall be of best quality and workmanship. The steel cored aluminium conductor strands shall  consist  of hard  drawn  aluminum  wire  manufactured  from not less than 99.5% pure electrolytic aluminum rods  of  E.C.    grade  and copper content  not  exceeding 0.04%. They shall have the same properties and characteristics  as  prescribed in IEC:889-1987. The steel wire shall be made from  material produced either by the acid or  basic open hearth  process or by electric furnace process or basic oxygen process. Steel wire drawn from Bessemer Process shall not  be used.

3.1.3.1.2 The  steel  wires  shall  be  evenly and uniformly coated with electrolytic high grade, 99.95% purity zinc complying with the latest issue of IS-209 for  zinc.    The  uniformity  of  zinc coating  and the weight of coating shall be in accordance with Section-II and shall be tested and  determined  according  to the latest IS-2633 or any other authoritative standard.

3.1.3.1.3 The steel strands shall be hot dip galvanized and shall have a minimum zinc  coating  of  250  gm/Sq. m  after stranding.  The coating shall be smooth, continuous, and of uniform thickness, free from imperfections and shall withstand minimum three dips after stranding in standard preece test.   The  steel  strands shall  be  preformed  and   pos formed  in  order  to  prevent spreading of strands in the event of cutting of composite core wire.  The  properties and characteristics of finished strands and  individual  wires shall be as prescribed in IEC:888-1987. 

3.1.3.2 CONDUCTOR   PARAMETERS

3.1.3.2.1           The Parameters of individual strands and composite steel cored aluminum  conductor,  shall  be in accordance with the values given in Section-II.

3.1.3.2.2          Creep in a conductor is attributed partly due to settlement of strands and partly due to non-elastic elongation of metal when subjected to  load. The  manufacturer  of  conductor  shall furnish  the  amount of creep which will take place in 10, 20, 30, 40 and 50 years along with  the  supporting  calculations. The calculations should be based on everyday temperature of 32 Deg C and everyday tension of 25% of UTS of conductor of 220 kV Lines.

3.1.3.3 TOLERANCES

3.1.3.3.1           The  tolerances  on  standard  diameter of Aluminum and Steel wires shall be as detailed in specific technical requirements.

3.1.3.3.2 The   cross-section   of   any  wire  shall  not  depart  from circularity by  more  than  an   amount  corresponding  to  the tolerance on the standard diameter.

3.1.3.3.3           The  details  of  diameters, lay ratios of Aluminum and steel wires shall be in accordance with the  Section-II  "Technical Requirements".

3.1.3.4 SURFACE CONDITIONS


All aluminum and steel strands shall be smooth, and free from all imperfections, spills and splits.  The finished conductor shall  be  smooth,  compact,  uniform  and   free   from   all   imperfections   including   spills   and  splits,  die  marks, scratches,  abrasions,  scuff  marks,  kinks  (protrusion   of wires),   dents,  pressmarks,   cut  marks,  wire  cross-over, over-riding looseness, pressure and/or unusual bangle noise on   tapping, material inclusions, white rust, powder formation  or black  spots  (on  account of reaction with trapped rain water etc.,), dirt, grit, etc.  The surface of  conductor  shall  be free  from  points, sharp edges, abrasions or other departures from smoothness or uniformity of surface  contour  that  would increase radio  interference and corona losses.  When subjected to tension up to 50% of the ultimate strength of the conductor, the surface shall not depart from the cylindrical form nor any part of the component parts or strands move relative  to  each other  in  such  a  way as to get out of place and disturb the longitudinal smoothness of the conductor.

3.1.3.5 JOINTS IN WIRES

3.1.3.5.1           Aluminum Wires

3.1.3.5.1.1 During stranding, no aluminum wire welds shall be made for the purpose of achieving the required conductor length.

3.1.3.5.1.2 No joint shall be permitted in  the individual aluminum wires  in  the outer  most  layer  of  the  finished  Conductor. However, joints  in  the 12 wire & 18 wire inner layer of the conductor  are permitted  but these joints  shall  be  made  by the cold pressure butt welding and shall be such that no two such joints shall be within 15 meters of each other in the  complete  stranded  conductor.
3.1.3.5.2          Steel Wires

There  shall  be  no joints in finished steel wires forming the core of the steel reinforced aluminum conductor.

3.1.3.6 STRANDING

3.1.3.6.1 The wires used in  construction  of  the  stranded  conductor, shall, before stranding, satisfy all requirements of IS-398(Part-II)-1996.

3.1.3.6.2 In all constructions, the successive layers shall be stranded in opposite  directions. The wires  in each layer shall be evenly and closely  stranded  round  the  underlying  wire  or wires.   The  outer most layer of wires shall have a right hand lay.  The lay ratio of the different layers  shall  be  within the limits given under Section-II.

3.1.3.7 PACKING

3.1.3.7.1 The conductor  shall  be  supplied  in  non-returnable  strong wooden  drums  provided  with  lagging  of  adequate  strength constructed to protect the conductor against  any  damage  and displacement  during  transit, storage and subsequent handling and stringing operations  in  the  field.    The  drums  shall generally conform to IS-1778-1980 and latest version except as otherwise specified hereinafter.  The conductor drums shall be adequate  to  wind one standard length of 1800 meters of 'ZEBRA'  ACSR conductor.

3.1.3.7.2 The drums shall be suitable for wheel mounting and for letting off the conductor  under a minimum controlled tension of the order of 5KN. 

3.1.3.7.3 The  bidders  should  submit  their  drawings of the conductor drums along with the bid.  After placement of letter of intent the supplier shall submit four  copies  of  fully  dimensioned    drawing of  the  drum for purchaser's approval.  After getting approval from the purchaser, supplier  shall  submit  30  more copies  of  the approved drawings for further distribution and field use at PDD, J & K (KASHMIR) end.

3.1.3.7.4 All wooden components shall be manufactured  out  of  seasoned soft  wood  free  from  defects that may materially weaken the component parts of the  drums.    Preservative  treatment  for anti-termite/anti  fungus  shall be applied to the entire drum with preservatives of a quality which is not  harmful  to  the conductor.

3.1.3.7.5 All  flanges shall be 2-ply construction with 64 mm thickness, with each ply at right angles to the adjacent ply and nailed together.  The nails shall be driven from the inside face flange, punched and then clenched on the outer face.    The thickness of each ply shall not vary by more than 3mm from nominal thickness.  There shall be at least 3 nails per plank of ply with maximum nail spacing of 75 mm.  Where a slot is cut with flange to receive the inner end of the conductor the entrance shall be in line with the periphery of the barrel.

3.1.3.7.6 The wooden battens used for making the barrel of the conductor shall be  of  segmental  type.  These shall be nailed to the barrel supports with at least two nails.  The battens shall be closely butted and shall provide a round barrel  with  smooth  external  surface. The  edges  of  the  battens  shall be rounded or chamfered to avoid damage to the conductor.

3.1.3.7.7 Barrel studs shall be used for construction  of  drums.    The flanges  shall  be  holed  and  the barrel supports slotted to receive them.  The barrel  studs  shall  be  threaded  over  a length  on  either  end,  sufficient  to  accommodate washers, spindle plates and nuts for fixing  flanges  at  the required spacing. 

3.1.3.7.8 Normally,  the nuts on the  studs  shall  stand   protruded  of the flanges.   All  the  nails  used  on  the inner  surface of the flanges and the drum barrel shall be countersunk.  The ends of the barrel shall generally be flushed  with  the top  of the nuts.

3.1.3.7.9 The  inner  cheek of the flanges and drum barrel surface shall be painted with bitumen based paint.

3.1.3.7.10 Before reeling, card board or  double  corrugated or thick bituminized waterproof bamboo paper shall be  secured  to  the drum  barrel  and  inside of flanges of the drum by means of a suitable commercial adhesive material.  The  paper  should  be dried before  use.   Medium grade Kraft paper shall be used in between the layers of the conductor. After   reeling  the conductor  the exposed surface of the outer layer of conductor shall be wrapped with thin polythene sheet across the  flanges to  preserve  the  conductor from dirt, grit and damage during transportation and handling and also  to  prevent  ingress  of rain water during storage/transport.

3.1.3.7.11 A  minimum  space of 75 mm shall be provided between the inner surface of the external protective lagging and outer layer  of the conductor.  Outside the protective lagging, there shall be minimum  of  two  binders  consisting  of hoop iron/galvanized steel wire. Each protective lagging shall have two recesses to accommodate the binders.

3.1.3.7.12 Each batten shall be securely nailed across grains as  far  as possible  to  the  flange  edges with at least 2 nails per end. The length of the nails shall  not  be  less  than  twice  the thickness of  the  battens.  The nail shall not protrude above the general surface and shall not have exposed sharp edges  or allow the battens to be released due to corrosion.

3.1.3.7.13 The  conductor  ends shall be properly sealed and secured with the help of U-nails on one side  of  the  flanges.    

3.1.3.7.14 Only one standard length of conductor shall be wound  on  each drum.   The  method of lagging to be employed shall be clearly  stated in the tender.

3.1.3.7.15 As  an  alternative  to  wooden drum Bidder may also supply the conductors in non-returnable painted steel drums. The painting shall conform to  IS:9954-1981,reaffirmed in 1992.  Wooden/ steel  drum  will be treated  at  par  for  evaluation purpose and accordingly the Bidder should quote  the package. 

3.1.3.8 LABELLING AND MARKING
The drum number shall be branded or gauged or stenciled  into the flange.    An  arrow  shall  be marked on the sides of the drum, together with the words "Roll  this  way".  Each  drum shall  have  the following information provided on the outside of the flange stenciled with indelible ink.

a)      Manufacturer's name and address.



b)      Contract/Specification number.



c)      Size and type of conductor.



d)      Net weight of the conductor.


e)      Gross weight of the conductor and drum.



f)      Length of the conductor.


g)      Position of the conductor end.



h)      Drum and lot number.



i)      Name and address of the consignee.



j)      Month and year of manufacture.

k)      The   drum   may   also   be   marked   with  standard specification  as                                                                           



         per which the conductor is manufactured.

3.1.3.9 STANDARD  LENGTHS

3.1.3.9.1 The standard  length of the conductor shall be  1800 meters Bidder shall indicate the standard  length of the conductor to be offered by them. A tolerance of plus or minus 5% on the standard length offered by the bidder shall be permitted.  All  lengths outside  this  limit  of  tolerance shall be treated as random lengths. 

3.1.3.9.2  
Unless otherwise agreed to between the purchaser and the manufacturer, it shall be permissible to supply not more than 10 percent of the lengths on any one order in random lengths; none of them shall be shorter than one third of the nominal length.   

3.1.3.10 QUALITY ASSURANCE PLAN

A  Quality  Assurance  Plan  including  customer  hold  points covering the manufacturing activities of the material shall be required  to  be  submitted  by  the bidders to the purchaser along with the tender.  The Quality Assurance Plan  after  the same is found acceptable, will be approved by the purchaser.

The contractor shall follow  the  approved  Quality  Assurance Plan in  true  spirit.   If desired by the purchaser, he shall give access to all the documents and materials to satisfy  the purchaser  that  the  Quality Assurance Plan is being properly followed.

3.1.4 TESTING

3.1.4.1 SELECTION OF TEST SAMPLES FOR TYPE TESTS

The   samples  shall  be  taken  from  a  continuous  length of conductor and subjected  to  all the tests specified in 3.1.4.2.2.

3.1.4.2 SELECTION OF TEST SAMPLES FOR ACCEPTANCE TESTS

3.1.3.1.1 Before despatch  from the works individual wire  and  finished steel  cored  aluminum   conductor  shall  be subjected to the tests as specified in IS:398 or  any  other   authoritative standard.

3.1.3.1.2 Sample  for  individual  wires  for test shall be taken before stranding from outer ends of not less than ten per cent of the spools in the case of aluminum wire and ten per cent  of  the wire coils  in  the case of steel wires.  If samples are taken after stranding, they shall be obtained by cutting 1.2  meters from  the  outer  ends of the finished conductor from not more than 10 per cent of the finished reels.

3.1.3.1.3 The routine tests shall be same as acceptance test and  shall  be carried out on        





each  coil before and after standing. 

3.1.4.3 TESTS

The   following  tests  shall  be  carried  out  as per this specification on a sample/samples of conductor.

3.1.4.3.1 Type Tests 



a)

Visual examination


b)      
Measurement  of  diameters of individual aluminium and steel wires  



c)      
Measurement of lay ratio of each layer  



d)      
Breaking load of "Individual wire"  



e)      
Ductility test  



f)      
Wrapping test  



g)      
Resistance test on aluminium wires. 



h)      
DC resistance test on composite conductor 

i)

Ultimate Breaking load test on stranded conductor.



j)      
Galvanizing test  



k)      
Surface condition test  



l)      
Corona test  



m)      
Radio interference voltage test.  

            
n)      
Stress Strain test



o)

Breaking load test on welded Aluminum strands.

NOTE :-
The  bidders  should  submit  type  test  certificates  of  a standard laboratory along with the tender,  failing  which  the tender is liable for rejection.

3.1.4.3.2 Acceptance tests and Routine tests



a)

Visual and dimensional check on drum.



b)      
Visual examination



c)      
Measurement of diameters of individual  aluminum and steel wires.  



d)      
Measurement of lay ratio of each layer  



e)      
Breaking load of "individual wire" 



f)      
Ductility test  



g)      
Wrapping test  



h)      
Resistance test on aluminum wires. 



i)      
DC resistance test on composite conductor

j)

Breaking load test on welded Aluminum  strands.



k)      
Galvanizing test  

3.1.4.3.3 Tests During Manufacture




The following tests during manufacture shall be carried out. 



a)      
Chemical analysis of zinc used for galvanizing, as per cl. 3.1.4.21
b)      
Chemical analysis of aluminum used for making aluminum strands,
as per cl. 3.1.4.20
a) Chemical analysis of steel used for making steel strands, 
as per cl. 3.1.4.20
3.1.4.4 Visual examination

The conductor shall be examined visually for  good  workmanship  and  general  surface  finish  of  the conductor.  The  conductor  drums  shall  be  rewound  in  the presence of  Board's  Inspecting  Officer.  The Inspector will initially check for  Scratches,  Joints  etc.,  and  that  the conductor  shall  generally conform to the requirements of the specifications/IS 398(Part-II)-1996.

3.1.4.5 Measurement  of  diameters  of  individual Aluminum and Steel Wires.

The diameters of individual Aluminum and Steel Wires shall be checked  to  ensure  that  they conform to the requirements of this specification.

3.1.4.6 Measurement of  lay-ratios 

The lay-ratios  of  each  layer  of  the  conductor  shall  be measured  and  checked  to  ensure  that  they  conform to the requirements of this specification and IS:398 (Part-II)-1996.

3.1.4.7 Breaking load test 

3.1.4.7.1          Breaking load test on stranded conductor.

Circles  perpendicular  to the axis of the conductor shall be marked at  two  places  on  a  sample of conductor of minimum 5m length  between  fixing  arrangement  suitably  fixed on a tensile  testing  machine.   The load shall be increased at a steady  rate  up to  50% of minimum specified UTS and held for one minute.   The  circles drawn shall not be distorted   due to relative  movement  of strands.  Thereafter the load shall be increased  at  steady rate to 100% of UTS and held for one minute.   The  Conductor  sample  shall  not fail during this period.   The  applied load shall then be increased until the failing load is reached and the value recorded.

3.1.4.7.2          Breaking load test  on  individual  Aluminum  and  Galvanized  steel wires.

This test shall be conducted on both Aluminum and  Galvanized steel wires.   The breaking load of one specimen cut from each of the samples taken shall be determined by means of  suitable tensile testing  machine.  The load shall be applied gradually and the rate of separation of the jaws of the testing  machine shall be  not  less  than 25 mm/min.  and not greater than 100 mm./min.  The ultimate breaking load of the specimens shall be not less than the values specified in the Section-II.

3.1.4.8 Ductility Test

For the purpose of this test both torsion and elongation tests  shall be carried out on galvanized steel wires only.

3.1.4.9 Torsion Test

One  specimen  cut  from  each  of  the samples taken shall be gripped in two vices exactly 15 cms.  apart.  One of the vices shall be  made  to  revolve  at  a  speed  not  exceeding  one revolution per second and the other shall be capable of moving longitudinally  to  allow  for contraction or expansion during testing.  A small tensile load not exceeding 2  (two)  percent of  the  breaking  load  of  the  wire shall be applied to the samples during testing.  The test shall  be  continued   until fracture  occurs  and the fracture shall show a smooth surface at right angles to the axis of the wire.  After fracture,  the specimen shall  be free from helical splits.  The sample shall withstand a number of twists equivalent to not less than 18 on length equal to 100 times the diameter.    When twisted  after stranding the number of complete twists before fracture occurs shall  be  not less than 16 on a length equal to 100 times the diameter  of  the wire.  In case test sample length is less or more than 100 times the stranded diameter  of the  strand, the minimum number  of  twists  will be proportioned to the length and if number  comes  in  the fraction then it will be rounded off to the next  higher  whole  number.  The   fracture  shall show a smooth surface at right angles to the axis of the wire.

3.1.4.10 Elongation Test

The elongation of one specimen cut from  each  of  the samples taken shall be determined.  The specimen shall be straightened by hand  and  an  original  gauge  length of 200 mm.  shall be marked on the wire.   A  tensile  load  shall  be  applied  as described in 3.1.4.7.2.1 and the elongation shall be measured after the fractured ends have been fitted together.  If the fracture occurs  outside  the  gauge  marks, or within 25 mm. of either mark and the required elongation is  not  obtained,  the  test shall be  disregarded and another test conducted.  When tested before stranding, the elongation shall  be  not  less  than  4 percent and when  tested after stranding, the elongation shall be not less than 3.5 percent.

3.1.4.11 Wrapping Test




  This test shall be conducted on both Aluminum and  Galvanized  steel wires.

3.1.4.11.1 Aluminum  wires
                        One specimen cut from each of the samples of aluminum wires shall be wrapped  round  a  wire  of  its  own diameter to  form  a  close helix of 8turns.  Six turns shall then be unwrapped and closely wrapped in the same direction as before.  The wire shall not break or show any crack.

3.1.4.11.2 Galvanized steel wires 

One specimen cut from each of the samples of galvanized  steel wire  taken shall be wrapped round a mandrel of diameter equal to 4 times the wire diameter to form a close helix of 8 turns. Six turns shall then be unwrapped and again closely wrapped in the same direction as before.  The wire shall not break.

3.1.4.12 RESISTANCE TEST ON  ALUMINIUM WIRE


This  test  shall  be  conducted  on   aluminum   wires  only, conforming  to  procedure  as  per   IEC:889.    The electrical resistance  of  one specimen of aluminum wire cut from each of the samples taken shall be  measured  at  ambient  temperature. The  measured   resistance  shall  be  corrected  to  the value corresponding to 20 degrees C.   by  means of following formula.




1

                      R20     =  RT------------------------

                                  
   1+ alpha x (T-20)

Where



R20     =  Resistance corrected at 20 degrees C.


RT       =  Resistance measured at T degrees C.



alpha   =  Constant mass temperature coefficient of



                resistance 0.004.



T         =  Ambient temperature during measurement

This resistance calculated to 20 degrees C. shall be not  more than the maximum value specified in section-II.

3.1.4.13 GALVANIZING TEST 


This test shall be conducted on galvanized steel  wires  only. The uniformity of Zinc coating and the weight of coating shall be in accordance with IS 4826-1979.

3.1.4.14 SURFACE CONDITION TEST 

A sample of the finished conductor for use in  220  KV  system having a minimum length of 5 meters with compression type dead end clamps compressed on both ends in such manner as to permit the conductor to take its normal straight line shape, shall be subjected  to  a  tension  of  50  percent  of  the UTS of the conductor.  The surface shall not depart from its  cylindrical shape  nor shall the strands move relative to each other so as to get out of place or disturb the longitudinal smoothness  of conductor.  The  measured  diameter at any place shall be not less than the sum of the minimum specified  diameters  of  the individual   aluminum  and  steel  strands  as  indicated  in Section-II.

3.1.4.15 CORONA TEST 


The sample of conductor of 5 m length shall be strung. The sample assembly when subjected to power frequency voltage  shall have a corona  extinction  voltage of not less than 154 KV (rms) line to ground under dry condition.  There shall be no evidence of   corona   at  any  part  of  the  sample when all possible sources of corona are photographed in a darkened room. The test should be conducted without corona control rings. However, small corona control rings may be used to prevent corona in the end fittings. The voltage should be corrected for standard  atmospheric conditions.

3.1.4.16 RADIO INTERFERENCE VOLTAGE TEST


Under  dry  conditions,  the  conductor samples shall have radio interference voltage level below 1000 micro volts at one MHz when subjected to a 50 HZ ac voltage of 154 KV (rms)  line to  ground  under  the  conditions.  This test may be carried out with control rings and arcing horns.

3.1.4.17 STRESS-STRAIN TEST


The test is contemplated only to collect the creep data of the conductor from  the  manufacturer. A sample of conductor of minimum 10 meters length shall  be  suitably  compressed  with    dead end clamps.

3.1.4.17.1 TEST SET-UP

3.1.4.17.1.1 The  test  sample  shall be supported in a trough over  its full length and the trough adjusted  so  that  the conductor  will  not be lifted by more than 10mm under tension.   This  shall  be  ascertained   by  actual  measurement.

3.1.4.17.1.2   The distance between the clamp and  the  sleeve  mouth shall  be  monitored with calipers during the test to ensure that, after the test, it  does  not  change by more than 1mm + 0.1mm  from the value before the test.

3.1.4.17.1.3 The conductor  strain  shall  be  evaluated  from  the   measured  displacements  at  the two ends of the gauge length of the sample.   The  gauge  reference  targets    shall  be  attached to the clamps which lock the steel and aluminum wires together.  Target plates  may  be used  with dial gauges or displacement transducers and care  shall  be   taken   to   position   the   plates perpendicular to   the   conductor.      Twisting  the conductor, lifting it and moving it from  side-to-side by the maximum amounts expected during the test should introduce no more than 0.3mm error in the reading. 


   

3.1.4.17.2 Test Loads for Complete Conductor

The  loading  conditions  for  repeated  stress-strain tests for complete conductor shall be as follows:

3.1.4.17.2.1 1KN load shall be applied initially to straighten  the conductor.    The   load  shall   be   removed  after straightening and then the strain gauges are to be set at zero  tension.

3.1.4.17.2.2 For  non-continuous  stress-strain  data,  the  strain readings  at  1KN intervals at lower tensions and 5 KN intervals above 30% of UTS shall be recorded.

3.1.4.17.2.3 The  sample  shall  be reloaded to 30% of UTS and held for 1 hour. Readings are to be noted after 5,  10,  15, 30, 45  and  60  minutes  during the hold period.  The load shall be released then after the hold period.

3.1.4.17.2.4 The sample shall be reloaded to 50% of  UTS  and  held for 1 hour.  Readings are to be noted after 5, 10, 15, 30, 45  and  60  minutes  during the hold period.  The load shall be released then after the hold period.

3.1.4.17.2.5 Reloading up to 70% of UTS shall be done and held for 1 hour.  Readings are to be noted after 5, 10,  15,  30, 45 and 60 minutes.  The load shall be released.

3.1.4.17.2.6 Reloading up to 85% of UTS shall be done and held for 1 hour.   Readings  are to be noted after 5, 10, 15, 30, 45 and 60 minutes and the load shall be released      then.

3.1.4.17.2.7 Tension  shall be applied again and shall be increased uniformly  until  the actual  breaking  strength   is reached.    Simultaneous   readings   of  tension  and elongation shall be recorded up to 90% of  UTS  at  the intervals described under Clause 5.1.4.14.3.6.

3.1.4.17.3 Test Loads for steel core only

The  loading  conditions  for  repeated  stress-strain tests for the steel core of ACSR shall be as follows:

3.1.4.17.3.1   The test shall consist of successive  applications  of load  applied  in  a  manner  similar  to that for the complete conductor at 30%, 50%, 70% and 85% of UTS.

3.1.4.17.3.2   The steel core shall be loaded until the elongation at the  beginning of each hold period corresponds to that obtained on the complete conductor at  30%,  50%,  70% and 85% of UTS respectively.

3.1.4.17.4 Stress-strain curves

The design stress-strain curve shall be obtained by drawing  a smooth curve through the 0.5 and 1 hour points at  30%,50% and 70% of UTS loadings.  The presence of any aluminum slack that can  be  related  to  any observed extrusion entering the span from the compression dead ends shall be removed from the lower ends of the design curves.  Both the laboratory  and  standard stress-strain  curves  shall  be  submitted  to  the purchaser alongwith test  results.    The  stress-strain  data  obtained during the test shall be corrected to the standard temperature i.e.  20 deg.C.

3.1.4.18 DC Resistance Test on Composite Conductor

On a conductor sample of minimum 5m length, two contact clamps shall be fixed with a pre determined bolt torque.  The resistance of the sample shall be measured by a Kelvin Double bridge by placing the clamps initially zero meter and subsequently one meter apart.   The test shall be repeated at least five times and average value recorded. The value obtained shall be corrected to the value at 20 deg C as per Clause 12.8 of IS:398 (Part V)-1982.   The corrected resistance value at 20 deg C shall conform to the requirements of this specification. 

3.1.4.19 Breaking load test on welded Aluminum Strands.

Two Aluminum wires shall be welded as per the approved quality plan  and  shall  be  subjected  to  tensile load. The breaking strength of the welded joint of the wire shall not be less than the guaranteed breaking strength of individual strands.

3.1.4.20 Chemical Analysis of Aluminum and steel

Samples taken from the  Aluminum  and Steel ingots / coils/ strands shall be chemically/ Spectrographically analyzed.  The  same shall be in conformity with the requirements stated in this specification.

3.1.4.21 Chemical Analysis of zinc

Samples taken  from the zinc  ingots shall be  chemically / spectrographically analyzed. The same shall be in conformity  with the requirements  stated in this specification.

3.1.4.22 Visual and Dimensional check on Drums

The drums shall be visually and  dimensionally checked to ensure  that  they conform to the requirements  of  this specification.

3.1.4.23 REJECTION AND RETEST

3.1.4.23.1 In case  of  failure  in  any  type test, the supplier is either required to manufacture fresh sample lot and repeat all the tests successfully once or repeat that particular type test three times successfully on the sample selected from the already manufactured lot at his own expenses. In case a  fresh lot is manufactured for testing then the lot already manufactured shall be rejected.

3.1.4.23.2 If samples are taken for  test  after  stranding  and  if  any selected  reel  fails in the retest, the manufacturer may test each and every reel and submit them  for  further  inspection. All rejected material shall be suitably marked and segregated.

3.1.4.24 CHECKING AND VERIFICATION OF LENGTH OF CONDUCTOR

The  contractor  should  arrange   for   inspection   by   the representative  of the purchaser specially authorized for this purpose. At least 50% of the total number of drums of conductor subject to minimum of two taken at random should be checked to ascertain the length  of  conductor  adopting  the  method  at clause 3.1.6.6.

Arrangements  should  be  made  available  in the works of the manufacturer for transferring the conductor from  one  reel  to another at the same time measuring the length of the conductor so transferred by means of a meter.
3.1.4.25 ADDITIONAL TESTS

The Owner reserves the right of having at his own expenses any other test(s) of reasonable nature  carried  out  at  Bidder's  premises,  at  site,  or  in  any other standard Laboratory in addition to the aforesaid type, acceptance and  routine  tests to   satisfy  himself  that  the  materials  comply  with  the specifications.

3.1.4.26 TESTING EXPENSES

3.1.4.26.1 The breakup of the testing charges for the type tests specified  shall be indicated  separately.

3.1.4.26.2 Bidder  shall  indicate  the laboratories in which they propose to conduct the type test.  They shall  ensure  that  adequate facilities  are  available in  the  laboratories  and the tests can be completed in these laboratories within the time schedule guaranteed by them.

3.1.4.26.3 The entire cost of testing for the  acceptance  and routine tests and tests during manufacture specified herein shall be treated as included in the quoted unit price of the conductor, except for the expenses of the inspector/Purchaser's representative.

3.1.4.26.4 In  case  of  failure  in any type test, if repeat type tests are required to be conducted  then  all  the expenses  for deputation of  Inspector/Purchaser's  representative  shall be deducted from the  contract  price. Also if on receipt of the supplier's notice of testing, the Purchaser's representative  does not find 'plant' to be ready for testing, the expenses incurred  by  the Purchaser for re-deputation shall be deducted from contract price.

3.1.4.27 Test Reports

3.1.4.27.1 Copies of type test reports shall be furnished in at least six copies along with  one original.  One copy will be returned duly certified by the Purchaser only after which the commercial production of the material shall start.

3.1.4.27.2 Record of Routine test reports shall be maintained by the supplier at his works for periodic inspection by the Purchaser's representative.

3.1.4.27.3 Test certificates of Tests during manufacture shall be  maintained by the supplier. These shall  be  produced for verification as and when desired  by the Purchaser.

3.1.4.28 Test Facilities

The following additional test facilities shall be available at the supplier's works:

a)
Calibration of various testing and measuring equipment including tensile  testing machine, resistance  measurement  facilities, burette, thermometer, barometer, etc.

b)

Standard resistance for calibration of resistance bridges.

c)
Finished  Conductor  shall be checked for length verification and surface  finish on separate rewinding machine at reduced speed(variable from 8 to 16 meters  per minute).The rewinding facilities  shall have  appropriate clutch system and be free of vibrations, jerks etc with traverse laying facilities.

3.1.5 REQUIREMENTS, DESIRED DELIVERY AND PRICES

3.1.5.1 The schedule of materials, desired deliveries and destinations are given in Section-II.

3.1.5.2 The prices shall be furnished in Price Schedule.

3.1.5.3 The prices shall be variable and shall be based on  the  price variation clause given in  Section - III

3.1.5.4 The  bidders  shall   furnish  the  details  of  his  past  performance  in  respect of the materials' supplies made by him for the last five  years  in  the prescribed Proforma as per Section-III. 

3.1.6 INSPECTION

3.1.6.1 The Owner's representative shall, at all times, be entitled to have access to the works and all places of  manufacture  where conductor  shall  be manufactured and the representative shall have  full  facilities  for  unrestricted  inspection  of  the Bidder's  works,  raw materials and process of manufacture and conducting necessary tests as detailed herein.

3.1.6.2 The Bidder shall keep the Owner informed  in  advance  of  the time  of  starting  and  of  the  progress  of  manufacture of conductor in its various stages so that  arrangements  can  be made for inspection.

3.1.6.3 The  contractor will intimate the purchaser about carrying out of the tests at least 45 days in advance of the scheduled date of tests during which the purchaser will arrange to depute his representative/s to be present at the time of carrying out  of the tests.    Six  (6)  copies  of  the  test reports shall be submitted.

3.1.6.4 No  material shall be dispatched from its point of manufacture before it has been satisfactorily inspected and tested, unless the inspection is waived off by the owner in writing.  In the later case also, the conductor shall be despatched only after satisfactory testing for all tests specified herein has  been completed and approved by the owner.

3.1.6.5 The  acceptance  of  any  quantity of material shall in no way relieve the Bidder of any of his responsibilities for  meeting all  requirements  of the specification, and shall not prevent subsequent rejection if such material is  later  found  to  be defective.

3.1.6.6 At  least  50% of the total number of drums subject to minimum of two in any lot put up for inspection, shall be selected  at random  to  ascertain the length of conductor by the following method: 

"At  the  works  of  the  manufacturer  of  the conductor, the conductor shall be transferred from one drum to another at the same time measuring its length with the help  of  a  graduated pulley and  Cyclometer. The difference in the average  length  thus  obtained and as declared by  the  Bidder in the packing   list shall be applied to all the drums if the  conductor is found short during checking".
3.1.7 SCHEDULE OF DEVIATIONS/VARIATIONS

If the bidders has any exceptions to any of the clause/s laid down  in this specification, these should be clearly stated in the  schedule  of  deviations/variations,   technical   or commercial (section- III),  otherwise  it shall be presumed that the bidders agrees to the provision/s of this specification and same shall be included in the purchase order and the contract in case of successful bidders.

3.2 GALVANISED STRANDED STEEL GROUND WIRE
3.2.1 SCOPE


This section covers, design, manufacture, testing before  dispatch, packing, supply  and  delivery of the high tensile  galvanized stranded steel earth wire of size 7/3.15mm.

3.2.2 STANDARDS

3.2.2.1 The galvanized stranded steel earth wires shall comply with IS:398 (Part-II)-1996 and IS:12776-1989 latest versions unless otherwise specified herein or any other International  Standards which ensure equal or higher quality of material.

3.2.2.2 The galvanized stranded steel earth wires shall also conform to the following latest standards.  Whenever revised I.S. specifications are available, the same may be followed.

	S.No
	Indian Standard
	Title

	1
	IS:209-1979
	Specification for zinc

	2
	IS:398 (Part-II)-1996
	Aluminium Conductor Steel Reinforced

	3
	IS:1521-1972
	Method of Tensile Testing of Steel Wire

	4
	IS:1755-1961
	Specification for method for wrapping test of wires

	5
	IS:1778-1980
	Reels and Drums for Bare wire

	6
	IS:2629-1966
	Recommended Practice for Hot Dip Galvanizing of Iron & Steel

	7
	IS:2633-1972                    
	Method of Testing of Uniformity of Coating on Zinc Coated articles

	8
	IS:4826-1968                    
	Galvanized Coatings on Round Steel Wires

	9
	IS:6745-1972                    
	Method of determination of weight of Zinc Coating on Zinc Coated Iron & Steel articles

	10
	IS:2141-1979                    
	Specification for Galvanized Stay Strand

	11
	IS:12776-1989
	Galvanized Strand for Earthing


3.2.2.3 Offers conforming to standards other than the IS Specified above shall be accompanied by the English version of relevant  standards in support of the guaranteed technical particulars to be furnished as per Section-III. 
3.2.3 GENERAL TECHNICAL REQUIREMENTS                                                                                                                                                                                                  

3.2.3.1 The General Technical requirements are given in Section-II. The galvanised steel ground wire shall conform to these  technical requirements.

