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Employer’s Requirements

Scope of Supply of Plant and Installation Services by the Contractor

1.1. General Information and Scope

The contract shall comprise a survey/profiling, design, manufacture, testing, supply, and installation of Aluminum Conductor Composite Core (ACCC) with InfoCore System, OPGW, Composite Insulators, ACCC hardware fittings and accessories. It shall include inspection and replacement or adjustment of defective material and erosion control (where necessary).

The work scope involves the replacement of existing 132kV ACSR conductors (Dog) with ACCC (Silvassa) to achieve an increased transmission line wheeling capacity. The replaced ACCC (Silvassa) conductor and suitable new ACCC hardware fittings-part/accessories shall be subjected to the same system voltage of 132kV.
The names of the transmission lines to be reconductored under this scope are:

	S/N
	Region
	Line Route
	Line Description

	1
	North West
	Kumbotso - Hadejia 
	Reconductoring of Kumbotso - Hadejia 132kV Single circuit Line of about 173km Route Length

	2
	North West
	Kumbotso - Kankia
	Reconductoring of Kumbotsho - Kankia 132kV Single circuit Line of about 105km Route Length


The requirement for reconductoring of the lines mentioned above covers the following scope of works:

i.  Survey/Profiling
ii. Supply of ACCC conductor, insulators (composite), earth wire, hardware fittings, 
accessories for conductor & earth wire and OPGW & associated fittings & accessories

iii. Removal of existing conductor & transporting the same to a store to be defined by    the 
Employer. 

iv. Stringing of the ACCC conductor on the existing 132kV towers and rehabilitation of the tower structures (where required)

v. Linking of the transmission line including all hardware and connectors

vi. Replacement of existing skywire with OPGW 

vii. Replacement of glass insulators with composite insulators

viii. Erosion control on existing structures (where required)

ix. Rehabilitation of vandalized structures (where required)

x. Reinforcement of weak foundation structures including concrete coping (where required)

xi. Restoration of Right of Way (Encroachment) where necessary

xii.  Access road maintenance (where required)

xiii. Clearing of the vegetation along existing Right of Way

xiv. Supply of all spare parts and maintenance equipment required by the employer per the price schedule.
xv. Supply and installation of earthed cradle guard, terminal approach and railway crossing suspension sets complete with all fittings (wherever applicable)

xvi. Painting of towers & supply and erection of span markers, obstruction lights (wherever applicable) for aviation requirements (as required)

xvii. Down droppers including hardware and connectors to substation gantries and anchor blocks.
xviii. Testing and commissioning of the erected transmission line. 

1.1.1. Survey / Profiling

Survey & profiling of existing line routes, and verification of the availability of statutory electrical clearances using PLS-CADD software; de-stringing of existing conductor including dismantling of associated fittings/ insulators as required from the above lines and stringing of each circuit with ACCC (Silvassa) conductor including associated new hardware fittings/ insulators as required.
The contractor shall inspect the entire stretch of the transmission lines listed in the bid document and shall accordingly devise an appropriate methodology to execute the reconductoring work.
1.1.2. Supply of Materials
The material covered in the bid shall be supplied complete in all regards, including all components, hardware, fittings, and accessories relevant for seamless execution of the project to achieve efficient performance, reliability, and satisfactory maintenance under any operating atmospheric condition. It is the contractor's responsibility to ensure that all material supplied is compatible with the existing and new fitting to complete the conductor system for continuous operation of the power line and designated operating temperature offered by ACCC conductor.
1.1.3. Stringing

The contractor shall deploy appropriate tools /equipment/ machinery to ensure that the stringing operation is carried out without causing any damage to conductor and conductor is installed at the prescribed sag-tension as per the approved stringing charts. The entire stringing work of conductor shall be carried out by tension stringing technique except where geographical/ topographical or other site constraints do not permit the use of tension stringing equipment. In such cases, manual stringing, along with other appropriate tools and equipment, may be employed with the project manager's approval. 
The contractor shall indicate in their offer, the sets of tension stringing equipment he is having in his possession and the sets of stringing equipment he would deploy exclusively for this project. The period of deployment of tension stringing equipment shall be as per actual site requirement. 

Power line crossing, river crossings, railway crossings, other single-span sections where the deployment of tension stringing machine is not warranted and in hilly terrain, thick forest, or areas with site constraints, where the deployment of tension stringing machine is not feasible, manual stringing may be adopted after getting approval of employer’s site engineer. 

During installation/stringing of the offered type ACCC conductor, the contractor must deploy stringing/installation experts from the ACCC conductor manufacturer and certified by the composite core manufacturer of the offered ACCC conductor.
1.1.4. Rehabilitation of Transmission Towers

The contractor shall conduct visual inspection throughout the transmission line's entire length to identify missing tower members and other defects. The contractor shall inspect the erosion threat on the transmission line. When the transmission towers require rehabilitation or erosion control, the contractor shall seek approval from the employer to proceed with rehabilitation.
The visual inspections shall be documented to evaluate the defect's extent and the appropriate action required for rehabilitation.
1.1.5. Location Details and Terminal Points
The transmission line shall be passing mainly through undulated hilly areas, cultivated land, barren land and forest stretches. The contractor shall have to reconductor the overhead transmission lines entirely up to dead-end towers on either end. Stringing shall also be carried out from dead-end tower to terminal arrangements/terminal points.
1.1.6. Others
Any additional arrangement/work required to complete the above 132kV transmission lines reconductoring works, which is not expressly mentioned in the specification/bill of quantities will be done by the contractor without any additional cost.
1.2. Transmission Line Routes and Terrain
The contractor shall perform a detailed survey on the existing transmission lines route using Total station, DGPS (Differential GPS) or ALTM (Airborne Laser Terrain Modelling). Bidders may visit the line route to acquaint themselves with terrain conditions and associated details of the proposed transmission lines. 
  1.2.1
       Access to the Line and Right of Way (ROW)


The employer shall arrange right of way and way leave clearance per work schedules. The employer's responsibility shall be limited to securing the Right of Way and Compensation of permanent structure. All other responsibilities shall be of the contractor.
1.3 
Training and Support

Successful bidders must provide installation training and support for field staff before and during the construction phase. This training shall include all technicalities, safety and procedural aspects that are unique to ACCC Conductor and associated hardware. 
1.4 
Approved ACCC Conductor/Hardware Manufacturers
The list of approved ACCC conductor manufacturers is as below:

Apar - India, Cadivi - Vietnam, Elsewedy - Egypt, Kabelindo - Indonesia, Kamesa - Indonesia, Kmi - Indonesia, Lamifil - Belgium, Midal - Mozambique, Taihan - Korea, Tci - Malaysia, Thipha – Vietnam, Pt Jembo Cable Company Tbk, Yhkomtex, Sterlite Power, Viakable, Industria Metalurgica Sud Americana S.A., Midal Cables - Mozambique, Tenaga Cable Industries Sdn Bhd (Tci), Tebian Electric Apparatus Co., Limited (Tbea), Fux Zrt Aluminium Conductors Steel, Pakistan Cables Limited, Metal Link Inc. Company, Vietnam Electric Cable Corporation (Cadivi), Iljin Electric - Power Cable Division, Riyadh Cables Group, General Cable (A Prysmian Group), Shenghua Cable, Centelsa Power And Telecommunications Cables , Viakon Cables, Gupta Power Infrastructure Limited, Supreme Cable Manufacturing Corporation Tbk, Thipha Cable Vietnam, Phelps Dodge Cable, Conduspar Condutores Electricos, Emta Conductors, Pt Kabelindo Murni Tbk
The list of approved ACCC hardware manufacturers is as below:

Burndy - USA, TAG Corporation - India, Dervaux - France, Preformed Line Products - USA, DMC Power, Mosdorfer, Dalekovod, Arruti Industries, RIBE Power - Malaysia 
Site Particulars
1. 
Kumbotso - Hadejia 132kV Single Circuit Transmission Line

i. General description of the location

Kumbotso is a local government area in Kano State located in the North West of Nigeria. Kumbotso covers 158km2 and is bordered in the north by Kano Municipal and Tarauni LGAs, to the east by Warawa LGA, to the south by Dawakin Kudu and Madobi LGAs, and to the west by Dawakin Tofa and Rimin Gado LGAs.

Hadejia is a town in Jigawa state located in the North West of Nigeria. Hadejia town is located on the secondary highway between Gumel and Nguru, which links it to Kano's main highway.

ii. General description of the existing line

The Kumbotso - Hadejia 132kV single circuit transmission line, which was commissioned in 1980, is approximately 165km in length and traverses both Kano and Jigawa State. 

The line is loaded up to 70MW at peak period. However, it is envisaged that with the uprating of the line to a high-temperature low sag, more load is expected from the suppress load at Hadejia end. The line is expected to feed 2x60MVA, 132/33kV Gaggarawa substation at Kano when eventually completed. Therefore, the expected load projection for this line is 162MW at Peak Period while it can only accommodate 70MW; hence, reconductoring is essential.

The line has 25 tension and 495 suspension towers giving 520 steel lattice towers, with an average span length of 266.5m. The tower foundations are ageing but can still withstand the reconductoring provided a higher capacity conductor of similar weight is chosen. The insulators are 132kV glass disc type of which some are broken.

2. 
Kumbotso - Kankia 132kV Single Circuit Transmission Line

i. General description of the location

Kumbotso is a local government area in Kano State located in the North West of Nigeria. Kumbotso covers 158km2 and is bordered in the north by Kano Municipal and Tarauni LGAs, to the east by Warawa LGA, to the south by Dawakin Kudu and Madobi LGAs, and to the west by Dawakin Tofa and Rimin Gado LGAs.

Kankia is a local government area in Katsina State located in the North West of Nigeria. Kankia LGA covers 824 km² and is bordered in the north by Bindawa LGA, to the east by Kusada LGA and Kano State, to the south by Musawa and Matazu LGAs, and to the west by Dustin Ma and Charancha LGAs.

ii. General description of the existing line

The Kumbotso - Kankia 132kV single circuit transmission line, which was commissioned in 1980, is approximately 100km in length and traverses Kano and Katsina State. 

The line was built with 100mm2 ACSR; however, it is envisaged that with the uprating of the line to a high-temperature low sag, more load is expected from the suppressed load at Katsina end. The total installed capacity on the line stands at 300MVA. At Peak Period, the line accommodates 80MW.

The line has 15 tension towers and 268 suspension towers giving 283 steel lattice towers, with an average span length of 266.5m. The tower foundations are ageing but can still withstand the reconductoring with little reinforcement on some of the foundations. The insulators are 132kV glass disc type of which some are broken.
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1.1 EXTENT OF CONTRACT

To improve the quality of electricity supply to the North West and its environs, TCN proposes to reconductor 132kV lines under Package 5G.

This specification includes the design, manufacture, supply, testing, painting (where specified), insurance, packing for export, shipment, port clearing, delivery to site, unloading at the site, survey, stringing and any other work necessary to deliver the project as per the technical specifications and international quality standards.



Line Voltage

:  132 kV

Route Length

:  km (as specified in the BOQ)



Type of Circuit
:  Single




Conductor

:  ACCC 



OPGW

:  24 fibre

1.2 SYSTEM PARAMETERS

Nominal voltage (kVrms)



132



Highest voltage (kVrms)



145



Frequency (Hz)




50



System grounding




Effectively earthed system

Basic insulation level (kVp)



650



Switching impulse level (kVp)


 -



Power frequency withstand voltage (wet) (KVrms)
275


Short circuit level for 1 sec (kA)


31.5



Corona extinction voltage (kVrms)


92



RIV at 92kVrms (uv at 1MHz)


1000


1.3 ACCESS TO SITE

The employer will give the bidder access to reach the project site(s) of interest to him for site visits before submission of the bid(s). Bidders are strongly advised to visit the site to assess the site conditions to prepare their bid. The site visit will be undertaken at the bidder’s expense.
1.4 RIGHT OF WAY

During the performance of the work on the right-of-way, the Contractor shall: 

i. Confine all activities to an area within the boundaries of the right-of-way.
ii. Make good any damage caused by himself at his own cost to property outside the right-of-way including buildings, roads, drainage systems and fences.
1.5 SCOPE OF WORK

The contract shall comprise design, manufacture, testing and supply, and delivery to the site of ACCC conductor, Composite Insulators, ACCC hardware and fittings and accessories, testing and replacement or adjustment of defective material and erosion control (where necessary). It also includes testing, commissioning, and final inspection of 132 kV transmission lines, including the procurement of all materials as specified herein. 

The preceding is indicative and by no means limiting; the contract's objective is to hand over the line finished to the minutest detail, professionally, in a fully operational state, providing the desired service.
1.6 EXTENT OF WORK: 

The contract works to be supplied shall include all works incidental to that whether specified in detail or not and shall be carried out by the contractor following the Specification and Conditions of Contract and shall comprise the following:

a)
Definite Work

(i)       Work at fixed schedule prices: -

The design, testing, manufacture, supply, delivery to and off-loading at the site, starting to work, completion and maintenance of the following plant and materials, and the other work incidental to that included in the specification. The overhead transmission line having the technical particulars set out in the schedules attached to the specification, at the prices stated under Schedule of rates.
(ii) Work at Time and Material rates: -

If required to do so by the Engineer's written instructions and work/ rates not covered by Schedule of rates, the World Bank guidelines shall be followed.

b)      
Work at the option of the employer
The manufacture, supply, testing and delivery (but not maintenance) to stores, spares and tools as specified in Price schedule, Schedule No. 6 as the employer shall order from the contractor at any time or times before the expiration of the maintenance period of the Definite Work, at the prices stated in Price Schedule.

1.7 SAFETY AND SECURITY  

The maximum safety, consistent with good installation practice in the case of work above ground, must be afforded to personnel directly engaged on this contract if the ordinary course of their occupation finds it necessary to utilize temporary works erected by the Contractor or frequent the working areas. Reasonable measures should be taken to afford adequate protection against material falling from a higher level on to the personnel below.

Care must be taken during work at places where the line runs parallel to other lines which may be energized. The operations of or connections to any equipment items once made live shall be subject to a “Permit to Work” system in a form agreed between the Engineer’s representative and the Employer following Employer’s standard regulations for such work.

The contractor must ensure that all such persons mentioned, the employer, his representatives, other visitors, and workers provided with adequate protective headgear, footwear and other safety equipment as the need arises. 

Ensure that special care is taken in the prevention of grass or bush fires.

Maintain security checks and surveillance in all areas where work is being carried out and, in all areas, where Plant and Contractor’s Equipment is stored and around all living quarters, offices and stores. 

Install and maintain adequate lighting to provide sufficient light at all areas where work is being carried out during darkness (where approved) and all areas where light is required for security reasons.

Provide and maintain properly constructed tanks for the storage of fuels, oils, and other hazardous materials. Locate such tanks safely from all work and living places, buildings, storage areas and vehicle parks. 

Prevent any fuel or oil or other hazardous or polluting substance from entering any stream, river, or watercourse. 

Store explosives in properly constructed compounds with anti-blast walls all around. Lock and keep these stores always guarded and illuminate at night for purposes of security warding. 
1.8 FIRST AID

Provide and maintain first aid facilities at all places where workshops, offices, stores, living accommodations, maintenance facilities, etc. are situated, and ensure that personnel trained in first aid are available in an emergency at all such places. 

Ensure the maintenance of a high standard of sanitation throughout the camp areas and elsewhere on the site. 

Provide sanitary conveniences for the use of all persons engaged on the site at such locations as may be necessary. At the main working sites, the sanitary conveniences are to be per the applicable Government regulations. 

Nominate one experienced staff member to ensure the safety and protection against accidents of all labour and personnel. This person must be sufficiently qualified and have the employer to issue instructions and take protective measures to prevent accidents to the Engineer's satisfaction. 

Following the immediate treatment of the injured and within 24 hours of an accident at the site or in connection with the execution of the Works, report such accident to the Engineer Representative. Also report such accident to the competent employer, whenever such report is required by law. 

Always take the necessary precautions to protect all staff and workpeople employed on the site from insect nuisance, snakes, bats and other pests and reduce the dangers to health and the general nuisance occasioned by the same. Make available at the various working sites, suitable supplies of anti-snakebite serum and provide employees with suitable medication to prevent malaria. 

Comply with all regulations of the Medical and governmental Authorities in these respects.

1.9 METEOROLOGICAL CONDITIONS – GENERAL WEATHER CONDITIONS

The climate of the country is essentially tropical with the following general features:

i)   Gust wind Speed (m/ sec.) 

Zone A (up to 160 km from the sea) 



32 m/sec

Zone B (interior zone beyond 160km- 480km 

to from sea and areas in the region with open 

exposure to the sea up 5 km from the coast if 

unobstructed by forest valleys transverse to the 

line and wide river crossings) 



41 m/sec 

Zone C (480- 780 kms)




49m/sec

Zone D (780kms+)





55m/sec

In case the line traverses on the border of different wind zones, the higher wind speed will apply. 
(ii)  Temperatures 


Max. Ambient temperature




45°C



Average daily temperature 




25°C 



Min. Ambient temperature (°C) 



10°C  

(iii)  Relative humidity 




       0 - 100 %

(iv)  Seismic requirement 



Horizontal accelerating coefficient 



 NA 



Vertical accelerating coefficient 



 NA

Based on the information provided by the Meteorological Department, Nigeria

(v)   Isokeraunic Level (strokes/ year) 




150 

(vi)  Altitude 






          1000 m 

Correction for altitude should be made for each line. All costs thereof shall be deemed to be included in the price schedule.

(vii) Annual rainfall 




        1740 - 2360 mm

1.10 SITE OFFICE AND TRANSPORTATION 

1.10.1 Site Office 

Provide within two months of receipt of the onshore advance payment and maintain throughout the contract period Site Office for the use of the Resident Engineer and his staff during the contract period. 
1.10.2 Transportation 

Purchase for the use of the Engineer, vehicles, which shall be new, and maintain it in a mechanically roadworthy condition throughout the contract and until the end of the maintenance period. The contractor shall provide the service of one Driver per vehicle, provide fuel and servicing, oil, lubricants, license, and comprehensive insurance cover at all times for the vehicle and Driver for unlimited Third-Party Claims.

The vehicles are to be procured locally in the country, and the prices shall be quoted for in Schedule 2 of the price schedule: Plant and Mandatory Spare Parts Supplied within the Employer's Country. The vehicles are to be provided within one month of receipt of the onshore advance payment. Vehicle tracking systems GSM type or any other type, to be installed in the vehicles subject to approval by the employer.