3.2.3.1.1 The Bidder shall furnish guaranteed technical particulars in
Section-III.


3.2.3.1.2 The details of the steel wire are tabulated below:



a Stranding and wire diameter 

: 7/3.15mm.  steel

b Number of strands      

Steel core



               : 1

Outer steel layer             

        : 6                                        

c Total Sectional area                 
        : 54.55 sq. mm 

d Overall diameter         
            
        : 9.45 mm 

e Approximate weight                   
: 426 Kg/km

f Minimum ultimate tensile             
: 57 KN


strength

g Direction of lay of outer            
: Right hand



    
 

layer

h Calculated D.C. resistance           
: 2.95 ohms/km.



             

at 20 degree C.

3.2.3.2 WORKMANSHIP

3.2.3.2.1 All steel strands shall be smooth, uniform and free from all imperfections such as spills and splits, die marks, scratches, abrasions and kinks after drawing and also after stranding. The earth wire shall be free from grease, metal particles, dirt etc.

3.2.3.2.2  The finished material shall have minimum brittleness as it will be subjected to         

      Appreciable vibration while in use.

3.2.3.2.3 The steel strand shall be hot dip galvanized and shall have a minimum zinc coating of 240 gms/sq. m. after stranding on the uncoated wire surface. The zinc coating shall be smooth, continuous, of uniform thickness, free from imperfections and shall withstand three one minute and one half minute dips after stranding in Standard Peerce test. The steel wire rod shall be of the such quality and purity that, when drawn to the size of the strands specified and coated with zinc, the finished strands shall be  of uniform quality and have the same properties and characteristics, as specified in relevant Indian Standards Specification.

3.2.3.2.4 The steel strands shall be preformed and post formed in order to prevent the spreading of strands in case earth wire is cut. Care shall be taken to avoid damage to galvanization during  pre forming and  post forming operations.

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




3.2.3.3 JOINTS IN WIRES

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

The manufacturing tolerances to the extent of the following limits only shall be permitted in the diameter of the individual steel strands and lay length of the earth wire.     
    Standard        
Maximum         


Minimum



Diameter

3.15mm
3.23mm


  3.07mm




Lay Length 

Min. 123 mm


Max. 265mm 

3.2.3.5 MATERIALS

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

Elements                
%-Composition



  Carbon                  
Not more than 0.55



Manganese               
0.4 to 1.10


Phosphorous            
Not more than 0.05



Sulphur                 
Not more than 0.05




  Silicon                 
0.15 to 0.35

3.2.3.5.2 Zinc

The zinc used for galvanizing shall be electrolytic High Grade Zinc of 99.95% purity. It shall conform to and satisfy all the requirements of IS:209-1979.

3.2.3.6 STANDARD LENGTH

3.2.3.6.1 The standard length of the earth wire shall be 2000 meters. The tolerance on length shall be  +/-5%  on the standard length.

3.2.3.6.2 Random lengths shall be accepted, provided that no length is  less than 50% of the standard length and the total quantity of   random lengths shall not be more than 10% of the total quantity ordered.

   

3.2.3.7 QUALITY ASSURANCE PLAN 

A  Quality Assurance Plan including customer hold points covering the manufacturing activities of the  material  shall  be  required  to  be   submitted  by  the  bidder to the purchaser along with the tender. The Quality Assurance Plan after the   same  is  found acceptable, will be approved by the purchaser. The contractor shall follow the approved Quality Assurance  Plan in true spirit. If desired by the purchaser, he shall  give access to all the documents and materials to satisfy the  purchaser that the Quality Assurance Plan is being properly  followed.
3.2.3.8 INSPECTION
The contractor will intimate the purchaser about  carrying  out  of  the  tests at least 30 days in advance of the scheduled date of  tests during which the purchaser will arrange to depute his representative/s to be present at the time of carrying out of   the tests. Six (6) copies of the test reports shall be  submitted.

3.2.4 TESTS
3.2.4.1 The tests on the individual strands constituting the earth wire shall be conducted before stranding by the manufacturer and all the test records shall be made available to the Purchaser as and when desired. Tests  on the sample of the strands after stranding and complete earth wire taken from the earth wire drum shall be conducted in the presence of the Purchaser or his authorized representative before despatch of the ground wire.
3.2.4.2 The test pieces from the coils, spools or drum selected for testing  shall  withstand  the following  tests.

3.2.4.2.1 TESTS ON INDIVIDUAL STRANDS


3.2.4.2.1.1 TYPE TESTS

	a)
	Verification of Diameter
	Clause 6.1 of IS:12776-1989

	b)
	Galvanizing Test
	Clause 8.5 of IS:12776-1989

	c)
	Torsion Test
	IS:398 (Part – 2) – 1996

	d)
	Elongation Test
	

	e)
	Wrap Test
	

	f)
	DC Resistance Test
	As per Clause 3.2.4.4.6 of Specification

	g)
	Breaking Load Test
	As per Clause 3.2.4.4.3 of Specification

	h)
	Chemical Analysis of Steel
	As per Clause 3.2.4.4.4 of Specification


3.2.4.2.1.2 ACCEPTANCE TESTS



The acceptance test shall be same as type tests given in clause 3.2.4.2.1.1

3.2.4.2.2 TESTS ON GROUND WIRE
3.2.4.2.2.1 TYPE TESTS

	a)
	Visual Examination
	As per Clause 3.2.4.4.1 of Specification

	b)
	UTS Test
	As per Clause 3.2.4.4.7 of Specification

	c)
	D C Resistance Test
	As per Clause 3.2.4.4.8 of Specification

	d)
	Lay Length Check
	As per Clause 3.2.4.4.11 of Specification

	e)
	Verification of Length & Weight of Ground Wire
	As per Clause 3.2.4.4.9 of Specification

	f)
	Visual & Dimensional Check on Drum
	As per Clause 3.2.4.4.10 of Specification


3.2.4.2.2.2  ACCEPTANCE TESTS



The acceptance tests shall be the same as type tests.

3.2.4.2.2.3  ROUTINE TESTS

(i) Visual Examination
(ii)  Lay Length Check.

3.2.4.2.2.4 TESTS DURING MANUFACTURE

	a)
	Chemical Analysis of Zinc used for Galvanizing
	As per Clause.3.2.4.4.5 of Specification

	b)
	Chemical Analysis of Steel
	As per Clause. 3.2.4.4.4 of Specification


3.2.4.3 TEST REPORTS      

3.2.4.3.1 The bidder shall submit six (6) copies of certificates of the type and acceptance tests. One copy each of test certificates shall be returned duly certified by the Purchaser.

3.2.4.3.2 All the routine tests shall be carried out by the manufacturer and record   shall be made available to the purchaser as and when desired.

3.2.4.3.3 Testing Expenses

3.2.4.3.3.1 The breakup of the testing charges for the type tests specified shall be indicated separately. 

3.2.4.3.3.2 Bidders shall indicate the laboratories in which they propose to conduct the type tests.  They shall ensure that the tests can be completed in these laboratories within the time schedule guaranteed by them.

3.2.4.3.3.3 In case of failure in any type test if repeat type tests are required to be conducted, then all the expenses for deputation of Inspector/Purchaser's representative shall be deducted from the contract price.  Also, if on receipt of the Contractor's notice of testing, the Purchaser 's representative/Inspector does not find 'plant' to be ready for testing, the expenses incurred by the Purchaser for re deputation shall be deducted from the contract price.

3.2.4.3.3.4 The entire cost of testing for the acceptance and routine tests specified herein shall be treated as included in the quoted unit price except for the expenses of the inspector/employer's representative.

3.2.4.3.4 Additional tests

The Purchaser reserves the right  of having at his own expense any
other test(s) of reasonable nature carried out at contractor's premises, at site or in any other place in addition to the aforesaid type, acceptance and routine tests to satisfy himself that the materials comply with the specifications.

3.2.4.4 PROCEDURE FOR CARRYING OUT TESTS

3.2.4.4.1 VISUAL EXAMINATION

The individual strand and completed ground wire shall be examined visually for good workmanship and general surface finish.

3.2.4.4.2 CHEMICAL ANALYSIS OF MATERIAL (STEEL & ZINC)

Samples taken from steel and zinc ingots shall be chemically/specto graphically analyzed. The same shall be in conformity with the requirements stated in this specification.

3.2.4.4.3 TENSILE TEST-STRANDS

The breaking load of individual strand before and after stranding shall be determined by means of a suitable tensile testing machine. The load shall be applied gradually and the rate of separation of the jaws of the testing machine shall be not less than 25 mm/min. and greater than 100 mm/min. The breaking load shall not be less than guaranteed failing load.

3.2.4.4.4 CHEMICAL ANALYSIS OF STEEL
Samples taken from the steel ingot /coils / strands shall be chemically/spectrographically analyzed. The same shall be in conformity to the requirements stated in this specification.

3.2.4.4.5 CHEMICAL ANALYSIS OF ZINC
Samples taken from the zinc ingot /coils / strands shall be chemically/spectrographically analyzed. The same shall be in conformity to the requirements stated in this specification.

3.2.4.4.6 D.C. RESISTANCE TEST-STRANDS

The test shall be carried out as per the relevant standard. The electrical resistance of individual strand shall be measured by a Kelvin double bridge or potentiometer. The value obtained shall be corrected to the value at 20 deg.C. The D.C. resistance value should not exceed the guaranteed d.c. resistance of the wire.

3.2.4.4.7 ULTIMATE  TENSILE  STRENGTH  TEST  FOR  GROUND WIRE
Circles  perpendicular  to the axis of the earth wire shall be marked at  two   places on a sample of earth wire of minimum 5m length suitably compressed with dead end clamps at either end. The load  shall be increased at a steady rate up to 50% of UTS and held for  one minute.  The  circles  drawn  shall  not be distorted due to  relative  movement  of  strands. Thereafter, the load shall be increased at steady rate to 100% of UTS and held for one minute. The  earth wire  sample  shall  not  fail during  this  period.  The  applied   load   shall   then  be increased  until  the  failing  load is reached and the value recorded.

3.2.4.4.8 DC RESISTANCE TEST-COMPOSITE GROUND WIRE
On  composite  ground wire  of  minimum  five  meter  length, two contact clamps shall be fixed . The resistance shall be measured by a Kelvin double bridge by placing the clamps initially Zero meter and subsequently one meter apart. The test shall be repeated at each meter length and the value recorded. The value obtained shall be corrected to the value at 20 deg. C. The resistance corrected to 20degree Centigrade. shall not exceed the guaranteed value.

3.2.4.4.9 VERIFICATION  OF  LENGTH  AND  WEIGHT  OF  GROUND WIRE
Ten percent of the drums offered for inspection shall be  checked for  the  length  and  weight of the  ground wire  declared by the supplier.  One  empty drum will be weighed and ground wire will be rewound on the empty  drum  and the wound drum will be reweighed. The length of the ground wire will be measured by using a certified measuring counter by appropriate weight and measurement authority. The cost towards unreeling of ground wire drums for verifying the ground wire length and weight shall be to the supplier’s account.

3.2.4.4.10 VISUAL AND DIMENSIONAL CHECK ON DRUMS 

The drums shall be visually and  dimensionally  checked to ensure that they conform to the requirements of this specification.

3.2.4.4.11 LAY LENGTH CHECK

The Lay Length shall be checked to ensure that it conforms to the requirements of this specification.

3.2.4.5 SAMPLE BATCH FOR TYPE TESTING

3.2.4.5.1 The Contractor  shall  offer material for selection of samples for type testing only after getting Quality Assurance Plan approved by the Purchaser.  The sample shall be manufactured strictly in accordance with the Quality Assurance Plan approved by the Purchaser.

3.2.4.5.2 The Contractor  shall offer at least three drums for selection of sample required for conducting all the type tests.

3.2.4.5.3 The Contractor is required to carry out all the Acceptance tests successfully in the presence of Purchaser 's representative before sample selection.

3.2.4.6 INSPECTION

3.2.4.6.1 The Purchaser 's  representative  shall at all times be entitled to have access  to  the works  and all places of manufacture, where earth wire shall be manufactured and  representative shall have full facilities for unrestricted inspection of the manufacturer's works, raw materials and process of manufacture for conducting necessary  tests as detailed herein.

3.2.4.6.2 The Contractor shall keep the Purchaser informed in advance of the time of starting and of the progress of manufacture of earth wire in its various stages so that arrangements can be made for inspection.

3.2.4.6.3 No  material  shall be dispatched  from its  point of  manufacture before it has been satisfactorily inspected and tested, unless the inspection is waived off by the Purchaser in writing.  In the latter case also the earth wire shall be dispatched only after satisfactory testing for all tests specified herein have been completed.

3.2.4.6.4 The acceptance of  any quantity of material shall in no way relieve the contractor  of  any of his responsibilities for meeting all requirements of the specification and shall not prevent subsequent rejection if such material is later found to be defective.

3.2.4.7 TEST FACILITIES

The following additional test facilities shall be available at the contractor's works:

a) Calibration of various testing and measuring equipment including tensile testing machine, resistance measurement facilities, burette, thermometer, barometer etc.

b) Standard resistance for calibration of resistance bridges.

c) Finished earth wire shall be checked for length verification and surface finish on separate rewinding machine at reduced speed (variable from 8 to 16 meters per minute).  The rewinding facilities shall have appropriate clutch system and be free of vibration, jerks, etc with traverse laying facilities.

3.2.5 REJECTION AND RETEST

3.2.5.1 In case of failure in any type test, the Contractor is either required to manufacture fresh sample lot and repeat all the tests successfully once or repeat that particular type test three times successfully on the sample selected from the already manufactured lot at his own expenses.  In case fresh lot is manufactured for testing then the lot already manufactured shall be rejected.  The decision of the purchaser in this regard shall be final and binding on the Contractor.

3.2.5.2 If the test pieces for tests on strands taken from finished ground wire on a drum selected for such tests fail in the retest, the manufacturer shall test each and every drum and submit them for re inspection.

3.2.5.3 All rejected material shall be suitably marked and segregated.

3.2.6 PACKING AND MARKING

The earth wire shall be supplied in non-returnable reels or drums of non-perishable or treated wood conforming to IS:1778-1980 (specification for reels and drums for bare wires), BS-1559 or other authoritative standard. Each drum shall be provided with a label fixed firmly on it bearing the following information.

a) Contract/purchase order No. & date.

b)  Manufacturer's name and address.

c) Name and address of consignee.

d) Size of earth wire.

e) Drum Number, year of manufacture.

f) Length of earth wire in meters.

g) Gross weight of drum with earth wire.

h) Weight of empty drum with lagging.

i) Net weight of earth wire.

j) Arrow marking for unwinding.

k) Position of the earth wire ends.

l) Number of turns in the outermost layer.

m) Distance between outermost layer of earth  wire and the inner surface of lagging.

n) Barrel diameter at three locations and an arrow marking at the location of


         
          
       measurement.

The steel wire shall be packed in the drums in such a way that the  drums  shall  withstand  the stresses and rough handling during  transit,  storing and stringing operations. The steel wire  shall  be protected from weather with water-proof paper before winding  and after winding. There should not be more than one standard  length in a drum. Each drum should  be provided  with a triangular iron collar on either side of the axle hold for easy rolling and to protect the drum from damage during rolling/winding operation. Proper care should be  taken to  prevent the nails from damaging the steel wire.

3.2.7 The bidder shall furnish the details of his past performance in respect of the supplies made by him for the last 5 years in the prescribed Proforma as per Section-III  of this volume.

3.2.8 SCHEDULE OF DEVIATIONS/VARIATIONS

If the bidder has any exceptions to any of the clause/s laid down in this specification, these should be clearly stated in the schedule of deviations/variations, (technical  or commercial), Volume III, otherwise it shall be presumed that the bidder agrees to the provision/s of this specification and same shall be included in the purchase order and the contract in case of successful bidders.

3.3 CONDUCTOR & EARTH WIRE ACCESSORIES

3.3.1 SCOPE 


This specification  covers  design,  manufacture and  testing  before  dispatch  at  works,  packing,  supply and delivery of Accessories for the ACSR 'ZEBRA' Conductor  of size 54/7/3.18 mm  and  Earth wire  of size 7/3.15 mm. 

3.3.2 The following are the items covered in this Specification :

(A)
CONDUCTOR ACCESSORIES

1. Mid Span Compression joint.  

2. Repair Sleeve 




3. Vibration Damper



(B)      EARTH WIRE ACCESSORIES:

1 Mid span compression Joints




2 Vibration Damper

3 Earth wire Suspension Clamp




4 Earth wire Tension Clamp




5 Flexible Copper Bond


3.3.3 STANDARDS :

3.3.10.1 The accessories  of the ACSR 'ZEBRA' Conductor and Earth wire shall  conform to the following Indian  Standards which shall mean latest revisions/Amendment changes  adopted and published unless otherwise specified here in as well as to the provisions of this specification.
	S.No
	Indian Standard
	Title

	1
	IS:209-1966     
	Specification for Zinc            

	2
	IS:398-1996   

Part II  
	Specification for Aluminium  Conductors for over head  Transmission purpose 

 Aluminium Conductors Galvanized Steel Reinforced for Extra  High Voltage   (66 KV and above)       

	3
	IS:1327-1966    
	Method of determination of weight of the Tin coating on Tin Plate

	4
	IS:1573-1976    
	Electroplated coating of Zinc on Iron & Steel.   

	5
	IS:2071-1974    
	Method of high Voltage testing 

General definitions and test requirement 

	6
	IS:2121-1981  

Part - I  

Part - II
	Specification for Conductors and earth wire accessories for overhead  power lines 

Armour Rods, binding wires and tapes for conductor. 

Mid Span Joints and Repair Sleeves for conductor

	8
	IS:2629-1966    
	Recommended  practice for hot   dip galvanizing of Iron and steel                                                                                                                                                 

	9
	IS:2633-1972    
	Methods for testing Uniformity of zinc coating on zinc coated Articles.

	10
	IS:3138-1966    
	Hexagonal bolts and nuts        

	11
	IS:4218-1967    
	ISO metric screw threads        

	12
	IS:4826-1968    
	Galvanized coating on Round steel wires.                         

	13
	IS:6745-1972    
	Methods of Determination of weight of zinc coating on zinc coated Iron and Steel Articles.

	14
	IS:8263-1966    
	Methods of Radio Interference Tests on High voltage  Insulators           

	15
	IS:9708-1993    
	Specification for stock bridge vibration Dampers for overhead power lines.

	16
	IS:2982-1965    
	Specification for copper conductor in insulated cables & cords

	17
	IS:5358-1969    
	Specification for Hot-Dip

Galvanized Coatings on Fasteners

	18
	IS:8394-1977    
	Specification for Soldering & welded
type terminals ends for conductors and insulated cables


3.3.10.2 In the event of the supply of accessories  conforming  to  any standard other than Indian standards listed above, the salient features  of  comparison  shall  be brought out and furnished along with the bid.

3.3.10.3 The  Accessories  offered  shall  be suitable for operation in moderately polluted atmosphere.

3.3.4 MATERIALS/WORKMANSHIP

3.3.4.1 All  materials used in the manufacture of the equipments shall be of the first class quality of its kind available and except where modified by this  specification,  shall  comply  in  all respects  with  the  standards  laid  down by Bureau of Indian Standards. 

3.3.4.2 The  material  to  be used in manufacture shall be selected as the best available for the purpose for which used, considering strength, durability and best engineering practice.

3.3.4.3 All  the  material  to  be  supplied  shall   be   of   recent manufacture, unused and free from defects.  All the components of  the  same  design  shall  be identical and like components shall be interchangeable.
3.3.4.4 WORKMANSHIP AND FINISH

All the equipments shall be of the latest design  and  conform to  the  best  modern  practice  adopted  in  the  extra  high voltage field.  The Bidder shall offer only such equipment  as guaranteed  by  him to be satisfactory and suitable for 220 kV transmission line and  will give continued good performance.

3.3.4.5 The  design,  manufacturing process and quality control of the material shall be such  as  to  achieve  requisite  factor  of safety  for maximum working load, highest mobility, elimination of sharp edges and corners, best resistance to corrosion and a good finish.

3.3.4.6 All  ferrous  parts  shall  be  hot  dip galvanized, after all machining has been completed.  Nuts may,  however,  be  tapped (Threaded) after  galvanizing  and  the threads oiled.  Spring washers shall be electro galvanized.  The bolt  threads  shall be  undercut  to  take  care  of  increase  in diameter due to galvanizing.  Galvanizing shall be  done  in  accordance  with IS:2629-1966 and satisfy the test mentioned in IS:2633-1972. Fasteners  shall  withstand  four  dips  while spring washers  shall withstand three dips.  Other galvanized materials  shall be  guaranteed to withstand at least six dips each lasting one minute under the standard preece test for  galvanizing  unless otherwise specified.

3.3.4.7 The zinc coating  shall  be  perfectly  adherent,  of  uniform thickness, smooth, reasonably bright, continuous and free from  imperfections  such  as  flux,  ash,  rust stains, bulky white deposits and blisters etc.  The zinc used for galvanizing shall be of grade Zn 99.95 as per IS:209-1979.

3.3.4.8 The  casting  shall  be  free  from  all internal defects like shrinkage, inclusions, blow  holes,  cracks  or  other  casting defects   and   the  quality  of  products  shall  be  uniform throughout.

3.3.4.9 All  current  carrying  parts  shall  be   so   designed   and manufactured that contact resistance is reduced to minimum and localized heating phenomenon is averted.

3.3.4.10 No  equipment  shall  have  sharp  ends or edges, abrasions or projections etc.  and  shall  not  cause  any  damage  to  the conductor  in  any  way  during  erection or during continuous operation which would produce high electrical  and  mechanical stresses in  normal  working.    The  design of adjacent metal parts  and  mating  surfaces  shall  be  such  as  to  prevent corrosion   of  the  contact  surface  and  to  maintain  good electrical contact  under  all  service   conditions.      All equipments shall have satisfactory corona performance so as to limit the losses and Radio Interference to acceptable level.

3.3.4.11 Particular  care  shall  be  taken  during   manufacture   and subsequent   handling  to  ensure  smooth  surface  free  from abrasion or cuts.

3.3.4.12 The fasteners shall conform to the requirements of IS:4218 and IS:6639-1972.  All fasteners and clamps shall have corona free locking arrangement to guard against vibration loosening.

3.3.4.13 Welding  of  aluminium  shall  be  by  an  inert gas shielded tungsten arc or inert gas shielded metal arc process.    Welds shall  be  clean,  sound,  smooth  uniform,  without  overlaps  properly fused and completely  sealed.    There  shall  be  no cracks,  voids,  incomplete  penetrations,  incomplete  fusions under cutting or inclusions.  Porosity shall be  minimized  so that  the mechanical properties of the aluminum alloy are not  effected.  All welds shall be properly finished  as  per  best   engineering practices.

3.3.5 MARKINGS 

3.3.10.1 Assembly  of  each item shall be marked with trade mark of the  manufacturer, the manufacturer's catalogue number and year  of manufacture.   The  identifying  letters and numerals shall be at least 5 mm high.  This shall be cast or die stamped on  over or both sides of the assembly.  The letters shall be distinct,  durable and conspicuous.

3.3.10.2 Die   compression  areas  shall  be  clearly  marked  on  each accessory.   Accessories   designed   for   continuous   die compressions shall bear  the words  "COMPRESS FIRST"  near the point  of  each  accessory  where   the   compressions   begin. Accessories  designed  for intermittent die compressions shall bear the  identification  marks     "COMPRESSION   ZONE"   and "NON-COMPRESSION  ZONE" distinctly with arrow mark showing the direction of compression and  shall  have  the  ends  of  each  compression  zone completely  encircled, with knurled or etched bands.  The  letters,  numerals  and  other  makings  on finished accessories shall be distinct and legible.

3.3.6 BID DRAWINGS 

3.3.6.1 The  Bidder  shall furnish detailed dimensioned drawings of the equipments and all component parts.   Each  drawing  shall  be identified by  a  drawing  number  and  contract  number.  All drawings shall be neatly arranged.  All drafting and lettering shall be legible.  The minimum size of the lettering shall  be 3 mm.  All  dimensions  and  dimensional  tolerance shall be  mentioned in mm.

3.3.6.2 The drawings shall include:

        

(i)     
Dimensions and dimensional tolerance.

        


(ii)    
Material,   fabrication  details  including  any  weld details  and  any  

specified  finishes  and  coatings.  Regarding  material,  designations  and  reference  of standards are to be indicated.

        

(iii)   
Catalogue No.

        

(iv)    
Marking

        

(v)     
Weight of Assembly

        

(vi)    
Installation instructions

        

(vii)   
Design installation torque for bolt or cap screw.

        

(viii)  
Withstand torque that may be applied to  the  bolt  or cap screw without 

failure of component parts.

        

(ix)    
The compression die number with recommended compression pressure.

        

(x)     
All other relevant Technical details.

3.3.6.3 Placement charts for vibration dampers.

3.3.6.4 The  above  drawings shall be submitted in six copies with all  the details as stated above along with the bid document.  After the placement of award, the contractor shall again submit the  drawings in four copies to the  owner  for  approval.    After owner's  approval  and successful completion of all type tests  30 more sets of drawings  shall  be  submitted  to  owner  for  further distribution and field use at owner’s end.

3.3.7 QUALITY ASSURANCE PLAN

A  Quality  Assurance  Plan  including  customer  hold  points covering the manufacturing activities of the material shall be required  to  be  submitted  by  the bidders to the purchaser  along with the tender.  The Quality Assurance Plan  after  the  same is found acceptable, will be approved by the purchaser. The contractor shall follow  the  approved  Quality  Assurance  Plan in true spirit and if desired by the purchaser, he shall give access  to  all  the  documents  and  materials to satisfy the  purchaser that the Quality Assurance Plan  is  being  properly followed.

3.3.8 SCHEDULE OF DEVIATIONS/VARIATIONS

If the bidders has any exceptions to any of the clause/s laid down in this specification, these should be clearly stated in the schedule  of   deviations/variations, (technical or commercial) otherwise it shall be presumed that  the  bidders  agrees to the provision/s of this specification and same shall  be  included in the purchase order and the contract in case of  successful bidders.

3.3.9 CONDUCTOR ACCESSORIES

3.3.9.1 GENERAL


This   section   details  the  technical  particulars  of  the accessories for ACSR 'ZEBRA' Conductor.

2.5% extra fasteners and retaining rods shall be provided.

The technical particulars are given in Section-II of the specification.

3.3.9.2 MID SPAN COMPRESSION JOINT

3.3.9.2.1 Mid Span Compression Joint  shall  be  used  for  joining  two lengths of conductor.  The joint shall have a resistivity less  than 75% of the resistivity of equivalent length of conductor.  The joint shall not permit slipping off, damage to, or failure  of  the  complete conductor or any part thereof at a load less than 95% of the ultimate tensile strength  of  the  conductor.

3.3.9.2.2 The joint shall be made of steel  and  aluminum  sleeves  for jointing  the  steel  core  and aluminum wires respectively.   The steel sleeve should not crack or fail during  compression.  The  Brinnel  Hardness  of  steel sleeve shall not exceed 160. The steel sleeve shall be hot dip galvanized.  The  aluminum  sleeve  shall  have  aluminum of purity not less than 99.5%.  Tapered aluminum filler plugs shall also be provided  on  the  line  of  demarcation  between compression and non-compression zone.  The dimensions and dimensional tolerances of  mid  span  compression joint shall be as per Section-II of the specification.

3.3.9.3 REPAIR SLEEVE 

Repair sleeve of compression type  shall  be  used  to  repair conductor  with  not  more  than  two  strands  broken  in the outermost layer.  The sleeves shall be manufactured from 99.5%  pure aluminum and shall have  smooth  surface.    The  repair sleeve  shall  comprise of two pieces with a provision of seat for sliding of the keeper piece.  The edges  of  the  seat  as well  as  the keeper piece shall be rounded so that the conductor  strands are not damaged during installation.   The  dimensions  and  dimensional  tolerances  of repair sleeve shall be as per Section-II of the specification.

3.3.9.4 VIBRATION DAMPER

3.3.9.4.1 Vibration  dampers  of  4R-stockbridge  type  with  four   (4) different  resonances  spread  within  the  specified  Aeolian  frequency band-width shall be used at suspension  and  tension points  on  each  conductor  in each span to  damp  out   Aeolian   vibrations   as   mentioned hereinafter.

3.3.9.4.2 Alternate   damping  systems  or  "Dog bone"  dampers  offering equivalent  or  better  performance  also  shall  be  accepted provided  the  manufacturer  meets the qualifying requirements  stipulated in Technical  specification.    Relevant  technical documents  to establish the technical suitability of alternate systems shall be furnished by the bidder along with the bid.

3.3.9.4.3 One  damper  minimum  on  each  side  per  conductor   for suspension  points  and  two  dampers minimum on each side per conductor for tension points  shall  be  used  for  ruling span of 350  meters.

3.3.9.4.4 The clamp of the  vibration  damper  shall  be  made  of  high strength aluminum alloy of type LM-6 or equivalent.  It shall be  capable  of  supporting  the  damper and prevent damage or chafing  of  the  conductor  during  erection   or   continued operation.   The clamp shall have smooth and permanent grip to keep the damper in position on the conductor without damaging the  strands  or  causing  premature  fatigue  failure  of the conductor under the clamp.   The  clamp  groove  shall  be  in uniform  contact  with  the conductor over the entire clamping  surface except for the rounded edges.  The groove of the clamp  body and clamp cap shall be  smooth,  free  from  projections,  grit  or  other  materials  which  could  cause  damage to the        conductor when the clamp is installed.  Clamping  bolts  shall be  provided  with  self  locking nuts and designed to prevent corrosion of threads or loosening in service.

3.3.9.4.5 The messenger cable shall be made of high strength  galvanized steel/stainless  steel  with a minimum strength of 135 Kg/sq.mm.  It shall be of preformed and post formed quality  in  order  to  prevent  subsequent drop of weight and to maintain consistent flexural stiffness of the cable in service.    The  number  of strands in  the  messenger  cable  shall be 19.  The messenger cable other than stainless steel shall be hot  dip  galvanized in  accordance  with  the  recommendations of IS-4826-1979 for heavily coated wires.

3.3.9.4.6 The  damper  mass  shall  be  made  of hot dip galvanized mild steel/cast iron .All castings shall be free from defects  such as cracks,  shrinkages, inclusions  and  blowholes  etc.  The surface of the damper masses shall be smooth.

3.3.9.4.7 The damper clamp shall be casted over the messenger cable  and offer sufficient  and  permanent  grip  on  it.  The messenger cable shall not slip out of the grip at a load less  than  the mass pull-off value of the damper.  The damper masses shall be fixed  to the messenger cable in a suitable manner in order to avoid excessive stress concentration on the  messenger  cables  which shall  cause premature fatigue failure of the same.  The messenger cable ends shall be suitably and effectively  sealed to prevent corrosion.

3.3.9.4.8 The damper assembly shall be electrically conductive to reduce   radio interference.

3.3.9.4.9 The  vibration  damper shall be capable of being installed and removed from energized line by means of hot  line  techniques. In  addition,  the clamp shall be capable of being removed and reinstalled on the conductor at the designated torque  without shearing or damaging of fasteners.

3.3.9.4.10 The manufacturer  must  indicate  the  clamp  bolt  tightening torque  to  ensure  that  the  slip  strength  of the clamp is  maintained between 2.5 kN and 5 kN.    The clamp when installed  on   the   conductor   shall   not   cause   excessive  stress concentration  on   the   conductor   leading   to   permanent deformation  of  the  conductor  strands and premature fatigue  failure in operation.

3.3.9.4.11 The vibration clamps shall not have magnetic power loss more than 1 watt at 500 Amps, 50 Hz alternating current per sub-conductor.

3.3.9.4.12 The vibration analysis of the system, with and without  damper and  dynamic  characteristics  of the damper as detailed under Annexure-A, shall  have  to  be  submitted  by  the  Bidder alongwith  his  bid.    The technical particulars for vibration analysis and damping design of the system  are  as follows :

	1
	Configuration
	Double Circuit

Single ACSR “ZEBRA” Conductor per phase in vertical formation.

	2.
	Span Length in Meters
	

	2.1
	Ruling Design Span
	350 Meters

	2.2
	Maximum Span
	1100 Meters

	2.3
	Minimum Span
	100 Meters

	3.
	Wind Zone
	2

	4
	Tensile Load in Conductor
	

	4.1
	At minimum temperature of

 -7.5 Deg C and still air
	

	4.2
	At every day temperature of 15 Deg C and still air
	

	4.3
	At 75 Deg C and no wind
	

	4.4
	At -7.5 Deg C and 36% full wind
	

	4.5
	At 15 Deg C and full wind
	

	5
	Armour Rods used
	Standard preformed Armour Rods/AG

	6
	Wind Velocity
	39 m/sec

	7
	Max. permissible dynamic strains
	+ 150 micro strains


The bidder shall submit the sag-tension chart with the bid.

3.3.9.4.13 The damper placement chart for  spans  ranging  from  100 m  to 1100 m shall  be  submitted  by  the  Bidder.  Placement charts should be duly supported with relevant technical documents.

3.3.9.4.14 The damper placement charts shall include the following :

        

1)      
Location of the dampers for  various  combinations  of spans  and line 

tensions clearly indicating the number of dampers to be installed per conductor per span.