1.11 TRAINING OF EMPLOYER’S ENGINEERS

1.11.1 OFF-SHORE TRAINING 
The Bidders are required to submit a detailed proposal for both classroom and hands-on training. The training which shall be for at least three weeks each will be conducted for PMU/TCN personnel per training. The training shall take place in the International Training Institute and shall be in the English Language. The resource persons must be proficient in the English Language. 

The training rate shall be deemed to include the wages of the contractor's personnel providing training and the cost of inland transportation in manufacturer's country, use of office facilities, literature, drawings, models etc. to be supplied by the contractor to the trainees of the employer's staff. The training shall include the provision of applicable software with licenses for at least two years to aid the trainee to carry out the same task back home.

The proposed training courses are specified below.
i. Transmission Line Design using the latest PLS-CADD software any other certified transmission line design software.

ii. Uprating and Upgrading of Transmission Lines
iii. Efficient Scoping and Cost Estimation of Transmission Lines, Structures and Foundations 
The first training shall occur within the first six (6) months of contract signature while the other training will take within the second six months of contract signature.
1.11.2 ON THE JOB SITE TRAINING

a) When the employer deems it advisable to send on the site those employees later intended to operate and maintain the Works supplied under this contract, the contractor shall, without additional cost, instruct such employees in operation and maintenance of the said Works.

b) This course of instruction shall be carried out by one or more of the Contractor's Works Erectors, and such instruction shall be in the English language.

These services may commence during erection works and shall be required periodically to the completion of Commissioning Tests.

c) Training of employer’s personnel on Transmission Lines Maintenance locally. It includes transportation, meal, and accommodation on each of the following:
i. 330kV and 132kV Transmission Line handling, inspection, test procedures, operation, and maintenance.
ii. 330kV and 132kV Overhead Transmission Line comprehensive design and Uprating and Upgrading of Transmission Lines using the latest PLS CAD software / any other certified transmission line design software.

1.12 ELECTRICITY AND WATER SUPPLIES

The contractor shall make his arrangements for electricity and water necessary for installation purposes, and all expenses shall be deemed covered by the several rates contained in the price schedules. 


The contractor must also provide an apparatus and provisions necessary to distribute and use such electricity and water at his own expense. 

The contractor shall also make his arrangements directly with other contractors for any such services they are prepared to provide. 

1.13 COMPLIANCE WITH STANDARDS 

Unless another standard is mentioned explicitly in this specification, all materials used and provided under the contract must, where such standard exists, be following the International Electro-technical Commission's standards or the British Standards Institution. The standard must be the last published standard before the date of closing of Tenders or per such other authoritative standard appropriate to the country of manufacture as in the opinion of the Engineer ensures to be equivalent or higher quality.

At the tender stage, the standards to which the equipment is manufactured and to which materials conform must be clearly stated if it is different from the IEC or BS standards. 


If the contractor offers materials or equipment which conform to standards other than those published by the International Electro-technical Commission or the British Standards Institution, full details of the differences between the proposed standard and equivalent British Standard, in so far as they affect the design or performance of the equipment, are to be supplied by the contractor to the Engineer for approval. In this case, a copy of the English Language standards shall be provided to the Engineer.

All the applicable codes and standards are listed under each material.

1.14 INTERPRETATION OF THE TECHNICAL SPECIFICATION 

Publications, standards, and codes referred to in this Specification form part of this specification to the extent specified herein. 

Work on this Contract may comply with standards and codes other than the ones specified, provided that all of the following conditions are met: 


-       They are listed in the contractor’s bid. 

  
A copy of alternative standards and codes including a comparative statement of salient design features duly certified by the respective country’s Chamber of Commerce and their national standards organization in the English language is submitted within 4 weeks after the contract award. 

-        The detailed technical requirements of these Specifications are met. 

In the event of any inconsistency/ conflict between the provision of this Specification, Standards defined under this specification and the Conditions of Contract, the provisions of this specification shall prevail and shall be considered as incorporated in the contract.

Two sets of latest standards referred to / used in design, fabrication, testing of material and construction of transmission lines shall be supplied at no extra cost to the Employer/Engineer at the respective stages of work on demand by the employer.

The contractor shall be responsible for any discrepancies, errors or omissions in the technical particulars, whether the Engineer has approved such particulars or not.

1.15 STATUTORY REGULATIONS

The works and all plant, equipment and materials forming part of and employed on this contract shall comply in all respects with all relevant aspects of the "Laws of Federation of Nigeria, Bye-Laws and Orders currently in force and in the event of the laws being amended.

1.16 LANGUAGE, WEIGHTS AND MEASURES

English language shall be used in all written communications and any documentation required for the contract, between the employer, the Engineer and the Contractor concerning the employer, the Engineer and the Contractor concerning the services to be rendered and concerning all documents and drawings procured or otherwise agreed by the Engineer.

All equipment's design features, all quantities and values required to be stated in the Schedules and all dimensions on drawings whether prepared by the contractor or not shall be stated in the International System of Units (SI).

Angular measurement shall be in degrees, with 90 degrees comprising one right angle.

1.17 CORRESPONDENCE 

The contractor must address all correspondence on matters arising out of the contract to the Project Manager (one issue per letter).

1.18 INSTALLATION AND CHECKING AT SITE

All work at the site shall be carried out in such a manner as not to obstruct operations of any other Contractor on any Substation or the operation of any existing Grid Substation. 


The carrying out of all work included in the contract shall be supervised by enough qualified representatives of the contractor, and full facilities and assistance shall be afforded by the contractor for the Engineer to check the Works. The supervisors shall have a good command of the English Language, and any instruction given to them by the Engineer shall be interpreted as having been given to the contractor. The supervisors shall be well qualified by long training and experience in the installation and operation of equipment of the charter covered by the specification. They shall supervise and assist in installing, testing, and placing in the line's operation complete with ancillary apparatus. For all purposes, the English language shall be used. The qualifications and experience of the Contractors proposed supervisory staff shall be communicated to the Engineer for approval. 


1.19 TRANSPORT TO SITE 

The contractor shall bear all expenses connected with the importation (except where its exemption is clearly stated) and transportation to the site of all plant, material and things needed for the contract including warehouse rent, handling and other charges.


The contractor shall observe any regulations which limit loads on the roads and bridges over which material may be conveyed. 


The handling and storage of any plant at the site are to be at the contractor's risk and without responsibility to the employer. 


The contractor shall arrange for the protection, the Engineer's satisfaction, of all material against corrosion, fire damages and mechanical damage during storage and erection at the site. The contractor will replace all damaged material at his own expense.

1.20 CONTRACTOR’S WORKING AREAS 

Locate main construction and site office within boundaries of the (project specified) area, at which location provide tool crib and/or workshop, and set aside and prepare areas and/or facilities necessary for the safe storage of material and equipment.

1.21 CONTRACTORS EMPLOYEES 

The contractor shall fulfil all his obligations regarding accommodation, feeding and medical facilities for all personnel in his employ, under the responsibilities imposed on him or as necessary to ensure satisfactory execution of the contract. 

He is also to comply with the requirements of all local Statutory Employment Regulations. The contractor shall be responsible for the behaviour on site of all personnel employed by him, including his subcontractors.

1.22 CONTRACTORS RESPONSIBILITIES

Unless explicitly stated to the contrary in the Tender with full supporting explanations, the contractor will be deemed to have concurred as a practical manufacturer with the design and layout of the Works as being sufficient to ensure reliability and safety in operation, freedom from undue stresses and satisfactory performance in all other essentials as a working plant. 

The contract shall include the whole of the Works which are described in or implied by the Contract document. All matters omitted from the Contract document, which may be inferred to necessary for the efficiency, stability and completion of the Works, shall be deemed to be included in the Contract Price.

Works shown upon the drawings and not mentioned or described in the specification and work described in the specification and not shown on the drawings shall nevertheless be held to be included in this contract and execution shall be covered by the Contract Price in the same manner as if they had been expressly shown upon the drawings or described in the specification.


1.23 CONTRACTORS PLANT AND EQUIPMENT
After the contract, should it be desired to retain possession of all or any of the Contractors plant or equipment the employer shall be at liberty to do so upon paying for the same such price as shall be fixed by the Engineer, in case of difference, as shall be fixed by Professional valuer.
1.24 PACKING, NAMEPLATES, MARKING, SHIPMENT AND STORAGE
All equipment shall be carefully packed for transport by sea, rail and road, and in such a manner that the packing provides adequate protection against all climatic conditions experienced in transit and storage on-site during the construction period.
1.24.1 GENERAL
The purpose of the following general standards is to ensure that the Suppliers pack and mark the materials according to acceptable standards and that the appropriate packing material is used. The contractor is solely responsible for the quality of the packing material.

At any time, the employer may reject any packing or marking if it is deemed to be non-conforming to the standards specified in this contract. If the packing is rejected, the employer is entitled to have it redone, at the contractor's expense, and the latter will not have the right to claim the incurred expenses.

This specification is non-limiting.

The packing must resist all the risks associated with extensive handling by:

- Forklift 

- Cranes (slings) 

The packing must facilitate all types of handling. The packing must be suitable to resist long periods of storage (that could extend to several months) under variable weather conditions, to consider deterioration factors typical to this kind of project, such as: 

· Cold 

· Damp heat 

· Abundant rain 

· Temperature fluctuations 

· Saline air 
· Vibrations 
· Parasites 
· Insect 
· Etc… 
The technical specifications, dimensions, material and equipment weight are the other criteria to consider when designing and performing the packing. 

1.24.2 INTERIOR PACKING 

The packing shall be adequate and sufficient to avoid any damage to the contents during the handling or difficult transport conditions. In all cases, the items shall be arranged or wrapped in such a manner to minimize the volume. 

The Supplier must wedge, shore or screw, as needed, or use any other available method to prevent the rupture of partitions, the free movement of pieces within the rigid container and prevent any damage resulting from shock or vibrations. 

Fragile pieces that are unable to handle difficult transportation conditions and those that cannot be disassembled shall be adequately supported before the wrapping is done. All rotating sliding pieces, free-moving or mounted on springs and whose movement is not blocked by a safety device shall be wedged and bound securely. 

1.24.3  EXTERIOR PACKING 

The following paragraphs describe the minimum requirements for packing. The material not specified in the following paragraphs must be packed according to specifications for equivalent material. The Manufacturer can refer to the basic guidelines of packing in ANSI/NAS and ISO Standards. 

The packing shall be performed in conformance with the accepted standards for marine, railway or overland shipping. The materials shall be solidly packed to withstand the different means of transportation and on any challenging roads. 

All the equipment must be packed to be protected against any possible damaging effect caused by saltwater (maritime packaging). 

1.24.4  PACKING OF ELECTRICAL EQUIPMENT 

It is the Supplier’s responsibility to ensure that packing is adequate for transportation to site to guarantee the equipment's integrity. 

Any material liable to deterioration or corrosion must be packed in tightly closed crates. The openings left must be adequately covered whenever fittings or accessories are removed from an apparatus for more comfortable transportation. 

Cables or plug wires coming out of the apparatus must be wrapped with insulation tape and covered with a polyethene film of at least 0.12 mm thick, to protect them from outdoor conditions. They must also be firmly fastened to the equipment to avoid deterioration while handling. 

The equipment and/or the materials must be fastened to a structural wooden base built with wooden beams 100 mm minimum thickness. The equipment must be handled with cranes using slings. 

The packing of equipment to be transported by air must be made using plastic containers and the materials as light as possible without compromising efficient protection against the risks associated with air transportation. 

The items that can be gathered in bundles shall be sorted out according to length and size and the bundle shall be bound with steel strappings and shall not exceed 100 kg each. 

The equipment and all the accessories shall be packed in closed crates, designed to resist the effects of negligent handling during overland and maritime transportation while loading and unloading and to prevent losses or theft. Besides, the packing shall be adequate to resist long periods of storage and outside exposure to all kinds of weather in harbour yards or any other places. 

The crates containing the electrical equipment or fragile pieces must have adequate mechanical reinforcement to ensure their stability. Open crates shall not be accepted. 

All heavy crates or large crates must be marked for handling while unloading and during overland transportation. 

In particular, the marking must show how and where to install the slings and hooks for hoisting, pulling and transporting the crate. 

All the crates must have the identification marks, as indicated in the marking chapter. When a shipment contains several packages, the latter must be identified concerning the main equipment. If there exist ferrous pieces assembled with the non-ferrous pieces, the former must be well protected. 

The pieces liable to be affected by water condensation or humidity absorption while loading and during transportation must be packed with water-proof materials. All filling material must be of non-hygroscopic type. 

To absorb the humidity, drying products must be placed in every crate. 

The spare parts with precise machined surfaces or materials, with ferrous parts, must be specially treated and packed for perfect conservation during many years and under normal storing conditions. 

The packing may be subject to the acceptance of the inspector appointed by the employer. 

The Supplier must submit the packing drawings for acceptance by the employer. 

1.24.5 PROTECTION AGAINST HUMIDITY 

1.24.5.1 Waterproofing 

Since the packing must be waterproof, it is crucial to avoid water condensation, promoting metal corrosion. Therefore, a water-proof film such as polyethene or tar paper must cover the equipment in such a manner as to allow sufficient ventilation for water evaporation. 

1.24.5.2 Dehydrating Agents 

All goods sensitive to humidity and to contamination must be wrapped with plastic film or water-proof paper thoroughly sealed using a waterproofing method. 

The Supplier shall generally use polyethene; however, aluminum compound sheets are required for all-electric and electronic equipment sensitive to humidity and contamination. 

In bags of standard dimensions, a silica gel must be placed in the most appropriate places inside the package to expose all the hollow spaces of the equipment to the dehydrating action of the siccative. 

The quantity of silica gel bags for every package must be sufficient to maintain the humidity rate at 40 % for a minimum period of six (6) months. 

This method, based on water absorption, can be used for any type of material.
1.24.6 CLOSED CRATES 

The Supplier shall limit the weight of crates to 3 metric tons. 

The bottom of each crate must be reinforced to withstand the weight of the packed equipment and to resist vertical shocks. The pieces of compact equipment must be solidly bound to the crate. 

All lifting points must be identified. 

All crates must be mounted on skids. 

The structural wooden members and the ones intended for forklifting must be placed on the points of high load concentration. They must be sufficiently thick (2.5 cm) to withstand the weight. The structural members must have a width of at least 10 cm and be screwed to the skids with bolts. There must be a spacing of at least 2.5 cm between the structural wooden members and the item, on the side and on the top. Fragile items must be protected by allowing a space between them ranging from 2.5 to 10 cm. This free space must be increased for items requiring no impact mounting. 

The filling material that will fill the empty spaces inside the crates shall be synthetic. Wood shaving and shredded paper shall not be acceptable. The design of the crates must be per the weight of the material to be packed: 

(a) Less than 250 kg 

The crates to contain less than 250 kg shall be built with cleats of no less than 2.5 cm and the wood or plywood to be used shall be 1.9 cm thick. The strapping must be steel belts 19 mm wide crimped with steel fasteners. 

(b) From 250 kg to 500 kg 

The crates must be made with wood 1.9 cm thick. The bottom of the crate must be 2.5 cm thick, and the uprights must be made with 5 x 10 cm boards. The strapping must be steel belts 32 mm wide crimped with steel fasteners. 

(c) From 500 to 3000 kg

The crates to contain more than 500 kg must be mounted on a base with supports of at least 10 x 10 cm. The support shall be bolted to the base with bolts of 1.25 cm diameter, minimum. The wood thickness of the base must be more than 2.5 cm. The uprights must be 5 x 7.5 cm or more. 

The walls must be made of wood or plywood 2.5 cm thick. The top must be made of wood 2.5 cm thick with water-proof paper in between the 

two layers of the double top. 
1.24.7 OPENWORK CRATES 

Openwork crates are used to ship material non-sensitive to outdoor conditions. 

1.24.8 MATERIALS TO BE TRANSPORTED ON PALLETS

In order to make material and individual containers handling more straightforward (drums, crates), the usage of wooden pallets is required. These pallets shall be stable, sturdy and new. 

1.24.9  MATERIALS TO BE TRANSPORTED IN METALLIC DRUMS 

New 2 1/2-gallon drums (11 litres) shall be used mainly to transport bolts. Any other material to be transported this way shall be subject to acceptance by employer. These drums shall be airtight to prevent water from entering during transport and storage. The bolts or any other materials shall be regrouped by size and diameter and adequately identified. 

The drums must set on pallets to facilitate handling. They must be placed in a maximum of two rows. One wooden pallet must be placed on top of the drums to increase stability and compactness when stowing. The weight of each pallet shall not exceed 3 metric tons. 

New 45-gallon drums (204.5 litres) can be used for small pieces such: gussets, splices. The weight of each drum must not exceed 200 kg. The drums must be set on pallets and be fitted with a lifting device (crossbars or lifting eyelets). The drums must have three holes (approximately 1 cm diam.) at the bottom to allow drainage of any water that might enter the drum. 

The pieces transported shall not be in direct contact with the bottom of the drum. Therefore, wedges must be used. The pieces must not move inside the drum, so an efficient blockage is necessary. A metallic lid must snugly cover the top to avoid water, mainly rain, from entering the drum. 

1.24.10  REELS FOR CONDUCTORS AND CABLES 

All cables shall be packed on wooden reels which dimensions shall be as a function of the length and size of the cables. 

1.24.11  PACKING MATERIALS 

The material specification described in this paragraph applies to all packing methods calling for this type of materials. 

(a) Solid Wood 

The solid wood to be used for packing must be new, solid and well dried. It must be free from rot, wear, clinker, holes, loosen knots and excessive deformations. The humidity degree must be between 10 and 20 %. The knots must be healthy-looking and not bigger than a 1/3 of the width of board. 

(b) Plywood 

The plywood must be new, good quality and well-dried. Three-layer plywood must be used for the crates with cleats and five-layer plywood for nailed crates. 

(c) Nails 

The nails must be circular and preferably covered with a coating of cement or chemical glue. Other types of nail that may be used are with helical or ring-shaped shafts. 

(d) Strapping 

The metallic strapping shall be made of non-annealed steel installed with a binding device and tied with steel fasteners. The steel must be treated against corrosion. Where the metallic belts touch the finished surfaces, there must be protective pads at these points to avoid abrasion. 

The dimensions of steel belts will be per the manufacturer’s specifications and in relation to the weight of the bundle to strap. 

1.24.12  MARKING 

The marking must be in English and must also be as big as the available space on the crates allows without exceeding 100 mm. A packing list, written in English, shall go along with each shipment and be attached to each crate. The packing list shall be in a closed envelope, covered with plastic. 

All the crates must be marked on opposite sides. 