        

2)      
Placement distance clearly identifying the extremities between which 

the distances are to be measured.

        

3)      
Placement  recommendation  depending  upon   type   of suspension 

clamps    (viz Free centre type/Armour grip type etc.,)

4)      
The influence of mid span compression  joints,  repair sleeves and armour  rods    (standard and AGS)  in the placement of dampers.

3.4 EARTH WIRE ACCESSORIES

3.4.1 GENERAL

 
This   section   details  the  technical  particulars  of  the accessories for Galvanized Steel Earth wire as per Section - II of the specification.


2.5% extra fastener shall be supplied

3.4.2 MID SPAN COMPRESSION JOINT

Mid  Span  Compression  Joint  shall  be  used for joining two lengths of earth wire.  The joint shall be made of  mild  steel with aluminum encasing.  The steel sleeve should not crack or fail during  compression.    The Brinnel Hardness of stainless steel should not exceed 200.  The steel sleeve  shall  be  hot dip galvanized.   The aluminum sleeve shall have aluminum of purity not less than 99.5%.  Filler aluminum sleeve  shall also be  provided  at  the  both  ends.   The joints shall not permit slipping off, damage to, or  failure  of  the  complete earth wire  or  any part thereof at a load not less than 95% of the ultimate tensile strength of the earth wire. The  joint shall have resistivity less than 75% of resistivity of equivalent length of earth wire.   The  dimensions  and  the dimensional  tolerances  of  the  joint  shall  be  as per the Section - II of the specification.

3.4.3 VIBRATION DAMPER

3.4.3.1 Vibration  dampers  of4R-Stockbridge  type   with   four   (4) different  resonant  frequencies  spread  within the specified Aeolian frequency band-width shall be used for suspension  and tension points on  earth wire in each span to damp out Aeolian vibrations as mentioned hereinafter.

3.4.3.2 Alternate damping systems or    "Dog bone"    dampers  offering equivalent  or  better  performance  also  shall be acceptable provided the  manufacturer meets the  qualifying  requirements  stipulated in   technical   specification  Vol-III.    Relevant technical documents to establish the technical  suitability  of   alternate  systems  shall  be  furnished  by  the  bidder along with the bid.

3.4.3.3 One damper minimum on each side per  earth wire  at  suspension points and two dampers on each side at tension points shall be used for ruling design span of 350 meters.

3.4.3.4 The  clamp  of the vibration damper shall be made of aluminum alloy.  It shall be capable of supporting  the  damper  during installation  and  prevent  damage or chafing of the earth wire during erection or continued operation.  The clamp shall  have  smooth  and  permanent  grip to keep the damper in position on  the  earth wire  without  damaging  the  strands   or   causing premature  fatigue  failure  of the earth wire under the clamp. The  clamp  groove  shall  be  in  uniform  contact  with  the conductor  over  the  entire  clamping  surface except for the Rounded edges.  The groove of the clamp  body  and  clamp  cap shall  be  smooth,  free  from  projections, grit or materials which could cause damage to the earth wire when  the  clamp  is installed.  Clamping bolts shall be provided with self locking nuts designed to prevent corrosion of the threads or loosening during service.

3.4.3.5 The messenger cable shall be made of high strength  galvanized steel/stainless  steel  with a minimum strength of 135 kg/sq. mm.  It shall be of preformed and post formed quality in  order  to prevent subsequent droop of weights and to maintain consistent flexural stiffness  of  the  cable  in service.  The number of strands in the messenger cable shall be  19.    The  messenger  cable ends shall be suitably and effectively sealed to prevent corrosion.

3.4.3.6 The damper mass shall be  made  of  hot  dip  galvanized  mild steel/cast iron.  All castings shall be free from defects such as  cracks,  shrinkages,  inclusions and blow holes etc., The inside and outside surfaces of  the  damper  masses  shall  be smooth.

3.4.3.7 The vibration analysis of the system, with and without damper, dynamic  characteristic  of  the  damper  as  detailed   under Annexure-A, shall have to be submitted by the Bidder alongwith his  bid.    The  technical  particulars  for vibration  analysis  and  damping  design of the system are as follows :

	1
	Configuration
	One Galvanized Steel Earth Wire

	2.
	Span Length in Meters
	

	2.1
	Ruling Design Span
	350 Meters

	2.2
	Maximum Span
	1100 Meters

	2.3
	Minimum Span
	100 Meters

	3.
	Wind Zone
	2

	4
	Tensile Load in Conductor
	

	4.1
	At minimum temperature of

 -7.5 Deg C and still air
	

	4.2
	At every day temperature of 15 Deg C and still air
	

	4.3
	At 53 Deg C and no wind
	

	4.4
	At -7.5 Deg C and 36% full wind
	

	4.5
	At 15 Deg C and full wind
	

	6
	Max. permissible dynamic strains
	+ 3 micro strains


The bidder shall submit the sag-tension chart with the bid.

3.4.3.8 The damper placement chart for  spans  ranging  from  100m  to 1100m shall  be  submitted  by  the bidder.  All the placement charts  should  be  duly  supported  by   relevant   technical  documents.

3.4.3.9 The damper placement charts shall include the following :

        

1)      
Location of the dampers for  various  combinations  of spans  and  line 

tensions clearly indicating number of dampers to be installed per earth wire per span.

        

2)      
Placement   distances    clearly    identifying    the extremities  between  

which  the  distances  are to be measured.

        

3)      
Placement   recommendation   depending  upon  type  of suspension 

clamps (viz, Free centre type/trunnion type etc.)

        

4)      
The influence of mid span compression  joints  in  the placement of 

dampers.

3.4.4 FLEXIBLE COPPER BOND

The flexible copper bond shall be circular in  cross-section  of minimum  
34  sq.mm  equivalent  copper  area and not less than 500mm in length.  It shall consist of 259 wires  of  0.417  mm dia.  tinned  copper  conductor.    It  shall  be laid up as 7 stranded ropes, each of 37 bunched wires.  The  tinning  shall  be as  per  relevant  Indian  Standard.    Two  tinned  copper connecting lugs shall be press jointed to either ends  of  the flexible copper  cable.   One lug shall be suitable for 12 mm. dia.  bolt and the other for 16 mm dia.  bolt.   The  complete assembly  shall also include one 16 mm dia., 40 mm long HRH MS Bolt hot dip galvanised with nut and lock washer.

3.4.5 SUSPENSION CLAMP

3.4.5.1 Standard  twisted shackle for earth wire suspension clamp shall be  supplied  for  attaching  to  the  hanger  having  minimum thickness of 12 mm with a hole of 21.5 mm diameter

3.4.5.2 At  all suspension towers, suitable suspension clamps shall be used to support the earth wire of 7/3.15 mm size.   The  clamps shall  be of either free-centre type or trunion type and shall provide adequate area of support to the earth wire.  The groove of the clamp shall be smooth, finished in an uniform  circular or  oval  shape and shall slope downwards in a smooth curve to avoid edge support  and  hence  to  reduce  the  intensity  of bending moment on earth wire.

3.4.5.3 There shall be no sharp point in the clamps coming in  contact with earth wire.    There  shall not be any displacement in the configuration of the earth wire strands nor shall  the  strands be   unduly   stressed   in   final  assembly  during  working  conditions.

3.4.5.4 The  clamping  piece and the clamp body shall be clamped by at least two U-bolts of size not less than 10 mm diameter  having  one  nut  and  one  3  mm  thick  washer on each of its limbs. Suspension  clamps  shall  be  provided  with  inverted   type U-bolts.   One  limb  of  the  U-bolt  shall be long enough to accommodate the lug of the flexible copper bond.

3.4.5.5 The Bidder shall supply all the components of  the  suspension  assembly  including  shackles, bolts, nuts, washers, split pin etc.  The total drop  of  the  suspension  assembly  from  the centre  point  of  the  attachment  to the centre point of the earth wire shall not exceed 150 mm.  The design of the assembly shall be such that the direction of run of the earth wire shall be same as that of the conductor.

3.4.5.6 The complete assembly shall be guaranteed for slip strength of not less  than  9  kN  and not more than 14 kN.  The breaking  strength of the assembly shall not be less than 25 kN.

3.4.6 TENSION CLAMP

3.4.6.1 At all tension towers suitable compression type tension clamps shall  be  used  to hold 7/3.15 mm galvanized steel earth wire. Anchor shackle shall be supplied which shall be  suitable  for attaching the  tension  clamp  to  strain  plates.  The strain plates supplied with the towers will have a minimum thickness of     8 mm with a hole of 21.5 mm diameter.

3.4.6.2 The  clamps  shall  have  adequate  area of bearing surface toensure positive electrical and mechanical  contact  and  shall  not permit any slip to the earth wire under working tension and vibration conditions.    The  angle  of  jumper terminal to be mounted should be 30 deg.  with respect to the vertical line.

3.4.6.3 The  clamps  shall  be  made  of  mild  steel  with  Aluminum  encasing.    The   steel  should  not  crack  or  fail  during  compression.  The brinnel hardness of steel sleeve  shall  not exceed 200.    The  steel  sleeve shall be hot dip galvanized. The aluminum encasing shall have aluminum of purity not less  than 99.5%.  Filler aluminum sleeve shall also be provided at the end.

3.4.6.4 The  complete  assembly shall be so designed as to avoid undue bending in any part of the clamp and  shall  not  produce  any hindrance  to  the  movements  of  the clamps in horizontal or vertical directions.

3.4.6.5 The slip strength of the assembly shall not be less  than  95%  of the ultimate strength of the earth wire.

3.4.6.6 The clamps shall be complete with all the components including anchor  shackle,  bolts,  nuts,  washers,  split  pin,  jumper arrangement etc.

3.4.7 TESTS AND STANDARDS

3.4.7.1 TESTS

The type,  acceptance  and  routine  tests  and  tests  during  manufacture  shall  be  carried out on conductor and earth wire accessories, for the purpose of this clause:

3.4.7.1.1 Type  Tests shall mean those tests which are to be carried out to prove  the  design,  process  of  manufacture  and  general  conformity of  the  material  to this specification/IS.  These tests shall be carried out on samples prior to commencement of commercial  production  against  relevant   Indian   Standards specification.   The  bidder shall indicate their schedule for carrying out these tests.

3.4.7.1.2 Acceptance  Tests  shall  mean  those  tests,  which are to be carried out  on  samples  taken  from  each  lot  offered  for pre-despatch  inspection for the purpose of acceptance of that lot.

3.4.7.1.3 Routine  Tests shall mean those tests, which are to be carried out on each item of the material to check requirements which are likely to vary during production.

3.4.7.1.4 Tests During Manufacture shall mean those tests which  are  to be  carried  out  during  the  process  of manufacture and end inspection by the Contractor to ensure the desired quality  of the end product to be supplied by him.

3.4.7.1.5 The norms and procedure of sampling for these tests will be as per the applicable /standards.

3.4.7.1.6 For all type and acceptance tests, the acceptance values shall be the values guaranteed by the bidder in the data requirement sheets of this proposal or the acceptance value specified  in this  specification,  whichever  is  more  stringent  for that particular test.

3.4.7.1.7 The  contractor will intimate the purchaser about carrying out of the tests at least 45 days in advance of the scheduled date of tests during which the purchaser will arrange to depute his representative/s to be present at the time of carrying out  of the tests.    Six  (6)  copies  of  the  test reports shall be submitted.

3.4.7.2 TYPE TESTS 

3.4.7.2.1 Mid Span Compression Joint for Conductor and Earth wire  

	a)
	Visual Examination
	IS: 2121 – Part II

	b)
	Dimensional Verification
	

	c)
	Galvanizing Test
	

	d)
	Electrical Resistance Tests
	

	e)
	Heating Cycle Test
	

	f)
	Chemical Analysis of Materials
	

	g)
	Slip Strength Test
	


 Note:-  
Test mentioned at (e), is not applicable to mid span compression joint for earth wire.                                                            

3.4.7.2.2 Repair Sleeve for Conductor      

	a)
	Visual Examination
	As per Annexure A

	b)
	Dimensional Verification
	

	c)
	Chemical Analysis of Materials
	


3.4.7.2.3 Flexible Copper Bond 

	a)
	Visual Examination
	IS: 2121 Part - II

	b)
	Dimensional Verification
	

	c)
	Slip Strength Test
	As per Annexure A


3.4.7.2.4 Vibration Damper for Conductor and Earth wire 

	a)
	Visual Examination
	IS: 9708 - 1998

	b)
	Verification of Dimensions
	

	c)
	Damper Efficiency Test
	

	d)
	Galvanising/Electroplating Test
	

	e)
	Clamp Bolt Torque Test
	

	f)
	Mass Pull off Test
	

	g)
	Resonance Frequency Test
	

	h)
	Chemical Analysis of Material
	

	j)
	Dynamic Characteristics Test
	

	k)
	Clamp Slip Test
	

	l)
	Fatigue Test
	As per Annexure A

	m)
	Magnetic Power Loss Test
	


Note :- 
Test mentioned at (m), is not applicable to dampers for earth wire.

3.4.7.2.5 Earth wire Suspension Clamp Assembly 
	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part - III

	b)
	Galvanizing Test
	

	c)
	Chemical Analysis of Materials
	

	d)
	Mechanical Strength Test
	As per Annexure A

	e)
	Clamp Slip Strength Vs Torque Test for Suspension Assembly
	


3.4.7.2.6 Earth wire tension clamp assembly 

	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part - III

	b)
	Galvanising Test
	

	c)
	Chemical Analysis of Materials
	

	d)
	Mechanical Strength Test (Excluding Clamp)
	As per Annexure A

	e)
	Slip Strength Test on Tension Assembly
	

	f)
	Electrical Resistance Test on Tension Clamp 
	


3.4.7.2.7 Flexible copper bond  

	a)
	Visual Examination
	IS: 2121 – 1992 Part - III

	b)
	Dimensional Verification
	

	c)
	Slip Strength Test
	As per Annexure A


                
ACCEPTANCE TESTS 

3.4.7.2.8 Mid Span Compression Joint for Conductor and Earth wire- Accessories               

	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part – II

1981 Clause 6.2, 6.3 & 6.7

	b)
	Galvanising Test
	IS: 2121 – 1992 Part – III

	c)
	Slip Strength Test
	As per Annexure B

	d)
	Hardness Test
	


                   Repair Sleeve for Conductor 
	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part – II

1981 Clause 6.2 & 6.3


3.4.7.2.9 Flexible Copper Bond 
	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part – II

1981 Clause 6.2 & 6.3

	b)
	Slip Strength Test
	As per Annexure B


3.4.7.2.10 Vibration Damper for Conductor and  Earth wire 
	a)
	Visual Examination & Dimensional Verification
	IS: 9708 - 1993

	b)
	Galvanising Test
	

	
	      i     on damper masses

      ii   on messenger cable
	As per Indian Standard

	c)
	Verification of Resonance Frequencies
	As per Annexure B

	d)
	Clamp Slip Test
	

	e)
	Clamp Bolt Torque Test
	

	f)
	Strength of Messenger Cable
	

	g)
	Mass Pull Off Test
	



|   Earth wire Suspension clamp Assembly 

	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part – III

	b)
	Galvanising Test
	As per Indian Standard

	
	Clamp Slip  Strength Test
	

	d)
	Mechanical Strength Test on Each component
	As per Annexure A

	e)
	Chemical Analysis of Materials
	


3.4.7.2.11 Earth wire Tension Clamp Assembly 

	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1992 Part – III

	b)
	Galvanizing Test
	As per Annexure A

	c)
	Hardness Test
	

	d)
	Mechanical Strength Test on Each component

(Excluding Clamp)
	

	e)
	Slip Strength Test for Tension Clamp
	

	f)
	Chemical Analysis of Materials
	


3.4.7.3 ROUTINE TESTS 
	a)
	Visual Examination & Dimensional Verification
	IS: 2121 – 1981 Part – II

Clause 6.2 & 6.3


3.4.7.4 TEST DURING MANUFACTURE  

3.4.7.4.1 Chemical analysis of zinc used for Galvanizing.  Samples taken from the zinc ingots  shall  be  chemically  analyzed  as  per  IS:209-1979.

3.4.7.4.2 Test on Malleable Castings, Forgings and Fabricated Hardware.

The  chemical  analysis,  mechanical  and metallographic tests, inclusion  rating  and  magnetic   particle   inspection   for malleable  castings,  chemical  analysis, hardness test, grain size  and  magnetic  particle  inspection  for  forgings   and chemical analysis and mechanical tests for fabricated hardware will be  based  on heat    number and  heat   treatment batch.  The details regarding these tests will   be as  discussed  and mutually agreed to by  the Contractor and Owner in the quality assurance programme.

3.4.8 SAMPLE BATCH FOR TYPE TESTING

3.4.8.1 The  contractor  shall offer at least three times the quantity of material required for conducting all the type tests  during sample selection for type testing.

3.4.8.2 The contractor is required to conduct all the acceptance tests successfully in presence of the Owner's representative.

3.4.8.3 Sample   selection   should   be   done   by  the  purchaser's representative.
3.4.9 TESTING EXPENSES

3.4.9.1 Testing charges for all the  type  tests  shall  be  indicated separately.

3.4.9.2 Bidder shall indicate the laboratories in which  they  propose to conduct  the  type tests.  They shall ensure that the tests  can  be  completed  in  these  laboratories  within  the  time schedule  guaranteed  by  them  in the appropriate schedule of this specification.

3.4.9.3 In case of failure in any type test, the bidder whose material has failed is either required to  modify  the  design  of  the  material  and  successfully  complete   the  type tests in the modified design or to repeat all type tests  in  the  modified design  or  to repeat all those particular type tests at least   three times successfully at his own expenses.  The decision of the Owner in this regard shall be final and binding.

3.4.9.4 The entire cost of testing for acceptance  and  routine  tests and  test during manufacture specified herein shall be treated as included in the quoted unit price  of  accessories,  except for the Purchaser's representative.

3.4.10 ADDITIONAL TESTS

3.4.10.1 The Purchaser reserves the right of having at his own  expense any   other  test(s)  of  reasonable  nature  carried  out  at Contractor's premises, at site,  or  in  any  other  place  in  addition  to  the aforesaid type, acceptance and routine tests to  satisfy  himself  that  the  materials  comply   with   the  specification.

3.4.10.2 The  Owner  also  reserves  the  right  to  repeat all type or acceptance tests on samples selected  from  lots  supplied  to owner wherever deemed necessary.

3.4.11 TEST REPORTS

3.4.11.1 Copies  of type test reports shall be furnished in at least six copies along with one original.  One  copy  shall  be  returned  duly  certified  by  the Owner only after which the commercial  production of the concerned material shall start.

3.4.11.2 Copies of acceptance test report shall be furnished in at least six copies.  One copy shall be returned, duly certified by the Owner only after which the materials will be dispatched.

3.4.11.3 Record of routine test  report  shall  be  maintained  by  the Contractor at his works for periodic inspection by the Owner's representative.

3.4.11.4 Test  certificates/record  of   tests   carried   out   during manufacture  and  routine  tests  shall  be  maintained by the  Contractor.  These shall be produced for verification as  and when desired by the Purchaser.

3.4.12 INSPECTION

3.4.12.1 The  Purchaser's representative shall at all times be entitled to have access to the works and  all  places  of  manufacture, where conductor and earth wire accessories and/or its component  parts shall be manufactured and the representatives shall have  full   facilities   for   unrestricted   inspection   of   the Contractor's   sub-contractor's    works,    raw    materials, manufacturer   of  all  the  accessories  and  for conducting necessary tests as detailed herein.

3.4.12.2 The Contractor shall keep the Purchaser informed in advance of the time of starting and of the progress of manufacture of the accessories in its various stages so that  arrangements  could be made for inspection.

3.4.12.3 Accessories   shall  not  be  despatched  from  its  point  of  manufacture before it has been  satisfactorily  inspected  and tested,  unless  the  inspection is waived off by the Owner in writing.  In the latter case also  the  accessories  shall  be despatched  only  after  all  tests specified herein have been  satisfactorily completed.

3.4.12.4 The acceptance of any quantity of accessories shall in no  way relieve  the  Contractor of his responsibility for meeting all the requirements of the specification, and shall  not  prevent subsequent  rejection,  if such accessories are later found to be defective.

3.4.13 PACKING AND MARKING

3.4.13.1 All  accessories shall be packed in strong, seasoned resistant wooden cases/crates.  The gross weight of  the  packing  shall not normally exceed 100 kg to avoid handling problems.

3.4.13.2 The packing shall be of sufficient strength to withstand rough handling  during  transit,  storage  at  site  and  subsequent handling in the field.

3.4.13.3 Suitable cushioning, protective padding,  dunnage  or  spacers shall  be  provided  to  prevent  damage  or deformation during transit and handling.

3.4.13.4 Bolts, nuts, washers, cotter pins, security  clips  and  split pins  etc.  shall  be packed duly installed and assembled with the respective parts and suitable measures shall  be  used  to prevent their loss.

3.4.13.5 Each component part shall be legibly and indelibly marked with trade mark of the manufacturer and year of manufacture.

3.4.13.6 All the packing cases shall be marked legibly and correctly so as to ensure safe arrival at their destination  and  to  avoid the  possibility  of goods being lost or wrongly dispatched on  account of faulty packing and faulty  or  illegible  markings.  Each  wooden case/crate shall have all the markings stenciled on it in indelible ink.

                       






 ANNEXURE-A (TYPE TESTS)

1.      
Mid Span Compression Joint for Conductor and Earth wire
        
a)      
SLIP STRENGTH TEST

The fitting compressed  on  conductor/earth wire  shall  not be  less than one metre in length.  The test shall  be carried out as per  IS:2121-(Part-II)-1981   clause 6.4  except  that the load shall be steadily increased  to  95%  of  minimum  ultimate  tensile  strength   of conductor/ earth wire  and  retained  for one minute at this load.    There  shall  be  no  movement  of   the conductor/earth wire  relative  to  the fittings and no failure of the fittings during this one minute period.

2.      
Flexible Copper Bond 

a)      
Slip Strength Test

On applying a load of  3  kN  between  the  two  ends, stranded  flexible  copper cable shall not come out of the connecting lugs and none of its strands  shall  be damaged.   After  the test, the lugs shall be cut open to ascertain that the gripping of cable has not   been affected.

3.      
Vibration Damper for Conductor and Earth wire

        
a)      
Dynamic Characteristics Test

The  damper  shall be mounted with its clamp tightened with torque recommended by the manufacturer on  shaker table  capable  of simulating sinusoidal vibration for Aeolian vibration frequency band of range from 5  to 45  Hz  for  damper  for conductor and 15 to 75 Hz for  damper for earth wire.  The damper  assembly  shall  be vibrated vertically with a +/-1 mm amplitude from 5 to 15 Hz frequency and beyond 15Hz +/- 0.5mm to determine the following characteristics  with  the  help of suitable recording instruments :

i)    
Force Vs frequency

                 
ii)    
Phase angle Vs frequency

                
iii)    
Power dissipation Vs frequency

The Force Vs frequency curve shall not show steep peak at resonance frequencies and deep troughs between the resonance frequencies. The resonance frequencies shall be suitably spread within the Aeolian vibration frequency – band between the lower and upper dangerous frequency limits determined by the vibration analysis of conductor / earth wire without dampers.

Acceptance criteria for vibration damper

(i) The above dynamic characteristics test on five damper shall be conducted.

(ii) The mean reactance and phase angle Vs frequency curves shall be drawn with the criteria of best fit method.

(iii) The above mean reactance response curve should lie with in applicable  limits for ACSR ZEBRA conductor damper and 0.050f to 0.3 Kg/mm limits for earth wire damper where 'f' is frequency in Hz.

(iv)  The above mean phase angle response curve shall be between 25( to 130( with in the frequency range of interest.

(v) If the above curve lies within the envelope, the damper design shall be considered to have successfully met the requirement.

(vi) Visual resonance frequencies of each mass of damper is to be recorded and to be compared with the guaranteed values.

b)      
Vibration Analysis

The vibration analysis of  the  conductor/earth wire  shall  be  done with  and  without  damper  installed  on  the span.  The  vibration analysis shall be done on a digital  computer  using energy balance  approach.    The following parameters shall be taken into account for the purpose of analysis;

i)      
The  analysis  shall  be  done  for  single  conductor /earth wire   without armour rods as  per the   parameters given in section I & II.   The tension  shall  be  taken  as  35  kN  and  12  kN for  conductor  and  earth wire  respectively  for  a   span  ranging from 100m to 1100m.

ii)     
The  self  damping  factor and flexural stiffness (El) for conductor and earth wire shall be calculated on the basis of experimental  results.  The  details   of experimental   analysis  with  these  data  should  be furnished.

iii)    
The power  dissipation  curve  obtained  from  dynamic Characteristic  Test  shall  be used for analysis with  damper.

iv)     
Examine   the   Aeolian   vibration   level   of   the  conductor/earth wire  with and without vibration damper installed at the recommended location or wind velocity ranging   from   0  to  30  km  per  hour,  predicting amplitude, frequency and vibration energy input.

v)      
From vibration analysis of conductor/earth wire without damper,  antinodes  vibration  amplitude  and   dynamic  strain levels at clamped span extremities as  well  as antinodes  shall  be examined and thus lower and upper dangerous  frequency  limits between which the Aeolian vibration levels exceed the specified limits     shall  be determined.

vi)     
From vibration analysis  of  conductor/earth wire  with damper/dampers  installed at the recommended location, the   dynamic  strain  level   at   the  clamped  span extremities, damper attachment point and the antinodes on the conductor/earth wire shall be  determined.    In addition to above damper clamp vibration amplitude and antinode vibration amplitudes shall also be examined.

The dynamic strain levels at damper attachment points, clamped  span  extremities  and  antinodes  shall  not exceed the  specified  limits.    The   damper   clamp vibration amplitude shall not be more than that of the  specified fatigue limits.

c)      
Clamp Slip and Fatigue tests

        
i)      
Test Set up

The clamp slip and fatigue  tests  shall  be  conducted  on  a laboratory  set  up with a minimum effective span length of 30 m.  The conductor/earth wire shall be tensioned at 35 kN/12  kN and  shall  not be equipped with protective armour rods at any point.  Constant tension shall be maintained within  the  span by means    of    lever    arm   arrangement.  After   the conductor/ earth wire  has  been  tensioned,  clamps  shall   be installed  to support the conductor/earth wire at both ends and thus influence of connecting hardware fittings are  eliminated from the  free span.  The clamps shall not be used for holding the tension on the conductor/earth wire.   There  shall  be  no loose  parts,  such as suspension clamps, U bolts, on the test span supported between clamps mentioned above.  The span shall be equipped with vibration  inducing  equipment  suitable  for producing steady  standing  vibration.  The inducing equipment shall have facilities for step less speed control  as  well  as   step less amplitude  arrangement.  Equipment shall be available for measuring the frequency, cumulative number of  cycles  and amplitude of vibration at any point along the span.

        
ii)     
Clamp Slip Test

The vibration damper shall be installed on the test span.  The damper  clamp,  after  tightening  with   the   manufacturer's  specified  tightening torque, when subjected to a longitudinal pull of 2.5 KN parallel to the axis of conductor/earth wire for a minimum duration of one  minute  shall  not  slip  i.e,  the permanent  displacement  between conductor/earth wire and clamp measured after removal of the load shall not  exceed  1.0  mm. The  load  shall  be  further  increased till the clamp starts slipping.  The load at which the clamp slips shall not be more than 5 kN.

        
iii)    
Fatigue Test

The vibration damper shall be installed on the test span  with the manufacturer's  specified  tightening torque.  It shall be ensured that the damper shall be kept minimum three loops away from the shaker to eliminate stray signals influencing  damper movement.

The  damper  shall  then  be  vibrated at the highest resonant frequency of  each  damper  mass.    For   dampers   involving  torsional   resonant   frequencies  tests  shall  be  done  at torsional nodes also  in  addition  to  the  highest  resonant frequencies at  vertical nodes.  The resonance frequency shall be identified as the  frequency  at  which  each  damper  mass vibrates with  the maximum amplitude on itself.  The amplitude of vibration of the damper clamp shall be maintained not  less  than +/-25/f mm, where f is the frequency in Hz.

The test shall be conducted for minimum    ten million  cycles at each  resonant  frequency mentioned above.  During the test if resonance shift is observed the  test  frequency  shall  be tuned to the new resonant frequency.

The clamp slip test as mentioned hereinabove shall be repeated after fatigue test without retorquing or adjusting the  damper clamp,  and  the clamp shall withstand a minimum load equal to 80% of the slip strength for a minimum duration of one minute.

After the above  tests,  the  damper  shall  be  removed  from conductor/earth wire  and  subjected to dynamic characteristics test.  There shall not  be  any  major  deterioration  in  the characteristic of  the  damper.   The damper then shall be cut open and inspected.  There shall not be any broken, loose,  or damaged part.  There shall not be significant deterioration or wear of the damper.  The conductor/earth wire under clamp shall also be free from any damage.

                
For the purpose of acceptance, the following criteria shall be applied :

1)      
There shall not be any frequency shift by more than +/-2 Hz at frequencies  lower  than  15  Hz  and  +/-3Hz  for frequencies higher than 15 Hz.

2)      
The  force  response curve shall generally lie within guaranteed % variation in reactance after fatique test in comparison with that before fatigue test by the supplier.

3)      
The power dissipation of the damper shall not be  less than guaranteed % variation in power dissipation before fatigue test by the supplier. However, it shall not be less than minimum power dissipation which shall be governed by lower limits of reactance and phase angle indicated in the envelope.

4.
Magnetic Power Loss Test for Damper
The sample involving ferrous parts shall be tested in a manner  to simulate  service conditions for 50 Hz pure sine-wave.  The test should be carried out at various  currents  ranging  from 300  amperes  to  700  amperes  and the magnetic power loss at  various currents should be specified  in  tabulated  graphical    form.   The  difference  between  the power losses without and with sample at room temperature shall be limited to 1 watt for  500 amperes current (rms).  The losses shall be determined  by  averaging the observations obtained from at least four samples.

5.     Mechanical strength test of Earth wire Suspension/Tension Clamps
a)      
The  suspension  assembly/tension  assembly (excluding  tension clamp) shall be subjected to a load  equal  to  50% of the specified minimum ultimate tensile strength   (UTS) which shall be increased at a steady rate to 67%   of the minimum UTS specified.  This load shall be held  for five  minutes  and then removed.  After removal of  the load, the components shall  not  show  any  visual  deformation  and  it  shall be possible to disassemble  them by hand.  Hand tools may be used  to  loosen  the  nuts initially.      The   assembly   shall   then  be   reassembled and loaded to 50%  of  UTS  and  the  load  shall  be  further increased at a steady rate till the  specified minimum UTS is  reached  and  held  for  one  minute.   No fracture should occur during this period. The applied load shall then  be  increased  until  the failing load is reached and the value recorded.

b) Clamp Slip Strength  Vs  Torque  Test  for  suspension  Assembly.

The suspension assembly shall be vertically  suspended  by means  of a flexible attachment.  A suitable length  of 7/3.15 G.S.  Earth wire shall be fixed in the clamp. The clamp slip strength at various tightening  torques  shall  be  obtained  by gradually applying the load at  one end of the earth wire.   The  clamp  slip  strength  versus torque  curve  shall  be drawn.  The clamp slip  strength at the recommended tightening torque shall be more than 9 KN but less than 14 kN.

c)      
Slip Strength Test of Tension Clamp :

Tension  clamps shall be compressed on a 5 m length of  earth wire on both ends.  The assembly shall be mounted  on a tensile testing machine and anchored in a  manner  similar to  the  arrangement to be used in service.  A tensile load of 50% of the specified breaking load  of  the  earth wire  shall be applied & the sample shall be marked in such a way that  movement  relative  to  the  fitting can   easily   be   detected.  Without  any   subsequent adjustment of the fitting, the  load  shall  be steadily increased to 95% of the specified breaking  load and maintained for one minute.  There shall be no movement  of  the  earth wire  relative  to the fitting  during this one minute period and no  failure  of  the fitting also.

        
d)    Electrical Resistance Test of Tension Clamp : 

The  tension  clamp and the jumper shall be compressed  on two suitable lengths of earth wire.   The  electrical  resistance   shall   be  measured  between  points  on  earth wire near the clamp and  near  the  jumper  mouth  keeping  25 mm clearance of the fitting and should not  exceed 75% of the measured  resistance  of  equivalent  length of earth wire.  The test shall be conducted with  direct current.  The current connections shall be at a  distance  not  less  than  50  times  the  diameter of  earth wire from the fitting and shall be made  so  that effective contact is ensured with all those strands of  the  earth wire  which  would  be taken into account in calculating its equivalent resistance.  The test shall  be repeated with the polarity reversed and the average of the two results considered as the measured value.

6.       Chemical Analysis Test

Chemical analysis of the  material  used  for  manufacture  of   items  shall  be conducted to check the conformity of the same  with technical specification and approved drawing.

ANNEXURE-B (ACCEPTANCE TESTS)

1.      Mid Span Compression Joint for Conductor and Earth wire

        
a)      Hardness Test

The Brinnel hardness at various points  on  the  steel  sleeve   of   conductor  core  and  of  the  earth wire  compression joint and tension clamp shall be measured.

2..      Flexible Copper Bond 

              a)      
Slip Strength Test 

  


Same as Clause 2(a) of Annexure A.  

       
3.       Vibration Damper for Conductor and Earth wire 
a)      
Verification of Resonance Frequencies  

The damper shall be mounted  on  a  shaker  table  and  vibrated  at  damper  clamp  amplitude of +/-0.5 mm to  determine the resonance frequencies shall be  visually identified  as  the  frequency  at  which  damper mass  vibrates with  maximum  amplitude  on  itself.   The  resonance  frequency thus identified shall be compared with the guaranteed value.  A tolerance of +/-1 Hz at  a  frequency  lower  than  15 Hz and +/-2 Hz at a frequency higher than 15 Hz only shall be allowed.

                b)    Clamp Slip Test

                        Same as Clause 3 (c) (ii) of Annexure-A.

   c)
Clamp Bolt Torque Test

The  clamp  shall  be  attached  to  a  section of  the  conductor / earth wire.  A torque of 150 percent  of  the  manufacturer's specified torque shall be applied to the  bolt.   There  shall be no failure of component parts.  The test set up is as described in clause 3  (c)  (i),  Annexure-A.

d)
Strength of the Messenger Cable

The  messenger  cable  shall  be  fixed  in a suitable   tensile testing machine and the tensile load shall  be  gradually applied  until  yield point is reached.  The load shall be not less than the value guaranteed by the   bidder.

                e)      Mass Pull Off Test

Each  mass  shall  be pulled off in turn by fixing the  mass in one jaw and  the  clamp  in  the  other  of  a  suitable tensile  testing  machine.  The longitudinal  pull shall be applied gradually until the mass  begins  to pull  out  of  the  messenger  cable.  The pull off  loads shall not be less than the value  guaranteed  by  the bidder.

CHAPTER - 4
INSULATORS   AND  INSULATOR  HARDWARE

4.1 INSULATORS

4.1.1 SCOPE
4.1.1.1 This section covers design, manufacture, stage testing, inspection, testing before dispatch, packing, supply and delivery of insulators  specified  herein under.

 
     

  a)    70 KN EM strength Porcelain Disc Insulators          



      

  b)    120 KN EM strength Porcelain Disc Insulators  
4.1.1.2 70 KN EM strength Disc Insulators shall be used for suspension towers and angle towers in the following insulator strings along with hardware fittings:


      

 1)  Single "I" suspension insulator Strings(1x14).        


      

 2)  Single suspension "pilot" insulator strings (1x14): for large angle type towers .


      

 3)  Double suspension "II" Insulator strings (2x14) for  crossings.

4.1.1.3 120 KN EM strength Disc Insulators shall be used in the following Insulator 

                        strings along with hardware fittings:

Single / Double Tension Insulator strings(1x15/2x15) for angle towers and Railway and other crossings.

4.1.2 STANDARDS 
4.1.2.1 The insulator strings and its components shall conform to the following Indian/International Standards which shall mean latest revision, with amendments/changes adopted and published, unless specifically stated otherwise in the specification.

4.1.2.2 In the event of supply of insulators conforming to Standards other than specified, the Bidder shall confirm in his bid that these standards are equivalent to those specified.  In case of award, salient features of comparison between the standards proposed by the Bidder and those specified in this document will be provided by the supplier to establish equivalence.

	S.No
	Indian Standard
	Title
	International Standard

	1
	IS 731-1974
	Porcelain Insulators for Over Head Power Lines with a nominal voltage greater than 1000 V
	BS:137-1982 (I & II)

IEC:383-

 (Part-I)-1993

(Part-II)-1992

	2
	IS 209-1966
	Specification for Zinc
	BS:3436-1986

	3
	IS:406-1964     
	Method for Chemical Analysis of Slab Zinc

	

	4
	IS 2071-1974  

 Part (I) – 1974

Part (II) – 1974

Part (III) – 1976
	Method of High Voltage Testing

General Definitions & Test Requirements

Test Procedure

Measuring Devices
	IEC 60-1-1989

	5
	IS : 2629 – 1985
	Recommended Practice for Hot Dip Galvanizing of Iron & Steel
	ISO-1461(E)

	6
	IS : 2633 – 1986
	Method for testing of Uniformity of Coating of Zinc Coated articles
	

	7
	IS : 3188 – 1980
	Dimensions for Disc Insulators
	IEC:305-1978

	8
	IS : 6745 – 1972
	Methods of determination of weight of Zinc Coating on Zinc Coated Iron & Steel articles
	BS:433-1969

ISO 1460-1973

	9
	IS : 385
	Specification for Phosphor Bronze Rods and Bars Sheet Strip and Wire
	BS:2870

	10
	IS : 1570 – 1961

Part I
	Specification for Wrought Steels for General Engineering Purposes.

Steel specified by tensile and/or yield properties
	

	11
	IS:2004        
	Carbon Steel Forgings for General Engineering purposes
	

	12
	IS:6603        
	Stainless Steel Bars and Flats
	

	13
	IS:4759
	Hot Dip Zinc Coating on Structural Steel & Other Allied Products
	

	14
	IS:1573
	Electroplated Coatings of Zinc on Iron & Steel
	

	15
	IS : 2121 – 1981

Part – I

Part – II
	Specification for Conductors and Earth Wire accessories for Over Head Power Lines

Armour Rods, Binding Wires & Tapes for Conductors

Mid Span Joints and Repair Sleeves for Conductor
	

	16
	IS : 4218 – 1976
	ISO metric screw threads.
	ISO/R68 – 1969
R 26 – 1963

R965 – 1969

	17
	IS : 8263 – 1976
	Methods of RI test on HV Insulators
	IEC : 437 – 1973

NEMA PUBLICATION

No. 107/1964 CISPR

	18
	IS : 8269 – 1976
	Methods for Switching Impulse Test on HV Insulators
	IEC:506-1975

	19
	 
	Thermal Mechanical Performance & Mechanical Performance Test on String Insulators
	IEC:575-1977

	20
	IS:2486   
Part – I   1971 
Part – II  1974

Part – III  1975   
	Specification for Insulator Fittings for Over Head Power Lines with a Nominal Voltage greater than 1000 V
General Requirements & Tests

Dimensional Requirements

Locking Devices
	BS:3288-1979

IEC:120-1984

 IEC:120-1984

	21
	IS : 3138 – 1966
	Hexagonal Bolts & Nuts
	ISO/R947 and ISO/R272

	22
	IS : 1367 – 1980
	Technical Supply Conditions for the Threaded Steel Fasteners
	

	23
	IS:2016
	Specification for Plain Washers
	

	24
	IS:2070- 1962
	Method of Impulse Voltage Testing
	

	25
	IS:2107 – 1977
	Specification for White Heart Malleable Iron Castings
	

	26
	IS:2108 – 1977
	Specification for Black Heart Malleable Iron Castings
	

	27
	IS:5358 – 1969
	Specification for Hot Dip Galvanized Coatings on Fasteners
	

	28
	
	Salt Fog Pollution Voltage withstand Stage
	IEC:507-1991

	29
	
	Residual Strength of String Insulator Units of Glass or Ceramic Material for Over Head Lines after Mechanical Damage of the Dielectric
	IEC:797-1984

	30
	
	Guide for the selection of Insulators in respect of polluted conditions
	IEC:815-1986


4.1.3 TECHNICAL DESCRIPTION

4.1.3.1 DETAILS OF DISC INSULATORS 
4.1.3.1.1 The Insulator of the strings shall consist of standard discs for a three phase,50 Hz, effectively earthed 220 kV Transmission  system in a moderately polluted atmosphere. The discs shall be cap and pin, ball and socket type.

4.1.3.1.2 Bidder shall quote for disc insulators made of electro porcelain in accordance with the clause 4.1.1 (Scope).

4.1.3.1.3 The size of disc insulator, minimum Creepage distance, the number to be used in different types of strings, their electromechanical strength and mechanical strength of insulator strings along with hardware fittings shall be as in Table below:
PARTICULARS OF INSULATORS AND INSULATOR STRINGS
	S.No
	PARTICULARS
	SINGLE SUSPENSION STRING

“I”

& PILOT

STRING
	DOUBLE SUSPENSION STRING

“II”

& PILOT

STRING
	SINGLE TENSION STRING


	DOUBLE TENSION STRING



	1
	No of Standard Disc
	14
	2 x 14
	15
	2 x 15

	2
	Size of Disc (mm)
	255/180

x 145
	255/180

x 145
	255/180

x 145
	255/180

x 145

	3
	E & M Strength of Each String
	70 KN
	2 x 70 KN
	120 KN
	2 x 120 KN

	4
	Ball & Socket Designation (mm)
	16
	16
	20
	20

	5
	Creepage Distance of Each Disc (mm)
	292
	292
	292
	292


4.1.3.2 DIMENSIONS OF INSULATOR DISCS
It shall be ensured that the dimensions of the disc insulators are within the 

                       limits specified below:



a) 
Diameter of disc (mm)    
Standard  
Maximum    
Minimum


     

70/120 KN Disc         

255/280   
266/293    
244/267 

a) Ball to Ball spacing 

between discs (mm)


70/120 KN Disc                 
145       
149        
141

4.1.3.3  BID DRAWINGS
4.1.3.3.1 The bidder shall furnish full description and illustration of the material offered.

4.1.3.3.2 The Bidder shall furnish along with the bid the outline drawing (6 copies) of each insulator unit including a cross sectional view of the insulator shell. The drawing shall include but not be limited to the following information:

a) Shell diameter and ball to ball spacing with manufacturing tolerances.

b) Minimum Creepage distance with positive tolerance.

c)  Eccentricity of the disc



        

 i)   Axial run out



       

 ii)   Radial run out.

d) Unit mechanical and electrical characteristics.

e) Size and weight of ball and socket parts.

f) Weight of unit insulator disc.

g) Materials for the disc, cap and pin and standard to which conforming.

h) Identification mark.

i)  Manufacturer's catalogue number.

j) Brief installation instructions.

k) Relevant technical details of significance.

l) Galvanization Process, weight of zinc and no. and duration of dips.

4.1.3.3.3 Drawings for complete Insulator strings may be furnished with following information.

a) Dimensional drawings for different insulator strings.

b)  EMS

c)  No. of insulator disc units in each string.

d) Weight of insulator discs, Hardware sets and total weight of insulator 


         strings.

e) Tolerance if any.

4.1.3.3.4 After placement of the award, the contractor shall submit fully dimensioned insulator drawings containing all the details as given in Clause No.4.1.3.3.2 and 4.1.3.3.3 above, in four (4) copies to owner for approval. After getting approval from owner and successful completion of all the type tests, the contractor shall submit 30 more copies of the same drawing to the owner for further distribution and field use at Owner's end.   

4.1.3.3.5 After placement of award the supplier shall also submit fully dimensioned insulator crate drawing of different types of insulators.
4.1.4 GENERAL TECHNICAL REQUIREMENTS

4.1.4.2 PORCELAIN 

The porcelain used in the manufacture of the shells shall be ivory white, nonporous of high dielectric, mechanical and thermal strength, free from internal stresses, blisters, laminations, voids, foreign matter ,imperfections or other  defects  which  might render it in any way unsuitable for insulator shells.

Porcelain shall remain  unaffected  by  climatic  conditions, ozone, acid, alkalies, zinc or dust. The manufacturing shall be  by  the  wet  process  and impervious

character obtained by thorough vitrification.

4.1.4.1.1 Porcelain Glaze

Surfaces to come in contact with cement shall be made rough by sanding. All other exposed surfaces shall be glazed with ceramic materials having the same temperature coefficient of expansion as that of the insulator shell. The thickness of the glaze shall be uniform throughout and the colour of the glaze shall be brown. The glaze shall have a good visible lusture, smooth on surface and be subject to satisfactory performance under extreme tropical climatic weather conditions and prevent ageing of the porcelain. The glaze shall remain under compression on the porcelain body throughout the working temperature range.

4.1.4.3  METAL PARTS 
4.1.4.3.1 Cap and Ball Pins  

Ball pins shall be made with drop forged steel and caps with malleable cast iron. They shall be in one single piece and duly hot dip galvanized. They shall not contain parts or pieces joined together, welded, shrink fitted or by any other process from more than one piece of material. The pins shall be of high tensile steel, drop forged and heat treated. The caps shall be cast with good quality black heart malleable,
cast iron/spheroidical graphite iron/drop forged steel and annealed. Galvanizing shall be by the hot dip process with a   heavy coating of zinc of very high purity. The Bidder shall specify the grade, composition and mechanical properties of steel used for caps and pins.

4.1.4.3.2 Security Clips 

The R type security clips shall be made of good quality phosphor bronze or stainless steel.                                                              

4.1.4.4 FILLER MATERIAL

Cement to be used as a filler material shall be quick setting, fast curing portland cement. It shall not cause fracture by expansion or loosening by contraction. Cement shall not react chemically with metal parts in contact with it and its thickness shall be as small and as uniform as possible. Proper care shall  be taken to correctly centre and locate individual parts during cementing.

4.1.4.5 MATERIAL DESIGN AND WORKMANSHIP

4.1.4.5.1 GENERAL 

i)
All raw materials to be used in the manufacture of these insulators shall be subject to strict raw material quality control and to stage testing/ quality control during manufacturing stage to ensure the quality of the final end product.  Manufacturing shall conform to the best engineering practices adopted in the field of extra high voltage transmission. Bidders shall therefore offer insulators as are guaranteed by them for satisfactory performance on 220 kV Transmission  Lines.

ii)
The design, manufacturing process and material control at various stages shall be such as to give maximum  working load, highest mobility, best resistance to corrosion, good finish, elimination of sharp edges and  corners to limit corona and radio interference voltages.  
4.1.4.5.2 INSULATOR SHELL 

The design of the insulator shells shall be such that stresses 
due to expansion and contraction in any part of the insulator shall not lead to deterioration. Shells shall be dried under controlled conditions of humidity and temperature.

METAL PARTS 

4.1.4.5.3 i)
The  pin  and  cap  shall  be  designed to transmit the mechanical stresses to the shell by compression and develop uniform mechanical strength in the insulator. The cap shall be circular with the inner and outer surfaces concentric and of such design that it will not yield or distort under loaded conditions. The head portion of the pin ball shall be suitably designed so that when the insulator is under tension, the stresses are uniformly distributed over the pinhole portion of the shell. The pin ball shall move freely in the ball socket either during assembly of a string or during erection of a string or when a string is placed in position.

ii)
Metal caps shall be free from cracks, seams, shrinks, air holes, blow holes and rough edges. All metal surfaces shall be perfectly smooth with no projecting parts or irregularities which may cause corona. All load bearing surfaces shall be smooth and uniform so  as to distribute the loading stresses uniformly.  Pins shall not show any microscopically visible cracks, inclusions and voids.                                     

GALVANISING

4.1.4.5.4 All ferrous parts shall be hot dip galvanized in accordance with the latest edition of IS:2629.The zinc to be used for galvanizing shall conform to grade Zn 99.5 as per IS:209.The zinc coating shall be uniform, smoothly adherent, reasonably bright, continuous and free from impurities such as flux, ash, rust stains, bulky white deposits and blisters. Before ball pins are galvanized, all die flashing on the shank and on the bearing surface of the ball shall be carefully removed without reducing the designed dimensional requirements.  The galvanized metal parts shall be guaranteed to withstand at least six successive dips each lasting one minute duration under the standard preece test.

4.1.4.5.5 CEMENTING
The insulator design shall be such that the insulating medium shall not directly engage with the hard metal. The surfaces of   porcelain and the metal parts shall be coated with resilient paint to offset the effect of difference in thermal expansions of these materials.

SECURITY CLIPS (LOCKING DEVICES)

4.1.4.5.6.1 Socket fitting shall be provided with R-shaped security clip
in accordance with IS:2486 (Parts III & IV) to provide positive locking against unintentional disengagement of socket from ball of the insulator. The security clip shall be  humped to maintain the clip in the locked position and shall have prongs spread to prevent complete withdrawal from the socket .The clip end shall not project outside the recess of socket when the clip is in locked position. The locking device should be resilient, corrosion resistant and of suitable mechanical strength. There shall be no risk of the locking device being displaced accidentally or being rotated when in position. Under no circumstances shall the locking device allow separation of insulator units of strings.

4.1.4.5.6.2 The hole for the security clip shall be on the side of the socket opposite to the socket opening.  The hole for the clip shall be countersunk. The clip eye shall be of such design that the  same  may  be  engaged  by  a hotline clip puller to provide for disengagement under energised conditions.

4.1.4.5.6.3 The force required to pull the clip to its unlocked position shall not be less than 50 N or more than 500 N.

The security clip shall be made of stainless steel of type AISI 302 or 304 or phosphor bronze as per IS:7814.

BALL AND SOCKET DESIGNATION 

The dimensions of the balls and sockets for 70 KN and 120 KN discs shall be  of 16mm & 20mm  designation  respectively in accordance  with  the standard dimensions stated in IS:2486 (Part II).               

INTERCHANGEABILITY 

The  insulators  inclusive  of  the  ball  and  socket  fitting shall be of standard design suitable for use with hardware fittings of any make conforming to relevant Indian standards.

CORONA AND RI PERFORMANCE 

All surfaces shall be clean, even, smooth, without cuts, abrasions or projections. No part shall be subjected to excessive localised  pressure. The metal parts and Porcelain shall not produce any noise generating corona under all operating conditions.

4.1.4.6 SUITABILITY FOR LIVE LINE MAINTENANCE 

The insulators shall be compatible for use with hot line or live line maintenance techniques so that usual hot line operations can be carried out with ease, speed and safety.

4.1.4.7 METHODS AND PERIODICITY OF MAINTENANCE 

Bidders shall indicate the methods generally adopted in routine hot and cold line maintenance of EHV lines for similar disc insulators supplied by them. Bidders shall also indicate the recommended periodicity of such maintenance.

4.1.4.8 FREEDOM FROM DEFECTS 



Insulators shall have none of the following defects :




i)      Ball pin shake




ii)     Cementing defects near the pin like small blow holes,
small hair cracks, 

                               
         lumps, etc.,




iii)    Sand fall defects on the surface of the insulator.

4.1.4.9 INSULATOR STRINGS 
TYPE AND RATING 

The insulator strings shall be formed with standard disc insulators described in this specification for use on three phase, 220 kV,50 Hz effectively earthed systems in a moderately polluted atmosphere. Suspension insulator strings for use with suspension/tangent towers are to be fitted with disc insulator units of 70 KN EMS rating while tension insulator strings for use with anchor/ tension towers are to be fitted with disc insulator units of 120 KN EMS rating.

STRING SIZE 

4.1.4.11.1 The size of the disc insulator, the number to be used in different types of strings,
their electromechanical strength with minimum nominal creepage distance shall be in accordance with Cl.No.4.1.3.1.3

4.1.4.11.2 Insulator units after assembly shall be concentric and coaxial within limits as permitted by Indian Standards.

The string design shall be such that when units are coupled together, there should not be contact between the shell of one unit and metal of the next adjacent unit. The design of the ribs shall be such that the security clip of the insulator can the engaged and disengaged easily with the hot stick without damaging the shell ribs.

The manufacturer of the disc insulators shall guarantee an insulator failure rate not exceeding (One) per 10,000(Ten thousand) per year.  In case the annual failure rate during the first ten years of service exceeds the above figure, under normal operating condition, as will be determined by check to be conducted as per mutually agreed procedure and conditions up to ten years (as permitted by the operating situation), the supplier  shall supply to the purchaser free of cost spare insulators equal  to 10 times the excess failure.

The supplier shall guarantee that there shall not be any de capping/breaking of insulators on line under normal operating conditions.  In the event of any de capping / breaking and subsequent line drop during the first ten years of service the supplier shall have to pay Rs.50,000/(Rs. Fifty thousand only) per dropped string towards expenditure to be incurred by PDD,J&K for this line repair.

4.1.5 TESTS

The following tests shall be carried out on the insulator string and disc  insulators. 

4.1.5.1 TYPE TESTS 

These shall mean those tests which are to be carried out to prove the design,   process of manufacture and general conformity  of  the material and product with the intent of this specification.  These tests shall  be  conducted on a representative number of samples  prior to commencement of commercial production. The supplier shall indicate his schedule for carrying out these tests.

4.1.5.2 ACCEPTANCE TESTS 

These shall mean those tests which  are  to  be  carried  out  on samples taken from each lot offered for pre-dispatch inspection for the purpose of acceptance of the lot.

4.1.5.3 ROUTINE TESTS 

These tests shall mean those tests, which are to  be  carried  out  on  each insulator to check the requirements which are likely to vary during production.  

4.1.5.4 STAGE TESTS DURING MANUFACTURE

Stage  tests  during  manufacture shall mean those tests which are to be carried out during the process  of  manufacture  and end  inspection  by the Supplier to ensure  the  quality   control such that the end product is of the desired quality conforming to the intent of this specification.
4.1.5.5 TEST VALUES 

For all type and acceptance tests, the acceptance values shall be the values guaranteed by the bidder in  the  Guaranteed Technical  Particulars  or  the acceptance values specified in this specification or the relevant standard whichever is  more  stringent  for  that particular test.    

4.1.5.6 TEST PROCEDURES AND SAMPLING NORMS 

The norms and procedures of sampling for the above tests shall be as per the relevant Indian Standard or other internationally accepted standards. This will be discussed and mutually agreed to between the supplier and the purchaser before placement of order. The standards and norms according to which these tests are to be carried out are listed against each test. Where a particular test is a specific requirement of this specification, the norms and procedures  of  the same  shall be as per Clause 6.1.13 or as mutually  agreed  to  between  the Supplier and the Purchaser  in the Quality Assurance Program.  

4.1.5.7 The following type tests shall be conducted on the disc Insulator units.



1.      Verification of dimensions              


: IS:13305



2.      Dry lightning Impulse withstand                                 
|



         voltage test                                                                          |








                          
|



3.      Wet power frequency withstand voltage test               
| AS PER 










           
| IEC:383-1



4.      Electromechanical failing load test (also cl.4.1.13.16)  | -1993




           
|







|



5.      Thermal Mechanical Performance test (also cl.4.1.13.14)|










   
| 



6.      Verification of the displacements                  

|










   
|



7.      Verification of the locking system                 

|



8.      Temperature cycle test                            

|

9.     Puncture withstand test                            

| AS PER










   
| IEC 383-1



10.     Porosity test                                      


| -1993   










   
|



11.     Galvanizing test                                   


|










   
|    



12.     Visual examination test                  


: IS:731



13.     Wet power frequency voltage flashover test.   

: BS:137



14.     Visible discharge test                   



: IS:731-1971



15.     RIV test (dry)                           



: IEC:437-1973



16.     Metallurgical test                       



: IS:2108 &    









   





  IS:2004



17.     Residual strength test                   



: As per   cl.4.1.13.15



18     Steep wave front test                    



: As per   cl.4.1.13.13



19.     Mechanical Performance test              


: As per IEC:575-  1977


The Thermal mechanical performance test and steep wave front test shall be repeated once for every supply of 25,000 nos. insulators.  The samples shall be drawn randomly from any offered acceptance lot.

4.1.5.8 ACCEPTANCE TESTS (ON DISC INSULATOR UNITS)



1.      Verification of dimensions               


: IS:13305



2.      Verification of the displacements        


|



3.      Verification of the locking system       


|



4.      Temperature cycle test                   


| As per IEC 383-1



5.      Electromechanical failing load test      


| -1993




(also cl.6.1.13.17)                          


|    



6.      Porosity test                            



|



7.     Galvanizing test                         



|



8.     Visual examination test                  


: IS:731

9.    Residual strength test             


: As per   cl.no.4.1.13.15



10.    Metallurgical test                       


: IS:2108 &    IS:2004



11.     Mechanical Performance test              

: As per  IEC:575-1977

4.1.5.9 ROUTINE TESTS (DISC INSULATOR UNITS)                                                                             



1.      Visual Inspection test                   


|









 

| As per



2.      Mechanical test                          


| IEC 383-1









 

| 1993.



3.      Electrical test                         



|

4.1.5.10 The following Type Tests shall be conducted on  complete insulator  strings    with hardware fittings.



1.      Wet power frequency voltage test         


|  







 
 



2.      Lightning impulse voltage test           


| As per    IEC:383-2:  



3.      Wet switching impulse voltage test       

|   1992  









 

|  



4.      Visual Examination                       


: IS:731  



5.      Voltage distribution test                


: As per
  Cl.4.1.13.8  



6.      RIV test                                 



: As per    Cl.4.1.13.10  



7.      Mechanical strength test                 

: As per     Cl.4.1.13.1  



8.      Dynamic/Vibration test                   

: As per     Cl.4.1.13.9  



9.     Corona Extinction voltage test            

: As per    Cl.4.1.13.11



10.     Pollution withstand voltage test         

: As per
  Cl.4.1.13.12


(i)
All the type tests given under clause 4.1.5.11 shall be conducted on 

single suspension and single tension insulator string along with hardware fittings

(ii) All the above tests except at Sl. No. 8 shall also be conducted on single suspension pilot & double suspension insulator strings along with hardware fittings.

4.1.5.11 TESTS DURING MANUFACTURE  (STAGE TESTS) 



On all components as applicable  



a) Chemical analysis of Zinc  

) As per Cl.4.1.13.2 

                 
    used for galvanizing    

)   



b) Chemical analysis, mechanical     
)  



    and metallographic test and 
) As per Cl.4.1.13.4  

 

    magnetic particle inspection 
)



    for malleable castings.    

)



c) Chemical analysis, hardness       
)



    test and magnetic particle 

) As per Cl.4.1.13.3


  
    inspection for forgings 

)



d) Hydraulic internal            

) As per Cl.4.1.13.6



    Pressure on shell             

)



e) Crack detection test         
 
) As per Cl.4.1.13.7



    for metal parts

4.1.5.12 ADDITIONAL TESTS
4.1.5.12.1 The Purchaser reserves the right for carrying out any other tests of a reasonable nature at the works of the Supplier/ laboratory / research institute  in addition to the above mentioned type, acceptance and routine tests at the cost of the Purchaser to satisfy that the material complies with the intent of this specification.

4.1.5.12.2 For 220 kV insulator strings, the Contractor is required to produce type test reports to the satisfaction of the Purchaser. 

4.1.5.12.3 Repeat E&M strength test.

E&M test on 20 nos. of samples for every lot of 10,000 nos. received at site shall be conducted preferably at independent laboratory.  Test charges have to be borne by the supplier and shall be included in quoted Ex-works price.  In case of failure, it will be repeated on double nos. of samples and if it again fails, the whole lot should be rejected and shall be replaced by the supplier.  The samples have to be taken at random after segregating insulators damaged in transportation or otherwise.

4.1.5.12.4 The purchaser also reserves the right to conduct all the tests mentioned in this specification at his own expense on the samples drawn from the site at supplier's premises or at any other test centre.  In case of evidence of non compliance, it shall be binding on the part of the supplier to prove the compliance of the items to the Technical Specifications by repeat test or correction of deficiencies or replacement of defective items, all without any extra cost to the Purchaser.
4.1.5.13 TEST CHARGES AND TEST SCHEDULE 

4.1.5.13.1 TYPE TESTS 

All the materials offered shall be fully type tested  as  per this specification and the Bidder shall furnish four sets of type test  reports along with the offer.  These  tests  must not have   been  conducted  earlier  than  five  years. The Purchaser reserves the right to demand repetition of  some  or all   the   type   tests   in   the  presence  of  Purchaser's representative.  For this purpose, the Bidder  may  quote  unit rates for  carrying out each type test. These prices shall be taken into consideration for bid evaluation. For any change in the design/type offered against this specification, Purchaser reserves the right to demand repetition of tests without any extra cost. Bidder shall indicate unit type test charges for  all the tests covered under Clause 4.1.5.8 and 4.1.5.11 separately, in the relevant schedule. Charges for each type test shall be separately indicated. Test charges indicated by the bidder shall be inclusive of repeat type tests envisaged in cl. No. 4.1.5.8.2.

4.1.5.13.2 In case of any failure during testing on complete insulator string, the test shall be repeated at the Contractor's cost.

4.1.5.13.3 In case of failure of any type test, the Contractor is either required to  modify  the  design  of  the material  and  successfully carryout all the type tests as has been detailed out in Clauses 4.1.5.8 & 4.1.5.11 of this  specification  or  to repeat that  particular  type  test  at  least  three  times successfully at his own expenses.  The decision of the purchaser in this  regard  shall  be  final  and  binding. 

4.1.5.13.4 Bidder shall indicate the laboratories in which they propose to conduct the type tests. They shall  ensure that  the tests  can  be completed in these laboratories within the time schedule guaranteed by him in the appropriate schedule.  

4.1.5.13.5 The  entire  cost  of testing for acceptance and routine tests and tests during manufacture specified herein shall be treated as included in the quoted unit  price  of  disc insulators except   for   the  expenses of  the  Inspector/Owner's representative.  All acceptance tests as stipulated herein shall be carried out  by the supplier in the presence of purchaser's representative. The record of routine tests, as and when desired by the Purchaser shall be furnished by the contractor.

4.1.5.13.6 In case of failure in any type test, if repeat tests are required to be conducted, then all the expenses for deputation of inspector/Purchaser’s representative shall be deducted from the contract price. Also if on receipt of Contractor’s notice of testing, the Purchaser’s representative does not find ‘plant’ to be ready for testing the expenses incurred by the Purchaser for re deputation shall be deducted from the contract price.

4.1.5.13.7 Immediately   after   finalization   of   the   programme of type/acceptance  testing,  the  Supplier  shall  give sufficient advance intimation to the Purchaser, to enable him to depute his representative for witnessing the tests.  

4.1.5.14 SAMPLE BATCH FOR TYPE TESTING
4.1.5.12.1 The  supplier  shall  offer  material  for sample  selection  for type testing only after getting Quality Assurance Programme approved by the Purchaser. The supplier shall offer at least three times the quantity of materials required for conducting all the type tests for sample selection.  The sample for type testing will be manufactured strictly in accordance with the Quality Assurance Programme approved by the Purchaser.

4.1.5.12.2 Before sample selection for type testing, the supplier shall be required to conduct all the acceptance tests successfully in presence of   Purchaser's    representative.

4.1.5.15 Schedule of Testing


The Bidder has to indicate the schedule of following activities in their bids:




a)      Submission of drawing for approval




b)      Submission of Quality Assurance Programme for approval




c)      Offering of material for sample selection for type testing.




d)      Type testing.

4.1.6 INSPECTION 

i) The Purchaser and his representatives shall at all times be entitled to have access to the works and to all places of manufacturer, where the insulators are manufactured and the Supplier shall afford all facilities for unrestricted inspection of the  works, inspection of materials, inspection of manufacturing process of insulators and for conducting necessary tests as specified herein.  

ii) The Supplier shall keep the Purchaser informed in advance of the time of starting and of the progress of manufacture of insulators in its various  stages  so that  arrangements  could be made  for inspection.  

iii) No material shall be despatched from its point of manufacture unless the material has been satisfactorily inspected and tested.  

iv) The acceptance of any quantity of insulators shall in no way relieve the Supplier of his responsibility for meeting all the requirements of this specification and shall not prevent subsequent rejection if such insulators are later found to be defective.  

v) The material for final inspection shall be offered by the supplier only under packed condition as detailed earlier in the specification.  The purchaser shall select sample at random from the packed lot for carrying out acceptance tests.  Insulators shall normally be offered for inspection in lots not exceeding 5,000 nos. The lot should be homogeneous, and should contain insulators manufactured in the span of not more than 3-4 consecutive weeks.

4.1.7 IDENTIFICATION MARKING
4.1.7.1 Each disc insulator unit shall be legibly and indelibly marked with the trade mark of the manufacturer, the year of manufacture, the guaranteed combined mechanical and electrical strength in  Kilo Newton abbreviated by 'KN' to facilitate easy identification  nd proper use.

4.1.7.2 The marking shall be on porcelain. The marking on the insulator shall be printed and not impressed and the same shall be applied before firing. 
One 10mm thick ring or 20mm thick spot of suitable quality of paint shall be marked on the cap of each insulator of particular strength for easy identification of the type of insulator. The paint shall not have any deteriorating effect on the insulator performance.  Following codes shall be used as identification mark.



For 70 KN disc:                                                  Black

4.1.7.3 

For 120 KN disc:                                                Red
4.1.8 QUALITY ASSURANCE PLAN 
4.1.8.1 The Bidder shall invariably furnish the following information alongwith his offer, failing which the offer shall be liable for rejection. Information shall be separately given for individual type of equipment offered.  

i Statement giving  list  of  important  raw  materials,
names of sub suppliers for the raw material, list of  standards according to  which  the  raw  material  are tested,  list  of  tests  normally  carried out on raw material  in  presence  of  Bidder's   representative and copies of test certificates.  

ii Information and copies of test certificates as in (i) above in respect of bought out items.  

iii List of manufacturing facilities available.  

iv Level of automation achieved and list of areas where manual processing exists.  

v List of areas in manufacturing process, where stage inspections are normally carried out for quality control and details of such tests and inspections.  

vi Special features provided in the hardware to make it maintenance free.  

vii List of testing equipment available with the Bidder for final testing of insulators specified and test plant limitation, if any, vis-a-vis the type, special, acceptance and routine tests specified in the relevant standards.  These limitations shall be very clearly   brought out in schedule of deviations from specified test requirements.  

4.1.8.2 The Supplier shall within 30 days of placement of order, submit the following information to the Purchaser.  

i)
List of raw material as well as bought out accessories and the name of the raw material as well as bought out accessories with the names of sub-suppliers selected
from those furnished alongwith the offer.  

ii)
Type test certificates of the raw material and bought out accessories.  

iii)
Quality Assurance Plan (QAP) with customer holds points for Purchaser's inspection.   The QAP and Purchaser's hold points shall be discussed between the Purchaser and the Supplier before the QAP is finalized.  

4.1.8.3 The supplier shall submit the routine test certificates of bought out items and raw material at the time of routine testing of insulators.