According to the destination site, the Supplier must identify the packages by writing the appropriate code that has been allocated to each site of the destination. 

If tags are to be used, they shall be printed or typed with permanent ink and shall be solidly secured to the wooden surface utilizing staples, nails or tacks; if this is possible, they must be fastened with metallic wire or an excellent rope (the tags shall be waterproof). 

Warning signs such as FRAGILE, KEEP DRY, POISON, etc. shall be clearly indicated if the nature of the merchandise calls for it.
1.24.13  MARKING MODELS

Every item shipped must carry, on one side and on top, the following inscriptions: 

ATTENTION OF: 

DESTINATION: 

PROJECT: 

SITE: COUNTRY: 

CONTRACT No.: 

BOX: OF: 

EQUIPMENT CODE NO:(Total number of crates shipped) 
FINAL DESTINATION: 

Note: If the shipment is not dispatched to the destination, the container must carry the transit destination as well as the following: “TO BE DELIVERED TO (final destination)”. 

1.24.14  NAME PLATES 

The equipment shall be fitted with nameplates and indication plates, which must be manufactured of stainless steel or aluminium, with a minimum thickness of 1 mm engraved black letters on a light background.

1.25 LINE TERMINATIONS

This specification includes the provision and erection of slack spans between the terminal towers and substation structures or ground anchor blocks. T-connectors fixing to slack span conductors, jumper conductors and connectors suitable for fixing to substation equipment shall be supplied and erected. Information regarding the size of those substation connectors shall be obtained from the employer.
1.26 GALVANIZING

1.26.1 GENERAL 

All the small pieces such as: washers, bolts, screws, nuts, counter-nuts (if they are not made of stainless) and steel supports shall be hot-dip galvanized. 

1.26.2 GALVANIZATION LAYERS 

The material including bolts, nuts, and counter-nuts, unless otherwise indicated, shall be corrected and galvanized, once the manufacturing work is completed, in accordance with Standards. 

All the steel presenting defective galvanization or important imperfections shall be galvanized once more. In cases of major defects or damages, no repair shall be permitted at the plant nor at the site. Repair procedures such as metallic outpouring, welding or similar methods shall not be permitted either. All steel rejected because of defects or major damages on the galvanized surface, must be treated with acid, corrected and properly prepared for hot dip re-galvanization. 

The zinc coating must be clean, smooth, of even thickness, with no defects and firmly adhered to the metallic surface. The Supplier must replace a galvanized piece which is imperfect or presents an important defect. All the holes in the galvanized pieces must be free from knots and/or zinc concentration. 

1.26.3 MINOR DEFECTS
The defects of lesser importance in well-located places, may be considered as minor if the bare metal is not exposed in these places. The surface must not present any trace of rust or lack of adherence of the original coating.
Repair on the previously mentioned minor defects shall be permitted using touch-ups performed with special paint according to a method proposed by the Supplier which must be accepted by the employer. 

1.26.4 DEFECTS AND MAJOR DAMAGE
These defects include non-adherence of zinc on the steel, galvanization excessive thickness variations, thick zinc deposits, excessive roughness or any other defect showing that the galvanizing was not applied according to applicable standard. Such defects, caused by defective application of acid dip, presence of grease, lamination, inadequate draining and handling of the vertically immersed steel or any other factors that result in a defective galvanization, shall constitute cause for rejection. 

Also, the thinning of the zinc coating to the extent of exposing the bare metal shall be considered a major defect. Consequent damage caused by abrasion during shop handling when loading and unloading will be cause for rejection.

1.27 SUBCONTRACTED PLANTS AND MATERIALS

The Contract must obtain approval for all suppliers prior to order placement. Copies of all sub-contracted plant and material orders, including revisions thereto, shall be submitted to the Engineer when any such order is placed. 
The Contractor shall also provide details and obtain approval from the Engineer local sub-contractors before such subcontracts are placed. The Engineer reserves the right to withdraw his consent to local sub-contract arrangement if such is considered unsuitable, but consent shall not be unreasonably withheld. 

1.28 PLACES OF MANUFACTURE AND ACCESS TO THE WORKS
The manufacturers and the places of manufacture, testing and inspection of the various portions of the work shall be specified.
A detailed programme of tests which shall be carried out at the works during manufacture shall be submitted. A short description of the testing stations' facilities and equipment are to be mentioned in the relevant schedule.

Access to the Contractor's and subcontractor's Works shall be granted to the representatives of the Engineer for inspection, testing and ascertaining progress.
1.29 PROGRAMME OF WORK, DRAWING SCHEDULE, SHIPPING SCHEDULE

1.29.1 PROGRAMME OF WORK

A detailed work programme in MS Project or Prima Vera, resource schedule and detailed organization chart must be enclosed along with the tender.

Within 1 month of the contract award, submit to the Project Manager in four copies for review and approval a Line of Balance diagram covering the complete phase of the work, detailing the plant manufacture, delivery and erection programme for the transmission lines.

Ensure dates are compatible with deliveries of materials and equipment as indicated in the Critical Path Network and clearly indicate on the line of balance diagram the interface with these and other necessary items. 

Updated and submitted monthly to the Project Manager the Line of Balance diagram, reflecting progress up to the report date. An approval given in such circumstance shall not be considered as consent to an extension of the period of contract.

On all updates, differentiate and indicate the actual work progress for each item. If requested by the engineer, prepare and submit within 3 weeks for review and approval a Detailed Line of Balance diagram in which all the various aspects of the work are shown on a per crew or per gang basis. 

The Contractor shall monthly furnish the Project Manger's site represents a summary of construction work he proposes to carry out during the following two weeks including exact locations, name of gang’s leader, number of gangs involved, time of start and completion. If these are not provided, then the Engineer will use his own best estimate to determine the same at the time of any claims.
1.29.2 DRAWING SCHEDULE

Submit to the Project Manager for review and approval within 6 weeks of the contract award the drawing schedule:

1. 
An estimate of the total number of drawings to be submitted for the Engineer’s review and their submittal rates on a month-to-month basis.

2.
 A drawing schedule include all design briefs and calculations.

Include but not be limited to the drawing, brief or calculation number, title, revision number, dates of submission, current status, dates of approval and dates of the issue to the Site.

Upon review, update the drawing schedule and submit to the Engineer monthly. Ensure the current status and progress of all drawings, briefs and calculations are clearly shown. Ensure the Drawing Schedule allows one month exclusive of mailing time for the Engineer’s review.
1.29.3 SHIPPING SCHEDULE

Send two copies of packing lists for each shipment to Engineer’s Site Office and two to Engineer’s Head Office.
1.30 ORDER PLACEMENT STATUS 

Prepare and submit monthly to the Engineer an order placement status that shows all orders covering all the materials for the Work. 

Ensure the first submission is within 4 weeks of the contract award. Include un-priced copies of all requisitions and purchase orders. Indicate the actual progress as well as the scheduled progress. Include but not be limited to a brief description of the equipment or material, the vendor, the order number the start date and the finish date.

1.31 SUBMITTALS FOR TENDER

The Bidder shall provide as a minimum the following technical information, in the English language, at the time of submitting his proposal: 

(a) Drawings 

(b) Work control schedules 

(c) Completed technical data schedules 

(d) Type test reports 

(e) Quality assurance program 

(f) Complete set of catalogues 

(g) Manufacturer’s authorization and qualification documents.

The successful Bidder shall provide the following additional information before proceeding with the manufacturing of equipment or during that period: 

(a) Drawings schedules 

(b) Assembly drawings, list of materials, etc. 

(c) Instruction and service manuals 

(d) Paint samples, if requested by Purchaser 

(e) Test reports and certificates 

(f) Program of shop tests 

(g) Packing drawings, if requested by Purchaser 

(h) Marking models, if requested by Purchaser 

(i) List of tests required for commissioning 

(j) Detailed guide for installation 

(k) Detailed guide for commissioning 

(l) Work control schedules 

(m) Progress report

The Contractor is responsible for any discrepancies, errors or omissions in the submittals whether these have been reviewed by the Engineer or not, provided that such discrepancies, errors and omissions are not due to inaccurate information or particulars furnished in writing by the Engineer to the Contractor.
1.32 PROGRESS REPORTS AND MEETINGS

Prepare and submit to the Engineer monthly a Project Progress Report commencing the first month after accepting tender. 

Ensure each Report contains information on the preceding month’s progress, the status, and the Work's expected trends. Progress and trends shall be illustrated by means of charts, diagrams, drawings, photographs, and tabulations on format acceptable by the Engineer. 

Ensure the whole of the work is covered by a summary chapter or section. Ensure separate chapters or sections covering individual aspects or groups such as engineering, procurement, manufacture, factory and field testing, delivery, construction, commissioning, maintenance, and staffing and equipment. 

Ensure the section on staffing and equipment includes but is not limited to summaries of the number of gangs for various aspects (concreting, stringing, etc.), the number of persons in various classifications (laborer’s, foremen, surveyors, cooks, engineers, etc.), and the total number of people, all on a monthly and cumulative basis. Also, ensure a listing of major equipment (trucks, cranes, etc.) is included on a monthly basis and purchase and usage of local materials (cement, etc.) are included monthly and cumulative. 

Ensure all identifiable problems, crises and achievements, movements of labour, equipment personnel, and qualitative and quantitative information on the progress. 

Develop and use a standard format that is acceptable to the Engineer.

If the Engineer considers any section of the work's progress position to be unsatisfactory during the execution of the contract, he shall be at liberty to call such meetings, as he deems to be necessary. If required by the Engineer, a responsible representative from the Contractors works shall attend such meetings. 


Access to the Contractors and sub-contractors works shall be granted to the Engineer at all reasonable times to ascertain progress. 

1.33 QUALITY ASSURANCE, TESTING, AND INSPECTION

In general terms, the manufacturing quality assurance program must comply with ISO 9000 standards. The Purchaser reserves the right to verify the document about the manufacturer’s quality assurance program and the application of the same in the manufacturing plant. 

In general, the assembly of all the equipment components shall be carried out in the manufacturer's workshops so that it shall be possible to perform inspections, tests, etc. that will ensure a subsequent satisfactory operation. The exceptions to this rule will only be possible upon Purchaser's consent. 

The Purchaser's authorized representatives shall have access to the plant and inspect and verify the quality of materials used in the manufacturing process.

All materials used in the Contract Works are subject to inspection by all Engineers, and it is the Contractor’s responsibility to advise the Engineer when equipment and materials are available for inspection.

The Contractor shall carry out the tests stated in Schedule ‘F’ per the condition thereof, and such additional tests as in the opinion of the Engineer are necessary to determine that the Works comply with the conditions of this specification either under test conditions (in the manufacturer’s works, on the Site, or elsewhere), or in ordinary working.  Type tests may be omitted at the Engineer's discretion if satisfactory evidence is given of such tests already made on identical equipment.

All materials used shall also be subject to and shall withstand satisfactorily such routine tests as are customary in the manufacture of the types of plant or material included in the works.

All tests shall be carried out to the Engineer's satisfaction and, if required, in his presence at such reasonable times as he may require.

As many tests as in the opinion of the Engineer are possible shall be arranged together.  Six copies of the Contractor’s records of all tests shall be supplied to the Engineer no later than two weeks of completing the test.

The Engineer shall approve measuring apparatus and if required, shall be calibrated at the expense of the Contractor at an approved laboratory.

The Contractor shall be responsible for the proper testing of work completed or plant or materials supplied by sub-contractor to the same extent as if the work, plant or materials were completed or supplied by the Contractor himself.

The Contractor shall supply suitable test pieces of all materials as required by the Engineer.  If required by the Engineer test specimens shall be prepared for check testing and forwarded at the Contractor's expenses to an independent testing Employer selected by the Engineer.

The costs of all tests and/or analysis shall (except so far as otherwise provided by this Specification) be borne by the Contractor, but the cost of check tests and/or analysis effected elsewhere than at the manufacturer's works or on the Site, and the results of which are approved will be refunded to the Contractor by the employer.  Costs incurred by the Engineer and/or the Employer in attending repeat tests brought about due to failure shall be borne by the Contractor.

No inspection or passing by the Engineer or work, plant or materials whether carried out by the Contractor or Sub-contractor, shall relieve the Contractor from his liability to complete the Contract Works per the Contract.

If type tests have been performed on identical material or equipment, within a period not exceeding 8 years from the contract date, the results may be accepted provided that the reports of the tests are submitted within the following 30 days after signature of the contract.

The Supplier must submit a detailed program of tests for review to the Purchaser at least two months before the tests take place.

1.34 FACTORY ACCEPTANCE TEST (FAT)
Factory Acceptance Test for ACCC Conductor, Composite Insulator and ACCC hardware and fittings shall be per IEC Standards and will be undertaken at the manufacturer’s test plant or any approved test laboratory for the specified duration such tests and in conformity with TCN standards and specifications. Also, ten (10) per cent of all manufactured equipment shall be tested. 
For each visit out of Nigeria, travelling expenses including return tickets, visa, daily out of pocket expenses, etc. for the employer’s representatives shall be the employer's responsibility. 
1.35 OPERATING AND MAINTENANCE INSTRUCTIONS

Before commencement of conductor stringing the Contractor shall submit to the Engineer for approval fully detailed operating and maintenance instructions for compressors and the method of making compression joints and any other working equipment, they shall be as simple and clear as possible, fully illustrated with drawings and diagrams as necessary and detailed with part numbers for the ordering of replacements. Two copies shall be supplied for the use of the Engineer during erection work.

A further six copies shall be reproduced as a book or books of the approximately A4 size and bound into strong black durable imitation leather covers inscribed upon the front generally in the form of the title page to this document except that the references to Specification, Conditions of Contract, Drawings, etc., shall be replaced by “Operating and Maintenance Instructions. 
The finished books shall be handed over to the employer no later than one month before the Taking-over Certificate is issued for the last transmission line on this Contract. All submissions must also be in soft copies.
1.36 DATES FOR COMPLETION

The dates of testing, manufacture, delivery, and completion of the Contract Works shall be as stated in Schedule F which also sets out the dates by which the Contractor shall require access to the site. The required completion date is, as stated in the work plan. 

1.37 DETAILS OF OFFER AND VARIATIONS FROM SPECIFICATION
The Tender is to be accompanied by any necessary additional detailed specification of the various plant and equipment items, which are offered and the Schedules in the Specification are to be completed. 
Notwithstanding any description, drawings or illustrations that may be submitted with the Tender will be deemed per the Specification and the standard specifications and codes referred to therein. 
No departures from the Specification, except those shown in the tabulated statement and approved by the employer, are to be made without the Engineer's written approval.

1.38 DEFECTS LIABILITY PERIOD

The Contractor shall guarantee the Plant's efficient and good working supplied under the Contract for one year from the date on which the employer takes over the Plant following the General Conditions of Contract.
1.39 FINAL RECORDS

The “As-Built” submittals shall comprise a complete record of the transmission line for immediate and future record. Records shall be on paper and electronic format. 

They shall be submitted in a format acceptable to the Engineer before the Takeover Certificate is issued. Each transmission line shall be treated separately, and to this extent, drawings shall be duplicated as required. 

All drawings shall be suitably grouped and bound into book-like formats. Each book shall have its own Title page and drawing index, as well as the master drawing index. 

The following records shall also be submitted as above: 

1. Detailed grounding records: details of grounding and ground resistance measurements for each structure. 

2. Stringing and sagging record sheets: ruling span, control span, check spans, sagging spans and details of temperature and actually observed sags. Indicate the approximate position of each conductor and the overhead ground wire joint. 
3. Spacer damper and vibration damper record sheets showing the actual sub-span length between spacer damper units in each span, the distance between conductor clamp and vibration damper and between vibration dampers. 
OPGW splice boxes location, tower Nº, installation scheme, repeater stations, OFAC routing and OFAC termination box, etc.
1.40 ENVIRONMENTAL, SOCIAL, HEALTH AND SAFETY REQUIREMENT
The Nigeria Electricity Transmission Project (NETAP) will support priority physical investments and crucial institutional development needs as identified by the Transmission Company of Nigeria (TCN). It will focus on financing the rehabilitation and upgrading of the existing substations, the reconductoring of seventeen segments of 132 kV transmission lines, involving the replacement of conductors on up to thirteen 132 kV transmission lines and conversion of up to three 132 kV lines from a single circuit to double circuit, totaling about 1,471 kilometers; the modernization of Supervisory Control and Data Acquisition (SCADA) system and the installation of System Voltage Control (SVC) facilities. The completion of these investment activities will help improve the system reliability, reduce transmission losses, and increase transmitting capacity.

The proposed “Transmission Line Reconductoring” project along the identified transmission lines aims to address transmission deficiencies in some critical areas where electricity demand has markedly increased due to rapid urban development. 

The key objectives of the reconductoring projects, therefore, are mainly to:

· Improve the voltage level and system stability,

· Boost power wheeling capacity (present and future) to cope with an increase in demand for electricity, resulting from rapid population growth and urban development,
· Increase revenue inflow for Transmission Company of Nigeria (TCN) with the increased supply of reliable and quality electricity.
The projects will be carried out within and along TCN’s already existing Right of Way (ROW).
Under NETAP Package 5G the proposed interventions will involve the following activities.

· Removal of existing old 132kV conductors.

· Replacement/Restringing with new 132kV conductors of higher electricity carrying capacity and heat resistance.

The Environment, Resettlement and Social Unit (ERSU) of the PMU are saddled with the responsibility of ensuring that Contractors working along TCN transmission lines route under NETAP Package 5G comply strictly with Environmental and Social (E & S) Safeguards, in line with Environmental Regulations of the Federal Ministry of Environment and the Safeguard Policies of the World Bank.

In this respect, the ERSU had earlier prepared and disclosed an Environmental and Social Framework (ESMF) and a Resettlement Policy Framework (RPF) for this project (NETAP). The ESMF detailed the requirements applicable to this project and the process of due diligence needed to ensure compliance while the RPF states the steps to be followed in preparing and implementing a Resettlement Action Plan (RAP) if any aspect of NETAP will result in involuntary resettlement (following World Bank Policy on Involuntary Resettlement - OP/BP 4.12).

The Environmental and Social (E & S) risks/impacts associated with the above activities may be mainly from construction traffic, noise, involuntary resettlement (of encroachers/squatters) as well as health and safety risks associated with the actual rehabilitation works. The Transmission Lines covered under Package 5G is presently undergoing a screening process to highlight the intensity of impacts of the project on the existing physical and social environment along which each of the respective lines’ traverses.

The outcome of this screening process (which includes set-out screening/selection criteria) will determine the lines that will be finally considered for ultimate project implementation. 

Once the screening and selection process is completed, Site-specific Environmental and Social Management Plans (ESMPs) will be developed for each of the lines that have been selected therefrom, as part of the agreements for the rehabilitation/re-enforcement projects, in compliance with the Environmental regulations of the Federal Ministry of Environment and the Safeguard Policies of the World Bank on Environmental Assessment (OP/BP 4.01 - Environmental Assessment).

These ESMPs will be included in the Bidding Documents for this Package (Package 5G), as appropriate. Bidders are required to bid for the costs of implementing the ESMPs (along with their respective Financial Proposals) for the effective implementation/compliance with impact mitigation measures recommended in the ESMPs therein - This is a key requirement.     
Section 2: Conductors
2.1 ALUMINIUM CONDUCTOR COMPOSITE CORE
2.1.1
General
This section provides a functional specification for ACCC conductors. It is the general information required for the design, fabrication and test of ACCC conductor.


     2.1.2
Standard

The conductor shall conform to the following International Standards, including all revisions, amendments and changes adopted and published expressly stated otherwise in this Specification.

IEC 60468 
Method of measurement of resistivity of metallic materials

EN 50450:2010 Conductors for overhead lines – Aluminium conductor steel supported ACSS (except for the sections related to steel core requirements).

EN 60889
Hard drawn aluminum wires for overhead conductors (testing requirements only)

ASTM B609:2012 Standard specification for Aluminium 1350 Round Wire, Annealed Wire and Intermediate Tempers, for electrical purposes.

ASTM B987
Standard Specification for Carbon Fiber Composite Core/ (CFCC/TS) for use in Overhead Electrical Conductors

Reference to standards and specifications, or to equipment and materials, of particular manufacture shall be considered as followed by “or equivalent”. The Contractor may propose equivalent standards, specifications, materials of equipment which shall be equal in every respect to that specified. If the Contractor for any reason proposes equivalents to, or deviations from the above standards, the Contractor shall state the exact nature of the change, the reason for making the change and shall submit complete specifications of the materials, as well as copies of pertinent standards, for the approval of the customer. The customer’s decision in the matter of quality shall be final.
2.2
CONDUCTOR PROPERTIES

2.2.1

ACCC Conductor Requirements 
The conductor to be supplied shall be of the Smooth Body Type, round and compact. The conductor must not exhibit any key-stone effect among the individual strands. All the annealed aluminium strands shall be uniform and free from imperfections such as splits, cracks, die marks, scratches etc., after drawing and stranding.

2.2.2

Core Material
ACCC conductors shall consist of a supporting carbon fiber composite core/thermoset matrix (CFCC/TS) that meets one of the following strength grades in Table 1.

The CFCC/TS shall consist of carbon fibers combined with a suitable heat resistant thermoset polymer matrix to achieve the properties listed in Table 1.  The carbon/matrix material shall be encased by a galvanic protection barrier layer. 


The galvanic protection barrier shall meet the requirements outlined in this specification, including thickness, minimum bending diameter, and dye penetrant inspection after bending. 

The CFCC/TS shall meet the requirements outlined in this specification, including tensile strength, minimum bending diameter, dye penetrant inspection after bending, glass transition temperature (Tg), and heat exposure capability.

The CFCC/TS shall be smooth, continuous, and free of imperfections consistent with good manufacturing practices.

CFCC/TS materials may be furnished in either of two grades, High or Extra High Strength, in conformance with the requirements of this specification.  The CFCC/TS shall meet the minimum requirements shown in Table 1.

	Property
	High Strength Grade
	Extra-High Strength Grade

	Ultimate Tensile Strength, min.
	2140 MPa
	2585MPa

	Thermoset Polymer Matrix Tg, min.
	1800 C – 2500 C
	1800 C – 2500 C

	Galvanic Layer Thickness, min.
	0.50mm
	0.50mm

	Heat Exposure Capability, min.
	52 Weeks at Polymer Matrix Tg Less 50C
	52 Weeks at Polymer Matrix Tg Less 50C

	Bending Diameter, min.
	50 times diameter of Composite Core
	60 times diameter of Composite Core

	Tensile Modulus, nominal
	112 GPa
	146 GPa

	Thermal Expansion Coeff., nominal
	1.6 ppm/0C
	1.0 ppm/0C

	Density At 200 C, nominal
	1.88 g/cc
	1.60 g/cc

	Max Continuous Temp.
	Heat Exposure Capability temperature minus 200C
	Heat Exposure Capability temperature minus 200C


Table 1: Physical Properties of CFCC/TS cores
2.2.3

Stranding Material
Over the supporting composite core, ACCC conductors shall have two or more layers of trapezoidal fully annealed aluminium wires that are helically stranded. The trapezoidal wires shall have the properties listed in Table 2 for all ranges and sizes.

Wires shall be drawn into a trapezoidal shape that allows them to fit tightly together during stranding.   Each concentric layer of wire must fit closely to the layer(s) above or below it. 
The aluminum wires' surface shall be smooth, without foreign particles, copper dust or any other material that can cause aluminum corrosion. Wires shall not have cosmetic defects, irregular surface (scales), breaks or any other defects visible to the unaided eye.

In an effort to reduce the propensity for the surface of the conductor to collect dust, or other surface contaminants from accumulating on the surface of the conductor, the manufacturer shall minimize the amount of stranding lubricant utilized in the manufacture of the ACCC/CF/TS conductor.  Any excess lubricant shall be removed using a process that does not harm the strands or the Composite Core material.  
	Tensile Strength
	Minimum 60 MPa

	Resistivity
	63% IACS or higher (≤0.027367 Ω-mm2/m at 200C)

	Elongation
	Minimum 20% in 250mm



 Table 2: Properties of Stranding Material
2.3
OPERATIONAL CONDITIONS
2.3.1

Conductor Service Limits
Continuous operating conductor temperature 
+180°C minimum

Short duration conductor temperature* -

+200°C minimum

Short Circuit temperature capability 


+230°C minimum

* Continuous short term duration temperature of the conductor, where the excess temperature is experienced for up to 8 hours in any one period.
2.4
CONDUCTOR CONSTRUCTION
2.4.1

Joints in Aluminum wires
Joints of aluminum wires shall meet the requirements stated in EN 50540 Section 5.6. Normal practice shall be to have no joints in the aluminum wires unless otherwise specified by the customer.  When joints in the aluminum wires are allowed, the requirements stated in EN 50540 shall be met. 

2.4.2 


Joints in CFCC/TS Core
During the production run, the carbon fiber tows used to construct the CFCC/TS core shall be continuous with no splices or joints. Splicing of the galvanic protection barrier is allowed provided the diameter specifications are maintained and the joints are spaced a minimum of 10m apart from each other. 

2.4.3 

Stranding of Conductor
The manufacture of Composite Core conductors shall be performed in accordance with the latest revision of EN 50540 standard with modifications.  

Multiple wire conductors shall be stranded as concentric layers with pitch according to the EN 50540 standard. The direction of the draw of the next layer shall be opposite to the previous one with the surface layer meeting the requirements of EN 50540, Section 3.3. 

The design and lay of the conductor strands shall produce a conductor essentially free from the tendency to unwind or spring apart when cut or during tension stringing operations.

The wires in each layer should touch one another. A wire crossing in a layer is an unacceptable defect and must be removed from the conductor.  Stranding of two-layer conductors shall be made in one manufacturing process; meaning that both layers shall be stranded simultaneously.  For stranding of three or greater layer conductors, a multiple-pass process is acceptable.

2.4.4 

Conductor Diameter and Variation in Aluminum area.
The conductor diameter shall not vary from the nominal value by more than ±1%.  

The cross-section area of the aluminum wires making up the Composite Core conductor shall be ±2% of the nominal value.

2.4.5

Mechanical Characteristics
The rated tensile strength of a Composite Core conductor shall be the sum of a) and b) below:

a) 96% of the minimum tensile strength of the aluminum portion of the conductor (based on a minimum tensile strength of 60 MPa) 

b) 100% of the minimum tensile strength of the grade of CFCC/TS.  

2.4.6 

Conductor mass per unit length
For the aluminum wires, the increment, in per cent, for mass due to stranding shall be as defined in EN 50540 Table 10.  The CFCC does not have a stranding increment.  

The mass per unit length of the conductor shall be calculated by using the following specific weights:

- Aluminum:  2.703 g/cm3
- CFCC:  See Table 1 for the specific weight (density) of specific strength grade

2.4.7 

Nominal DC Resistance
For calculation purposes, the nominal DC resistance at 20°C of a conductor shall be based on the resistivity value and on the nominal cross-section of the aluminum, increased by the increments listed in Table 10 of EN 50540.  DC resistance shall be expressed in Ω/km to three significant figures.

The Composite Core does not conduct electricity and is not factored into the resistance calculation.
2.4.8

Corrosion and Brittle Facture Resistance

If fiberglass is a component of the galvanic corrosion layer, the CFCC/TS shall contain boron-free glass fibers in the construction of this layer to prevent brittle fracture.

2.5
TESTS

2.5.1

Test Classification




Tests shall be classified into Type Tests or Sample Tests.  

2.5.2

Type Tests
Type Tests are intended to verify the main characteristics of a conductor that result from its basic design. Type Tests shall be carried out once for each new design, manufacturer, or manufacturing process of conductor.  Type Tests shall be repeated when the design, manufacturer, or manufacturing process is changed.  

The purchaser and the manufacturer shall agree on the location responsible for performing the Type Tests.  Testing may be performed by an independent laboratory, by the purchaser, or at the manufacturer’s facilities.  The purchaser may also accept Type Test data from work previously performed at the manufacturer’s facilities.  

Testing plans and locations shall be agreed upon at the time of tender. The report of the Type Tests shall include all necessary data for evaluation of the results according to requirements of the appropriate EN, IEC or other standards. The purchaser (or his representative) has the right to witness Type Testing.

2.5.3 

Sample Tests
Sample Tests are performed to verify the quality of the product and its capability to meet required standards.  The purchaser (or his representative) has the right to witness product testing. 

During product testing or other factory visits, the purchaser or his representative should be informed about the manufacturing process and quality assurance systems. Reports of product testing should include all measured data and any relevant comments and/or statements of the person performing the tests. 

2.5.4 

Type and Sample Testing Requirements
Table 3 shows a list of required testing for the completed ACCC/CF/TS conductor, the aluminum wires, and the Composite Core.  It describes which tests are considered to be Type Tests and sample tests, and also lists the relevant standard or the section in this specification that describes the testing procedure.  

Table 3:  List of Type Tests and sample tests with applicable testing standards.

	Type Test Description
	Type Test
	Sample Test
	Applicable Standards for Testing

	Conductor Tests

	Surface Condition
	X
	X
	EN 50540 Section 5.3

	Diameter
	X
	X
	EN 50540 Section 6.4.2

	Inertness
	X
	X
	EN 50540 Section 5.2.4

	Lay ratio and direction of lay
	X
	X
	EN 50540 Section 5.5

	Number and type of wires
	X
	X
	EN 50540 Section 6.4.5

	Aluminum Cross-section
	X
	X
	EN 50540 Section 6.4.6

	Mass per unit length
	X
	X
	EN 50540 Section 6.4.7

	Conductor DC Electrical Resistance
	X
	-
	IEC 60468

	Conductor Stress-strain curve
	A
	-
	EN 50540 Annex A

	Core Stress-strain curve
	A
	-
	EN 50540 Annex A

	Conductor Ultimate Tensile Test
	A
	-
	EN 50540 Section 6.4.10

	Stringing Test
	A
	-
	EN 50540 Annex C

	Creep Test*
	A
	-
	EN 61395

	Aluminum Wire Tests (Before and After Stranding)

	Tensile Strength
	X
	X
	EN 60889

	Elongation 
	X
	X
	EN 60889

	Resistivity
	X
	X
	EN 60889

	Cross-section
	X
	X
	EN 60889

	CFCC/TS Core Tests

	Tensile Test
	X
	X
	ASTM-B987 Section E-12

	Glass Transition Temperature
	X
	X
	ASTM-B987 Section E-13

	Density
	X
	X
	ASTM-B987 Section E-14

	Dimensions
	X
	X
	ASTM-B987 Section E-15

	Heat Exposure
	X
	
	ASTM-B987 Section E-16

	Heat/Stress Test
	X
	
	ASTM-B987 Section E-17

	Bending Test
	X
	
	ASTM-B987 Section E-18

	Dye Penetrant after Bending Test
	X
	
	ASTM-B987 Section E-19

	Tensile Test after Bending Test
	X
	
	ASTM-B987 Section E-20

	Galvanic Protection Barrier Layer Thickness Test
	X
	X
	ASTM-B987 Section E-21


*
*
When agreed between purchaser and manufacturer, creep tests in conductors fabricated from a Composite Core combined with fully annealed aluminum conductors may be omitted.  The aluminum will relieve all load at the everyday tension and the Composite Core does not creep.  

a   by agreement between the purchaser and manufacturer
2.5.5 

Properties of the Aluminum Wires
Properties of the aluminum wires before and after stranding shall meet the minimum requirements of EN 50540 Section 5.1.2.  Refer to Table 2 of this document for aluminum wire requirements.  Testing of the aluminum wire properties listed in Table 3 shall be performed according to EN 60889.

2.5.6 

Properties of the Conductor
Required testing and the applicable test standard for the completed conductor is listed in Table 3.  Specific conductor requirements set forth by this standard are listed below.
2.5.7

Diameter
The diameter shall meet the requirements of Section 2.4.4.

2.5.8

Aluminum cross-section
The aluminum cross-section shall meet the requirements of Section 2.4.4.

2.5.9 

Mass per unit length
The mass per unit length of a 1 m sample of conductor shall be determined using an apparatus capable of achieving an accuracy of ±0.1%.  The test value obtained shall be within a tolerance of ±2% of the nominal value. 
           2.5.10      

Properties of CFCC/TS Core
Physical properties of CFCC/TS core are listed in Table 1. Required testing and applicable test standard are listed in Table 3. Specific test procedures are listed below. 

2.5.11 

Tensile Test
The CFCC/TS shall conform to the tensile strength requirements given in Table 3.

Tensile tests on the CFCC/TS shall be conducted in accordance with the Test Methods and Definitions section of ASTM D 3916.  It is suggested to consult with the manufacture of the CFCC for the best gripping method for testing.  The suggested length of the test specimen is 1.1 meters.   

Calculation of CFCC/TS tensile properties shall be based on the total cross-sectional area of the Composite Core, including the galvanic protection layer. 




2.5.12 

Glass Transition Temperature (Tg)
The glass transition temperature (Tg) shall be determined using a Dynamic Mechanical Analysis (DMA) instrument in accordance with ASTM D 7028 with exception to measurement of Tg.  Tg shall be defined as the peak in the loss modulus curve.   

The CFCC/TS DMA specimen shall be machined into a rectangular shape that meets the requirements described in ASTM D 7028.

Prior to measurement in the DMA, the specimens shall be dried at a temperature of 212°F (100(C) for 24 hours.  After drying, the specimen shall be stored in a desiccator until testing, as per ASTM D 7028.



The Tg value shall meet the requirements stated in Table 3.  

2.5.13 

Density
Density may be calculated from mass divided by volume or determined in accordance with ASTM D792.  

2.5.14 

Dimensions
The specified diameter of the CFCC/TS shall be expressed in decimal fractions of millimeters to two decimal places.

The diameter shall be the average of the largest and smallest measured diameters at the same cross section, rounded to the nearest 0.001 in. (0.01 mm).  Measurements shall be evenly spaced around the circumference of the cross section and a minimum of three measurements shall be taken. 

The average diameter shall not differ by more than plus/minus 0.05 mm from the nominal diameter of the CFCC/TS.



2.5.15 

Heat Exposure Test
The purpose of this test is to determine the thermal endurance capability of the polymer matrix resin system used to fabricate the CFCC/TS core material.  The test may be performed on any class of CFCC/TS to qualify the resin system for all classes of Composite Core provided the same resin formula and processing conditions are used.  

Three CFCC/TS test specimens shall be exposed to a temperature of Tg minus 10°F (5°C) for 52 weeks, in air circulating oven.  No stress is applied during the exposure period.  All specimens in a test group shall be heat exposed at the same time.  The ends of the Composite Core specimens are allowed to extend 150 mm outside the oven walls.  

After the exposure period, the specimens shall be bonded to suitable fixtures for tensile testing following the manufacturer’s suggested method.  After exposure the following conditions must be met: 

· The CFCC/TS shall show no signs of cracking or wrinkling after exposure.

- 
The CFCC/TS specimens shall be tensile tested according to Section E-11 and shall retain a minimum of 95% of its rated tensile strength, according to Table 3. 

2.5.16 

Heat/Stress Test
A specimen of CFCC/TS of sufficient length shall be subjected to a tensile load of 25% of the rated tensile strength for 1000 hours while simultaneously being exposed to a test temperature set by the calculation: Heat/Stress Exposure Temp = Tg minus 10°F (5°C).  

After the exposure period, the specimens shall be bonded to suitable fixtures for tensile testing following the manufacturer’s suggested method.  After exposure the following conditions must be met: 

· The CFCC/TS shall show no signs of cracking or wrinkling after exposure.

- 
The CFCC/TS specimens shall be tensile tested according to Section E-11 and shall retain a minimum of 95% of its rated tensile strength, according to Table 3.


2.5.17

Bending Test
Bending tests shall be performed once at the start and once at the end of the lot. Testing consists of wrapping the CFCC/TS 180 degrees around a cylindrical mandrel and loading to 15% of its rated tensile strength for a period of 60 seconds. Test details are as follows:

· The diameter of the cylindrical mandrel shall be equal to the minimum bending diameter specified in Table 3. 

· The section of the Composite Core that is in direct contact with the mandrel shall be marked so that after the bending test, this section can be easily identified to perform post-testing analysis.

· After completion of the bending test, the specimen shall be checked visually for damage, such as peeling of the fibers from the surface of the composite or a compressive failure.  These types of fractures constitute a failure.

· Test specimens shall not fracture, including the galvanic protection barrier, when the CFCC/TS is tested.   If the specimens exhibit no visible fractures as described in ASTM B987, Section 13.2, then the test specimens shall be subjected to the additional testing described in sections E18 and E19.  

2.5.18

Dye Penetrant Testing After Bending Test 

One test section taken from either of the two bending tests described in section E-17 shall be subjected to the dye penetrate test.  Specimens for dye penetrate testing shall be taken from the part of the bending test specimen that was in direct contact with the mandrel.  Dye penetrant specimens shall be taken as close as possible to the center of this region. 
To detect the presence of any cracks that may have formed inside the Composite Core during the bending test, a minimum of 5 specimens shall be taken from the test section and tested per ASTM D 5117. 