4.1.9 TEST REPORTS 

i)
Four copies of type test reports shall be furnished to the Purchaser within one month of conducting the tests.  One copy will be returned duly certified by the Purchaser to the Supplier within three weeks there afterwards and on receipt of the same Supplier shall commence with the commercial production of the concerned material.  

ii)
Four copies of acceptance test reports shall be furnished to the   Purchaser. One copy will be returned, duly certified by the Purchaser and only thereafter shall the materials be dispatched.  

iii)
All   records of routine test reports shall be maintained by the Supplier at his works for periodic inspection by the Purchaser.  

iv)
All test reports of tests conducted during manufacture shall be main- tained  by the Supplier.  These shall be produced for verification as and when requested for by the Purchaser.  

4.1.10 COORDINATION FOR TESTING

 
The contractor shall take full responsibility for supply and testing of insulator discs with the required hardware fittings and shall   have  to  also  guarantee  the test values and overall  satisfactory performance of disc insulators  with the hardware fittings.   

4.1.11 PACKING AND FORWARDING 

i)
All insulators shall  be  packed  in  strong seasoned wooden crates.  The gross weight of the  crates along with insulators shall  not normally   exceed  50  Kg to  avoid  handling problem.  

ii)
The packing shall be of sufficient strength to withstand rough handling during transit, storage at site and subsequent handling in the field. 

iii)
Suitable cushioning,  protective  padding,  or  dun age or spacer shall  be provided to  prevent damage  to  or deformation during transit and handling.  

iv)
All   packing   cases  shall  be  marked  legibly  and
correctly so as to ensure their safe arrival at  their destination  and  to  avoid  the  possibility of goods being lost or wrongly dispatched on account of  faulty packing or faulty or illegible  markings.   Each wooden case/crate shall have all the markings stenciled  on  it in indelible ink. All  galvanized components shall be given a protective coating against formation of  white  rust.

4.1.12 QUANTITY AND DELIVERY REQUIREMENTS 

The schedule of requirements and the desired delivery is set out in Annexure I, II & III, Volume III
4.1.13 TEST DETAILS

4.1.13.1 MECHANICAL STRENGTH TEST

The complete insulator string along with its hardware  fittings without  arcing  horn  and suspension assembly / dead end assembly 
shall be subjected to a load equal to  50%  of  the  specified minimum   ultimate  tensile  strength  (UTS)  which  shall be increased at a  steady rate to  67%  of  the  minimum  UTS
specified.   The  load shall be held for five minutes and then removed.  After removal of the  load,  the  string  components shall not show any visual deformation and it shall be possible to disassemble them by hand.  Hand tools may be used to remove cotter pins  and loosen the nuts initially.  The string shall then be reassembled and loaded to 50%  of  UTS  and  the  load shall  be  further increased at a steady rate to the specified minimum UTS and held for one minute.  No fracture should occur during this period.  The applied load shall then be  increased until the failing load is reached and the value recorded.  

4.1.13.2 CHEMICAL ANALYSIS OF ZINC USED FOR GALVANIZING 

Samples taken from the zinc ingot shall be chemically analyzed as per IS:209.  The purity of zinc shall not be less than 99.5 %.  

4.1.13.3 TESTS FOR FORGINGS 

The chemical analysis, hardness  test, and  magnetic particle inspection for forgings, will be as per the internationally recognized  procedures for these tests.  The sampling will be based  on heat number  and  heat treatment batch.  The details regarding test will be as discussed and mutually agreed to by the supplier and purchaser in the Quality Assurance Programme.  

4.1.13.4 TESTS ON CASTINGS  

The chemical analysis, mechanical and metallographic tests and magnetic particle inspection for castings will  be  as  per  the  internationally  recognized procedures for these tests.  The sampling  will  be  based  on heat number  and  heat treatment
batch. The details regarding test will be as discussed and mutually agreed to by the supplier and purchaser in the Quality Assurance Programme. 

4.1.13.5 ECCENTRICITY TEST

The insulator shall be vertically mounted on a fixture using
dummy pin and socket. A vertical scale with horizontal slider
shall be used for the axial run out. The pointer shall be positioned in contact with the bottom of the outermost petticoat of the disc. The disc insulators shall be rotated with reference to the fixture and the slider shall be allowed to move up and down on the scale but always maintaining contact with the bottom of the outermost petticoat. After one full rotation of the disc the maximum and minimum position the slider has 

reached on the scale can be found out.  Difference between the above two readings shall satisfy the guaranteed value for axial run out.

Similarly using a horizontal scale with vertical slider the radial run out shall be measured. The slider shall be positioned on the scale to establish contact with the circumference of the disc insulator and disc insulator rotated on its fixture always maintaining the contact.  After one full rotation of the disc the maximum and minimum position of the slider reached on the scale are found out. The difference between the above readings shall satisfy the guaranteed value for radial run out.

4.1.13.6 HYDRAULIC INTERNAL PRESSURE TEST ON SHELLS

The test shall be carried out on 100% shells before assembly. The details regarding test will be as discussed and mutually agreed to by the supplier and purchaser in the Quality Assurance Programme.  

4.1.13.7 CRACK DETCTION TEST

Crack detection test shall be carried out on each ball pin before assembly of disc unit.  The manufacturer shall maintain complete record of having conducted such tests on each and  every piece of ball pin. The bidder shall furnish full details of the equipment available with him for crack test and also indicate the test procedure in detail.

4.1.13.8 VOLTAGE DISTRIBUTION TEST

The voltage across each insulator unit shall be measured by sphere gap method. The result obtained shall be converted into percentage. The voltage across any disc shall not exceed 13% for suspension insulator strings and 14% for tension insulator strings.

4.1.13.9 VIBRATION TEST 

The  suspension  string shall be tested in suspension mode and tension string in tension mode itself in  laboratory  span  of minimum 30  meters.  In the case of suspension string a load equal to 600 kg  shall  be  applied  along  the  axis  of  the suspension string  by  means  of  turn  buckle.  The insulator string along  with hardware fittings and  conductor tensioned at 35 KN shall  be  secured  with  clamps.    The system  shall be suitable to maintain constant tension on conductor throughout the duration of the test.    Vibration dampers shall  not  be  used  on  the  test  span.    The  conductor shall be vertically vibrated  at one  of  the  resonance  frequencies  of the insulators string (more than 10 Hz) by means of  vibration  inducing  equipment.
The  peak  to  peak  displacement  in  mm  of vibration at the antinode point nearest to the string shall be measured and the same shall not be less than 1000/f1.8 where f is the frequency of vibration in  cycles/sec.    The  insulator  string  shall  be vibrated  for  not  less  than  10  million cycles without any failure.  After the test the disc insulators shall be examined for looseness of pins and cap or any crack in the cement.  The hardware shall be examined for looseness for  fatigue  failure and mechanical strength test.  There shall be no deterioration of properties of hardware components and disc insulators after  the vibration test.  The disc insulators shall be subjected to the following tests as per relevant standards:  

	S.No
	Tests
	Percentage Of Discs To Be Tested

	1
	Temperature Cycle Test followed by Mechanical Performance Test
	60

	2
	Puncture Test
	40


4.1.13.10 RIV TEST (Dry)  

Under  the conditions as specified under clause 4.1.13.11 below the insulator string along with complete  hardware  fittings  shall
have  a radio interference voltage level below 1000 micro volts at one (1) MHz when subjected to 50 Hz AC voltage  of  154  KV(rms) line  to  ground  under dry conditions.  The test procedure shall be in accordance with IS:8263-1976/IEC:437, or its latest revision thereof.  

4.1.13.11 CORONA EXTINCTION VOLTAGE TEST 

The  complete  insulator  string  when  subjected  to  power frequency  voltage  shall  have a corona extinction voltage of not less than 154 kV rms line to ground under  dry  conditions.  There shall be no evidence of corona on any part of the samples when  all  sources of corona are photographed in  a  darkened room.  The atmospheric conditions during testing shall be recorded and the test results shall be accordingly corrected to standard atmospheric conditions  with suitable correction factor as stipulated in IEC:383.
4.1.13.12 POLLUTION WITHSTAND VOLTAGE TEST

The test shall be carried out in accordance with the clean fog test method (solid layer method)prescribed in Section 4 of IEC:507-1991.Test procedure is as follows:-

The  test  object is first  contaminated by  dipping in
contaminant solution, which is composed  of  salt (NaCl), non soluble material (Kaolin) and water. Non soluble deposit density (NSDD) and salt deposit density are 0.1 mg/sq.cm and 0.03 mg/sq.cm, respectively. After having been contaminated and dried, the test object is installed in the fog chamber. The specified constant test voltage as per IEC-507 is applied to the test object and then artificial steam fog is generated.  The applied voltage is maintained for 60 minutes or until flash over occurs within 60 minutes. The above procedure is repeated at least three (3) times on renewedly contaminated test object.

4.1.13.13 STEEP WAVE FRONT TEST

The following test shall be performed on 10 insulator units selected at random from the lot offered for selection for 
Type test.



(a)     Each insulator unit shall the subjected to five successive positive and 

                        negative flashovers with a wave having minimum effective rate of rise 

                        of 2500kv per microsecond.



(b)     Each unit shall then be subjected to three dry  power frequency voltage 

                       flashovers.



Acceptance Criteria

An insulator shall be deemed to have met the requirement of this test if having been successfully subjected to the ten impulse flashovers, the arithmatic mean of the three subsequent dry power frequency voltage flashover values equals  or  exceeds 95% of the rated dry power frequency flashover voltage.



          An insulator shall be deemed  to have failed  to  meet  the  requirement of 

above testing if



(a)     It has not flashed over when the oscillogram or peak  voltage indicator 

                        shows a marked reduction in voltage.







  or



(b)     Any one of the subsequent three dry power frequency voltage flashover 

                        value is less than 80% of the value specified.

Failure of any one unit either in the steep front of wave or subsequent low  frequency voltage test shall be  cause  for testing on double number of units.

4.1.13.14 THERMAL MECHANICAL PERFORMANCE TEST



Thermal Mechanical Performance Test shall be performed in accordance with 

IEC 383-1-1993 clause 20  with the following modifications:



(i)     
The applied mechanical load during this test shall be 70 % of the rated 

electromechanical or mechanical value.



(ii)    
The acceptance criteria shall be




(a)  
X greater than or equal to R+3S 
where





X is Mean value of the individual mechanical failing load.





R is the Rated electro-mechanical/mechanical failing load.





S is the Standard deviation



(b)   The minimum sample size shall be taken as 20  for disc 

                              insulator units.




(c)    The individual electromechanical failing load shall be at least 

  equal to the rated value.  Also puncture shall not occur before 


  the ultimate fracture.

4.1.13.15 RESIDUAL STRENGTH TEST

The above test shall be performed as per clauses 4.4 and 4.5 of IEC-797 preceded by the temperature cycle test.  The sample size shall be 25 and the evaluation of the results and acceptance criteria shall be as per clause no. 4.6 of IEC :797.

4.1.13.16 ELECTROMECHANICAL  FAILING LOAD TEST

This test shall be performed in accordance with clause 18  of IEC-383 with the following acceptance criteria:



(i)    
X greater than or equal R+3S   
where





X  Mean value of the electro-mechanical failing load.





R  Rated electromechanical failing load





S  Standard deviation.





(ii)    
The minimum sample size shall be taken as 20 for disc insulator units.  

However, for larger lot size, IEC-591 shall be applicable.



(iii)   
The individual electro-mechanical failing load shall be at 

least equal to the rated value.  Also electrical puncture shall not occur 

before the ultimate fracture.

4.2 INSULATOR  HARDWARE   FITTINGS


4.2.1 SCOPE

This  section  covers  design, manufacture, stage testing, inspection and testing before dispatch, packing, supply and delivery of hardware fittings, specified herein under  for  their  satisfactory  operation on  220 kV  transmission  lines. 


The following are the materials covered in this specification:



HARDWARE FITTINGS FOR INSULATORS   



(1)  

Single  'I' Suspension                    

        
       

Insulator String, (1x14)  





   

(2)  

Double Suspension "II"

        
       

Insulator String, (2x14)  





   

(3) 
 
Single  Suspension pilot           

        
       

Insulator String, (1x14)  







(4)  

Single Tension            


        
       

Insulator String, (1x15)    





   

(5)  

Double  Tension            


        
       

Insulator String, (2x15)    






For  single  "I"  suspension   insulator   strings,   single suspension  "pilot"  insulator  string  and double Suspension "II" insulator strings, disc insulator units of 70 KN EM strength shall be used.

For Single/Double Tension Insulator String, disc insulator units of 120 KN EM strength shall be used.

4.2.2 STANDARDS 
4.2.2.1 The  design,  identification,  manufacture   and   performance testing of the equipment shall comply with the latest editions and   amendments   of   the   relevant   Indian  Standards  or International Standards.  The bidder shall clearly  indicate in  his  tender  the reference standards to which the design , manufacture and performance testing of  the  material  offered shall comply. 
4.2.2.2 Some of  the applicable Standards, along with Internationally recognised standards to which these generally  correspond  are as given below.  

	S.No
	Indian Standard
	Title
	International & Internationally Recognised Standard

	1
	IS 209 – 1966
	Specification for Zinc
	BS 3436 – 1986

	2
	IS 2071 – 1974

Part I – 1974

Part II

Part III
	Method of high voltage testing, general definitions and test requirement

General definitions & test requirements
Test Procedure

Measuring Devices
	BS : 137 – 1982 (I & II)

IEC : 274 – 1968

IEC : 383 – 1993 ( Part I & II)

	3
	IS : 731 – 1974
	Porcelain Insulators for overhead power lines with a nominal voltage greater than 1000 V
	IEC : 383 – 1993
(Part I & II)

	4
	IS : 2121 – 1981
Part – I

Part – II
	Specification for Conductors & Earth Wire accessories for overhead power lines

Armour Rods, Binding Wires and Tapes for Conductor

Mid Span Joints & Repair Sleeves for Conductor.
	

	5
	IS : 2486

Part I : 1971

Part II : 1974

Part III : 1975
	Specification for Insulator Fittings for Over Head Power Lines with a nominal  voltage greater than 1000 V

General requirements and tests

Dimensional requirements

Locking Devices
	

	6
	IS: 2629 – 1985
	Recommended practice for hot dip galvanising of iron & steel
	

	7
	IS : 2633 – 1986
	Method for testing of uniformity of coating of zinc coated articles
	

	8
	IS : 3138 – 1966
	Hexagonal Bolts & Nuts
	ISO /R947 and ISO 272

	9
	IS : 3188 – 1980
	Dimensions for Disc Insulators
	IEC : 305 – 1978

	10
	IS : 4218 – 1976
	ISO metric screw threads
	ISO/R68 – 1969, 

R -26 – 1963, 

R 262 – 1969,

R 965 – 1969

	11
	IS : 6745 – 1972
	Determination of weight of Zinc Coating on Zinc Coated Iron & Steel articles
	BS : 433 – 1969

ISO : 1460 (E)

	12
	IS : 8263 - 1976
	Methods of RI test on HV Insulators
	IEC : 437 – 1973,

NEMA Publication No. 107/1964 CISPR

	13
	IS : 8269 – 1976
	Methods for switching impulse test on HV Insulators
	IEC : 505 – 1975

	14
	
	Thermal mechanical performance test and mechanical performance test on string insulator units

Sampling Rules
	IEC : 575

IEC : 591 – 1978

	15
	IS : 6639 – 1972
	Hexagonal Bolts for steel structures
	ISO/R272 – 1968

	16
	
	Ozone test on Elastomer
	ASTM – D1171

	17
	IS : 406
	Methods of Chemical Analysis of Slab Zinc
	


4.2.3  DETAILS OF HARDWARE  FITTINGS 

4.2.3.1 The  hardware  fittings  shall  be  as  per the specification. Hardware  fittings  shall  be   suitable   for   single/double suspension insulator   strings   and  single/double  tension insulator strings. 

 

Each  hardware  fitting  shall  be  supplied  complete  in all respects and shall include all  components  indicated  in  the specification. 
4.2.3.2 PARTICULARS OF INSULATORS AND INSULATOR STRINGS
	S.No
	PARTICULARS
	SINGLE SUSPENSION STRING “I” & PILOT STRING
	DOUBLE SUSPENSION STRING “ II”
	SINGLE TENSION STRING
	DOUBLE TENSION STRING

	1
	No. of standard discs
	14
	2 x 14
	15
	2 x 15

	2
	Size of disc – mm
	255/280

x 145
	255/280

x 145
	255/280

x 145
	255/280

x 145

	3
	E & M Strength of Each String
	70 KN
	2 x 70 KN
	120 KN
	2 x 120 KN

	4
	Ball & Socket Designation (mm)
	16
	16
	20
	20

	5
	Creepage Distance of Each Disc (mm)
	292
	292
	292
	292


4.2.3.3 SPECIFICATION DRAWINGS

A  list  of  specification drawings in respect of the hardware fittings of  this   specification are indicated in Section- IV. These specification drawings  are attached herewith for information and guidance of the Bidder only.  The drawings to be furnished by the Bidder shall be as per his own design  and  manufacture and  shall  be  distinct and separate from these specification drawings.  

4.2.3.3.1 The bidder shall furnish full description  and  illustration of materials offered.  

4.2.3.3.2 Dimensioned drawings of the  complete  insulator  strings  and their   component   parts   showing   clearly   the  following arrangements shall be furnished in six (6)  copies.    Weight, material  and fabrication details of all the components should be included in the drawings.  

a) Attachment to the hanger or strain plate. 

b) Suspension or dead end assembly. 

c) Arcing horn attachment to the string as  specified  in

                         

This specification.  

d) Yoke plates. 

e)  Hardware fittings of ball and socket type for interconnecting units to 

            the top and bottom yoke plates.

f) Links with suitable fittings. 

g) Any other. 

4.2.3.3.3 After  placement  of  award, the contractor shall submit fully dimensioned drawings including all the components in  six  (6)copies to the owner for approval.  After getting approval from the owner and successful completion of all the type tests, the contractor shall submit 30 more copies of the same drawings to the  owner  for  further distribution and field use at owner's end.  

4.2.3.3.4 Material specifications, details of applicable  standards  and heat treatment details shall also be furnished.  

4.2.3.3.5 The  details  of manufacturing process also shall be furnished along with the component drawings.
4.2.3.3.6 The details of trade mark to be  provided  on  the  components shall also be furnished.  

4.2.4 GENERAL TECHNICAL REQUIREMENTS: 

4.2.4.1 GENERAL 

This section details out the technical  specification  of  the hardware  fittings  for  220 kV insulator strings suitable for ZEBRA ACSR conductor.  

4.2.4.2 DETAILS OF HARDWARE FITTINGS 

The hardware  fittings  shall  be as per specification .  Each set of hardware fittings shall be  supplied  complete  in  all respects and shall include following hardware parts :

a)
Suitable yoke plate for single/double suspension and single/double tension  strings  complying with  the  specification  given here-in-after.  

b)      
Suitable   arcing   horn   as   specified   in  clause here-in-after.   

c)
Suspension  clamp and tension i.e., dead-end clamp and armour rods to suit conductor sizes.

d)      
Other  fittings  necessary,  for  making  the   string assemblies complete such as eye links, ball-clevis, socket-clevis, clevis-eye, clevis-clevis, chain link and anchor shackles etc.

e)

2.5% extra fasteners and aluminium filler plugs.

4.2.4.3 IMPORTANT DESIGN FEATURES 

4.2.4.3.1 The  insulator  strings  along with  hardware fittings shall be used by attachment to tower in the following manner:  

                 
a)      
"I" type Suspension strings 

A single "I" type suspension string shall consist of  9 nos.  discs and double suspension string shall consist of 2 x 14 nos. discs of 70 KN EM strength.  Each set of hardware fittings shall include anchor (D) shackles suitable for attachment to strain plate fixed to the tower.

b)
Tension strings 

Single/Double tension string shall consist of 1x15/2x15 nos. of 120 KN discs. Suitable  anchor  shackles shall be designed to accommodate the tower strain plates.  

4.2.4.3.2 Tolerance on overall length of the hardware  fittings/complete insulator strings shall be + 2% and on individual components + 3%. 

4.2.4.4 INTERCHANGEABILITY                                                                                                                             

The hardware together with ball and socket fittings  shall  be of standard design so that these hardware’s are interchangeable with  each other and  suitable for   use with disc insulators of any make conforming to relevant Indian/International standard.

4.2.4.5 BALL AND SOCKET FITTINGS

4.2.4.5.1 The  dimensions  of  the  ball  and  socket  shall be of designation 16mm for 70KN and 20 mm for  120 KN respectively for suspension string assembly and tension  string assembly  in  accordance  with  standard  dimensions stated in IS:2486 (Part-II)/IEC:120.  

4.2.4.5.2 BALL  FITTINGS
Ball fittings shall be made of class IV steel as  per  IS:2004 -1978 or steel  of equivalent grade forged in one piece.  They shall  be   normalized   to   achieve  the   minimum  breaking strength. Before galvanization of ball fittings, all die flashing on the shank  and  on  the  bearing  surface  of  the  ball  shall be carefully removed without reducing the  dimensions  below  the requirements.  

4.2.4.5.3 SOCKET FITTINGS 

4.2.4.5.3.1 Socket fittings shall be made of class IV steel as per IS:2004-1978 or  steel of equivalent grade and shall be forged in one piece.  They  shall  be  normalized  to  achieve  the  minimum  breaking strength. 
4.2.4.5.3.2 Socket ends, before galvanizing shall be of  uniform  contour. The  bearing surface of socket ends shall be uniform about the entire circumference without depressions or high spots.  The internal  contours  of  socket  ends shall be symmetrical with axis of the fittings as per relevant standards.  The  axis  of the bearing surfaces of socket ends shall be co-axial with the axis of the fittings.  There shall be no noticeable tilting of the bearing surfaces with the axis of the fittings.  
4.2.4.5.4 Dimensions and Tolerances
4.2.4.5.4.1 The  dimensions  and  tolerances  of pin balls and socket ends shall conform to IS:2486 Part-II/IEC120 and shall  be  checked by the gauge therein after galvanizing.  

4.2.4.5.4.2 The pin balls shall be checked with the applicable 'GO' gauges in  at  least two directions, one of which shall be across the line of die flashing, and the other 90 deg to this line.   "NO GO" gauges shall not pass in any direction.  

4.2.4.5.4.3 The  bearing  surfaces  of  balls and machined sockets, before galvanizing, shall not have surface roughness  more  than  250 micro inches.  

4.2.4.5.4.4 The  bearing surface of socket ends shall be uniform about the entire circumference without depressions or high spots.    The internal  contour  of the socket ends shall be concentric with the axis of fittings.  The axis  of  the  bearing  surface  of socket ends shall be coaxial with the axis of fittings with no appreciable tilting.  

4.2.4.6 SECURITY CLIPS AND SPLIT PINS 

The  security  clip  shall  be made of stainless steel as  per AISI 302 or 304-L or phosphor bronze as per IS:7814-1985.  

4.2.4.6.1 Socket fittings shall be provided with R-shaped security  clip in  accordance  with  IS:2486  (Parts  III  &  IV)  to provide positive locking against unintentional disengagement of socket from the ball of the insulator.  The security  clip  shall  be humped  to  maintain the clip in the locked position and shall have both prongs spread to prevent  complete  withdrawal  from the socket.  The clip end shall not project outside the recess of socket when the clip is in locked position. 
4.2.4.6.2 The  hole  for  the  security clip shall be on the side of the socket opposite to the socket opening.  The hole for the  clip shall be  counter  sunk.  The clip eye shall be of such design that the same may be engaged  by  a  hotline  clip  puller  to provide for disengagement under energized conditions.  

4.2.4.6.3 Split pins shall be used with cotter bolts. 

4.2.4.6.4 The  force  required to pull the clip to its unlocked position shall not be less than 50 N or more than 500 N.  

4.2.4.7 CORONA  AND  RI   PERFORMANCE 

Sharp edges and scratches shall be avoided on all the hardware fittings.  All surfaces must be clean,  smooth,  without  cuts and abrasions  or  projections.  The Bidder must give suitable assurance about the satisfactory corona and radio interference performance of the materials offered by him.  

4.2.4.8 ARCING HORN 

The arcing horn shall be either ball ended rod type or tubular type.  The design of the arcing horn shall be such that  effective operation under actual field conditions is ensured.  The minimum arcing distance shall be as indicated in the drawings.   

4.2.4.9 YOKE PLATES/LINK PLATES 
4.2.4.9.1 The yoke plates/link plate shall be made of mild steel or high tensile steel, hot dip galvanized.  

4.2.4.9.2 The strength of yoke plate shall be adequate to withstand  the minimum ultimate tensile strength.  The plates shall be either triangular or  rectangular in shape.  The design of yoke plate shall take into consideration  the  most  unfavorable  loading conditions likely to be experienced as a result of dimensional tolerance for disc insulators as well  as  components of hardware fittings within the specified range.  The plates shall have suitable holes for fixing arcing horn.   All corners and edges shall be rounded with a radius of about 3 mm.  

4.2.4.9.3 Holes shall be cylindrical, clean cut and perpendicular to the plane of  the  material.  The periphery of the holes shall be free from burrs.  Design calculation i.e. for bearing and tensile strength for deciding dimensions of yoke plate shall be furnished by the bidder.  The holes provided for bolts in the yoke plate should satisfy shear edge condition as per clause no. 8.10 of IS : 800-1984.

4.2.4.10 SUSPENSION ASSEMBLY 
4.2.4.10.1 The suspension assembly shall be suitable for ACSR ZEBRA conductor. 

4.2.4.10.2 The  suspension  assembly shall include either free centre type suspension clamp  along with  a  set  of  standard  formed armour rods  or  one  armour grip suspension clamp.  For pilot insulator string  only free centre type suspension  clamp  shall  be used. 
4.2.4.10.3 The suspension clamp along with standard formed armour rods set shall  be  designed  to have maximum mobility in any direction and minimum moment of inertia so as to have minimum stress  on the conductor in the case of oscillation of the same. 
4.2.4.10.4 The suspension clamp along with standard formed armour rods set shall have a slip strength between 16 to 24 KN.  

4.2.4.10.5 The suspension assembly shall  be  smooth  without  any  cuts, grooves,  abrasions,  projections, ridges or excrescences which might damage the conductor.  

4.2.4.10.6 There shall be differential price loading  for  comparison  of offers  of  Rs.67.5  per suspension assembly for each watt of magnetic power loss at a conductor  current  of  500  amps. The  lowest  losses  quoted  by  any bidder shall be used to arrive at the differential price loading to be applied for the tender.  However, the offers  of  suspension  assemblies  with magnetic  power  loss more than 4 watts at a conductor current of 500 amps.  shall be rejected.  The bidders are  requested to  enclose  Test  Certificates  for  magnetic power loss test along with the tender.  

4.2.4.10.7 In case, the magnetic power loss of  the  suspension  assembly obtained  during  type  testing  of the same exceeds the value guaranteed by the bidder in his tender, the material shall be rejected outright.  

4.2.4.10.8 Free Centre Type Suspension Clamp
4.2.4.10.8.1 The clamp body and keeper  pieces  shall  be  of  high strength   corrosion   resistant   and   heat  treated cast/forged aluminium alloy.  The components  such  as cotter  bolts, hangers, shackles, brackets and U-bolts etc., shall be of galvanized mild steel,  drop  forged steel or high strength aluminium alloy. 
4.2.4.10.8.2 The body of free centre type suspension clamp shall be smoothly  rounded  and curved into a bell mouth at the ends. The lip edges shall have rounded head. There  shall   be  at least  two  U-bolts  for  tightening  of  clamp-body and keeper pieces together.  

4.2.4.10.9 Formed Armour Rods set 
4.2.4.10.9.1 The formed armour rods shall be made of high  strength special  aluminium  alloy  of  type 6061 or equivalent duly heat treated during manufacturing process. The finished  rod shall have a minimum tensile strength of 35 Kg/Sq.mm.  

4.2.4.10.9.2 The  AGS formed Armour rod set suitable for ACSR ZEBRA conductor  shall  be  used  to  minimise  the   stress developed in the conductor due to different static and dynamic  loads  because  of  vibration  due  to  wind, slipping of conductor from the suspension clamp  as  a result  of  unbalanced  conductor  tension in adjacent spans and broken  wire  conditions.    It  shall  also withstand   power  arcs,  chafing  and  abrasion  from suspension clamp and localised heating effect  due  to magnetic  power  loss from Suspension clamp as well as (I2R) resistance losses of the conductor.  
4.2.4.10.9.3 The formed armour rod set shall have  right  hand  lay and  the  inside  diameter  of the helix shall be less than the outside diameter of the conductor to grip the same tightly.  The surface  of  the  armour  rod  when fitted  on the conductor shall be smooth and free from projections, cuts and abrasions etc.  

4.2.4.10.9.4 The pitch length of the rods shall  be  determined  by the  Bidder  but  shall be less than that of the outer layer of ACSR ZEBRA conductor and the  same  shall  be accurately   controlled  to  maintain  uniformity  and consistently   reproducible   characteristic    wholly independent of the skill of linemen.  

4.2.4.10.9.5 The length and diameter of each rod shall be 2540mm  + 25  mm  and 7.87 mm + 0.1 mm respectively. The tolerance in length of the rods in  completed  set should  be  within  13  mm  between  the  longest  and shortest rod.  The ends of armour rod shall be  parrot billed.  

4.2.4.10.9.6 The number of armour rods in each set shall be twelve. Each rod shall be marked in the middle
 with paint  for easy application on the line. 

4.2.4.10.9.7 The  armour  rod shall not loose their resilience even after five applications.
4.2.4.10.9.8 The conductivity of each rod of the set shall  not  be less   than   40%   of   the   conductivity   of   the International-Annealed Copper Standard (IACS).  

4.2.4.10.10 Armour Grip Suspension Clamp 
4.2.4.10.10.1 The armour grip suspension  clamp  shall  comprise  of retaining  strap,  support  housing, elastomer inserts with aluminium reinforcements and AGS formed rod set. 

4.2.4.10.10.2 The  armour  grip  suspension  clamp   shall   be   so manufactured  that  it  shall  minimise the static and dynamic  stress  developed  in  the  conductor   under various  loading  conditions  as  well  as during wind induced conductor vibrations.  It shall allow slipping of the conductor under unbalanced conductor tension in adjacent spans and broken wire conditions.   It  shall also  withstand  power arcs and have required level of Corona/RIV performance. The AGS preformed rods shall be as detailed in clause 4.2.4.10.9.1 to 4.2.4.10.9.8 above except for the following:  



The length of the formed rods shall be such that it shall ensure sufficient slipping strength as detailed in cl. 6.2.4.10.4 and shall not introduce unfavorable stress on the conductor under all operating conditions.  

4.2.4.10.10.3 Elastomer cushion shall be resistant to the effects of temperature up to  + 75 deg C, ozone,  ultraviolet radiations  and  other atmospheric contaminants likely to be encountered in service.  The physical properties of the elastomer shall be of approved  standard.    It shall be electrically shielded by a cage of AGS formed rod set.    The elastomer cushion shall be so designed that the curvature of the AGS  rod  shall  follow  the contour of the neoprene insert and shall not leave any  gap between the two when installed. 
4.2.4.10.10.4 The bidder may clearly indicate  remedial  measures to  overcome  the  problem  of external erosion if any arising from galvanic interaction between the graphite loaded rubber and the aluminium strands.  

4.2.4.11 DEAD END ASSEMBLY
4.2.4.11.1 The dead  end  Assembly  shall  be  suitable  for  ACSR ZEBRA conductor.  

4.2.4.11.2 The  dead  end  assembly  shall  be  of  compression type with provision for compressing jumper terminal at  one  end.    The angle of jumper terminal to be mounted should be 30 deg. with respect to  the vertical line.  The area of bearing surface on all the connections shall be  sufficient  to  ensure  positive electrical  and mechanical contact and avoid local heating due to I2R losses.  The resistance of the clamp when compressed on the conductor shall not be more than 75% of the  resistance of equivalent length of conductor. 
4.2.4.11.3 The  assembly  shall  not  permit  slipping  of,  damage to or failure of the complete conductor or any  part  thereof  at  a load less than 95% of the minimum UTS of the conductor.  

4.2.4.11.4 The  mechanical  efficiency of the clamp shall not be affected by method of erection involving the  use  of  'come-along'  or similar  clamps  before, during or after assembly and erection of tension clamps itself.  

4.2.4.11.5 The outer sleeve shall be made out of E.C.  grade aluminium of purity not less than 99.5%  

4.2.4.11.6 The steel sleeve shall be made of mild/forged  steel  hot  dip galvanized as per IS: 226-1975.  

4.2.4.11.7 The dimensions and dimensional tolerance of the cross  section of aluminium and steel ends shall be as per table given below: 
	No.
	Dimension Before Compression
	Dimension After Compression

	
	Inner Dia (mm)
	Outer Dia (mm)
	Corner to Corner Width (mm)
	Face to Face Width (mm)

	1. Aluminium Sleeve
	31 +  0.5   
	48 + 1.0 
	           46 + 0.5
	40 + 0.5

	2. Steel Sleeve
	10 + 0.2  
	20 + 0.5   
	          19 + 0.5     
	16 + 0.5  


6.2.4.11.7.1 Compression Marking
Die compression length shall be clearly marked on each dead   end   assembly   designed  for  continuous  die compressions and shall bear the words 'COMPRESS FIRST' suitably inscribed near the  point  on  each  assembly where the   compression   begins. It  shall  bear identification   marks    'COMPRESSION    ZONE'    and 'NON-COMPRESSION  ZONE'  distinctly  with  arrow marks showing the direction  of  compressions  and  knurling marks showing the end of the zones.  Tapered aluminium filler  plugs  shall  also  be provided at the line of demarcation between  compression  and  non-compression zone.   The  letters, number and other markings on the finished clamp shall be distinct and legible.  
4.2.4.12 FASTENERS 

4.2.4.12.1 All fasteners  shall conform to  IS:6639-1972.  All  fasteners shall be hot  dip  galvanised.   All  bolts  and  nuts  shall have   hexagonal heads, the heads being forged  out  of  solid truly  concentric,  and  square with the shank,  which must be perfectly straight. All  bolts and nuts shall be galvanised as per IS-1367-(Part 13)/IS-2629.