Specimens shall be placed vertically in a dye penetrant bath with the bottom surface submerged in the dye penetrant for a period of 5 minutes. 

During the test period the presence of small (< .5mm dia), separated, wicking dots on the top surface is acceptable.  If the dots merge together and the top surface of the CFCC/TS becomes covered in dye penetrant to a level of 50% of the surface area or greater, then the sample has sustained damage and has failed the test.  

2.5.19

Tensile Test After Bending Test 

One specimen taken from either of the two bending tests described in Section E-17, shall be subjected to a tensile test.  The specimen for the tensile test shall be selected from the part of the sample that was in direct contact with the mandrel (where the highest stresses would occur), and subjected to the tensile testing.  The specimen shall be bonded to suitable fixtures for tensile testing following the manufacturer’s suggested method.  After exposure the following conditions must be met: 

· The CFCC/TS shall show no signs of cracking or wrinkling.

- 
The CFCC/TS specimen shall be tensile tested according to Section E-11 and shall retain a minimum of 95% of its rated tensile strength, according to Table 3.

2.5.20 

Galvanic Protection Barrier Layer Thickness
Determination of the minimum thickness of the galvanic protection barrier layer shall be done by microscopic examination.  Specimens shall be polished and the minimum thickness determined using an optical comparator.

The minimum thickness of the galvanic protection layer shall be at least 0.5 mm.

Section 3: Hardware and Line Accessories 
3.1
HARDWARE AND LINE ACCESSORIES
3.1.1

Purpose and Scope
The purpose of this document is to provide the test requirements for qualifying fittings, connectors, suspension clamps, spacers, vibration dampers and/or any other accessory that have physical contact with the ACCC conductors.  

The scope of this document establishes the manufacturing standards, inspection methods, required testing, documentation, and packaging criteria for the ACCC accessories

3.1.2

Definitions  

ACCC Conductor – Aluminum Conductor Composite Supported 

Accessory – Any device that connects to the ACCC conductor for joining, repairing and protecting. This includes tension dead end and splices, suspension clamps, terminal pads, repair sleeves, T–Connectors, spacers and vibration dampers.

Connector – A device joining two or more conductors to provide a continuous electrical path. It can be tension or non-tension.

Control conductor – A conductor in the current cycle loop that serves as a reference for setting test current and monitoring temperature.

Dead-end – A connector termination at a tower. Also known as a tension clamp.

Emergency operating temperature – The absolute maximum temperature at which conductor is designed and specified to operate under emergency conditions of a temporary duration.

Full tension – 95% of compression strength.

High temperature inhibitor – An inhibitor compound which is designed to exceed the service temperatures of connector.

Joint – A connector and that part of the conductor that has been brought into intimate contact with it by compression or other mechanical means.

Maximum operating temperature – The maximum continuous operating temperature of a conductor.

Rated conductor strength – The tensile strength of a conductor as furnished by the conductor manufacturer.

Splice – A connector joining two or more conductor ends. Also known as mid span joint.

T-Connector – A device joining a tap conductor to a run conductor without breaking the run conductor.

Back pressing – Method of applying crimps to aluminum connector terminations where the crimps start at the cable entrance side of the connector and progress towards the attachment hard point or eye. 

Bird Caging – Lantern-effect of aluminum strands being excessively loose or open at the exit of a connector giving the appearance of a lantern or birdcage, rather than smooth un-interrupted conductor. 

Armor Rods -- Individual round aluminum spiral rods that when applied to the outside of conductor effectively increase the outside diameter and act as a strain relief to help limit the bending radii of the conductor, typically used under suspension clamps and other devices.    

3.1.3

Standards Referenced 

This specification is intended to be used in concurrence with, but not limited to, the following standards in their latest edition:

IEC 61284 Overhead lines – Requirements and tests for fittings

IEC 61854 Overhead Lines – Requirements and tests for spacers

IEC 61897-Requirements and tests for Stockbridge type Aeolian Vibration dampers

ANSI C119.4-2003-Connectors for Use Between Aluminum-to-Aluminum or Aluminum-to-Copper Bare Overhead Conductors

NGTS 3.4.6 Issue 5 January 2002 Conductor Fittings for Overhead Lines

CIGRE 426-Guide for Qualifying High-Temperature Conductors for Use on Overhead Transmission Lines

IEEE 664-Guide for Laboratory Measurement of the Power Dissipation Characteristics of Aeolian Vibration Dampers for Single Conductors

3.2
TEST RECORDS
3.2.1

Type Tests  

Record Availability

a) Type Tests will be made available from the manufacturer of record to the customer to qualify the accessory to be used for ACCC conductors.  

b) Type Tests will be made available from the manufacturer of record to any customer / end-user with written notice.

3.3
GENERAL REQUIREMENTS

3.3.1

Design
The fittings and connectors shall be designed so as to
a) Avoid damage to the ACCC core or conductor during the installation of fittings or connectors and under all service conditions;
b) Conform to the appropriate test requirements in Table 1;

c) Withstand the mechanical loads relevant to installation, maintenance and service, the designed service current, including short-circuit current, the service temperatures and environmental circumstances; 

d) Ensure that individual components are secured against becoming loose in service; 

e) Be suitable for high voltage application, where corona is a concern; (132kV standard, above 132kV, recommend shielding accessories).

f) Protect surfaces of compression connectors in contact with the ACCC core and conductor from becoming contaminated before installation. 


3.3.2         Materials
Connectors shall be made of material to meet the service life requirements of the ACCC conductor. 

The materials shall meet service life requirements and shall not be liable to inter-granular or stress corrosion. They shall not cause corrosion of any other parts of the ACCC conductor. 

The materials of compression connectors shall be capable of withstanding cold working due to compression. Furthermore, the steel compression components shall have sufficient impact strength after the compression. 

Examples of suitable materials are the following: 

· aluminum or aluminum alloy; 

· galvanized steel; 

· galvanized malleable or ductile iron; 

· stainless steel; 

It is recommended that ISO standards for materials be used where they exist. 

3.2.3
       Non-Metallic materials
Non-metallic materials employed shall have good resistance to aging before and after with the capability of withstanding service temperatures without detrimental change of properties. Materials shall have adequate resistance to the effects of ozone, ultra-violet radiation and air pollution over the whole range of the service temperature. 

They shall not induce corrosion in materials which are in contact with them.
3.3.4
      Dimensions and tolerances
The dimensions shall be shown on product drawings.

Particular regard shall be paid to those dimensions that involve interchangeability, correct assembly, and those for which gauges are specified. Reference shall be made to relevant standards, for example IEC 60120, IEC 60372, etc. 

Tolerances applied to dimensions shall ensure that the connectors meet their specified mechanical and electrical requirements. 

3.3.5
      Protection Against Corrosion 

All parts of the ACCC conductor fittings shall be either inherently resistant to atmospheric corrosion or be suitably protected against corrosion, such as can occur in transport, storage and in service. All ferrous parts exposed to the atmosphere in service, except those made of stainless steel, shall be protected by hot dip galvanizing in accordance with ISO 1461 or other means giving equivalent protection. 

Unless special measures are taken, there shall never be contact between metals for which the difference in electrochemical potential can give rise to galvanic corrosion capable of impairing the efficiency of the whole equipment. This applies especially to those parts of the connectors that are in direct contact with the conductor. 

All external threads shall be cut or rolled before hot dip galvanizing. Internal threads can be cut before or after hot dip galvanizing. If cut after galvanizing they shall be oiled or greased to protect from corrosion. 


3.3.6           Markings 

Marking shall ensure the system of traceability for each of the component parts of the connectors.

When practical the connectors shall be clearly and indelibly marked as follows:

Connectors used as individual components:

Castings (when relevant)

a) identification of connectors;

b) manufacturer's identification;

c) date of manufacture (month and year); 

d) cast code. 


3.3.7
      Forgings 


            
  
a) identification of connectors; 

                   
 
 b) manufacturer's identification; 

                    

 c) date of manufacture (month and year). 

3.3.8
       Assemblies of connectors 

             

 a) identification; 

             

 b) manufacturer's identification; 

             

 c) date of manufacture of individual items (month and year); 

             

 d) conductor diameter range or conductor code(s);



e) connector bolt installation torque (unless breakaway torque bolts are used). 

3.3.9
       Conductor compression connectors 

        

a) identification; 

        

b) manufacturer's identification; 

        

c) date of manufacture (month and year); 

       

d) conductor size or code name; 

        

e) compression die sizes; 

       

f) length(s) or area to be compressed.

           3.3.10         Instructions
 The manufacturers shall provide the assembly instructions preferably in the language of the country being supplied to or English. 

3.4 
SPECIFIC ACCESSORY REQUIREMENTS

3.4.1

Dead ends and Splices
Connectors for the purpose of dead-ending and splicing ACCC conductor are compression type connectors used for full tension.

Connectors used for electrical continuity connections shall meet the

requirements of Table 1. 

The components and installation equipment shall be engineered to minimize moisture egress and maximize compaction.

Connectors should use a high temperature oxidation inhibiting compound intended to minimize metal oxidation at metal-to-metal electrical contact points, which is to be supplied with each connector or prove with current heat cycle testing that oxidation inhibiters are not required.

Connectors shall be “back pressed” to eliminate bird caging effect; see appendix #1. 

Splices shall be pressed in one direction; see appendix #2. 

Connectors shall be supplied with installation instructions preferably in the language of the country being supplied to or English. 
3.4.2

Suspension clamps
The ACCC conductor installed in the suspension clamps must be equipped with armor rods or an equivalent apparatus that limits the conductor to bending to less than 300 total bending radius.

Elastomeric cushion shall be capable of supporting conductor during high temperature operation 

Note - suspension clamp and elastomeric cushion will be at a lower temp than the conductor.

The suspension clamps shall have sufficient contact surface to avoid damage by fault currents to strands and core.

Note: Provide test results that validate strands and core are un-damaged by a ground fault current that meet or exceed conductor rating; see A-B note on table 1.

Provide magnetic loss test if any ferrite section encircles the conductor. 

The wear resistance of the articulation assembly shall be sufficient to prevent deterioration in service. 

The body of a suspension clamp shall permit oscillation around a horizontal axis perpendicular to the conductor. 

NOTE - For each type of clamp, the purchaser can choose between:

Standard clamps: the slip load of the conductor is not lower than a specified minimum slip load; 

Controlled slippage clamps: the slip load of the conductor remains between two values defined by mutual agreement between the purchaser and the supplier.

Suspension Clamps shall be supplied with installation instructions preferably in the language of the country being supplied to or English. 
3.7.2 
Repair connectors


Connectors for the purpose of repairing ACCC conductor include the following:

· Compression type connectors
· Factory-formed helical connectors

Repair connectors used for electrical continuity connections shall meet the requirements in table 1. 

Repair sleeves shall be used to repair aluminum conductor providing the Composite Core is continuous, un-damaged and intact.

Compression repair connectors shall be designed to minimize internal voids and to prevent the ingress or entrapment of moisture during service. 

Compression repair connectors must use an oxidation inhibitor compound, it can be included in each connector kit or provide test results that prove no inhibiting compound is necessary.

Repair connectors intended for the restoration of electrical and mechanical properties of a conductor shall have clearly defined manufacturer's instructions as to the extent of damage which they are intended to repair. 

Repair connectors shall be supplied with installation instructions preferably in the language of the country being supplied to or English. 
3.4.4

Vibration Dampers 

Damper mounting will be sized to not damage strands and core of the ACCC conductor.

Laboratory testing and study to IEC 61897

Damper study shall be supplied with instructions preferably in the language of the country being supplied to or English. 
  3.4.5           
 Spacers

Elastomeric mounting is preferred; mounting must not damage the ACCC strands or core.

Spacers need to be sized with armor rod or ground fault simulated testing needs to carried out to verify spacer mounting is compliant enough to not damage strands or core during a grounding incident.

Spacers shall be supplied with installation instructions preferably in the language of the country being supplied to or English. 
3.4.6

 T-Connectors
Connectors for the purpose of tapping off the ACCC conductor include the following:

· Compression type T-Connectors; 

· Bolted on type T-Connectors;

T-Connectors used for electrical continuity connections shall meet the requirements in table 1. 

Compression-type T-Connectors shall be designed to minimize internal voids and to prevent the ingress or entrapment of moisture during service. 

Compression-type T-Connectors must be provided with an oxidation inhibitor compound, included in each connector kit or provide test results that prove no inhibiting compound necessary.

T-Connectors shall be supplied with installation instructions preferably in the language of the country being supplied to or English. 

3.5  TEST CLASSIFICATIONS
The customer shall have the right to request for sample tests (application and routine sample) to ensure compliance.

Type tests are intended to establish design characteristics. They are normally only made once and repeated only when the design or the material of the connector is changed. The results of type tests are recorded as evidence of compliance with design requirements. See Table 1 for Type Tests required for qualification.

3.6 APPLICATION
Connectors shall be subject to type tests in accordance with Table 1. In addition, other tests may be agreed between purchaser and supplier, for example corrosion tests, ageing tests, fatigue tests, short-circuit tests and power arc tests.

3.7 Test Categories 

3.7.1 General

Sample tests are intended to verify the quality of materials and workmanship.

3.7.2 Application

Connectors shall be subjected to sample tests as listed in Table 1. The samples to be tested shall be selected at random from the lot offered for acceptance. The purchaser has the right to make the selection.

3.7.3 Sampling and Acceptance Criteria

Unless otherwise agreed between purchaser and supplier, the sampling plan procedures according to ISO 2859-1 and ISO 2859-2 (inspection by attributes) and to ISO 3951 (inspection by variables) or American National Standard ANSI/ASQC Z1.4 shall be applied. 

For each sample test, the type of inspection (by attributes or by variables) and the detailed procedures (inspection level, acceptable quality level, single, double or multiple sampling, etc.) shall be agreed between purchaser and supplier. 

NOTE - Sampling inspection by variables is an acceptable sampling procedure to be used in place of inspection by attributes when it is more appropriate to measure on some continuous scale the characteristic(s) under consideration. In the case of failure load tests and similar expensive tests, better discrimination between acceptable quality and objective quality is available with acceptance sampling by variables than by attributes for the same sample size. 

The purpose of the sampling process may also be important in the choice between a variables or attributes plan. For example, a purchaser may choose to use an attributes acceptance sampling plan to ensure that parts in a shipment lot are within required dimensional tolerance.  The manufacturer may make measurements under a variable sampling plan of the same dimensions because he is concerned with gradual trends or changes that may affect his ability to provide shipment lots that meet the AQL.

3.8 ROUTINE TESTS
3.8.1 General

Routine tests are intended to prove conformance of connectors to specific requirements and are made on every connector. The tests shall not damage the connector. 

3.8.2 Application and Acceptance Criteria

Whole lots of connectors may be subjected to routine tests as listed in Table 1. Connectors which do not conform to the requirements shall be discarded. 

3.9 TEST REPORTS
The test report shall include the necessary data to support conformance or nonconformance to the requirements of this standard, and include the following:

· Date of test

· Description of test assemblies;

· Description of connectors and inhibiting compound before testing to ensure traceability;

· Description of fasteners;

· Copy of manufacturer’s instructions and recommendations;

· Description of conductors, including rated conductor strengths;

· Description of preparation method and components used for both connectors and conductors;

· Description of connector installation procedure and tools used to accomplish installation;

· Current cycle amperage, including any adjustments and when they were made;

· Current-On time duration;

· Description of the condition of connectors after testing;

· Test method;

· Name and address of the test facility and the names and signatures of the technicians performing the test;

· All options used in performance of the test including the mounting method (drilled or surface mounted) of the thermocouples (diagrams or photographs of the test setup are desirable);

· Other pertinent information, such as installation details not specifically defined or required in this standard Certification (if required).

Section 4: OPGW, Optical Fibre Armoured Cable and OPGW Accessories

4.1
APPLICABLE STANDARDS

The equipment or components supplied shall be per the standards specified below or later editions and /or amendments thereof. Offers of Item manufactured to any other internationally recognized standards or specifications equal to or better shall accompany an English version of such standards.
a) IEEE 1138 - Standard construction of composite fibre optic ground wire

b) IEEE 812 - Standard fibre optics, Definition of terms

c) IEC 60874 Part 0 - 2, Connector for optical Fibres and cables

d) ITU TG 652 & 654 - Characteristics of single-mode optical fibre and cable

e) BS 1559 - Reels and drums for bare conductors

f) IEC /TR 62263 - Guidelines for installation and maintenance of optical fibre cables 

g) IEC 60793 - Measurement and test procedures Part 1

h) IEC 60794 - Optical Fibers Part 1-2, General Specification

i) IEC 1232 - Aluminum Clad Steel Wire for Electrical purpose

4.2       WORK INCLUDED

Work of the section consists of the supply, testing and installation of OPGW and OFAC as specified.

4.3       TERMINOLOGY

Unless otherwise defined below, technical terminology is defined in the latest edition of IEC-50.
4.4       QUALITY ASSURANCE 
3.4.1
General 

Install OPGW and the OFAC in accordance with manufacturer’s instructions submitted and approved by the Engineer.

3.4.2 The Bidder shall furnish in his offer full details to establish that there will ne no galvanic corrosion.

4.5       SUBMITTALS

Submit the following items:
Qualifications of installation personnel.

Qualifications of fusion splicing and commissioning technicians.

Overhead fibre optic ground wire design sag and tension data at design wire heights for initial and final loaded and unloaded conditions at various ruling span length and in temperatures ranging from 10°C to 75°C in 5°C increments. The ruling span increment shall not be greater than 25 metres. Consider 10-year creep in the calculations. 

Detail drawings and descriptions of proposed stringing methods. 

Description of tools and erection equipment to be used for stringing including fusion. 

Manufacturer’s company profile, experience record, quality certification and authorization form 

Test reports proving splicing the proposed installation method is compatible with the OPGW and the manufacturer’s criteria. 

Stringing sag data in tabular format listing each ruling span section and length, the sags and tensions for that ruling span, and the sags for each span within each ruling span section. The temperature increment shall be 5°C. 

4.6 PRODUCT DELIVERY AND HANDLING 

4.6.1
Delivery of Materials and Equipment 

Store, handle and install OPGW per manufacturer instructions. 

4.6.2
 Handling Materials and Equipment 

When full reels are transported by fork trucks, the hub axis shall be parallel to the direction of travel. When lifting full reels by crane or hoist, a chain or cable sling with a spreader bar shall be used in conjunction with a bar through the hubs. The reel shall never be lifted by threading the chain through the hub or slings around the lagging. 

Reels shall always be kept upright both for handling and storage. Reels shall not be set or rolled over rough surfaces. Reels if rolled on smooth surfaces shall always be rolled in the direction of the arrow. Do not drop reels. 

Empty reels shall be removed from the site and either returned to the manufacturer or disposed of satisfactorily. 

4.7 PRODUCTS 

4.7.1
The OPGW shall have the characteristics as stated in Schedule D. and shall comply and be tested per the relevant standards, other approved standard or the tests listed under Schedule F.

The optical ground wire shall be of the self-supporting metallic type with 24 single-mode fibres incorporated in the cable construction. The characteristics of optical fibres shall comply with the requirements of ITU-TG.652. Optical fibres shall be colour coded. 

The fibres shall be loose tube buffered, with an excess length of at least 0.5 evenly distributed over the whole cable length and in such a way that this is maintained over the lifetime of the cable. The fibres shall be protected from ingress of moisture and water by jelly filling of the tube. The tube shall be incorporated in the cable to remain unaffected against loads, pressures, temperatures, or chemical attacks, leading to the deterioration of the fibres' performance. 

Demands on attenuation and dispersion are as follows:

[image: image3.emf]
The cable construction shall be of an approved type with mechanical and electrical characteristics adapted to that of the corresponding phase conductor. The construction shall be capable of resisting pressures from clamping and in such a way that standard type dead-end assemblies and fitting can be made use. Wires shall be of aluminum alloy and/or galvanized /aluminum clad steel wires. 

The allowable cable tension at which there shall be no strain in the optical fibres shall not be less than 40% of its ultimate tensile strength. 

The optical ground wire, including its fibres, shall bear no physical damage when subjected to multiple bending at its minimum bending radius with an axial tension equal to 40% of ultimate tensile strength. 

Drawing of cable construction inclusive of fibre and cable characteristics as well as a reference to performance documentation, applicable material standards, type tests performed, etc. shall be furnished with the bid.

4.7.2
Optical Fibre Armoured Cable (OFAC)
To connect the joint box, mounted at the tower or substation gantry, and the telecommunication equipment inside the substation building, fibre optic underground cable shall be utilized. The cable shall be attached to the tower/substation gantry with suitable fixing material. It shall be laid in cable trenches, routing into the substation building, ending in a termination box installed at the cable entry. The cable shall be installed in the trenches constructed by the S/S contractor and the portion of S/S where such trench is not available, the same will be either constructed or laid directly in the ground by the Line contractor as per the decision of the Engineer. This work is deemed to be included in the price schedule, Price Schedule. The OFAC will be laid in HDPE pipe, whether installed underground or in the trenches to protect the same from external damage. 

The fibre optic underground cable to be offered shall be designed, such as to have a service life of not less than 30 years under the prevailing working conditions and installation environment. The utilized cable shall be designed in accordance to the latest IEC & ITU-T publications. It shall be suitable for Indoor and outdoor use, laid in cable trenches leading into the substation building. As the cable may be exposed directly to the sun at the termination gantries or towers, the outer cable sheath shall be capable of withstanding such exposure continuously without any detrimental effect. 

The fibre optic cable shall contain optical fibres of the single-mode type, and the fibre cores shall be laid loose in buffer tubes. Hollow spaces inside the fibre optic cable shall be filled with water blocking jelly compound. The construction of the cable shall not allow water/moisture penetration into the cable. 

The material and the optical characteristics of the integrated optical fibres shall be the same as specified for OPGW above. 

The fibre optic underground cable's armouring shall consist of a corrugated steel tape applied longitudinally with an overlap. The thickness of the tape shall not be less than 2 mm. The outer sheath of the cable shall consist of HDPE (High-density polyethene) with a thickness of at least 2 mm. The outer sheath material shall enclose the cable core assembly tightly, and it shall be free of any damages or connection seams. The colour of the cable shall be black, and it shall be marked outside with the following information (repeated every 1m): 

· Fibre Optic Cable (FOC) 

· Name of Manufacturer 

· Year of Manufacturing 

· Length in running meters 

The fibre identification's utilized colour code shall follow the TIA/EIA-598 standard or a manufacturer-specific standard. The colour coding for the optical fibres of OPGW and OFAC shall be identical. 

All-optical fibres shall be delivered from the same manufacturer. No factory splices are permitted.
4.7.3
Joint Boxes
The following types of joint boxes conform to IP 55 are required to be used: 

Type A 

The joint box type A is used for OPGW-OPGW connection and shall be installed in the lower portion of the tower or portal structure along their body in the height of at least 6.0m below the standard's lowest cross-arm tower (final decision shall be taken during design approval). An extra stripped off the length of approximately 1.5m of the fibres shall be left inside for repeat splices. An extra length of 10m of optical fibre shall be coiled and fixed to the tower.

Type B 

The joint box type B is used for OPGW to underground OFAC. These shall be in general similar to type A, except of the cable entry and shall be installed at the gantry tower about 1m above the tower foundation surface. 

The junction boxes shall be insect-proof and watertight withIP55W protection made of cast aluminum or stainless steel (min. grade ANSI 316) and shall be designed to form a too rigid structure. A nameplate shall be fixed on the front of the box door and shall contain the following information: 

• Type of Joint Box

• Year of manufacture 

• No. of fibers
• Contract Number 

• Owner ‘s Name 

The junction boxes shall be bottom cable entry type, facility for quick removal box cover giving access to fibre splices, repair of fibre splicing at least three times during the life of transmission line and accordingly sufficient fibre length should be left loose inside the box. All jointing material, sufficient for all splices (equal to 1.2 times the number of fibres), including the splicing sleeves, heat shrinking protective tubes, splice holder and cable holder should be provided inside the box. After making of splices, the splicing losses shall be measured and not exceed 0.05dB per splice during site acceptance test. Proper numbering shall be provided on each fibre to facilitate the identification. 

4.7.4 Termination Boxes 

Termination boxes shall conform to IP 55 shall be installed inside the substation buildings, generally in the telecommunication or control room, to connect the incoming and outgoing fibre optic underground cable with the telecommunication equipment. The termination boxes shall offer enough space to contain at least 24 OFAC fibres and 24 fibres from the telecommunication equipment, inclusive reserve length. In those substations connected via T-Off connection, termination boxes that allow connecting 48 fibres shall be installed. An extra stripped off a length of approx. 1.5 m of the fibres shall be left inside the termination box for repeat splices. It is required that the termination panel is protected against environmental influences, mostly dust, by a suitable housing. The connection of the installed telecommunication equipment to the optical fibres of the underground cable inside the termination box is not in the OPGW CONTRACTOR's responsibility. The installation works of OFAC and telecommunication equipment must be coordinated with the telecommunication Contractor. A nameplate shall be fixed on the front of the box door and shall contain the following information: 

· Type of Termination Box

· Year of manufacture 

· No. of Fibres 

· Contract Number 

· Owner ‘s Name

4.7.5 Associated Hardware for OPGW and OFAC

Preformed armour grip suspension clamp shall be supplied. The total drop of the suspension clamp from the centre of the attachment to the centre point of the OPGW shall not exceed 150mm. The aluminum alloy retaining rods shall be used. 


The dead-end clamps shall be aluminum alloy and of bolted type using amour rods. The dead-end clamps shall include all necessary hardware for attaching the same to the tower strain plates. Dead-end clamps shall allow the OPGW to be continuous through the clamp without cutting and jointing. The dead-end clamp shall have slip strength not less than 0.95 times the OPGW rated tensile strength. The clamp shall have a breaking strength of not less than the OPGW. The clamp shall be capable of carrying the maximum current for which the OPGW is designed without overheating or loss of mechanical strength. 


The grounding wire shall be bolted directly to OPGW and tower structure utilizing grounding clamp. The grounding wire shall consist of a 1,500mm long length of earth wire made up of aluminum/aluminum alloy with an equivalent size of OPGW. Suitable extension links shall be provided, where required to maintain the bending radius of the OPGW within specified limits. 


The bolted clamps shall attach the OPGW to the towers. The tower attachment plates shall locate the OPGW on the side of the tower. It shall be attached directly to tower legs/cross-arm without drilling or any other modification to the tower. 

Vibration dampers shall have aluminum/aluminum alloy clamp capable of supporting the damper during installation and maintain the damper in position without damaging or crushing the OPGW or causing fatigue under the clamp. Armor or patch rod may be provided if necessary, to reduce clamping stress on the OPGW. The armour rod shall be made of aluminum alloy. The vibration damper shall restrict the OPGW dynamic strain to 150 micro-strains under normal/aeolian vibration conditions. The dampers shall not be dynamically overloaded during operation to prevent damper fatigue. It is considered that at tension tower locations two dampers shall be installed on OPGW on each side of the tower and at suspension locations, one damper shall be installed on each side of the tower. The Contractor / manufacturer shall however be responsible for necessary studies of arriving at the exact placement of the vibration dampers. 

4.8 DESIGN CRITERIA 

4.8.1
Overhead fibre optic ground wire Sags 

Calculate initial and final sags for each ruling span without exceeding the tension limits specified in Table 3.8-1 of this Section.

In addition, at 25°C (EDC temperature), final unloaded condition, the OPGW sag shall not be more than 90% of the conductor sag (at 45°C) ensuring that the same does not exceed under any temperature combination.       
TABLE 3.8-1

         DESIGN TENSION LIMITS

Loading Condition 





Tension Limit

   





Unloaded

- Initial, 10°C 







30 %

- Final, 25°C, Overland 





20%

- Final, 25°C, Open Bodies of Water 




18%

                         



Loaded

- Final, at 10°C 






40%
Or according to supplier’s recommendations, whichever is more stringent Tension limits are given as a percentage of the overhead fibre optic ground wire ultimate tensile strength. 

4.9     INSTALLATION 

4.9.1
General 

Carry out stringing, sagging of overhead fibre optic ground wire as specified for the conductor in Clause 2.10.1 of Section 2. Read the work “Overhead fibre optic ground wire” instead of “Conductor” in the said Clause and applicable methods recommended by the supplier. 

When stringing over the navigable waterways (at height water level) and other bodies of water, ensure the overhead fibre optic ground wires does not come in contact with the water. 

4.9.2
Slack Spans 

The overhead fibre optic ground wire between the terminal dead-end strain structure and the substation line-entry structure shall be tensioned so that the load and direction on the substation line-entry structure do not exceed each structure's design requirements. Coordinate with the designer of the substation line-entry structures. The sags shall be subject to the agreement of the Engineer. 

5.0   FIELD QUALITY CONTROL 

5.1 Overhead fibre optic ground wire Sag-Allowable Tolerances 

Install overhead fibre optic ground wire so that the sag does not differ from the correct sag by more than two per cent (2%) or 200 mm whichever is the lesser. 

5.2  Overhead fibre optic ground wire Damage and Repairs 

Report to the Engineer, and record location of any damage to the OPGW. Only the manufacturer’s approved repairs shall be allowed.

Section 5: Insulators

5.1 SCOPE

This technical specification defines general requirements for design, manufacturing, testing, furnishing and delivery of Composite Long-rod Insulators being used as suspension, tension and jumper insulators under tensile load on high voltage transmission lines. 

5.2 APPLICABLE STANDARDS

The equipment or components supplied shall be per the standards specified below or later editions and/or amendments thereof. Offers of Item manufactured to any other internationally recognized standards or specifications equal to or better shall accompany an English version of such standards.
The insulator, as well as the complete string, should meet the requirements of the latest issues of the following standards:

• DIN EN 50341-1/2010
Overhead electrical lines exceeding AC 45 kV – Part 1: General


Requirements – Common specifications;

• DIN EN 50341-3-4/2011
Overhead electrical lines exceeding AC 45 kV – Part 3:


National Normative Aspects Overhead Lines above 45 kV AC

• IEC 60060-1 Ed. 3/2010
High Voltage Test Techniques


General definitions and test requirements 

• IEC 60120 Ed. 3/1984
Dimensions of ball and socket coupling of string insulator units

• IEC 60383-1 Ed. 4/1993
Insulators for overhead lines with a nominal voltage above 1000 V- Part 1: Ceramic or glass insulator units for a.c. systems – Definitions, test methods and acceptance criteria

• IEC 60383-2 Ed. 1/1993
Insulators for overhead lines with a nominal voltage above 1000 V- Part 2: Insulator strings and insulator sets for a.c. systems – Definitions, test methods and acceptance criteria

• IEC 60471 Ed. 2/1977
Dimensions of clevis and tongue couplings of string insulator units

• IEC 60815 Ed. 1/2008
Selection and dimensioning of high-voltage insulators intended for use in polluted conditions – 

Part 1: Definitions, information and general principles

Part 3: Polymer insulators for a.c. systems

Part 4: Insulators for d.c. systems (in preparation)

• IEC 61109 Ed. 2/2008
Composite insulators for A. C. overhead lines with a nominal voltage greater than 1000 V 

• IEC 61284 Ed. 2/1997
Overhead lines – Requirements and tests for fittings

• IEC 61466-1 Ed. 1/1997
Composite string insulator units for overhead lines with a nominal voltage greater than 1000 V

• IEC 61466-2 Ed. 1.1/2002
Composite string insulator units for overhead lines with a nominal voltage greater than 1000 V

• IEC 62073 Ed. 1/2003
Guidance on the measurement of wettability of insulator surfaces

• IEC 62217 Ed. 2/2012
Polymeric insulators for indoor and outdoor use with a nominal voltage > 1000 V

• IEC 60587 Ed. 3/2007
Electrical insulating materials used under severe ambient conditions – Test methods for evaluating resistance to tracking and erosion

• IEC 62039 Ed. 1/2007
Selection guide for polymeric materials for outdoor use under HV stress

• IEC 62662 Ed. 1/2010
Guidance for production, testing and diagnostics for polymer insulators with respect to brittle fracture of core materials

For recommendations on handling and installation, the following guide has to be considered and a corresponding training performed:

• CIGRE Publication 184/2001: Composite Insulator Handling Guide
5.3
GENERAL REQUIREMENTS

5. 3.1

Requirements for the Insulator Manufacturer

The manufacturer has to provide evidence about his long-term experience with the manufacturing of composite insulators using silicone rubber technology for the housing. A minimum of 20 years of experience is required. An insulator reference list with the supply references of the past 10 years must be provided containing customers, countries where installed, quantities and voltage level.


The manufacturer must be certified according to the Quality Management System ISO 9001: 2008 and the Environmental Management System ISO 14001:2004.
The manufacturer shall maintain a development and engineering department to provide technical support, expertise and after sales service and information related to the insulators and the strings. 

Due to the complex mechanical and electrical interaction between complete string design and service performance, the insulator manufacturer has to design, to supply, to test and to warrant the complete insulator strings. Additionally, to the insulator reference list a supply reference list for complete strings with hardware fittings and composite insulators must be provided for minimum 5 years.

               5.3.2     
Design of Insulators

IEC 62039 provides information on minimum requirements for polymeric insulations used for outdoor applications. In general, the composite insulators shall be of the long-rod type, featuring a glass-fibre reinforced epoxy rod core with high temperature vulcanized silicone rubber housing and steel end fittings.


    5.3.3
Core

The insulator core has to be an epoxy resin rod with high strength axial glass fibre reinforcement (Fibre Reinforced Plastic Rod). Glass fibres and resin must be optimized with regard to mechanical strength and moisture absorption. 

The interface formed between rod and housing must be of a high quality to prevent brittle fracture phenomena. The use of E-CR-glass fibres providing both high electrical strength and equivalent acid resistance is recommended for tensile-loaded applications. 

5.3.4

Housing 

The material for the housing must be Silicone Rubber. This is attributed to the fact, that only this material family has shown a long-term hydrophobicity in service, which is caused by the dynamic processes of recovery and transfer of hydrophobicity. 

To simultaneously achieve an excellent pollution performance as well as a tracking performance of the housing, the use of HTV (High Temperature Vulcanizing) silicone rubber filled with an appropriate amount of ATH (aluminium tri hydrate) is mandatory. The characteristically properties of such a Silicone Rubber are as follows:

· Density……………… 1.55 g/cm3
· Passing Voltage Level of (IEC 60587) ………4.5 and 6 kV2)
· Flammability Class of IEC 60695-11-10 of 3 mm Specimen…. V0 

· Tear Strength (ISO 34-1) …………………... 10 N/mm2 

· Elongation at Break (DIN 53504-S1) …………...……….…  200 % 

Note:

A sample size of ten has to be tested in accordance to the IEC 60587, using the method of constant voltage testing. The failing of one specimen is permitted and if so, the test has to be repeated with five specimens and all have to pass. If in the first test more than one or in the second test not all specimens do pass, the material is considered to be not fit for purpose. 

The use of other silicone rubber grades such as LSR (Liquid Silicone Rubber) or RTV (Room Temperature Vulcanizing) as well as EPDM (Ethylen Propylene Dien Monomere) is not permitted. 

Only Insulators with Silicone Rubber housing applied to the rod by injection moulding process are accepted. Using direct moulding, the mould line must be turned at least at every 1,5m by about 60°. This prevents possible effects of a straight axial mould line.
It is absolutely essential that the interface between housing and core is chemically bonded. 

The thickness of the silicone rubber covering the rod must be at least 3 mm. The concentricity of the rod embedded in the Silicone Rubber housing has to be proven.

The shed design must be in accordance with IEC 60815 and a flat, aerodynamic alternating shed profile is recommended (sheds with rips are not accepted for high voltage insulators in order to avoid the accumulation of dirt). The required minimum creepage distance is specified in the insulator data sheet- paragraph 10.


5.3.5

End Fittings

The insulators shall be equipped with hot dip galvanized steel end fittings applicable for Ball & Socket connection confirming to IEC 60120. The end fittings must be made of forged high tensile strength quality steel. Cast end fittings are not permitted. The locking devices shall be made of stainless steel.

If the end fittings are attached to the insulator after the housing was manufactured, the interface between fitting and sheath has to be sealed by an elastomer with permanent elasticity. The sealing must stick to the surface of the metal fittings as well as to the housing. Sealing by compression only is not allowed since it is considered not sufficient to provide sealing performance during the long-term operation.

For voltage levels > 150 kV, corona protection must be taken into account. For these voltage levels, the end fittings have to be protected by means of over moulding or an additional corona shed. This is advantageous for:

• field control

• increased striking and creepage distance

The fittings must be attached to the rod by a crimp process (coaxial or hexagonal crimp method), which does not damage the individual fibres of the rod in any way. Crimp control by using acoustic emission devices or equivalent techniques are state-of-the-art and has to be part of the production routines.