4.2.4.12.2 Fully threaded bolt shall not be used.  The length of the bolt shall  be such that the threaded portion shall not extend into the place of contact of the component parts. 
4.2.4.12.3 Flat washers and spring washers  shall  be  provided  wherever necessary and  shall  be  of positive lock type.  Thickness of washers shall conform to IS:2016.  Spring washers shall be electro galvanized.

4.2.4.12.4 To obviate bending  stress  in  bolt,  it  shall  not  connect aggregate thickness more than three times its diameter.  

4.2.4.12.5 All bolts shall be threaded to take the full depth of the nuts and threaded  enough  to  permit  the  firm  gripping  of the component parts but not further.  It shall be ensured that the threaded portion of the bolt protrudes not less than 3 mm  and not more than 8 mm when fully tightened.  All nuts shall fit and tight to the point where shank of the bolt connects to the head.

4.2.4.12.6 Bolts may  have  either  rolled  or  cut threads.  Nuts may be threaded after galvanizing to ensure clean threads  but  bolts shall not be threaded  or rethreaded after galvanizing.  Nut threads shall be tapped oversize to closely fit those  of  the galvanized bolt, with no unnecessary looseness but free enough to  permit  the  nut to be turned freely with fingers over the entire threaded length. 
4.2.4.12.7 Bolts up to M16 and having length up to 10 times the diameter of the bolt should be manufactured by cold forging and thread rolling process to obtain good and reliable mechanical properties and effective dimensional control.  The shear strength of bolt for 5.6 grade should be 310 MPa minimum as per IS-12427.  Bolts should be provided with washer face in accordance with IS:1363 (Part-I)  to ensure proper bearing.

4.2.4.12.8 Nuts should be double chamfered as per the requirement of IS:1363- PartIII-1984.  It should be ensured by the manufacturer that nuts should not be over tapped beyond 0.4mm oversize on effective diameter for size up to M16.

4.2.4.12.9 The bidder shall furnish bolt schedules giving thickness of components connected, the nut and the washer and the length of shank and the threaded portion of bolts ,size of holes and any other special details of this nature.

4.2.4.12.10 To ensure effective in-process Quality Control it is essential that the manufacturer should have all the testing facilities  for tests like weight of zinc coating, shear strength, other testing facilities etc, in house. The manufacturer should also have  proper quality assurance system which should be in line with the requirements of this specification and IS-14000 Services  Quality   System Standard.

4.2.4.12.11  Fastners of grade higher than 8.8 are not to be used and minimum grade for bolt shall be 5.6.
4.2.4.13 FORGED COMPONENTS 



Forged components other than  those  covered  in  the  clauses mentioned  herein above shall be made out of class IV steel as per IS:2004 or equivalent.  The components shall be hot dip galvanized.



The items shall be normalized to achieve the required  tensile properties.   The  forged  components  shall  not  have  sharp corners and edges so as to affect corona and RIV performance.  

4.2.4.14 MATERIALS 



The  materials of the various components shall be as  specified in  clauses   mentioned hereinabove/Section-II.  However, components made of  alternative  materials   giving  equivalent or better performance shall also  be  considered.   The  Bidder shall  indicate  the material proposed to be used for each  and every component   of   hardware  fittings  stating  clearly the class, grade or alloy  designation  of  the  material and  the reference  standards.   However  the  critical   dimensions  of components shall not be changed in relation  to   selection  of different  material.  

4.2.4.15 OTHER   MISCELLANEOUS   PARTS 



Socket  ended,  ball  ended  items  and all shackles and links shall be made by drop forging process from suitable  steel  as per IS:2004-1978  or equivalent.  These parts shall be hot dip galvanized after proper machining.   
4.2.4.16 GALVANISING 
4.2.4.16.1 All ferrous parts shall be hot dip  galvanized  in  accordance with IS:2629 and shall satisfy the tests mentioned in IS:2633. No material shall be galvanized until all shop operations have been  completed except that the nuts may be threaded and oiled after galvanizing.  Minimum weight of zinc  coating  shall  be 300 g/sq. m.   for fasteners and 610 g/sq m.  for all other hot dip galvanized articles.  

4.2.4.16.2 Fasteners shall withstand four dips while spring washers shall withstand three dips  each  of  one  minute  duration  in  the Standard Preece   test.     Other  galvanized  material  shall withstand minimum six dips each of one minute duration in  the standard preece test.  

4.2.4.16.3 The  zinc  coating  shall  be  perfectly  adherent, of uniform thickness, smooth, reasonably bright, continuous and free from imperfections such as flux,  ash,  rust  stains,  bulky  white deposits and blisters.  

4.2.4.16.4 The  zinc used for galvanizing shall be of grade 99.95% as per IS:209.  
4.2.4.17 WORKMANSHIP 
4.2.4.17.1 All the equipment shall conform to the best  modern  practices adopted in  the  Extra  High  Voltage field.  The Bidder shall offer  only  such  equipment  as  guaranteed  by  him  to   be satisfactory  and  suitable  for 220 kV Transmission Line and will give continued good performance.  

4.2.4.17.2 The manufacturing process  and  quality  control  of  all  the materials  shall  be  such as to give maximum possible working load, highest mobility, elimination of sharp edges and corners to limit corona and  radio-interference,  best  resistance  to corrosion and a good finish.  

4.2.4.17.3 Castings shall be uniform without sharp edges or corners, free from all defects like shrinkage, inclusion, blow holes, cracks etc.   Pressure  die  casting shall not be used for casting of components with thickness more than 5 mm.  

4.2.4.17.4 Forgings shall be uniform in quality  and  condition,  without sharp  edges  or  corners,  free from cracks, flakes or seams, laps, slag, silvers, scabs, rolled-in scale and fissures.  

4.2.4.17.5 All  current  carrying  parts  shall  be   so   designed   and manufactured that contact resistance is reduced to minimum.  

4.2.4.17.6 No   item  shall  have  sharp  ends  or  edges,  abrasions  or projections and cause any damage to the conductor in  any  way during  erection  or  during  continuous operation which would produce high electrical  and  mechanical  stresses  in  normal working.   The  design  of  adjacent  metal  parts  and mating surfaces shall be such as to prevent  damage  of  the  contact surface  and to maintain good electrical contact under service conditions. 
4.2.4.17.7 All  fasteners  shall  have  suitable  corona   free   locking arrangement and shall not loosen under vibration conditions.  

4.2.4.17.8 Welding of aluminium shall be by inert gas shielded tungsten arc or inert gas shielded metal arc process. Welds  shall be clean, sound, smooth uniform without overlaps, properly fused and completely  sealed.  There  shall  be  no cracks,  voids, incomplete  penetration,  incomplete fusions, undercutting or inclusions. Porosity shall  be  minimised  so that  mechanical properties   of   the  aluminium alloys are not affected.  All welds shall be properly   finished   as  per  good engineering practices.

4.2.4.18 EQUIPMENT MARKING 



Each component of hardware shall be marked with the trade mark of the  manufacturer.  Marks shall be forged or stamped with a steel die before galvanizing.  The marks  shall  be  distinct, durable, and conspicuous.  

4.2.4.19 HOT LINE MAINTENANCE 
4.2.4.19.1 The   equipment   offered  shall  be  suitable  for  hot  line maintenance.  

4.2.4.19.2 To   release  the  tension  in  insulator  strings,  specially designed tools may be necessary.  The bidders shall  clearly indicate  in  their  tender  the  type of tools to be used and shall make sure that fittings and/or yoke plates  accommodate these tools.  Bidders shall also indicate the periodicity of maintenance.  

4.2.5 TESTS 



The following type, acceptance, routine tests and stage tests during  manufacture  shall  be  carried  out on  the hardware fittings.  

4.2.5.1 TYPE TESTS 



These are those tests which are to be carried out to prove the design, process of manufacture and general conformity  of  the material in accordance with these specifications.  These tests shall be carried out  on  samples  prior to commencement of commercial   production against this specification.  

4.2.5.2 ACCEPTANCE TESTS 



These are those tests which  are  to  be  carried  out  during inspection  prior to despatch for the purpose of acceptance of that lot.  

4.2.5.3 ROUTINE TESTS 



These are those tests which are to  be  carried  out  on  each hardware fitting to check the requirements which are likely to vary during production.  

4.2.5.4 STAGE TESTS 



Stage  tests  during  manufacture shall mean those tests which are to be carried out during the process  of  manufacture  and end  inspection  by the Supplier to ensure the desired quality of the end product.  
4.2.5.5 TESTING VALUES 



For all type and acceptance tests, the acceptance values shall be those values guaranteed by the Supplier in  the  Guaranteed Technical  Particulars  or  the acceptance values specified in the relevant standard whichever is  more  stringent  for  that particular test.    The  norms  and procedures of sampling for these tests will be as per the Quality Assurance Programme  to be mutually agreed to by the Supplier and the Purchaser.  



The standards and norms to which these tests will  be  carried out are  listed  against  them.   Where a particular test is a specific requirement of  this  specification,  the  norms  and procedures  of  these  shall be as specified in Clause 4.2.11 of this specification  or  as  mutually  agreed  to  between  the Supplier and the Purchaser in the Quality Assurance Program.  
4.2.5.6 TYPE TESTS 



The  following  type tests shall be conducted on not less than  three fittings of each  type  as  indicated  in  the  enclosed drawings.   Type  tests  shall  be  made on fittings that have passed the routine tests.  
4.2.5.6.1 Type  Tests  on  complete  Insulator  string along with Hardware fittings. 
	S.No.
	Test
	Standard

	1
	Wet Power Frequency Voltage Test
	AS Per IEC : 383-2 – 1992

	2
	Lightning Impulse Voltage Test
	

	3
	Wet Switching Impulse Voltage Test
	

	4
	Visual Examination
	IS : 731

	5
	Voltage Distribution Test
	As Per Clause 4.2.11.2

	6
	RIV Test
	As Per Clause 4.2.11.4

	7
	Mechanical Strength Test
	As Per Clause 4.2.11.5

	8
	Dynamic Test
	As Per Clause 4.2.11.16

	9
	Corona Extinction
	As Per Clause 4.2.11.3

	10
	Pollution Withstand Voltage Test
	As Per Clause 4.2.11.12
Insulator Specification


 Note:
(i)
All the type tests given under clause 4.2.5.6.1 shall be conducted on 

single suspension and single tension insulator string alongwith hardware fittings

(ii) All the above tests except at Sl No. 8 shall also be conducted on single suspension pilot & double suspension insulator strings alongwith hardware fittings.
4.2.5.6.2 On Suspension Hardware fitting only 
	a
	Shore Hardness Test of Elastomer Cushion for AG Suspension Clamp
	As Per Clause 4.2.11.10

	b
	Bend Test for Armour Rod Set
	IS: 2121 (Part I)

	c
	Resilience Test for Armour Rods Set
	

	d
	 Conductivity Test for Armour Rods set  
	

	e
	Clamp Slip Strength Versus Torque Test for Suspension Clamp
	As Per Clause 4.2.11.15

	f
	Magnetic Power Loss Test
	As Per Clause 4.2.11.16

	g
	Mechanical Strength Test
	As Per Clause 4.2.11.19

	h
	Mechanical Strength Test of Welded Joint
	As Per Clause 4.2.11.18

	i
	Test on Locking Devices for Ball & Socket Coupling
	IEC-372(2) - 1976

	j
	Mechanical Strength Test of Each Component
	As Per Clause 4.2.11.7

	k
	Verification of Dimensions
	IS:2486 (Part – I)                                               

	l
	Galvanizing/Electroplating
	As Per Clause 4.2.11.11

	m
	Visual Examination
	IS:2486 (Part – I)                                               

	n
	Ozone Test on Elastomer
	As Per Clause 4.2.11.17


4.2.5.6.3 On Tension Hardware Fittings only
	A
	Slip Strength Test for Dead End Assembly
	IS : 2486  (Part – I)

	B
	Electrical Resistance Test for Dead End Assembly
	

	C
	Heating Cycle Test for Dead End Assembly
	

	d
	Mechanical Strength Tests
	As Per Clause 4.2.11.9

	E
	Verification Of Dimensions
	IS : 2486  (Part – I)

	F
	Galvanising / Electroplating
	As Per Clause 4.2.11.11

	G
	Visual Examination
	IS : 2486  (Part – I)



ACCEPTANCE TESTS 

4.2.5.7.1 On both Suspension and Tension hardware fittings 
	a
	Visual Examination
	IS : 2486  (Part – I)

	b
	Verification Of Dimensions
	IS : 2486  (Part – I)

	c
	Galvanizing / Electroplating
	As Per Clause 4.2.11.11

	d
	Mechanical Strength Test of Welded Joint
	As Per Clause 4.2.11.18

	e
	Test on Locking Devices for Ball & Socket Coupling
	IEC-372(2) - 1976

	f
	Mechanical Strength Test of Each Component (Except Arching Horn)
	As Per Clause 4.2.11.7

	g
	Mechanical Strength Test of Arching Horn
	BS 3288 (Part-I)1979


4.2.5.7.2 On Suspension Hardware Fittings only  

	a
	Shore Hardness Test of Elastomer Cushion for AG Suspension Clamp
	As Per Clause 4.2.11.10

	b
	Bend Test for Armour Rod Set
	IS : 2121 (Part – I)

	c
	Resilience Test for Armour Rod Set
	

	d
	Conductivity Test for Armour Rod Set
	

	e
	Clamp Slip Strength Versus Torque Test for Suspension Clamp
	As Per Clause 4.2.11.15


4.2.5.7.3 On Tension Hardware Fittings Only  

	A
	Slip Strength Test for Dead End Assembly
	IS : 2486  (Part – I)


4.2.5.7 ROUTINE TESTS 

	A
	Visual Inspection
	IS : 2486  (Part – I)

	B
	Proof Load Test
	As per Cl. 4.2.11.12  


4.2.5.8 TESTS DURING MANUFACTURE

                
On all components as applicable

	a
	Chemical Analysis of Zinc used for Galvanizing
	As per Cl. 4.2.11.13 

	b
	Chemical Analysis, Hardness Tests, Grain Size, Inclusion Rating and Magnetic Particle Inspection for Forgings/Castings
	As per Cl. 4.2.11.14

	c
	Chemical Analysis and Proof Load Test for Fabricated Hardware
	


4.2.5.9 TEST CHARGES AND TEST SCHEDULE
4.2.5.10.1 Type Tests 



All the equipments offered shall be fully type tested  as  per the  relevant standards and the Bidder shall furnish four sets of type test  reports along with the offer.  These  tests  must not have   been  conducted  earlier  than  five  years.    The Purchaser reserves the right to demand repetition of  some  or all   the   type   tests   in   the  presence  of  Purchaser's representative.  For this purpose the Bidder  may  quote  unit rates for  carrying out each type test.  These prices shall be taken into consideration for bid evaluation. 



For any change in the design/type already type tested and  the design/type  offered against this specification the Purchaser reserves the right to demand, repetition of  tests without  any extra cost.  

4.2.5.10.2 For type  tests  which  involve  the  tests  on  the  complete insulator  string with hardware fittings, the contractor shall arrange the necessary number of sets of hardware fittings at the place of testing free of cost. 

4.2.5.10.3 In  case  of  failure of the complete string in any type test, the contractor shall get the  test  repeated  at his cost. 

4.2.5.10.4 In case of failure in any type test, the Bidder is either required to  modify  the  design  of  the material  and  successfully carryout all the type tests as has been detailed out in Clause 4.2.5.7 of this  specification  or  to repeat   that  particular  type  test  at  least  three  times successfully at his own expenses.  The decision of  the  owner in this  regard  shall  be  final  and  binding.  

4.2.5.10.5 Bidder shall indicate the laboratories in which it is proposed to conduct the type tests.  Bidder shall also ensure that  the tests  can  be completed in these laboratories within the time schedule guaranteed by him in the appropriate schedule. 

4.2.5.10.6 The  entire  cost  of testing for acceptance and routine tests and tests during manufacture specified herein shall be treated as included in the quoted unit  price of hardware fittings, except for  the  expenses of the Inspector/Purchaser's representative.  All acceptance tests shall be carried out  by the supplier in the presence of purchaser's representative. 
4.2.5.10.7 In case of failure in any type test , if repeat tests are required to be conducted, then all the expenses for deputation of Inspector/Purchaser’s representative shall be deducted from the contract price .Also if on receipt of  the Contractor’s notice of testing, the Purchaser’s representative does not find ‘plant’ to be ready for testing , the expenses incurred by the Purchaser for re deputation shall be deducted from contract price.

4.2.5.10.8 Immediately after finalization of   the   programme   of type/acceptance/routine   testing,  the  Supplier  shall  give sufficient advance intimation to the Purchaser, to enable  him to depute his representative for witnessing the tests.  
4.2.5.10 SAMPLE BATCH FOR TYPE TESTING
4.2.5.11.1 The Contractor shall offer material for sample selection for type testing only  after getting  Quality assurance Programme approved by the Employer.  The  Supplier  shall offer at least three times the  quantity  of  materials  required for  conducting  all  the type  tests  for sample selection.  The sample for type testing will be manufactured strictly in accordance with the Quality Assurance Programme approved by the Employer.

4.2.5.11.2 Before  sample  selection,  the  Supplier shall be required to conduct all the acceptance tests successfully in the  presence of Purchaser's representative.  

4.2.6 INSPECTION 
i)
The Purchaser shall have access at all  times  to  the works  and  all other places of manufacture, where the hardware  fittings  and  its  components are   being manufactured   and  the  Supplier  shall  provide  all facilities  for   unrestricted   inspection   of   the Supplier's  works,  raw  materials, manufacture of all the accessories and for conducting necessary tests  as detailed herein.  

ii)
The  Supplier  shall  keep  the  Purchaser informed in advance of the time of starting and of the progress of manufacture of accessories in its  various  stages  so that arrangements could be made for inspection.   



iii)
No  material  shall  be  despatched  from its point of manufacture   




unless    the    material    has    been satisfactorily inspected and tested.  



iv)
The acceptance of any quantity of accessories shall in no  way relieve 



the Supplier of his responsibility for meeting all the requirements of this specification and shall  not  prevent  subsequent  rejection  if  such hardware fittings are later found to be defective.  



v)
The meterial for final inspection shall be offered by the contractor only 



under packed condition.  The engineer shall select sample at random from the packed lot for carrying out acceptance tests.
4.2.7 QUALITY ASSURANCE PLAN 
4.2.7.1 The  Bidder shall invariably furnish the following information along with his offer, failing which the offer shall  be  liable for rejection.  Information  shall  be  separately given for individual type of equipment offered.  



i)
Statement giving  list  of  important  raw  materials, names  of  sub-suppliers for the raw material, list of standards according to  which  the  raw  material  are tested,  list  of  tests  normally  carried out on raw material  in  presence  of  Bidder's   representative, copies of test certificates.  



ii)
Information  and copies of test certificates as in (i) above in respect of bought out items.  

iii) List of manufacturing facilities available.  

iv) Level of automation achieved and list of  areas  where manual 






processing  exists.  

v) 
List  of  areas  in manufacturing process, where stage inspections  are  




normally  carried  out  for  quality control and details of such tests and inspections.  

vi) 
Special  features  provided in the hardware to make it maintenance free.  



vii)
List of testing equipment available  with  the  Bidder for final testing of 




hardware specified and test plant limitation,  if  any,  vis-a-vis  the  type,  special, acceptance and routine tests specified in the relevant standards.  These limitations shall  be  very  clearly brought  out  in schedule of deviations from specified test requirements.  

4.2.7.2 The Supplier shall within 30 days of placement of order submit the following information to the Purchaser.  

i)
List of raw material as well as bought out accessories and the name of the raw material as well as bought out accessories  and  the  names of sub-suppliers selected from those furnished along with the offer.   



ii)
Type test certificates of the raw material and  bought out accessories.  

iii)
Quality Assurance Plan (QAP) with customer hold points for Purchaser's  inspection.   The QAP and Purchaser's hold points shall be discussed between  the  Purchaser and the Supplier before the QAP is finalised.  

iv)
The   Supplier   shall   submit   the   routine   test certificates  of  bought out items and raw material at the time of routine testing  of  the  fully  assembled hardware.  

4.2.8 DOCUMENTATION 
4.2.8.1 i) 
The   Bidder  shall  furnish  along with  the  bid  the dimensional 




drawings of  all   types   of   hardware fittings.  



ii)     
These    drawings    shall   include   the   following information.  

                        
a)  
Dimensions.  

                        
b)  
Tolérances on dimensions.  

                        
c)  
Material designation used for  


                      different components with reference  

              

             to standards.  

                        
d)  
Fabrication details such as welds,  



            finishes and coatings.  

                        
e)  
Catalogue or part numbers for each  


                      component and the total assembly with  

                                     bill of materials.  

                        
f)  
Identification marking.  

                        
g)  
Weight of individual components and  


                      total assembled weight.  

                
iii)    
The assembly drawings shall include the following: 

                        
a)  
Brief installation instructions.  

                        
b)  
Design installation torque for the  

                             
bolt or cap screw.  

                        
c)  
Withstand torque that can be applied  

                             
to the bolt or cap screw without  

                             
failure of components or parts thereof.  

                        
d)  
Compression die number with  

                             
recommended compression pressure.  

                        
e)  
Relevant technical details of  

                             
significance.  
4.2.8.2 TEST REPORTS 

i)
Four copies of type test reports shall be furnished to the  Purchaser  within  one  month  of  conducting the tests.  One copy will be returned  duly  certified  by the Purchaser to the Supplier within three weeks thereafter wards  and  on receipt of the same Supplier shall commence  with  the  commercial  production   of   the concerned material.  

ii)
Four  copies  of  acceptance  test  reports  shall  be furnished to   the   Purchaser.    One  copy  will  be returned, duly certified by  the  Purchaser  and  only thereafter shall the materials be despatched.  

iii)
All   records   of   routine  test  reports  shall  be maintained by the Supplier at his works  for  periodic inspection by the Purchaser.  

iv)
All test reports of tests conducted during manufacture shall be  maintained  by the Supplier.  These shall be produced for verification as and when requested for by the Purchaser.  

4.2.8.3 The contractor shall take full responsibility for supply and testing of hardware fittings with insulator discs and shall have to also guarantee the test values and overall satisfactory performance of disc insulators with  the hardware fittings.    

4.2.9 PACKING AND FORWARDING 

i)
All hardware fittings  shall  be  packed  in  suitably sized    strong    and    weather   resistant   wooden cases/crates.  The gross weight of the  packing  shall not normally   exceed  50  Kg. to  avoid  handling problems. 

ii)
Suitable cushioning,  protective  padding,  or  spacer shall  be provided to prevent damage to or deformation of the hardware during transit and handling.   

iii)
All identical items shall be despatched to destination duly assembled  and  packed.    Bolts,  nuts, washers, cotter pins, security clips and split pins etc.  shall be  packed  duly  installed  and  assembled  with  the respective  parts and suitable measures shall be taken to prevent their transit loss.  

iv)
Each  component  part  shall  be legibly and indelibly marked with the trade mark  of  the  manufacturer  and year of manufacture.  

v)
All   packing   cases  shall  be  marked  legibly  and correctly so as to ensure their safe arrival at  their destination  and  to  avoid  the  possibility of goods being lost or wrongly dispatched on account of  faulty or illegible  markings.   Each wooden case/crate shall have all the markings stenciled  on  it  in  inedible ink.  

vi)
The   packing  shall  be  of  sufficient  strength  to withstand rough handling during transit (Sea, Rail and Road) storage at site and subsequent handling  in  the field.  

4.2.10 QUANTITY AND DELIVERY REQUIREMENTS 


i)
This  is set out Annexure I & II  Volume III of this specification.  

ii)
The  scope  of  supply shall include a supply of 2.5 % extra quantity of bolts, nuts,  washers,  split  pins, cotter  pins  and such other small loose items free of cost.  

4.2.11 DETAILS OF TESTS 

4.2.11.1 ASSEMBLY TEST 



This  test  shall  be  carried out to ensure that cotter pins, bolts, clamps etc., fit freely and properly.  

4.2.11.2 VOLTAGE DISTRIBUTION TEST 



The voltage across each insulator unit shall  be  measured  by using either  sphere  gap  or  high  impedance voltmeter.  The result obtained shall  be  converted  into  percentage.    The voltage across any disc shall not exceed the following values:  13% for suspension insulator strings and 14% for tension insulator strings.

4.2.11.3 CORONA  EXTINCTION  VOLTAGE  TEST 



The  complete  insulator  string  when  subjected   to   power frequency  voltage  shall  have a corona extinction voltage of not less then 154kV rms line to ground under  dry  conditions. There shall be no evidence of corona on any part of the samples when all sources of corona  are photographed in  a  darkened room.  The atmospheric conditions during testing shall be recorded and the test results shall be accordingly corrected to standard atmospheric conditions  with suitable correction factor as stipulated in IEC : 383.  

4.2.11.4 RIV TEST (DRY) 



Under  the conditions as specified under clause 4.2.11.3 above the insulator string along with complete  hardware  fittings  shall have  a radio interference voltage level below 1000 micro volts at one (1) MHz when subjected to 50 Hz AC voltage  of  154  KV (rms) line  to  ground  under dry conditions.  The test procedure shall be in accordance with IS:8263-1976/IEC:437, or its latest revision thereof.  

4.2.11.5 MECHANICAL STRENGTH TEST 




The complete insulator string along with its hardware  fittings without  arcing  horn  and suspension assembly / dead end assembly shall be subjected to a load equal to  50%  of  the  specified minimum   ultimate  tensile  strength  (UTS)  which  shall  be increased  at  a  steady  rate  to  67%  of  the  minimum  UTS specified.   The  load shall be held for five minutes and then removed.  After removal of the  load,  the  string  components shall not show any visual deformation and it shall be possible to disassemble them by hand.  Hand tools may be used to remove cotter pins  and loosen the nuts initially.  The strings shall then be reassembled and loaded to 50%  of  UTS  and  the  load shall  be  further increased at a steady rate to the specified minimum UTS and held for one minute.  No fracture should occur during this period.  The applied load shall then be  increased until the failing load is reached and the value recorded.
4.2.11.6 MAGNETIC POWER LOSS TEST FOR SUSPENSION ASSEMBLY 



One hollow aluminium tube of 29 mm diameter shall  be  placed.   An alternating current of 50 Hz over the range of 300 to 700 amps.  shall be passed through the tube.    The reading  of  the  wattmeter  with  and  without  suspension assembly shall be recorded.  Not less than  3  suspension  assemblies  shall  be tested.   The average power loss for suspension assembly shall be plotted for each value of current.  The value of  the  loss corresponding to 500 amp.  shall be read off from the graph.   

4.2.11.7 MECHANICAL STRENGTH TEST OF EACH COMPONENT 

                
Each component shall be subjected to a load equal to the specified minimum ultimate tensile strength (UTS) which shall be increased at a steady rate to  67% of the minimum UTS specified.  The load shall be held for five minutes and then removed.  The component shall then again be loaded to 50% of UTS and the load shall be further increased at a steady rate till the specified UTS and held for one minute.  No fracture should occur.  The applied load shall then be increased until the failing load is reached and the value recorded.
4.2.11.8 MECHANICAL STRENGTH TEST OF WELDED JOINT 



The  welded  portion of each component shall be subjected to a load of 2000 Kgs. for one minute. Thereafter, it shall  be subjected to die-penetration /ultrasonic test. There shall not be any crack at the welded portion.  

4.2.11.9 MECHANICAL STRENGTH TEST FOR SUSPENSION/TENSION HARDWARE FITTINGS 



The  complete  string  (without insulators) excluding arcing horn, and suspension or dead end assembly shall be subjected to a load equal to 50% of  the specified  minimum ultimate tensile strength (UTS) which shall be increased at a steady rate up to  67%  of  the  minimum  UTS specified.   This load shall be held for five minutes and then removed.  After removal of  the  load,  the  string  component shall not show any visual deformation and it shall be possible to disassemble them by hand.  Hand tools may be used to remove cotter pins and loosen the nuts initially.  The string then be reassembled  and  loaded  to  50%  of  UTS and the load shall be further increased at a steady rate till the specified  minimum UTS is  reached  and  held for one minute.  No fracture should occur during this period.  The  applied  load  shall  then  be increased  until  the  failing  load  is reached and the value recorded.  This test shall be carried out for every 300 sets.  

4.2.11.10 SHORE HARDNESS TEST 



The shore hardness at various points on  the  surface  of  the elastomer  cushion shall be measured by a shore hardness meter and the shore hardness number shall lie between 65 to 80.  

4.2.11.11 GALVANISING/ELECTROPLATING TEST 



The test shall be carried out  as  per  clause  no. 5.9 of IS:2486  (Part-I)-1971 except that both uniformity of zinc coating and standard preece test shall be carried out and the results  obtained  shall  satisfy  the  requirements  of  this specification.  

4.2.11.12 PROOF LOAD TEST



Each component shall be subjected to a load equal to 50 % of the specified  minimum ultimate tensile strength which shall be increased at a steady rate from 50% to 67% of the minimum UTS. The load shall be held for one minute and then removed. After removal of the load the component shall not show any visual deformation.  

4.2.11.13 CHEMICAL ANALYSIS OF ZINC 



For the chemical analysis of the zinc  used  for  galvanizing, samples  taken from zinc ingot shall be chemically analyzed as per IS:209-1966.  The purity of the zinc  shall  not  be  less than 99.95%.  

4.2.11.14 TESTS FOR FORGING/CASTING AND FABRICATED HARDWARE 



The chemical analysis, hardness  test,  grain  size  inclusion rating  and  magnetic particle inspection for forging, casting and chemical analysis  and  proof  load  test  for  fabricated hardware   will  be  as  per  the  internationally  recognized procedures for these tests.  The sampling  will  be  based  on heat number  and  heat treatment batch.  The details regarding test will be as in the Quality Assurance Plan.  
4.2.11.15 CLAMP SLIP  STRENGTH VS TORQUE TEST FOR  SUSPENSION CLAMP 



The suspension clamp shall be vertically suspended by means of a flexible attachment.  A suitable length  of  ACSR  conductor shall be  fixed  in  the  clamp.    The clamp slip strength at various tightening torques  shall  be  obtained  by  gradually applying the load at one end of the conductor.  The clamp slip strength v/s  torque curve shall be drawn.  The above procedure is applicable only for free centre type suspension clamp.  For AG suspension clamp only clamp slip  strength  after  assembly shall be   found   out.    The  clamp  slip  strength  at  the recommended tightening torque shall be more  than  16  KN  but less than 24 KN.   

4.2.11.16 VIBRATION TEST 



The  suspension  string shall be tested in suspension mode and tension string in tension mode itself in  laboratory  span  of minimum 30  meters.    In the case of suspension string a load equal to 600 kg  shall  be  applied  along  the  axis  of  the suspension string  by  means  of  turn  buckle.  The insulator string alongwith hardware fittings and conductor tensioned at 3500 Kg shall  be  secured  with  clamps.    The system  shall be suitable to maintain constant tension on conductor throughout the duration of the test.    Vibration dampers shall  not  be  used  on  the  test  span.    The conductor shall be vertically vibrated at one of the resonance frequencies of the insulators string (more than 10 Hz) by means of vibration  inducing  equipment. The  peak  to  peak  displacement  in  mm  of vibration at the antinodes point nearest to the string shall be measured and the same shall not be less than 1000/f1.8 where f is the frequency of vibration in  cycles/sec.    The  insulator  string  shall  be vibrated  for  not  less  than  10  million cycles without any failure.  After the test the disc insulators shall be examined for looseness of pins and cap or any crack in the cement.  The hardware for looseness shall be examined for  fatigue  failure and mechanical strength test.  There shall be no deterioration of properties of hardware components and disc insulators after the vibration test.  The disc insulators shall be subjected to the following tests as per relevant standards:  

	S.No
	Tests
	Percentage Of Discs To Be Tested

	1
	Temperature Cycle Test Followed by Mechanical Performance Test
	60

	2
	Puncture Test
	40


4.2.11.17 OZONE TEST ON ELASTOMER 



This test shall be performed in accordance with ASTM D-1171 by the ozone chamber  exposure  method  (method  B).    The  test duration  shall  be  500  hours and the ozone concentration 50 PPHM.  At the test completion, there shall be no visible crack under a 2 x magnification.  

4.2.11.18 ADDITIONAL TESTS 

4.2 11.18.1 The Purchaser reserves the right of having at his own expenses any  other  test(s)  of  reasonable  nature  carried  out   at Supplier's  premises,  at  site,  or  in  any  other  place in addition to the aforesaid type, acceptance and  routine  tests to satisfy that material comply with the specifications.  

4.2 11.18.2 The Purchaser also reserves the right to conduct all the tests mentioned  in  this  specification  at  his own expense on the samples drawn from the site at Supplier's premises or  at  any other test  centre.  In  case  of  any  failure, it shall be binding on the part of the Supplier to replace that particular lot completely, without any extra cost to the Purchaser. 
SECTION - II

SPECIFIC TECHNICAL REQUIREMENTS

1. SCOPE


This section of the specification covers climatic and isoceraunic conditions, specific technical particulars, schedule of requirements & desired deliveries for towers and accessories, conductor, ground wire, conductor and ground wire accessories and insulators and hardware for 220 kV D/c lines 
2. CLIMATIC & ISOCERAUNIC CONDITIONS

2.1 Maximum Temperature  


a)
Conductor 


Deg.C.