Corrosion protection must be done by hot dip galvanizing and its testing according to EN ISO 1461 (2009). The zinc thickness has to be measured by the magnetic method. The required minimum average zinc thickness is specified in the insulator data sheet – paragraph 10.

5.4
TOLERANCES
The permitted tolerances have to meet the requirements according to IEC 61109. In accordance to the standards, the following tolerances are permitted for all dimensions excluding special requests:

± (0.04 x L + 1.5)
when L ( 300 mm

± (0.025 x L + 6)
when L > 300 mm, limited to 50 mm

Note:  For the creepage distance, no negative tolerance is permitted.

5.5 
TESTS

Tests shall be performed in accordance with the standards IEC 61109 and IEC 62217. 
5.5.1

Design Tests

The design tests must prove the suitability of design, materials and method of manufacturing. These tests are outlined in IEC 61109 and IEC 62217 respectively. It has to be shown that the design of the composite insulator, which is the subject of this specification, has passed all of the required tests. The relationship between the product standard and the common clause standard is shown in the following tables.

If design test reports covering the offered insulator are available, repetition of these tests may be waived.

	Insulator Property
	Detailed Test
	IEC 61109
	IEC 62217

	Interface and Connection of End Fittings
	
	§ 10. 2. 1
	§ 9. 2

	
	Sudden Release Test
	§ 10. 3. 1
	

	
	Thermal Mechanical Test
	§ 10. 3. 2
	

	
	Water Immersion Pre-Stressing Test
	
	§ 9. 2. 6

	
	Steep Front Voltage Testing
	
	§ 9. 2. 7.3

	
	Dry Power Frequency Testing
	
	§ 9. 2. 2 + § 9. 2. 3 + § 9. 2. 4
+ § 9.2.7.4

	Assembled Core Load-Time Test
	
	§ 10. 4
	


	Tests on Shed and Housing Material
	Hardness Test
	
	§ 9. 3. 1

	
	Accelerated Weathering Test
	
	§ 9. 3. 2

	
	Tracking and Erosion Test*
	§ 10. 2. 2
	§ 9. 3. 3

	
	Flammability Test
	
	§ 9. 3. 4

	Tests on Core Material
	
	§ 10. 2. 3
	

	
	Dye Penetration Test
	
	§ 9. 4. 1

	
	Water Diffusion Test
	
	§ 9. 4. 2


Note:
* 
A certificate that the design has been proven under harsh outdoor conditions such as Koeberg test station in South Africa is considered as an additional criterion for critical environmental conditions.

5.5.2

Type Tests
The type tests are to be done to verify the main characteristics (electrical and mechanical) of a composite insulator. These are defined by creepage distance, shed inclination, shed diameter, shed spacing, arcing distance, core diameter and the method of attachment of the metal fittings.

The electrical and mechanical tests must be performed on those insulators proposed for the project. The electrical tests have to be performed with the insulator string, complete with the composite insulator and all hardware fittings identical to the design offered.

Tests are classified as follows:

· Dry lightning impulse withstand voltage test, according to IEC 60383.

· Wet power frequency withstands voltage test according to IEC 60383 for voltage levels 
till 245 kV.

· Wet switching impulse withstand voltage test according to IEC 60383 for voltage levels       higher than 245 kV.

· Damage limit proof and tightness test, according to IEC 61109.

· Radio interference voltage tests according to IEC 60437.

· Corona voltage tests according to IEC 61284.

5.5.3

Sample Tests
The sample tests verify the typical characteristics of the composite insulator, especially those properties, which can be influenced by deviation or tolerances of the manufacturing process and material. The following tests have to be performed on insulators randomly taken from the lot and the number of sample size will depend on the total volume manufactured/ordered in accordance to IEC 61109:

· Verification of dimensions according to IEC 61109.

· Verification of locking system, in case of ball and socket, according to IEC 60120, in line with requirements of IEC 60383. 

· Verification of the mechanical strength, SML

· Galvanizing Test in accordance with IEC 60383

· Modified Inclined Plane Test (IEC 60587).With the use of a modified Inclined Plane Test (IEC 60587), the compliance of the supplied housing material with the voltage level of 4,5 kV (Paragraph 3.2.2) must be verified. The test is carried out according to the standard with the only difference, that the test specimens are not plate-shaped but cut directly from the housing. Any remaining primer is to be removed. The constant voltage is to be applied for the entire test duration of 6 hours.


If one insulator from the tested specimens fails to comply with the sample test requirements, retesting has to be done according to IEC 61109.

5.5.4

Routine Test

Each composite insulator has to be evaluated with the following tests:

5. 5.5 

Visual Examination
This includes the following steps:

· Alignment of the fittings according to drawing

· Uniformity of the housing surface

· Flash in the case of moulded parts

· Sealing system

5.5.3

 Mechanical Routine Test

Each insulator has to withstand at ambient temperature, a tensile load corresponding to at least 50% of the specified mechanical load (SML). The procedure is in accordance to IEC 61109. The manufacturer has to confirm the pass of this test with a certificate.

5.6
INSULATOR STRING AND FIELD STRESS ALONG THE HOUSING
High voltage Insulators must be equipped with corona grading rings on the energized side and on the earth side. These grading rings can be a combined solution of an arc & corona ring design. The RIV/corona protection is important for a reliable function in service. 


For load-carrying parts of an insulator string, the permissible specific current density is maximum 70 A/mm2 and must not be exceeded (related to a fault current of 1 second). Parts which do not carry a functional mechanical load can be designed with 80 A/mm2 (EN 50341-3-4: 2011).

The mechanical strength of hardware components and the composite insulator must match each other.

Beside RIV/corona control, the electrical field stress along the insulator is important to prevent local field strengthening by water droplets. A maximum rms field value of 4.5 kV/cm for a distance of 10 mm must not be exceeded. This requirement has to be met for the shank sections of the insulator. Typically, the highest stress will be close to the insulator interface, which exists between housing and end fitting. The manufacturer must prove the compliance with this requirement by means of an electrical field simulation for insulators installed.

5.7
WARRANTY

The insulator manufacturer must provide a guarantee for the good performance of the complete strings including the composite insulator and all string fittings. The warranty shall be valid for at least 2 years after delivery. The guarantee does not cover destructive failures during handling and installation.

5.8
IDENTIFICATION

The composite insulator shall be marked with the name or trade mark of the manufacturer, the year of manufacture and the appropriate SML values for tensile-loaded insulators. Special markings or labels will be demanded on requirement.

5.9
PACKING

The composite insulators have to be packed in a way to avoid damages from transportation. The type of special treatment of the wooden boxes, e. g. phytosanitary treatment ISMP 15, will be demanded on requirement.

6.0
HANDLING AND INSTALLATION

The recommendations of the document “Composite Insulator Handling Guide” published by CIGRE WG 22-03 must be followed to avoid damages to the insulators during transport, storage, handling and installation.
Section 6: Signs and Accessories

6.1 APPLICABLE STANDARDS

The equipment or components supplied shall be per the standards specified below or later editions and/or amendments thereof. Offers of Item manufactured to any other internationally recognized standards, or specifications better or equal shall accompany an English version of such standards.
a) BS729 Hot Dip Galvanized Coatings on Iron and Steel Articles 

b) BS1856 General Requirements for the Metal-Arc Welding of Mild Steel 

6.2 WORK INCLUDED

Transmission line signs and accessories shall mean anti-climbing devices, danger plates, line and tower number plates, phase identification plates, aerial tower number plates, cradle guards, conductor and ground wire markers, circuit plates, anti-bird device on the ground wire. 

Work of this Section consists of the design, supply and installation of transmission line signs and accessories, and the painting, lighting and marking of navigable waterways crossing structures, including testing upon completion and initial operation period. 

6.3 TERMINOLOGY 

The structure shall be synonymous with the word’s “tower”, transmission structure, and transmission tower. 

Cradle guard shall mean a permanent structure as a protective device to railways in the event of conductors and ground wires falling on them. 

Effective candelas shall be measured as given in “Guide for Calculating the Effective Intensity of Flashing Signal Lights – Illuminating Engineering, Volume LIV, Nov. 1964”. 

Other than the above technical terminology is defined in IEC 50 (latest edition). 

6.4 QUALITY ASSURANCE 

General Galvanized material shall be subject to tests specified in standards referred to in Clause 10.1 of this Section. 
Welds shall be tested in accordance with applicable standards to ensure satisfactory performance in service. 

6.5  SUBMITTALS 

Submit design calculations and drawings of cradle guards for Engineer’s review.

Submit designs and drawings of signs, accessories, painting, and lightning for the 

Engineer’s review. 

Cradle Guards 

Cradle guards shall be designed to withstand the dynamic and static loads from falling conductors and ground wires. Ensure specified clearances are maintained. Ensure any rules and regulations stipulated by Railway Employer concerned are observed. 

Paint 

Submit for approval by the Engineer proposed tower paint and application procedure. 

Lighting 

Submit for review by Engineer design, specifications and relevant calculations for tower and line lighting (where required). 

Marker Bells 
Submit for approval by Engineer proposed installation scheme and technical specification for conductor marker bells. 
6.6  DESIGN REQUIREMENTS 

All sign plates to be 16gauge M.S. enamel finish. The barbed wire to be 12 gauge galvanized. 

Cradle guards shall be able to sustain without permanent deformation the full weight of one phase of conductor equivalent to at least twice the longest design weight span of any tower. 

Obtain from Engineer specifications and requirements for tower lighting and conductor markers, if required. 
6.7  INSTALLATIONS 

6.7.1 Danger Plate 

Provide danger plates approximately 300 mm deep by 400 mm wide with white enamel on the back and a red enamel script on a white enamel background and fit them above the anti-climbing devices on the traverse face (one plate for every tower). 

Fiber or equivalent washers are to be used on both surfaces. 

6.7.2 Aerial Tower Number Plate 

Provide aerial number plates 750mm deep by 400mm wide with a black script at least 200 mm deep on a yellow background and fix to every 10 towers. These plates will carry the appropriate tower number and be fitted adequately on the ground wire peak. 

6.7.3 Line and Tower Number Plate 

Provide number plates 300 mm by 400 mm wide also carrying the line identification with a black script on a white background and fit to every tower, adjacent to and below the danger plates (one plate for every tower). 

6.7.4 Phase Identification Plates 

Minimum dimensions 75 x 75, colours red, yellow, and blue installed on each phase. 

6.7.5 Anti-Climbing Devices

Each tower shall be fitted with an anti-climbing guard of the spiked type fixed at the height of approximately 2.1 metres above the ground.  The anti-climbing guard's position on the tower should preferably be such that a standard guard is used regardless of the tower body extensions that may be employed.

Each tower shall be provided with step-bolts on one of the legs.  The step-bolts shall project out of the leg member or pole by 130mm and shall be spaced at not more than 380mm centres staggered on both faces of the leg, starting immediately above the anti-climbing guards and continuing to the earth wires.  Holes for removable step-bolts below the anti-climbing guards shall be provided at no more than 380mm centres staggered on both faces of the leg to which the permanent step-bolts are fitted.

The Employer reserves the right to ask for 10% more antivandal bolts, nuts and washers along with normal bolts, nuts and washers instead of the step bolts without any extra cost.

6.7.6 Cradle Guards 

Install cradle guard at crossing of railways and other locations as specified by the Engineer for the project. 

6.7.7 Circuit Plates 

Install circuit plates to identify Circuit I and II in case of double circuit lines.

Section 7: Installation

7.1
CONDUCTOR HANDLING AND INSTALLATION

7.1.1

Packaging, Identification and Storage
The conductors should be suitably protected from mechanical damage that may occur during transportation and handling. Marking of the reels should be made according to IEC 1089 standard.

The ACCC conductor will be delivered on metal or wooden, returnable or non-returnable reels suitable to line stringing. Wooden reels must be produced and marked in accordance with ISPM15.

Manufacturer should cover the flanges with protective surface to protect the conductor from scratching and deformation. 

Conductor should be protected from rubbing during rolling of the reel.

Manufacturer should ensure smooth and tight coil of the conductor in each layer on the reel.

The outer layer of the conductor on the reel should be protected with elastic material. 

Reels should be properly protected for the transportation. The conductor manufacturer is responsible for all damages caused by the use of inappropriate protection methods. Instructions regarding handling should be followed at all times.

Reels should be stored in a safe manner to ensure that both the reels and the conductor are not damaged during storage. Conductor reels should be stored on a hard surface in a covered area away from chemicals, high heat and standing water. Reels should be stored in an upright position with a protective covering.

7.1.2

Tests Upon Receipt Of Conductor Reels

Prior to commencement of conductor installation, the contractor shall submit a test procedure to determine the continuity and integrity of the conductor core. The test method shall be either devised by the conductor manufacturer or approved by them.

Upon receipt of conductor reels at the stores each reel shall be tested in accordance with the conductor manufacturer or contractor’s stated test procedure to verify the continuity and integrity of the core. Such tests shall be witnessed and signed off by the manufacturer’s designated Master Installer. 

Only reels that have passed the core continuity and integrity test shall be sent to stringing sites for installation. Reels that have not passed the core continuity and integrity test shall be returned to the conductor manufacturer.   

All records of core continuity and integrity tests for each reel shall be submitted to the customer.

7.1.3

Reel Handling




Reels shall be handled in accordance with manufacturer’s guidelines with requisite care during loading, transportation and unloading at site to ensure the flanges or other parts of the reels are not damaged in any way.

              7.1.4     
 Stringing Schedule

Stringing schedules and sag-tension charts shall be submitted to the manufacturer’s designated Master Installer for review prior to commencement of conductor payout. Stringing schedules should clearly indicate span lengths, tower types and angle of deviation, tower heights or tower body extensions and leg extensions, and any significant features along the terrain (such as river crossings, highway crossings, buildings, etc.) that could affect conductor pay-out.  

               7.1.5     
 Conductor Installation 


Adequate care shall be taken at all times to ensure the conductor is installed in a safe manner. Installation tools and equipment shall comply with manufacturer’s guidelines. Conductor installation should at all times adhere to manufacturer’s ACCC Installation Guidelines.  


All installation crews must undergo training by manufacturer’s designated Master Installer prior to commencement of installation work. Whenever a new crew is introduced to the project, the new crew must undergo training by the manufacturer’s designated Master Installer prior to commencing installation. Should the team leader of a crew be changed, the new team leader must undergo training by the manufacturer’s designated Master Installer prior to taking charge of the team.

               7.1.6       
Tests After Conductor Pay-Out


Upon completion of conductor pay-out and before dead-ending conductor shall be tested in the manner prescribed by the conductor manufacturer, to verify the continuity and integrity of the core and the conductor. Such tests shall be witnessed and signed off by the conductor manufacturer’s designated Master Installer.


Dead-ending of the installed section of conductor shall only commence after the said section of conductor passes the core continuity and integrity test. All records of core continuity and integrity tests for each section of the line shall be submitted to the customer.
Section 8: Technical Data Schedules – Schedule “D”
.

8.1
Technical Data Schedules for Conductors

	TECHNICAL DATA SCHEDULE
132 kV TRANSMISSION LINE ACCC 122.7 mm2
CONDUCTOR
CODE NO: 4602

	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Manufacturer
	-
	To come from CTC Global approved Manufactures
	

	1.1
	Type
	-
	ACCC (InfoCore)
	

	1.2
	Code Name
	
	SILVASSA
	

	1.3
	Details of material and standard to which conforming

                            Steel

                            Aluminium

                           Zinc

                           Composite   conductor
	
	
	

	1.4
	Designation
	-
	-
	

	1.5
	Country of Origin
	-
	-
	

	2.0
	Mechanical characteristics and dimensions
	
	
	

	2.4
	Overall diameter of conductor
	mm
	14.35
	

	2.5
	Aluminium area
	mm2
	122.7
	

	2.7
	ACCC Core Specification 
	
	
	

	2.7.1
	Nominal Cross-sectional Area of Core
	mm2
	28.00
	

	2.7.2
	Nominal Diameter of Composite Core
	mm
	5.97
	

	2.7.3
	Core Nominal Weight
	Kg.km
	52.4
	

	2.7.4
	Rated Strength of Core – 310 ksi (2137 MPa)
	kN
	59.6
	

	2.7.5
	Coefficient of Thermal Expansion
	E-6/0C
	1.61
	

	2.7.6
	Modulus of Elasticity
	GPa
	112.3
	

	2.7.8
	Core Heat Capacity
	W-s/m-0C
	42.6
	

	2.8
	Aluminum Specification
	
	
	

	2.8.1
	Nominal Aluminium cross-sectional area 
	mm2
	122.7
	

	2.8.2
	Aluminium Conductivity/Type
	%IACS
	63%
	

	2.8.3
	Aluminum Nominal Weight
	Kg/km
	339.9
	

	2.8.4
	Coefficient of Thermal Expansion
	E-6/0C
	23.0
	

	2.8.5
	Aluminum Heat Capacity
	W-s/m-C
	316.7
	

	2.8.6
	Greased
	-
	Yes (drop point 1800C)
	

	2.8.7
	Conductor Nominal Weight
	kg/km
	392.3
	

	2.9
	ACCC Conductor Specification
	
	
	

	2.9.1
	Overall Diameter of Conductor
	mm
	14.35
	

	2.9.2
	Nominal Cross-sectional Area of the Conductor
	mm2
	150.7
	

	2.9.3
	Rated tensile strength of the Conductor
	kN
	66.5
	

	2.9.4
	Final Modulus of Elasticity Above Thermal Knee point
	GPa
	112.3
	

	2.9.5
	Final Modulus of Elasticity Below Thermal Knee point
	GPa
	68.1
	

	2.9.6
	Transition stress
	MPa
	-
	

	2.9.7
	Equivalent temperature difference for Creep compensation
	0C
	-
	

	2.9.8
	Coefficient of linear thermal expansion above Thermal Knee point

Coefficient of linear thermal expansion below Thermal Knee point
	E-6/0C

E-6/0C
	1.61

16.5
	

	2.9.9
	Nominal DC Resistivity at 200C
	Ohm/km
	0.2286
	

	2.10
	Electrical Specification
	
	
	

	2.10.1
	Temperature Coefficient of Resistance
	/0C
	0.00403
	

	2.10.2
	Frequency
	Hz
	50
	

	2.10.3
	AC Nominal Resistance at 250C
	Ohm/km
	0.2335
	

	2.10.4
	AC Nominal Resistance at 750C
	Ohm/km
	0.2795
	

	2.10.5
	AC Nominal Resistance at 1800C
	Ohm/km
	0.3761
	

	2.10.6
	AC Current Rating at 1800C
	Amps
	705
	

	2.10.7
	AC Current Rating at 750C
	Amps
	423
	

	2.10.8
	Lay ratio (Max. and min.)

                           Steel core

                            6 layers

                            Aluminium             

                                   12layer

                                    18 layers
	
	
	

	2.11
	Weight

                   Aluminium wire

                        Before stranding

                        After stranding

                    Galvanized steel wire

                        Before stranding

                        After stranding


	Kg/km
	
	

	2.12
	Maximum Allowable Operating Temperature
	0C
	180
	

	3.0
	Transport
	
	
	

	3.1
	Standard length of conductor per reel
	m
	-
	

	3.2
	Maximum number of standard lengths per reel
	
	1
	

	3.3
	Flange diameter
	mm
	-
	

	3.4
	Inside traverse
	mm
	-
	

	3.5
	Overall width
	mm
	-
	

	3.6
	Drum diameter
	mm
	-
	

	3.7
	Minimum cover from edge of flange
	mm
	25
	

	3.8
	Arbor hole diameter 
	-
	-
	

	3.9
	Material
	mm
	Steel Drums
	

	3.10
	Empty reel mass
	kg
	-
	

	3.11
	Thickness of lagging
	mm
	-
	

	3.12
	Shipping mass
	kg
	-
	

	3.13
	Shipping volume
	m3
	-
	

	3.14
	Max. back tension the drum is suitable to with stand from the tensioner used for tension stringing
	
	
	

	3.15
	Drum drawing indicating dimensions, bill of material, marking, end fixation arrangement, etc.
	
	
	

	4.0
	Standards
	
	
	

	4.1
	Manufacturing
	-
	ASTM 987/B987M-17

ASTM B 857

BS EN 50540
IEC 62219
ASTM B609/B609M

IEC 61395

ASTM B193

IEEE 738 
	

	4.2
	Quality Assurance
	-
	ISO 9001
	

	5.0

	Installation
	
	Outdoor Desertic/ Tropical environment
	


General Notes

1. Tolerances, where applicable, may be indicated.
2. No joint shall be made in the aluminum strand of the outer layer of the conductor.