75


b)
Ground wire


Deg.C

53

2.2 Minimum Temperature 

Deg.C

-20
2.3 Mean annual / every

  day temperature



Deg.C

15

2.4 Basic wind speed                   

m/s 

39

2.5 Relative humidity


i) 
Maximum
            
 %

95

ii) Minimum
            
 %

15
2.6 a)
Rainy months




Mar, Apr, July, Aug
b)
Rainy days in a year     (days) 

106
2.7 Average number of thunder storm  (days)    


per annum





15
2.8 Altitude varying from sea level       
m.

1550-1650
2.9 Seismic Accelerations (horizontal)


0.3 G

Basic vertical Seismic Co-efficient            

(vertical) Acceleration Zone-4

2.10 System Particulars

System Particulars

a) System Voltage (kV)



220

b) Highest System Voltage (kV)


245


c) Number of Circuits



2

d) Frequency HZ




50

e) Neutral





Effectively Earthed

f) Basic Insulation level (BIL)kV



(peak)





1050

g) Power Frequency withstand


voltage (wet)kV (rms)



460

h) Minimum Corona Extinction 

Voltage phase to earth under 

Dry condition kV (rms)



154

i) Radio interference voltage at one 

Not exceeding 

MHz for phase to earth voltage of 

1000 microvolts

154 kV under dry conditions 

j) Short circuit level (KA)



40

k) Right of way (m)


3.0


CONDUCTOR: 

1 Conductor                
   
: 'Zebra’ ACSR

2 IS applicable             
  
: IS-398 (part-II)-1996  




    

3 Wire diameter  

a) Aluminium                   
: 54/3.18 mm.    

b) Steel                      

: 7/3.18 mm.  

4 Number of strands:  

a) Steel centre           
     
: 1  

b) 1st steel layer           
  
: 6  

c) 1st Aluminium layer         
: 12  

d) 2nd Aluminium layer         
: 18  

e) 3rd Aluminium layer         
: 24  

5 Sectional Area of           

: 428.9 Sq.mm.  


   



 Aluminium  

6 Total Sectional Area        

: 484.5 Sq.mm.

7 Overall diameter            

: 28.62 mm. 

8 Approximate weight          

: 1621Kg./Km. 
9 Calculated D.C. resistance 

: 0.06868 - ohms/km.  


     



at 20 degrees C, maximum.  

10 Ultimate tensile strength

:130.32 KN.  





             

11 Final modulas of elasticity

: 0.703 x 106  Kg./Cm2   or  7034Kg./mm2 

      

12 Coefficient of Linear       

: 19.30 x 10-6  per deg. C.  


     



 expansion.  

13 Lay-Ratio                    

Maximum        Minimum 

  



 Steel core 6 wire layer    
 

   28       

     13  

   



 Aluminium     


    



1st layer (12 wire)                       
 17              
      10  


  



 2nd layer (18 wire)                     
16           
      10 


    



3rd layer (24 wire)                     
 14               
     10  

14 Technical particulars of      

Steel         Aluminium        


    



Aluminium and steel strands:

a) Diameter  

       



Standard                   



3.18 mm.      3.18 mm.


       



Maximum                   



3.24 mm.      3.21 mm.  


      



 Minimum                  



3.12 mm.      3.15 mm.  

b) Cross-sectional area     
: 7.942 sqmm    7.942 sqmm  


         



of nominal diameter wire  

c) Weight             
      
: 61.95 Kg./Km.   21.47 Kg./Km.  
d) Minimum breaking load    :  

       




Before stranding       
  
: 10.43 KN         1.29 KN  


       




After stranding        
  
:  9.91 KN          1.23 KN 

15 D.C. Resistance at        
  
: 3.651 Ohm/Km.  (Aluminium)


     



20 degrees C.  

16 Zinc coating of steel core  :  

a) Number of 1 minute dips

: 3  

b) Minimum weight of Zinc

: 250 gms/sqm  


         


Coating  

c) Process of Galvanizing   

: Hot dip.  

d) Quality of Zinc        

  
: IS-209/1979 or latest edition.  

17 Joints in strands  

a) Steel                    


: Not permitted  

b) Aluminium          


: No joint shall be permitted in the  





Aluminium wires in the outer most 





 layer of the ACSR conductor .But 





 permitted in the inner layers such 





that no two such joints are within  





15 meters of each other in the   





 complete stranded conductor.  

c) Method of making joint  : Cold pressure welding.  
18 Chemical composition of   


      



high carbon steel wire      :  


    


Element                       

% Composition 


    


i) Carbon                     

0.5 to 0.85  


   


ii) Manganese                  

0.5 to 1.10  


  


iii) Phosphorus                 

Not more than 0.035  


   


iv) Sulphur                    

Not more than 0.045  


    


v) Silicon                    


0.10 to 0.35

3.1 GALVANISED STRANDED STEEL EARTH WIRE
1. Material                     



: STEEL
2. Chemical composition of   


      



high carbon steel wire

Element                       

% Composition 


    


i) Carbon                     

not more than 0.55


   


ii) Manganese                  

0.4 to 1.10  


  


iii) Phosphorus                 

Not more than 0.05 


   


iv) Sulphur                    

Not more than 0.05  


    


v) Silicon                    


0.15 to 0.35  

3.  Stranding and wire diameter   

: 7/3.15 mm




3a.    
 No. of strands                



: steel core : 1 


 







 outer steel layer : 6

4. Weight                        




: 426 Kg/Km.

5. Single wire before stranding 
:

a Diameter of wire strand    

: Standard : 3.15  mm






 








 :  Max :       3.23 mm 















 :   Min.
         :3.07 mm


b Minimum elongation in    

  : not less than 4% 



  

 

     200 mm length                   

c Minimum breaking strength 

 :  8.57 kN

d Minimum tensile strength  

 :  1100 N / sq mm
6. Stranded wire

a Length of lay

            
  

 Maximum                    




: 265 mm



   

Minimum                    




: 123 mm

b Minimum breaking load     
 
: 57 KN.

c Overall diameter           


:  9.45 mm


       

d Modulus of elasticity     
 
: 1.933 x 106  Kg/cm2 




e Coefficient of linear   

   
: 11.50 x 10-6  per degC.







 
expansion            

f D.C. resistance at 20 degC 

: 2.95 ohms/km.





g  Total sectional area   

    
: 54.55 sq. mm

7. Direction of lay of outer layer 


: Right hand

8. Zinc coating

a. Number of one minute  


: 3
                   

 


 dips  

b. Number of half        


: 1 




   



 minute dips

c. Quality of Zinc      



: Zn 98 to IS : 209-1979/  Latest revision.

d. Weight of coating  
   
         
 : 240 gm./sq.m




   


 on wire       

e. .Process of      

      


: Hot dip 



   


galvanising

9.  Joints                   


: There shall be no joint in any of




  
 

  





the wire constituting the ground wire. 

10. Oiling                   


: The galvanised ground wire shall be






  
  





 dipped in boiled linseed oil.

11. Standard length          


: Standard length shall be one 






  


 



 specific length of 2000 meters.




11(a)  Random length            


: Not less than 50% of the standard






  
 





 length and the total quantity of






   

 




 random lengths shall not be more





  

 




 than 10% of the total qty ordered.

3.2 POWER CONDUCTOR ACCESSORIES 
A. MID SPAN COMPRESSION JOINT 

                                                   





for 'Zebra' ACSR  

                                                       





Conductor       

1 Type                 




compression  

2 Material  

a) Outer sleeve        


Aluminium of purity  

                                        







not less than 99.5% 

b) Tappered Plug       


Aluminium rod of 99.5%  

                    




for outer                   


purity 

                    




Sleeve  

c) Inner sleeve        


Extruded tube mild  

                                        







steel hot-dip galvanised 

3 Brinnel hardness of  

                    


steel sleeve              



Shall not exceed 160  

4 Shape of Cross  

                    


Section  

a) Before Compression  


Round  

b) After Compression   


Hexagonal 

5 Minimum Failing  

                    


Load, (KN)                  



124  

6 Electrical           



75% of measured 

resistance 

                   


resistance of        



of the equivalent length of   

                   


the joint after      



conductor 

                   


installation  
7 Dimensions and Dimensional Tolerances for Mid Span 

            compression joint for 'Zebra' Conductor  

	S.No
	Item
	Before
Compression
	After
Compression

	1
	Aluminum Sleeve
	
	

	
	Inner Dia (mm)
	31+ 0.5
	--

	
	Outer Dia (mm)


	48 + 1


	46 + 0.5

(Corner to Corner)

40 + 0.5

(Face to Face)

	
	Length (mm)
	710 + 5
	--

	2
	Steel Sleeve
	
	

	
	Inner Dia (mm)
	10 + 0.2
	--

	
	Outer Dia (mm)
	20.8 + 0.5
	20.2 + 0.5

(Corner to Corner)

17.5 + 0.5

(Face to Face)

	
	Length
	240 + 5
	--


B. REPAIR SLEEVE 

1 Type                    


Compression  type in two parts 

                                            




with  provision  of  seat  for

                                            




sliding of keeper piece.  

2 Application             


To  be  used only for not more

                                            




than two strands broken in the

                                            




outer layer.  

3 Material                

Aluminium (Extruded Tube)

                                            




of 99.5% purity.

4 Shape of Cross-Section

                


Before Compression              

Generally Round 

                


After Compression               

Hexagonal 

5 Minimum Failing load        

124

6 Electrical resistance       

75% of measured 

of the Repaired Portion.

resistance of

                    

    







the equivalent length of 

the conductor.
7 Dimensions for  Repair sleeve for 'Zebra' Conductor

	S.No.
	Item
	Before

Compression
	After

Compression

	1
	Inner Dia (mm)
	31 + 0.5
	--

	2
	Outer Dia (mm)
	48 + 1
	46 + 0.5

(Corner to Corner)

40 + 0.5

(Face to Face)

	3
	Length (mm)
	275 + 5
	--


C. VIBRATION DAMPERS

        










'Zebra'

                                        






Conductor
a) Type              



stock-bridge 

b) Material

            



Clamp       



Aluminium alloy

            



Messenger                  
High strength  steel  wire  of

            



cable              

strength  not  less  than  the

                 
                      



strength  of  steel  core   of

                                        




'Zebra' conductor (preferably)

                                        




135 kg/sq. mm.)

            


Weights            


Hot dip galvanized mild steel/

                                        




Cast Iron

c) Galvanization
            



Spring washers           
Electro-galvanized as per

                                        




IS:1573-1970

            


Other ferrous parts         
Hot dip galvanized 

            

Castings                 


As per BS:729-1961

            

Wires                       


As per IS:4826-1968

            

Bolts and Nuts              

As per IS:5358-1969 

d)
Slip strength of clamp      
i.     
Not less than  255  kg

                                                



when    an    untested

                                                



vibration  damper   is

                                                



installed    at    the

                                                



recommended       bolt

                                                



torque      on     the

                                                



conductor.

                                        



ii.    Not less than 200  kg.

                                                



without   retightening

                                                



the    bolts,    after

                                                



conducting the fatigue

                                                



test.
d) Maximum permissible          

150 micro strains 

           


    
 dynamic strain on the

           



conductor with the

           



damper.
e) Minimum no. of cycles      

Ten (10) million

            



for fatigue performance.
f) Amplitude for fatigue test  

+/-1mm at the highest resonant

                                        







frequency.

3.3 GROUNDWIRE ACCESSORIES  
A. Mid Span Compression Joints  
                                                




For 7/3.15mm;  

                                                




110 kgf/sq. mm.  

                                                




quality ground wire 

i)
Type                  


Compression  
                

ii)   
Material                

Malleable   cast   

                                                




iron/forged

                                                




steel  hot  dip  galvanized 

                                                




high strength steel. 

               

iii)    
Minimum failing         


  

                        


load (kg)  


iv)     
Dimensions 

	S.No
	Item
	Before Compression
	After Compression

	1
	Aluminium Sleeve
	
	

	
	Internal Dia (mm)
	22 + 0.5
	--

	
	External Dia (mm)
	30 + 1
	29.4 + 0.5

(Corner to Corner)

25 + 0.5

(Face to Face)

	2.
	Steel Sleeve
	
	

	
	Internal Dia (mm)
	10 + 0.2
	--

	
	External Dia (mm)
	21+0.5

	20.2+0.5

(Corner to Corner)

17.5+ 0.5

(Face to Face)

	
	Length (mm)
	230 + 5
	--


B. SUSPENSION CLAMPS                

                                               



for 110 kgf/sq. mm

                                               



quality

                                               



ground wire                



i)      
Type                   
Conventional




ii)     
Material                
MCI/Forged steel

                

iii)    
Slip strength (kN)      
Not less than 9 kN
 







Not greater than 14 kN




                 

iv)    
Minimum failing        
57

                        


load (KN)

                 

v)     
Galvanization          
Electro galvanized 

                        


spring washers

                

vi)     
Other ferrous parts     
Hot-dip galvanized
C. TENSION CLAMPS
                

i)      
Type                    

Compression 

                

ii)     
Material

                        

a) 
Body                 
Forged
steel

                        

b) 
Bolts & Nuts         
Galvanized steel

                

iii)    
Minimum failing         
5425


                        


load (kg)

                

iv)     
Minimum slip strength (kg)
5425





v)      
Galvanization
                        

a)  
Spring washers      
Electro galvanized

                      

 b)  
Other ferrous       
hot-dip galvanized-

                            


parts
D. FLEXIBLE COPPER BONDS

                
i)      
Material                

Tinned Copper 

                
ii)     
Strand & Wire diameter  
37/7/0.417mm

               
iii)     
Length                  

500mm (approx.) 

                
iv)     
Connecting lugs         

One  for  12mm  dia.  bolt  and

                        

suitable for            

other for 16mm dia. bolt 

                
v)      
HRH MS bolt             

16mm dia. and 40mm long

                        
hot-dip galvanized
                        
with nut & lock washer
E. VIBRATION DAMPERS

                            
i)      
Type                    

4R stock bridge

           

     
ii)     
Material                       


a)  
Clamp               
Aluminium alloy

                       

b)  
Messenger cable     
High  strength  steel   strand

                                               



with  strength  not  less than

                                               



135 kg/sq mm.

                       

c)  
Weights             
Hot dip galvanized mild steel/

                                               



Cast iron.



iii)    
Galvanization                       

                       

Spring washers          

Electro galvanized    as    per

                                              




IS:1573-1970

                       

Other ferrous parts     

Hot-dip galvanized

                       
Castings                

As per BS:729-1961

                       

Wires                   

As per IS:4826-1968


                       
Bolts & Nuts            

As per IS:5358-1969

               
iv)     
Maximum permissible     
+/-150 micro strains 

                       

dynamic strain on

                       

the ground wire with

                       

the damper.

               
v)      
Minimum no. of cycles   
Ten million 

                       

for fatigue performance.

           
   
vi)     
Amplitude for fatigue   
25/f, where f is  the  highest

                      

test                    


resonant frequency in Hz.

3.4 INSULATOR DISCS AND STRINGS

        1.0     TECHNICAL PARTICULARS OF INSULATOR DISCS AND STRINGS :

        

1.1     Disc Insulator units

        

1.1.1   Physical Characteristics

                      a)      
Type                            

Ball and Socket

                

b)      
Colour                          



Brown

                        

(Porcelain insulator) 

                

c)      
Surface                         



Glazed           

                

d)      
Locking device             

     
R type security clip

                

e)      
Diameter(mm)

                         

i) 
Suspension insulator     


   
255

                        

ii) 
Tension insulator        



   
280




f)
Spacing(mm)





i) 
Suspension insulator     



   
145

                        

ii) 
Tension insulator       



    
145

                

g)      
Size and desgnation of

                        

pin ball shank(mm)

                        

i)  
Suspension insulator(m     


 
16

                        

ii) 
Tension insulator           



20

                

h)      
Minimum creepage distance(mm)


                      i)  
Suspension insulator       

 
                292

                        
ii) 
Tension insulator           



         315

           


I)      
Minimum Electro-mechanical

                       


strength (KN)

                        

i)  
Suspension insulator(mm)    


70 KN

                        

ii) 
Tension insulator           



120 KN

       
 1.1.2   Electrical characteristics

                        

                               



(70 KN)    (120 KN)

                

a) 
Minimum impulse dry withstand

                   


test voltage (+ve Wave)

                   


KV (peak)






110      
110

                

b) 
Minimum power frequency
                   


puncture withstand test

                   


voltage KV (rms)





120      
120

                

c) 
Minimum power frequency
                   


one minute withstand voltage

                   


i)   
Dry-KV (rms)                
  
 
70       

70

                   


ii)  
Wet-KV (rms)                    

40       

40

                

d) 
Minimum visible discharge

                   


test voltage KV (rms)                

18       

18

                

e) 
Maximum RIV at 10 KV (rms)

                   


(in microvolt’s)                      


50       

50

       
 1.1.3   Complete insulator strings         



Suspension   
Tension     

               
 a) Number of Insulator discs

                 

  i)   Single suspension         



   14



-

                      

       string                    





                  

 ii)  Double suspension

                       

       string                    



  2x14


-


                 

  iii) Single tension string 


 




1x15



                  

 iv) Double tension string 
   






2x15         

               
 b) Lightning impulse withstand

                    
      voltage KV (peak)                  



1050       
1050

               
 c) Power frequency wet one

                  
      minute withstand voltage

                  
       KV (rms)                            
         
   
460     
   
470

              
  d) Corona extinction voltage

                             KV (rms)                            



154       
 
154

e) RIV at 1 MHZ for complete string

                            i.e, including grading/corona

                            rings, arcing  horns, clamps  

                           etc., at 154 KV (rms) (in

                           micro-volts)(not exceeding)           


1000      

1000  

               
 f) Mechanical failing load (kg)

                  

 Single I Suspension                



70 KN

                   

Double I Suspension                


2x70 KN(each limb 70 KN)

                   

Single Tension                     






1x120 KN 

                 

  Double Tension                     

2x120 KN  (each limb 120 KN)

               
 g) No deformation load (kg)    

      
 
67% of  UTS

               
 h) Total creepage distance (mm)- 


4088    


4725

                                                  





(Suspension) 

(Tension) 

               
 i) Maximum length of

                  
     suspension string from

                 
     ball hook attachment

                 
    at hanger to centre

                  
    line of conductor approx.)

                 
          i) Single suspension              



As per relevant








standards
               
         ii) Double suspension 'II'          



             
  j) Tension strings from tower

                             attachment point to jumper

                             take off point(approx.)
                                    Single/Double tension              
   
As per relevant standard
              
 k) Maximum voltage across            


Not more than

                             any disc.                         



13%        

14% 

3.5 INSULATOR HARDWARES




1.i)    Free centre type 

Material        

Process         

Reference


          Suspension clamp                     


of  Standard













treatment


  a)    Clamp Body/     

High strength   

Casted or       
IS:617 OR


         keeper piece    

Al.Alloy        

forged &        
ASTM-B429








4600 LM-6 OR    
Heat








6061/65032      

treated


  b)    Cotter bolts    

Mild Steel      

Hot dip         

IS:226-1975/

                      Hangers, 






galvanized  

IS:2062-1992


     Shackles,


          Brackets


  c)    U Bolts        Stainless       

Forged &        
AISI 302 OR






Steel or        


Heat treated    
304-L,ASTM 






High Stren- 






B429






gth Al. alloy






6061/6063 or






65032/63400


ii)     Preformed Armour 
High Strength   

Heat Treat-     
ASTM-B429    

                    Rods(Min. tensile
Al. alloy       


ment during     

        strength of

type 6061/      

manufacturing 

       35 kg/mm2.)

65032                          




iii)a)  AGS Clamp       
High strength   

Cast/forged     
IS:617 or


         (a)Supporting   

Corrosion       

heat treated    
ASTM-B429


             House        

resistant Al.








alloy LM6                       








4600 or 6061/








65032


    b)  Al. Insert &    

High Strength   
forged &        

ASTM-B429


         retaining       

Al. alloy       

heat treated    



         strap           


of type 6061/








65032


    c)  Elastomer       

Moulded on Al.


         Cushion         

reinforcement.

2      Tension Clamp 



a)      Type                    

Compression  



b)      Material  




i)  Outer sleeve       

 EC Grade Aluminium tube formed






       


  
by extrusion process.  




ii) Inner sleeve     

   Mild steel/Galvanized low  carbon  forged






       




 steel hot dip galvanized.  


c)      Minimum failing         

95% of  the  breaking  load of  



         load                            


  conductor.   

                               





  (No deformation)


3.      Arcing Horns 



a)      Type        




  Loop or ball  ended    



b)      Material   




  Galvanized mild steel tube    
As per IS-226





    





/rod hot dip galvanized.

4.      Other String Hardwares




 



a)      Material  



       i)  Socket    

  
Forged steel/Malleable 





ended       

cast iron hot-dip galvanized.





items                                    



      ii)   Ball ended  

Class IV steel or 


As per IS:2004




components,    

equivalent, drop 

                -1978




U-clevis  


forged and normalized.




and chain link



      iii) Yoke plates  

Mild steel            

As per IS-226-1975/





    


   
hot-dip galvanized.         
IS-2062-1992



b)      Security clips  




i)  Type     

 
R  




ii) Material    

-Phosphor  bronze  or non-    AISI 302 or 304-L









magnetic stainless steel.  
as per IS:226-1975

SECTION – III           (SCHEDULE-A)
GUARANTEED TECHNICAL PARTICULARS FOR SUPPLY OF 
TOWERS & TOWER ACCESSORIES, LINE & LINE MATERIALS
( TO BE FILLED IN AND SIGNED BY THE BIDDER )
I TOWERS & TOWER ACCESSORIES
1.
Line  voltage

2.
Number of circuits 

3.
Name of Manufacturer and country of origin


i)

Steel 


ii)
Bolts, nuts and washers


iii)
Tower accessories

4.
Name and address of :


i)

Tower fabricator


ii)
Galvanizer
5.
Guaranteed (Ceiling Steel Weight) 
5.1

Tower Weight (kgs)

5.1.1
Tangent Tower (0 deg.-2 deg.) 




a)
Fabricated parts (Black)



b)
Stub-set of 4 (Black)



c)
Nuts and bolts (Galvanized)



d)
Total Weight

5.1.2
Small Angle Tension Tower 



(0-15 deg.)



a)
Fabricated Parts (Black)



b)
Stub-set of 4 (Black)



c)
Nuts and bolts (Galvanized )



d)
Total Weight

5.1.3
Medium Angle Tension Tower


(15-30 deg.)


a)
Fabricated Parts (black)


b)
Stub-set of 4 (Black)


c)
Nuts and bolts (Galvanized)


d)
Total Weight

5.1.4
Large Angle and Dead end tower 


(30- 60 deg/dead end)


a)
Fabricated Parts (Black)


b)
Stub-set of 4(Black)


c)
Nuts and bolts (galvanized)


d)
Total weight

6.
Maximum working stresses employed in Design.

6.1
Tension on net Sectional area (N/sq.mm)

6.2
Compression on gross sectional area (N/sq.mm)

6.3
Shearing stress on bolts (N/sq.mm)

6.4
Bearing stress on bolts(N/sq.mm)

6.5
Strut formula adopted for determining crippling stress in design

6.6
Other particulars 

6.6.1
Maximum Slenderness Ratio used in design


a)
Leg members


b)
Lattice  members having calculated stresses


c)
Redundant members or members having nominal stresses


d)
Members under tension only

6.7
Standard Specification according to which the properties of sections have been adopted in design

6.8
Standard specifications according to which the quality of steel for the sections have been assumed in design

6.9
Standard to which fabrication, galvanizing etc. will conform

6.10
Minimum sheared edge distance (mm)

6.11
Minimum rolled edge distance (mm)

6.12
Quality of zinc used for galvanizing (Purity) (%)

6.13
Size of bolts and bolt holes (mm)

6.14
Standard to which the bolts and nuts will conform 

6.15
Over load factor for foundations 

6.16
SAGS AND TENSIONS


Conductor              Earth wire

i. Every day temperature, nil wind (initial condition)

ii. Full design wind pressure on conductor / earth wire at every day temperature.

iii. Thirty Six (36) percent Full Design Wind  Pressure on conductor / 
earth wire at Minimum Temperature.

iv. Minimum Temperature, Nil Wind

v. 75o/53 o C, Nil wind

6.17
Clearances and Tolerances 6.17.1
Minimum ground Clearance under Maximum temperature and nil wind (mm)

6.17.2
Provision for creep compensation (mm)

6.17.3
Provision for ground undulation and sag error (mm)

6.17.4
Maximum live metal clearances

a) Single suspension Insulator String

Swing Angle
(Deg)



Min. Electrical Clearance (mm)               


0









15









30









45




60



b) Jumper Swings

Swing Angle
  (Deg)


Min. Electrical Clearance (mm)




0









10




20





30

6.17.5
Minimum mid span clearance between earth wire and nearest conductor at 


minimum temperature still wind(mm)

6.17.6
Shield angle (degrees.)

6.17.7
Tolerance in sag for stringing errors (%)


6.17.8
Tolerance over maximum calculated conductor tension for which towers are designed, if any

6.17.9
Maximum tolerance in verticality

II  ACSR 'ZEBRA’ CONDUCTOR

1. Maker's Name, Address &      
:  


     



Country.  

2. a) Aluminium                

:  


     

b) 

Steel wire               


:         


   

c) 

Complete conductor       

:  


    CONDUCTOR                   


: 

3. Size & Code                 

:  

4. IS/International   


    

 

Standards applicable        

:   

5. Wire diameter   in mm


     



Aluminium                   

:   


     



Steel                       


:   

6. Diameter of complete        

:  


    



 Conductor  in mm

7. Number of strands


:  


   



 Steel centre               
 

:   


    



 1st steel layer     
        

:   


   



 1st Aluminium layer         

:   


     



2nd Aluminium layer       
  
: 


   



 3rd Aluminium layer         

:

8. Sectional Area of           

:   


     



Aluminium in mm2

9. Total Sectional Area in mm2       
 :   

10. Overall diameter  in mm       

 :   

11. Weight  in  kg                 

:

12. Calculated D.C. resistance  

:
 


     



 at 20 degrees C, maximum.  

13.  Continuous current rating at                                 


    



75 degree C (Enclose  


     



 supporting calculations)   

:  

14. Corona extinction voltage, kv    
 :  

15. Radio interference voltage

:   

16. Ultimate tensile strength, kg/Kn
:   

17. Final modulus of elasticity

:          

18. Co-efficient of Linear      

:   


      



expansion.  

19. Lay-Ratio                     

Maximum       Minimum 


     



 Steel core 6 wire layer           

 
      



Aluminium   


    



1st layer (12 wire)     


   

 

2nd layer (18 wire)               


   



 3rd layer (24 wire)             

STRANDS 

20. Technical particulars of      

Steel         Aluminium 


      



Aluminium and steel strands
:


    

a)  

Diameter (mm) 

 
       



Standard   


:                  


       



Maximum                      
:


       



Minimum                      
:


   

 b) 

Cross-sectional area     

: 


        

      of nominal diameter wire (sqmm) 


   

 c)  

Weight in Kg./Km.        

:


    

d) 

 Minimum breaking load in Kg/KN  


        

      Before stranding         

:   


         

     After stranding          

: 


    

e)  

Minimum ultimate         
:  


        

      tensile stress of strand  


                             (KG/Sq mm)


   

 f) 

 Co-efficient of linear   

:  


         

      expansion  

21. D.C. Resistance at          

:         

degrees C in ohms/Km  

22. Zinc coating of steel wire  

:  

                  


 in gms/m2

       

a) 

Number of 1 minute dips. 

: 


       

b) 

Minimum weight of Zinc   

:  


                
    Coating  


    

c) 

Process of Galvanizing   

:   


    

d) 

Quality of Zinc          

:   

23. Joints in strands  


   

 a)

 Steel                    


:   


   

 b)

 Aluminium                

: 


   

 c)

 Method of making joint   

: 


   

 d) 

Ultimate tensile strength

:   


       

      

of joint  

24. Maximum single length of    

:  


     



 conductor which can be  


      



manufactured  in km 

25. Standard length of each     

:  


      



piece in Km.  

26. a) Tolerance if any on      

:  


           

     standard lengths  


     

 b) 

Details of random lengths
:  

27. No. of standard length      

:  


     



 in one reel  

28. Type of Drums and     
      
:  


       



IS applicable  

29. Dimensions of the Drum    
 
:  


      



in cm.  


   



 (Drawing shall be enclosed)  

30. Weight of the Drum   in kg       
:  


      



with conductor              

:


     

 

empty Drum with lagging    
 
:  

31. Details of marking on       

:  


      



conductor drum  

32. Whether the drums are suitable  
:


     



 for use with tension stringing  


      



equipment.  

33. Standard according to    
   
:  


     

 

which the conductor  


      



will be manufactured  


      



and tested  

   

 a) Certification Mark if any 

:  


   


 b) Test certificate enclosed 

:  Yes/No  

34. Chemical composition of     

:  


     



 high carbon steel wire  

35. Initial & Final sag and Tension  


     



 charts Furnished            

:  

36. Stress/Strain data corresponding                              

     


 to different tensions, temperatures  


     



 and time furnished.         

:   

37. Curves/tables of creep compensation  


     



 corresponding to different tensions  


     



 temperatures furnished      
:  

38. Other details if any        

:         

III EARTH WIRE
1. Maker's Name, address     

:


       

and country               




a)     
Steel wires/rods         

:




b)     
Zinc                     

:




c)     
Galvanized stranded    
:


       


steel wire
     

:

2. Weight (kg/km)           

:

3. a) 
Minimum breaking       
:


 


load (kg or KN) 


      

b) 
Overall diameter (mm)  
:


      

c) 
Modulus of elasticity  

:





(kg/sq mm)


 


i)
Initial                
:



 

ii)
Final                
:


      

d) 
Coefficient of         

:





linear expansion





(per degC)


      

e) 
D.C. re
sistance at     

:


 


20 degC (ohms/km)


      

f) 
Total sectional area   

:





(sq. mm)


      

g) 
Overall weight (kg/Km)    
:

4. Standard length (m)      

:

5. Tolerance if any on      

:


       

standard length (+/- % )    

6. Standard length of earth wire
 



     

 in each drum (m) 

7. No. of standard lengths  

:


     

 in each drum

8.  (a) Random lengths (m)

:


11  (b) No. of random lengths (No)


:


12. Standard weight of drum (kg) 


:


13. Type of drum and IS/IEC applicable 

:


14. Dimensions of the drum  



:


      in cm.


      (Drawing shall be enclosed)


15. Weight of the Drum      


      - with earth wire (kg.)  



:


      - empty drum with lagging


:


        (kg.)


16. Details of marking on   



:


      earth wire drum


17  Drums suitable for      



:


      tension stringing


18. Standards according to   



:


      which the earth wire will be


      a) Manufactured         



:


      b) Tested               




:


      c) Types of tests       



:


19.   Other details if any    



:             

IV CONDUCTOR ACCESSORIES

A.
MID SPAN COMPRESSION JOINTS 

1.      Maker's name and country

2.      Type

3.      Suitable for (Conductor size)   (mm)

4.      Materials of joint with

        reference of ISS to which it

        conforms

        a) Aluminium sleeve

        b) Steel sleeve

5.      Shape of cross-section

        a) Before compression

        b) After compression

6.      Outside diameter of sleeves

        a) Before compression

        i)   Aluminium             
  
(mm)

        ii)  Steel                   

       (mm)

        b) 
After compression

Aluminium Steel

        i)      Corner to corner        
(mm)

        ii)     Surface to surface      
(mm)

                steel

7.      Inside diameter of sleeves

        a) Before compression

        i)      Aluminium                 
(mm)

        ii)     Steel                   

(mm)

8.      Length of sleeves

        a) Before compression

        i)   Aluminium               

(mm)

       ii)   Steel                   

       (mm)

        b) After compression

        i)   Aluminium              
 
(mm)

       ii)   Steel                   

       (mm)

9.      Weight of sleeve in

        i)      Aluminium                 
(kg.)

        ii)     Steel                   

(kg.)

        iii)    Total                   

(kg.)

10.Breaking strength of the mid
(%)

     span joint as percentage of

     ultimate tensile strength of

     conductor

11. Conductivity of the compression (%)

      joint expressed as percentage

      of the conductivity of equivalent

      length of the conductor

12.   No. of dips of 1 minute

        duration which the steel

        sleeve shall withstand

        under 'Preece Test'

13.    Quality of zinc and standard

        to which zinc conforms.

14.    Galvanization (a) process

        (b) weight of zinc (gm/sq m.)

        (c) no. of 1/2 minute dips.

15.     Whether compression and non-compression

        joints marked on the sleevs.

16.     Slip strength of mid span compression joints

        expressed as % of UTS of conductors.

17.   Details of die set required for making joint.

18.   Type of greece and capacity of Hydraulic

        compressor for making joints.

19.    Suitable for passing through the sleeve of stringing

         block.

20.   Reference of manufacturers'

        drawing and catalogue no. etc.

21.   Reference of ISS or any other

        international standard to which

        the midspan joints conform, if

        any

22.   Certification Mark (ISI/BS/or Any other International

        Standard)

23.     Packing details

B.
REPAIR SLEEVE 

        1.      Maker's name and country  

        2.      Type  

        3.      Suitable for Conductor size     (mm)  

        4.      Shape of cross-section  

                a) Before compression  

                b) After compression  

        5.      Inside diameter of sleeves       (mm)  

                Before compression  

        6.      Outside diameter of sleeve  

                a) Before compression            (mm)  

                b) After compression  

                   i)   Corner to corner          

                   ii)   Surface to surface        

        7.      Length of sleeve  

                a) Before compression            (mm)  

                b) After compression              (mm)  

        8.      Weight of sleeve   

        9.      Conductivity of the repair    
  (%)  

                sleeve expressed as percentage   

                of the equivalent  

                length of Bare conductor  

        10.     Material and standard to which conforming  

        11.     Breaking strength as % of UTS of conductor  

        12.     Resistance as percentage of measured resistance of  

                equivalent length of conductor  

        13.     Details of die set for making joint  

        14.     Capacity of compressor for making joint  

        15.     Whether suitable to pass through stringing blocks  

                when installed on conductor during tension   

                stringing if not state the protective device needed  

                to make it suitable.  

        17.     Certification mark (ISI/BS/Any International Institution.  

        18.     Reference of ISS or any other  

                international standard   

                specification to which   

                the repair sleeves shall 

                conform, if any  

        19     Reference of drawing and

                catalogue no. etc.  

        20.     Packing details,  

C.
VIBRATION DAMPERS

        1.      Maker's name & Country  

        2.      Type  

        3.      Suitable for conductor size          (mm)  

        4.      Total weight of each damper       (kg)  

        5.      Dimension of balancing weights  (mm)  

        6.      Weight of each balancing weight (kg)  

        7.      Tolerance in balancing weights    (+/-%) 

        8.      Messenger cable  

                (a) Stranding and wire diameter  

                (b) UTS of each strand  

                (c) Ultimate bending strength  

        9.      Slipping strength of cable  

                w.r.t. each balancing weight  

        10.     Natural frequency of the damper     (hz)  

                (a) First resonance  

                (b) Second resonance  

                (c) Third resonance  

                (d) Fourth resonance  

        11.     The number of damper required  

                per span (suspension/tension)  

                (a) Span lengths     


(mtrs) 100 
 250 
 390
  400
 440
  1100  

                (b) Nos. of dampers            

 (nos.)  

        12.     Position of fixing damper on  the conductor from the clamp  mouth  

                (a) At tension points  

                    i) First damper             

  (mm)  

                   ii) Second damper,         

  (mm)  

                  iii) Third damper            

   (mm)       

                (b) At suspension points  

                    i) First damper            

   (mm)  

                   ii) Second damper,         

  (mm)  

                  iii) Third damper           

  (mm)  

        13.     Clamping torque               

  (kg m)  

        14.     Minimum fatigue strength in  no. of cycles at +/-1 mm  

                amplitude at  

                (a) Resonant frequency of  

                    line conductor  

                (b) Highest resonent frequency  

                    of vibration damper  

        15.     Clamp slipping strength of   
   (kg)  

                vibration damper  

                (a) Before fatigue test  

                (b) After under going fatigue  

                    test without re-torquing  

                    the bolts.  

        16.     (a) Diagram showing power  

                    dissipated by the damper in  watts for

      various vibration  frequencies & amplitudes      (watts)
                 (b) Diagram showing the vibration  energy for 


conductor bundle for  various frequencies 


under  varied winds and spans  

       17.     Magnetic power loss per damper                         (watts)  

                  at 600 amp. 50 Hz AC current  

        18.     Material and standards to which conforming   

                a) Clamp b) Messenger cable  c) Damper weight  

        19.     Quantity of zinc and standard to which conforming  

        20.     Galvanization    

                (a)  Method of galvanization  

                    
i) Spring washers  

                   
ii) Other spare parts                  

                (b) no. of dips  

                    
i) One minute   

                   
ii) Half minute  

                (c) minimum weight of zinc coating             (g/sq. m)  

                    
i) Casting  

                   
ii) Wires  

         21.    Certification  Mark  (ISI/BS/or     

                any   other   International

                Standard)         

        22.     Packing details  

                i)  Marking          

                ii) Standard to which conforming  

V EARTH WIRE ACCESSORIES

A.
SUSPENSION ASSEMBLY

        1.      Manufacturer's name & address  

        2.      Type  

        3.      Material  

        4.      Drawing no. (give complete  

                details and dimension  

                including no. of components)  

        5.      Reference of Indian Standard  

                specification to which conform  

        6.      Minimum slip strength with  

                respect to earth wire

        7.      Minimum ultimate breaking  

                strength  

        8.      Galvanising  

                (a) Spring washers  

                (b) Other ferrous parts  

                (c) weight of zinc (g/sq. m)  

                (d) no. of dips   

                    i) one minute  

                   ii) half minute  

                e) Quality of zinc and standard to which conforming  

        9)
  Fixing arrangement of clamp on the ground wire / OPGW 

        10)  Whether the limb of the U-bolt has been long enough to  

                accommodate the leg of the flexible copper bond (Y/N)  

        11)  Total drop of the suspension assembly from the centre  

                point of the attachment to the centre point of the   

                ground wire (mm)  

        12)  Certification Mark (ISI/BS/Any other International   

               Standard)  

        13.     Total weight of assembly        (kg)  

       14.     Method of manufacture adopted  

                e.g. forging or casting  

        15.     Packing details  

        16.     Other details, if any  

B.
TENSION ASSEMBLY 

        1.      Manufacturer's name & address  

        2.      Type  

        3.      Material  

                (a) Body  

                (b) Bolts and nuts  

        4.      Drawing no. (give complete  

                details and dimension  

                and no. of components)  

        5.      Reference of Indian Standard  

                specification / IEC to which conforms  

        6.      Minimum slip strength   

        7.      Minimum ultimate breaking  

                strength  

        8.      Brinnel hardness of steel  

        9.      Galvanizing  

                (a) Spring washers  

                (b) Other ferrous parts  

                (c) weight of zinc (g/sq. m)  

                (d) no. of dips   

                    i) one minute  

                   ii) half minute  

                e) Quality of zinc and standard to which conforming  

        10.     Total weight of complete        (kg)  

                   assembly  

        11.     Breaking strength of tension clamp  

                  as % of breaking load of ground wire  

        12.     Resistivity as % of equivalent length of ground wire  

        13.     Whether lugs along with necessary nuts and bolts for  

                jumper connections will be supplied (Y/N)  

        14.     Angle of Jumper terminal with the vertical plate (degree)  

        15.     Whether the bolt holding the jumper is sufficiently long and 

                will be provided with washers, nuts and locking nuts etc., 

                for fixing one lug of the flexible copper bond (Y/N0)  

       16.     Certification Mark (ISI/BS/or Any other International   

    Standard)  

        17.     Packing details  

        18.     Other details, if any  

C.
VIBRATION DAMPERS

        1.      Maker's name & Country  

        2.      Type  

        3.      Suitable for earth wire of size  (mm)  

        4.      Material with reference of ISS  

                to which it conforms  

                (a) Clamp  

                (b) Messenger cable  

                (c) Weight  

        5.      Reference of manufacturer's  

                drawing and catalogue no. etc.  

        6.      Total weight of each damper     (kg)  

        7.      Dimensions of balancing weights (mm)  

        8.      Length of each balancing weight (mm)  

        9.      Weight of each balancing weight (kg)  

        10.     Tolerance in balancing weights  (+%) 

        11.     Messenger cable  

                (a) Stranding and wire diameter (mm)  

                (b) Ultimate tensile strength   (kg)              

                (c) Ultimate bending strength   (kg m)  

        12.     Slipping strength of stranded   (kg)  

                  messenger cable with respect to  

                   balancing weight  

        13.     (a) Diagram showing power       (watts)  

                    dissipated by the damper in  

                    watts for various vibration  

                    frequencies & amplitudes  

                (b) Diagram showing the vibration  

                    energy for various  

                    frequencies under  

                    varied winds and spans.  

        14.     Natural frequency of the damper   

                (a) Ist                     
    (Hz)  

                (b) IInd                        (Hz)  

                (c) IIIrd                       (Hz)  

                (d) IVth                        (Hz)  

        15.     The number of dampers required  

                per span for various span length  

                (a) Span lengths                (mtrs) 250m 390m 400m 440m 1100m

                (b) Nos. of dampers               

                    i)  Suspension span  

                   ii) Tension span  

        16.     Position of fixing damper on  

                the earth wire from the clamp  

                mouth  

                (a) At tension points  

                    i) First damper        
     (mm)  

                   ii) Second damper        
    (mm)  

                  iii) Third damper          
   (mm)  

                (b) At suspension points  

                    i) First damper         
    (mm)  

                   ii) Second damper,   
        (mm)  

                  iii) Third damper       
      (mm)          

        17.     Clamping torque            
     (kg m)  

        18.     Maximum possible dynamic strain  

                on the earth wire with recommended  

                number of dampers  

        19.     Minimum fatigue strength at

                amplitude of +/- 0.5 mm in  

                nos. of cycles at  

                (a) Resonant frequency of  

                    Earth wire

                (b) Highest frequency  

                    of vibration dampers  

        20.     Clamp slipping strength of   

                  vibration damper  

                (a) Before fatigue test  

                (b) After fatigue  

                    test for 10 million  

                    cycles          

        21.     Weight of zinc coating in       (gms/m2  )  

                (a) Spring washers  

                (b) Bolts and nuts  

                (c) Weights  

                (d) Clamp  

                (e) Messenger cable  

        22.     No. of dips of 1 minute duration  

                which the damper withstands  

                under  'Preece Test'  

                (a) Spring washers  

                (b) Bolts and nuts  

                (c) Weights  

                (d) Clamp  

                (e) Messenger cable  

        23.     Packing details  

        24.     Certificate Marks (ISI/BS/or Any other International  

     Standard)  

D)
MIDSPAN COMPRESSION JOINT


1. Maker's name & address

2. Type

3. Inside diameter of sleeve before compression

4. Outside dimension of sleeve

a) Before compression (mm)

b) After compression (mm)

i. Corner to corner (mm)

ii. Surface to surface (mm)

5. Length of sleeve

a)
Before compression (mm)

b)
After compression (mm)

6. Weight of sleeve (kg)

7. Slipping strength of mid span (%) 

joint, expressed as a percentage of 

Ultimate tensile strength

8. Resistance of the compressed 


Unit expressed as a percentage 


of the Resistance of equivalent 


length of bare earth wire 

9. Material of sleeves

a) Material

b) Standard to which conform 

c) Whether annealed properly

d) Brinnel Hardness of material

10. Galvanization

a) Process

b) Weight of zinc (g/sq. m)  

c) No. of dips   

                   
i) 
one minute  

                   
ii) 
half minute  

d)  Quality of zinc and standard to which conforming  

11. Whether compression and non compression 

joints marked on the sleeve (Y/N)

12. Breaking strength of Mid span joint as % 

of the breaking load of ground wire

13. Details of die set for making joint

14. Whether suitable to pass through 

stringing block when installed on 

ground wire during tension stringing 

if not state the protective device 

needed to make it suitable.

15. Capacity of Hydraulic compressor for making joint

16. Certification mark (ISI/BS/Any international Institution

17. Drum no. and details and no. of components 

18. Packing details

E)
FLEXIBLE COPPER BONDS

1. Maker's name & address

2. Governing Standard 

3. Material & Standard

4. No. of Strands 

5. Length 

6. Weight

7. Slipping strength of lugs provided 


on either end of earthing bond without 


any damage to earthing bond 

8. Certification mark (ISI/BS/Any international Institution

9. Packing details (No. of bonding pices per package and gross weight)

VI INSULATOR DISCS AND COMPLETE STRINGS
SINGLE DISC INSULATOR
        1.      Type of insulator

        2.      Maker's name, address and country

        3.      Material and Governing standard

        4.      Detailed dimensional drawing

                 indicating tolerances for each

                 type of insulator disc enclosed

                 (YES/NO)
        5.      Dimensions (Indicate tolerances also)

                a)  Diameter (mm)

                    i)  Suspension 

                    ii) Tension 

                b)  Spacing (mm)

                    i)  Suspension 

                    ii) Tension 

                c)  Creepage distance (mm)

                    i)  Suspension 

                    ii) Tension 
        6.      Pin-ball-shank diameter (mm)

                    a) Suspension insulator

                    b) Tension insulator
        7.      Colour

                    a) Suspension 

                    b) Tension 
        8.      Electromechanical strength (KN)

                    a) Suspension 

                    b) Tension 
        9.      Mechanical breaking strength (KN)

                    a) Suspension 

                    b) Tension 
        10.     Power frequency one-minute withstand   voltage -KV (rms)

                    a)  Dry

                    i)  Suspension 

                    ii) Tension 

                    b)  Wet

                    i)  Suspension 

                    ii) Tension 
        11.    Impulse 1.2x50 microsecond withstand voltage -KV (peak)

                a)  +ve Wave 

                    i)  Suspension 

                    ii) Tension 

                b)  -ve Wave KV (peak)

                    i)  Suspension 

                    ii) Tension 

        12.    Power frequency flashover voltage

                 -KV (rms)

                a)   Dry

                    i)  Suspension 

                    ii) Tension 

                b)   Wet KV (rms)

                    i)  Suspension 

                    ii) Tension 
        13.    Impulse 1.2x50 microsecond flashover voltage KV (peak)

                a)   +ve Wave

                    i)  Suspension                     

                    ii) Tension 

                b)   -ve Wave

                    i)  Suspension                     

                    ii) Tension 
        14(i).   Power frequency puncture voltage KV (rms)                 

                 
a)      
Suspension

                 
b)      
Tension 
        14(ii)  Corona extinction voltage KV (rms)

                 
a)      
Suspension

                 
b)      
Tension 
        15.   RIV at 10 KV (rms)

                 
a)      
Suspension

                                    
(microvolts)

                 
b)      
Tension
        16.   Weight of the Insulator disc (kg)

                 
a)      
Suspension

                 
b)      
Tension 

        17.   Locking device

                a)      Type

                        i)      Suspension

                        ii)     Tension

                b)      Material

                        i)      Suspension

                        ii)     Tension

                c)      Standard to which conforming
        18.   Socket and ball ended component

                a)      Standard to which conforming

                b)      Material and

                         Standard to which conforming

                c)      Galvanizing process

                d)      Quality of zinc and Standard

                          to which conforming

                e)      Weight of zinc (g/m2 )

                f)      Number of one-minute dip
        19.     Packing details (No. of disc insulators

                  of each type per package and gross weight)

        20.     Certification mark (BIS/BS/Any National

                  Institution)

       
 INSULATOR STRINGS
        1.      No. of insulator discs

                a)      Single suspension 'I'

                b)      Double suspension 'II'

                c)      Single Tension 

    d)
 Double Tension
        2.      E.M. Strength - KN

                a)      Single suspension 

                b)      Double suspension 

                c)      Single Tension 

    d)
 Double Tension

        3.      Power frequency one minute withstand

                 voltage KV (rms)

                Dry/Wet

                i)      Suspension

                1)      Single 

                2)      Double 

                ii)     Tension

                1)      Single 

                2)      Double 

        4.      Power frequency flashover voltage KV (rms)

                Dry/Wet

                i)      Suspension

                1)      Single 

                2)      Double 

                ii)     Tension

                1)      Single 

                2)      Double                         

        5.      Impulse withstand voltage (dry) KV (peak)

                Positive wave

                i)      Suspension

                        Single 

                        Double 

                ii)     Tension

            Single 

                        Double 

                Negative wave

                i)      Suspension

                        Single 

                        Double 

                ii)     Tension

                          Single 

                          Double 
        6.      Impulse flashover voltage (dry)

                       Positive wave - KV (peak)

                i)      Suspension

                        Single 

                        Double 

                ii)     Tension

            Single 

                        Double 

               Negative wave - KV (peak)

                i)      Suspension

                         Single 

                         Double 

                ii)     Tension

            Single 

                        Double 
        7.      Corona extinction voltage - KV (rms)

                a)      Dry/Wet - KV (rms)

                i)      Suspension

                        Single 

                        Double 

                ii)     Tension

                          Single 

                         Double 

       8.       Maximum RIV for complete string i.e.

                  including arcing horns, clamps etc. at 

                  154 KV (rms)       (in microvolt)

                 a)       Single Suspension 

                  b)      Single Tension 

          9.     Creepage distance of complete string

                  a)      Single suspension 

                  b)      Double suspension 

                  c)      Single Tension

   
      d)
   
Double Tension

        10.     Detailed Dimensional drawing for

                  insulator strings with tolerances

                  attached for:

                  a)      Single Suspension (I)        YES/NO

                  b)      Double Suspension (II)     YES/NO

                  c)      Single Tension                   YES/NO

                  d)
   
Double Tension 
              YES/NO
        11.       Weight (kg.)

                  a)      Single Suspension (I)   

                  b)      Double Suspension (II)   

      c)      Single Tension      

                  d)
   
Double Tension 

        12.     Maximum percentage of line to earth

                  voltage across insulator discs of

                  insulator string for single (I),

                  double(II) suspension and

                  double tension.

a)      Ist insulator disc from line side        

b)      2nd insulator disc from line side

c)      14th insulator disc from line side

d)      15th insulator disc from line side.

        13.     Mechanical strength of complete insulator

                  string alongwith hardware fittings.

                  a)      Single Suspension insulator strings   (I)

                  b)      Double Suspension insulator strings (II)    

                  c)      Single Tension insulator strings


    
    d) 
Double Tension insulator strings

        14.     Whether end user certificate in

                  support of performance attached.

                  (YES/NO)

        15.     Certification Mark (BIS/BS/Any National

                  Institution)
VII  HARDWARE   FITTINGS


SUSPENSION CLAMP ASSEMBLY 

1.      Type  


2.      Manufacturer's Name, address   


         and country  


3.      Suitable for (Conductor size)  


4.      Governing standard  


5.      Detailed dimensioned drawings         

  YES/NO  


         of each component showing tole-  


         rances, material and the   


         standard to which conforming  


         enclosed.  


6.      Weight of suspension clamp (kg.)  



a)      Body  



b)      Supporting and clamping  



          components  



c)      Total  


7.      Galvanization and standard to  


         which conforming.  



a)      Spring washers  



b)      Other ferrous parts  




    



c)      Weight of zinc g/m2  



d)      Number of one-minute dips  



e)      Quality of zinc and standard  



          to which conforming  


8.      Minimum failing load (No deformation)  


         (kg.) & (KN)  

9.      Slip strength at recommended  


         tightening torque 





(KN)  


10.     Whether clamp torque Vs slip curve  


           enclosed                          


      YES/NO  


11.     Magnetic power loss at:  



a)      500 amps                  



      Watts  


12.     Whether a graph showing relation   


           between power losses in watts against  


           current in amperes is enclosed        

  YES/NO  


13.     Formed armour rod set  



a)  Type  



b)  Manufacturer's name, address  



     and country  



c)  Suitable for (Conductor size)  



d)  No. of rods per set (No.)  



e)  Direction of lay  



f)  Overall length after fitting  



     on conductor (mm)  



g)  Actual length of each rod  



     along its helix (mm)  



h)  Diameter of each rod (mm)  



i)  Tolerance in  





    i)   Diameter of each rod (+/- mm) 



    ii)  Length of each rod (+/- mm) 



    iii) Difference of length  



          between the longest and  



          shortest rod in a set  



          (+/- mm) 



j)  Type of aluminium alloy used   



     for manufacture of Formed armour rod   



     set and standard to which conforming.  



   



k)  UTS of each rod (kg/mm2 )  


14.     Elastomer for AGS clamps   



a)  Supplier  



b)  Type  



c)  Moulded on insert                   


         YES/NO  



d)  Shore hardness  



e)  Temp. range for which designed (deg.C)  

       
15.     Particulars of insert  



a) Type of aluminium alloy used  



    for manufacturing of insert  



    and standard to which  



    conforming.  



b) Manufacturing process  


16.     Packing details (No. of suspension  

                      clamp/formed armour rod set/  


          elastomer etc. per package and  


          gross weight of each package)  


17.     Whether end user certificate in   


           support of performance enclosed        



 YES/NO  


18.     Certification mark (BIS/BS/Any  


          National Institution).  

TENSION CLAMP  ASSEMBLY 

1.      Type  


2.      Manufacturer's name address and country  


3.      Suitable for (conductor size)  


4.      Governing standard  


5.      Detailed dimensioned drawings of each      YES/NO  


         component showing tolerances, material  


         and standard to which conforming enclosed  


6.      Materials composition and standard to  


         which conforming.  

                        a)      Outer sleeve  




    b)      Inner sleeve  


7.      Slip strength           (KN)  


8.      Minimum failing load    (KN)  


         (No deformation)  


9.      Shape of cross section 



a)      Before compression      (mm)  




i)      Aluminium  




ii)     Steel  



b)      After compression  




i)      Aluminium  




ii)     Steel  


10.     Dimensions of sleeve            (mm) 



a)      Before compression      (mm)  

     




i)      Aluminium sleeve  




ii)     Steel sleeve  



b)      After compression   (mm)




i)      Aluminium sleeve  




ii)     Steel  sleeve  


11.     Length of sleeve 



a)      Before compression      (mm)  




i)      Aluminium sleeve  




ii)     Steel sleeve  



b)      After compression       (mm)

               
i)      Aluminium sleeve  




ii)     Steel  sleeve  


12.     Galvanization 



a)      Process 



b)      Weight of zinc (g/sq.m) 



c)      No. of dips  





i)      1 minute  


ii)     1/2 minute  


d)      Quality of zinc and standard to   


                      which conforming.  


13.     Whether compression and non-compression         (YES/NO)  


           zones marked on the sleeves  


14.     Electrical resistance of tension clamp  


          as a % of equivalent length of conductor.  


15.     Details of dies and hydraulic compressor  


          required for compressing sleeves of tension clamp.  


16.     Packing details (Nos. of tension clamp assembly  


          per package and gross weight)  


17.     Whether end user certificate in support of      YES/NO  


          performance enclosed                              


18.     Certification mark  (BIS/BS/Any National  


          Institution)  

OTHER HARDWARE FITTINGS 

1.      Manufacturer's name, address and country.  


2.      Material, composition, mechanical strength  


         and standard to which conforming.  



a)      Anchor shackle  



b)      Chain link  



c)      Yoke plate  



d)      Arcing horn  



e)      Split pin  



f)      Socket clevis  



g)      Ball clevis  



h)      Clevis-Clevis  



i)      Clevis eye  



j)      Ball hook   



k)      Socket eye horn holder type    



l)      Ball eye  

  

m)      Twisted shackle  


3.      Galvanization and Standard to which conforming. 



a)      Spring washers  



b)      Other ferrous parts  



c)      Weight of zinc          g/sq.m  



d)      No. of one minute dips    



e)      No. of 1/2 minute dips.  


4.      Quality of zinc and standard to  


         which conforming.  


5.      Detailed dimensioned drawing of each            (YES/NO)  


         fitting showing tolerances, weight,  


         strength etc. enclosed                           


6.      Whether components are interchangeable.       (YES/NO)  


7.      Packing details of each fitting per  


         package and gross weight  


8.      Whether end user certificate in support of      YES/NO  


          performance enclosed                              


9.      Certification mark (BIS/BS/Any National  


         institution.)  

SCHEDULE – B 

(TO BE FILLED IN AND SIGNED BY THE BIDDER)

I - PERFORMANCE SCHEDULE - FOR SUPPLY OF TOWERS

Purchaser's Specification no.
:

Details of equipment offered
:

Name of the Manufacturer
:

Name of the Bidder

:

Following is the list of orders executed/being executed by us in support of past performance
 as sought in the purchaser's above cited specification for supply of towers, special tower
 220 kV and above

 Transmission Line.

	S.No
	Order No & 

Date
	Description

of 

Material
	Name of

Customer
	Quantity

Ordered
	Date of 

Completion 

Of Supply
	Quantity

Supplied

Indicating 

Date
	Balance 

Quantity

Indicating

Date
	Name of 

Manufacturer
	Line

Voltage

Rating
	Remarks

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11









Signature

Date 

:




Name

Place

:




Status








Whether authorized attorney of the








tendering company








Name of the tendering company








Date








Address








Company
SCHEDULE –B

PERFORMANCE  SCHEDULE FOR

II - CONDUCTOR, EARTH WIRE, CONDUCTOR & EARTH WIRE ACCESSORIES,

INSULATORS, INSULATORS & HARDWARE

        Purchaser's Specification     :

        Details of equipment offered :

        Name of the Manufacturer     :

        Name of the Bidder         :

Following is the list of orders executed/being executed by us in support of past 
performance as sought in the Purchaser's above cited specification for suspension
 and tension insulator strings comprising of porcelain  insulator discs.         

	S.No
	Order No & date
	Descry.

0f material
	Name

 of customer
	Qty

ordered
	Date

Of compl

etion

Of 

supply
	Qty

Supp

lied

Indic

ating

date
	Balance

Qty.&

Expected

Date 

Of

supply
	Name of

Manufa

-cturer
	Line

Voltage

rating
	Remarks

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11


                                                                 Signature       :                                     

        Date  : 

                                                                 Name

     :

        Place :

                                                                 Status            :

Whether authorized attorney of the

tendering company  :
Name of the tendering company :

SCHEDULE – B 

III - PERFORMANCE SCHEDULE FOR ERECTION OF 220 kV LINES

------------------------------------------------------------------------------------------------------------
	Sl. No.

	Description of 
The 220 kV transmission lines erected and commissioned
	Number and date of order
  

	Name of
customer
	Line  Length

(km) 
	Dates since when

the erected line are in service



	Remarks



	1
	2
	3
	4
	5
	6
	7












Name

Date

:






Signature

Place

:






Status











Whether authorized attorney of the











tendering company











Name of the tendering company











Date 











Address











Company

SCHEDULE -D

(TO BE FILLED IN AND SIGNED BY THE BIDDER)

SCHEDULE FOR PRICE ADJUSTMENT

The tendered prices are variable.  The bidder shall quote the price variation formulae
 as specified in Schedule - G.

-----------------------------------------------------------------------------------------------------------------------------Sl.No.


Price variation formula,


Ceiling on price


Remarks





description of indices and 


variation





basic rates assumed for the





raw materials and freight.

-----------------------------------------------------------------------------------------------------------------------------











Name

Date

:






Signature

Place

:






Status











Whether authorized attorney of the











tendering company











Name of the tendering company











Date 











Address











Company

SCHEDULE-E

(TO BE FILLED IN AND SIGNED BY THE BIDDER)

SCHEDULE OF PLANT & MACHINERY

-----------------------------------------------------------------------------------------------------------------------------SlNo.
Description of plant
  No.
 Make   

Age &            Location    
  Remarks



/machinery







condition        where 










      


                     installed

-----------------------------------------------------------------------------------------------------------------------------








Signature

Date

:




Name

Place

:




Status








Whether authorized attorney of the 








tendering company








Name of the tendering company








Date








Address








company









SCHEDULE -F

(TO BE FILLED IN AND SIGNED BY THE BIDDER)

SCHEDULE OF TECHNICAL PERSONNEL OF BIDDER

Specification no :

Details and work for which tendered :

Name and address of Bidder :

---------------------------------------------------------------------------------------------------------------

S.No.
Description
  Name 

Length of 

Qualification

 Professional

Remarks







             service in






experience and







            firm







details of work 

















carried out 

-----------------------------------------------------------------------------------------------------------------------------1
  
   2
        
  
3


  4


 5




6
           

    7

-----------------------------------------------------------------------------------------------------------------------------







Signature

Date

:




Name

Place

:




Status








Whether authorised attorney of the 








tendering company








Name of the tendering company








Date








Address








Company








SCHEDULE -G

PRICE ADJUSTMENT FORMULA TOWERS


Price payable to the supplier as stated in the contract shall be subject to adjustment during performance of the contract to reflect change as in the cost of labour and material components in accordance with the formula below.



Po


Sl

Z1

L1

      P=  ------------
(20+55     -----------  +15  -----------  +10------------)  -Po


100


So

Zo

Lo

P=    
Adjustment amount payable to the supplier.

Po=
Quoted Ex-factory price for the fabricated tower parts (including Bolts &Nuts).  based on per ton rate for fabricated tower parts (derived by dividing total ex-works  price of fabricated tower parts by total guaranteed black weight  of tower parts.)

S,Z,&L=
Published price indices of steel, zinc and labour respectively .


Subscript  'O'  refers to indices as on 30 days prior to bid closing date.


Subscript '1' refers to indices as on 60 days prior to the date to delivery.


For the purpose of this clause the date of delivery shall mean the contract date of delivery or actual date of delivery whichever is advantageous to the purchaser.


The bidders should submit along with their bids the published indices (Base date indices and extracts from the publication ) to be applied to the formula in 


respect of material and labour  with justification for their use.  The indices/representative prices to be applied shall be as published from time to time by the  Governments or by well recognized trade or commerce institutions.  Wherever provision  exists for variation the price of non-ferrous metals in the formula, the bidders may use the London metal exchange prices in respect of various metals. the bidders should note that in the absence of complete information as indicated above the bids will be rejected.


NOTE:
The above price adjustment formula shall be invoked by either party subject to the following further conditions:


a)
Price adjustment will be applied only if the resulting increase or 




decrease is more than 5% of the Contract Price;

b)
No Price increase shall be allowed beyond the original delivery dates  




unless specifically stated in the extension letter. As a rule no price 




adjustment shall be allowed for periods of delay for which Supplier is 




entirely responsible. The Purchaser will however be entitled to any 




decrease in the Contract Price.


         c)
The total adjustment under this clause shall be subject to a ceiling of 





plus or minus 20% of the Contract Price.

PRICE ADJUSTMENT FORMULA ACSR ZEBRA CONDUCTOR

Price payable to the supplier as  stated  in  the  contract  shall  be subject  to  adjustment  during  the  performance  of  the contract to reflect changes in the cost of labour and material in accordance  with the formula:

      Po     {                  A1             S1          Zl           L1    }

P = -------  { 15 + 65 ------+ 13 ------ + 2 ------ + 5 ------ } - Po

      100    {                 Ao             So           Zo         LO    }

in which

P   =   Adjustment amount payable to the supplier per Km.

Po  =   Quoted   Ex-factory   price  of  Indian  origin/FOB  price  of non-Indian origin in the currency of the bid, shipment wise.

A   =   Published price indices of E.C. grade Aluminium ingots.

S   =   Published price indices of high Carbon Steel rods of  8mm  dia    with carbon content from 0.5% to 0.85 %.

Z   =   Published price indices of high grade electrolytic Zinc.

L   =   Published price indices of Labour.

Subscript  'o'  refers  to  indices as on 30 days prior to bid closing date.

Subscript 'l' refers to indices as on 60 days prior  to  the  date  of delivery.

The  "date  of  delivery"  shall be the date on which the ACSR "ZEBRA" Conductor actually ready for inspection as notified by the supplier or contracted delivery date including any agreed extension  there  to  or actual date of delivery whichever is advantageous to the purchaser.

The Bidders should submit along with their bids the published indices to  be  applied  to the formula in respect of material and labour with justification for their use.  The indices/representative prices to be applied shall be as published from time  to  time. The bidders should note that in the absence of complete  information  as indicated above the bids will be rejected.

NOTE:-

The  above  price  adjustment formula shall be invoked by either party subject to the following conditions:

a)      
Price  adjustment  will  be  applied  only  if  the  resulting increase or decrease is more than 5% of the contract price.

b)
No  price  increase  shall  be  allowed  beyond  the  original delivery  dates  unless   specifically  stated in the extension letter.  As a rule no price adjustment shall  be  allowed  for periods  of  delay for which supplier is entirely responsible. The purchaser will however be entitled to any decrease in  the contract price.

c)      
The  total  adjustment under this clause shall be subject to a ceiling of plus or minus 

20% of the contract price.

d)
Any  claim  for  payment  arising  out of the price adjustment formula  shall  become  payable  only  on  completion  of  the 'Phase-wise'  supplies.
PRICE ADJUSTMENT FORMULAE FOR ERECTION 



    


   10

[x1-xo]
    20          [M1-Mo]
       50      
[L1-Lo]
PV=EO   

-------     -------- +  ---------   ------------ +   ------   --------------

   


  100
  Xo

  100
        Mo

        100
          Lo

Where

PV= Price variation payable for the month.



E=
Value of work done during the month, based on the contractual rates.



X=
Rate of HSD oil prevailing at PDD, J&K ,Jammu (as given in  Indian Oil Corporation monthly circular).

M=
Revised index number of the wholesale prices in India, as applicable for Miscellaneous products (base 1981-82=100) as published in their monthly bulletin by the Economic Advisor, Ministry of Industry Govt. 
of  India

L=
All India consumer price index for industrial workers/General Index (base 1982=100 as published in India Labour,       Journal, Labour Bureau, Ministry of Labour, Govt. of India
Subscript 'O' will correspond to indices 30 days prior to the date to opening of bids.  Subscript '1' will correspond to the month of billing. 

For the purpose of this clause, the billing period shall mean, the billing period as per work schedule or actual period whichever is advantageous to the purchaser. The billing period for various erection activities will be as per agreed erection bar chart indicating monthly schedule of erection activities for completion of line.

Note:
The above price adjustment formula shall be invoked by either party subject to the following further condition. 

a)
Price adjustment will be applied only if the resulting increase or decrease is more than 5% of the contract price.

b)
No price increase shall be allowed beyond the original contractual period unless specifically stated in the extension letter.

c)
The total adjustment under this clause shall be subject to a ceiling of plus or minis 20% of the contract price. As rule, no price adjustment shall be allowed for periods of delay for which bidder is entirely responsible.  The purchaser, will however, the entitled to decrease in the
contract price 

d)
Any increase in the contract price due to above adjustment shall be payable on presentation of invoices alongwith calculations and supporting documents 

e)
Reduction in contract price as per price adjustment provision given here shall be effected by recovering 100% of immediately due for payment.

Except for the above, no price variation claim shall be admitted on any other account what so ever. Further no deviation in the price variation claims/formulae stipulated 
above shall be considered by the Board.

The prices for detailed survey, check survey, pipe and counterpoise earthing etc. to be quoted shall be firm. Price variation and no Price adjustment shall be applicable on the 
same.
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