3. No joint is permitted in the steel core.
4. The parameters of aluminum and steel strands and their chemical composition may also be furnished and guaranteed.

8.2 Technical Data Schedules for Overhead Fiber Optic Ground Wire
	TECHNICAL DATA SCHEDULE

OVERHEAD FIBER OPTIC GROUND WIRE

CODE NO: 4702

	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Manufacturer
	-
	-
	

	1.1
	Type
	-
	OPGW
	

	1.2
	Denomination
	-
	-
	

	1.3
	Country of origin
	-
	-
	

	2.0
	Dimensions and Mechanical characteristics
	
	
	

	2.1
	Aluminium wires
	
	
	

	2.1.1
	Number and diameter of wires
	mm
	2.5 min.
	

	2.1.2
	Aluminium type
	-
	1350 H19
	

	2.1.3
	Ultimate tensile strenght
	kN
	-
	

	2.1.4
	Elongation (sample 200 mm)
	%
	-
	

	2.2
	Other wires
	
	
	

	2.2.1
	Number and diameter of steel or aluminium  alloy wires
	mm
	----, 2.5 min.
	

	2.2.2
	Type of metal
	-
	6101-T81 or T83, 5005-H19 Galvanized or aluminum clad steel
	

	2.2.3
	Ultimate tensile strength
	kN
	-
	

	2.2.4
	Elongation (sample 200 mm)
	%
	-
	

	2.3
	Aluminium area
	mm2
	-
	

	2.4
	Area of Steel or Aluminium Alloy
	mm2
	-
	

	2.5
	Section of wires
	-
	Round or trapezoidal
	

	2.6
	External diameter of F.O. Tube
	mm
	-
	

	2.7
	Overall cable diameter
	mm
	-
	

	2.8
	Cross Section of Cable
	mm2
	
	

	2.9
	Weight of cable
	kg/km
	-
	

	2.10
	Mechanical strength of cable
	-
	-
	

	2.10.1
	Ultimate tensile strength
	kN
	-
	

	2.10.2
	Maximum traction for normal operation

(10-60 0C) with elongation of
	kN

%
	-
	

	2.10.3
	Maximum traction without damage
	kN
	
	

	2.11
	Stress – strain curve
	
	To be enclosed 
	

	2.12
	Initial Modulus of elasticity
	GPa
	-
	

	2.13
	Final Modulus of elasticity
	GPa
	-
	

	2.14
	Coefficient of linear thermal expansion
	/0C x 10-6
	
	

	2.15
	Drawing showing section of cable


	-
	To be enclosed
	

	3.0
	Electrical characteristics
	
	
	

	3.1
	Resistance DC at 200C
	OHMS/km
	-
	

	3.2
	Coefficient of variation of resistance with temperature
	/0C
	-
	

	3.3
	Short-circuit current capacity at  400C
	KA2.s
	125
	

	3.4
	Short-circuit current withstand for 0.25s
	KA
	20
	

	4.0
	Characteristics of Optic Fibers
	
	
	

	4.1
	Number of fibers
	-
	24
	

	4.2
	Type of fibers
	-
	Single mode SMF-28
	

	4.3
	Fiber core
	-
	Si 02
	

	4.4
	Diameter of fiber
	μm
	-
	

	4.5
	Optic fiber cladding
	
	
	

	4.5.1
	Diameter
	μm
	125
	

	4.5.2
	Non-Circularity
	%
	± 2
	

	4.5.3
	Concentricity
	μm
	< 1
	

	4.6
	Coating diameter
	μm
	250± 15
	

	4.7
	Identification
	-
	Color coding

EIA-359A
	

	4.8
	Filling
	-
	-

	

	4.8.1
	Composition
	-
	-
	

	4.8.2
	Characteristics
- Non Hygroscopic and sealed

- No impurity

- Non-Conductive
- Homogenous

- Thermal Stability
	
-
	
yes

yes

yes

yes

yes
	

	4.9
	Protection Tube
	
	
	

	4.9.1
	External Diameter
	-
	-
	

	4.9.2
	Type of material
	-
	-
	

	4.9.3
	Circularity
	%
	± 2
	

	4.9.4
	Sealed
	-
	yes
	

	4.9.5
	No joint or splicing
	-
	yes
	

	4.9.6
	Stability
	0C
	0 to 65
	

	4.10
	Attenuation
	
	

	

	4.10.1
	Nominal attenuation coefficient at 20 0C at 1550nm
	db/km
	 0.20
	

	4.10.2
	Variation with temperature – 55 to 85 0C (1550 nm) 
	db/km
	< 0.03
	

	4.10.3
	Variation with wave length (1525 to 1575 nm) 
	db/km
	< 0.05
	

	4.10.4
	Cyclic variation of temperature
	db/km
	< 0.1
	

	4.10.5
	Variation with temperature rise caused by:

· Lightning

· Short-circuit current
	db/km

db/km
	< 0.1

< 1.0
	

	4.11
	Chromatic dispersion
	ps/nm.km
	< 3.5
	

	4.12
	Cut-off wavelength
	nm
	< 1270
	

	4.13
	Field diameter 1310/1550 nm
	µm
	-


	

	4.14
	Max. dispersion
	Ps/nm*km
	
	

	5.0
	Transport
	
	
	

	5.1
	Standard length of OPGW per reel
	m
	-
	

	5.2
	Maximum number of standard lengths per reel
	
	1
	

	5.3
	Flange diameter
	mm
	-
	

	5.4
	Inside traverse
	mm
	-
	

	5.5
	Overall width
	mm
	-
	

	5.6
	Drum diameter
	mm
	-
	

	5.7
	Minimum cover from edge of flange
	mm
	25
	

	5.8
	Arbor hole diameter 
	-
	-
	

	5.9
	Material
	mm
	Seasoned soft Wood
	

	5.10
	Empty reel mass
	kg
	-
	

	5.11
	Thickness of lagging
	mm
	-
	

	5.12
	Shipping mass
	kg
	
	

	5.13
	Shipping volume
	m3
	-
	

	5.14
	Max. back tension the drum is suitable to with stand from the tensioner used for tension stringing
	N
	
	

	5.15
	Drum drawing indicating dimensions, bill of material, marking, end fixation arrangement, etc.
	
	
	

	6.0
	Standards
	
	
	

	6.1
	Manufacturing
	-
	ASTM
398,415,502
ANSI/EIA 455, 359
IEEE 1138
	

	6.2
	Quality assurance
	-
	ISO 9001
	

	7.0
	Installation
	-
	Outdoor Desertic/ Tropical environment
	


Notes

1. Tolerances, where applicable, may be indicated.
2. No joint is permitted in the outer Aluminum strands.
3. The single Length of OPGW to be manufactured shall be checked from the route profile to avoid cut pieces, etc.  
8.3
Technical Data Schedules for Towers and Foundations

	TECHNICAL DATA SCHEDULE

330 kV and 132kV TRANSMISSION LINE for Towers and Foundations

CODE NO:3100

	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Tower
	-
	-
	

	1.1
	Manufacturer/ Fabricator Name and address
	
	
	

	1.2
	Name and address of supplier of materials

i) Steel

ii) Zinc

iii) Bolts and nuts

iv) Tower hardware

v) Galvanized spring washers

vi) Galvanizer


	
	
	

	1.3
	Governing Standards for materials at 1.2 above.


	
	
	

	1.4
	Design Parameters
	
	
	

	1.4.1
	Gust speed (m/s) at 10m height

i) At minimum temperature(10°C)

                Zone A

                Zone B

                Zone C

                Zone D
	m/s
	32

      41

49

55
	

	1.4.2
	Temperature

            Every day temperature

            Minimum temperature

            Maximum temperature

i) Conductor

ii) Ground wire                              


	°C

°C

°C


	25

10

75

53
	

	1.4.3
	Protection against lightning

i)        Angle of shield

          330kV

           132kV

ii) Mid span clearance

            330kV

            132kV
	Degree

m
	30

6.5

max.(5m,

30degree shieldwire according to Clause 6.5.4)


	

	1.4.3
	Air clearance

Suspension tower 

i) 330kV

    -Swing angle

    -Swing angle

ii) 132kV

    -Swing angle

    -Swing angle

Jumper (Tension tower) 

iii) 330kV

    -Swing angle

    -Swing angle

iv) 132kV

    -Swing angle

    -Swing angle


	mm


	
	

	1.4.4
	Maximum ultimate stress

     Compression members

            Mild steel

             High tensile steel

        Tension members

             Mild steel

            High tensile steel 
	N/mm2

N/mm2

N/mm2

N/mm2
	275

355
	

	1.4.5


	Shear on bolts

             Mild steel

             H,T.steel

Bearing on bolts

              Mild steel

             H,T.steel


	N/mm2

N/mm2

N/mm2

N/mm2


	As per ACSE 10-97 Clause 4.3

( Contractor to indicate the values)
	

	1.4.6
	Slenderness ratio

    Leg members, G.W.Peak and X-arm lower    members

    Bracings

    Redundants / Nominal stress carrying    members

     Tension members
	
	120

200

250

400
	

	1.4.7
	Minimum Flange Width

       Bolt dia. 12/ 16/ 20
	mm
	40/ 45/ 50
	

	1.4.8
	Minimum thickness of members

   Leg/ Ground wire peak and external members of horn members/ lower cross arm

Upper members of X-arm/ Bracing and inner members of horn peak/ Other members


	mm

mm
	5

4
	

	1.4.9
	Chemical Composition (Mild) steel/ H.T. Steel

        Carbon

         Manganese

         Phosphorus

         Sulphur

         Silicon

Mechanical Properties

   Tensile strength

    Yield Strength

     Elongation (minimum)
	%

%

%

%

%

Kg/mm2

Kg/mm2

%
	As per standards
	

	1.4.10
	Nominal length, clamping length and weight of bolts of size( diameter) in mm and in kg

12mm

16mm

20mm
	
	
	

	1.4.11
	Spacing of bolts and Edge distances corresponding to bolt diameter

        12mm

        16mm

        20mm
	mm

mm

mm
	
	

	1.4.12
	Galvanized spring washers weight and thickness corresponding to both diameter

        12mm

        16mm

        20mm
	
	
	

	2.0 


	Foundation
	
	
	

	2.1
	Name and address of supplier

          Cement

          Coarse aggregate

          Fine aggregate
	
	
	

	2.2
	Governing standards

          Cement

          Coarse aggregate

          Fine aggregate

           Water


	
	
	

	2.3
	Concrete mix

          Grade

          Composition by grade

           Cement

          Coarse aggregate

          Fine aggregate

           Water          
	
	
	

	
	
	
	
	

	2.4


	Bond stresses( Limit)

Between concrete and reinforcement steel deformed bars in tension

           With M:15

           With M:25

Between concrete and reinforcement steel deformed bars in tension

With M:15

           With M:25


	
	
	

	
	Between concrete and stubs in tension

           With M:15

           With M:25

Between Rock and Concrete

Fissured rock

Hard rock

Between Hard Rock and grout
	
	
	

	2.5


	Assumed density of earth pile 

foundations ………
	
	
	

	2.6
	Assumed angle to the vertical of sides of frustum of earth resisting uplift degree

I      Light concrete foundation……….

Ii     Heavy concrete foundation………
	
	
	

	2.7
	Maximum angle between base and side of concrete foundation  for uplift conditions

Assumed density of foundation concrete ...

Density of earth for foundation……….

Ultimate earth pressure   . …………… 

Ultimate Lateral earth  pressure for foundation Shear forces ,per meter of depth       
	
	
	

	2.8
	Assumed depth of application of resultant lateral Earth pressure below ground line to top of foundation block..
	
	
	

	2.9
	Maximum ultimate allowable stresses in concrete for foundation design :

Tensile stress due to blending…….

Bond stress, galvanized steel/concrete...................

Bearing stress……………..

Punching shear stress……..
	
	
	

	2.10


	28-day cube strength (1:2:4) (after allowing for deviations)


	N/mm2
	33
	

	2.11
	Minimum portion of stub loads to be allowed  for in the design of stub cleat
	
	
	


8.4
Data Sheet Particulars for 132 kV Composite Insulator (70kN)
	
	Unit
	
 REQUIRED
	
GUARANTEED

	1. Manufacturer
	
	
	

	2. Country of manufacture
	
	
	

	3. Type
	
	Silicon Composite Long-rod Insulator
	

	4. Manufacturer drawing number
	
	
	

	5. Standard
	
	IEC 61109
	

	6. Nominal voltage
	kV
	132 kV
	

	7. Highest system voltage
	kV
	145 kV
	

	8. Minimum specified mechanical load
	kN
	70
	

	9. Minimum routine test load
	kN
	35
	

	10. Length of Insulator
	mm
	
	

	11. Dry arc distance
	mm
	
	

	12. Minimum creepage distance (31mm/kV)
	mm
	> 4’500
	

	13. Minimum thickness of housing
	mm
	> 3
	

	14. Shed profile acc. to IEC 60815
	
	Aerodynamic shed 
	

	15. Shed spacing
	mm
	
	

	16. Alternating shed diameters (Yes / No)
	
	Yes
	

	17. Number of sheds
	
	
	

	18. Material of housing
	
	HTV-Silicone rubber
	

	19. Density of Silicone rubber
	g/ccm
	> 1,5
	

	20. Tensile strength of Silicone rubber
	N/mm2
	> 5
	

	21. Flammability class acc. to IEC 60695-11-10
of 3 mm Specimen
	
	V0
	

	22. Manufacturing method
	
	Injection moulding
	

	23. Insulator core material
	
	E-CR glass fibre reinforced epoxy resin rod
	

	24. Core diameter
	mm
	
	

	25. Type of end fittings
	
	Ball / Socket
	

	26. Coupling standard / size
	mm
	IEC / 16
	

	27. Material of end fittings
	
	Forged steel 
hot dip galvanized
	

	28. Mean zinc thickness of steel end fittings
acc. to EN ISO 1461
	microns
	> 85
	

	29. Weight
	kg
	
	


8.5 Data Sheet Particulars for 132 kV Composite Insulator (120kN)
	
	Unit
	
REQUIRED
	
GUARANTEED

	30. Manufacturer
	
	
	

	31. Country of manufacture
	
	
	

	32. Type
	
	Silicon Composite Longrod Insulator
	

	33. Manufacturer drawing number
	
	
	

	34. Standard
	
	IEC 61109
	

	35. Nominal voltage
	kV
	132 kV
	

	36. Highest system voltage
	kV
	145 kV
	

	37. Minimum specified mechanical load
	kN
	120
	

	38. Minimum routine test load
	kN
	60
	

	39. Length of Insulator
	mm
	
	

	40. Dry arc distance
	mm
	
	

	41. Minimum creepage distance ( 31mm/kV )
	mm
	> 4’500
	

	42. Minimum thickness of housing
	mm
	> 3
	

	43. Shed profile acc. to IEC 60815
	
	Aerodynamic shed 
	

	44. Shed spacing
	mm
	
	

	45. Alternating shed diameters (Yes / No)
	
	Yes
	

	46. Number of sheds
	
	
	

	47. Material of housing
	
	HTV-Silicone rubber
	

	48. Density of Silicone rubber
	g/ccm
	> 1,5
	

	49. Tensile strength of Silicone rubber
	N/mm2
	> 5
	

	50. Flammability class acc. to IEC 60695-11-10
of 3 mm Specimen
	
	V0
	

	51. Manufacturing method
	
	Injection moulding
	

	52. Insulator core material
	
	E-CR glass fibre reinforced epoxy resin rod
	

	53. Core diameter
	mm
	
	

	54. Type of end fittings
	
	Ball / Socket
	

	55. Coupling standard / size
	mm
	IEC / 16
	

	56. Material of end fittings
	
	Forged steel 
hot dip galvanized
	

	57. Mean zinc thickness of steel end fittings
acc. to EN ISO 1461
	microns
	> 85
	

	58. Weight
	kg
	
	


8.6 Technical Data Schedule 132kV Lines’ Suspension “I” Strings Fittings
	TECHNICAL DATA SCHEDULE

132 kV LINES’ SUSPENSION “I” STRINGS FITTINGS

CODE NO: 4616

	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Manufacturer
	-
	-
	

	1.1
	Type
	-
	-
	

	1.2
	Country of origin
	-
	-
	

	2.0
	Dimensional characteristics
	
	
	

	2.1
	Insulator coupling dimensions
	-
	IEC 60120
	

	2.2
	Conductor
	-
	ACCC 
	

	2.3
	Socket locking device
	-
	Standard split pin
	

	2.4
	Locking device material
	-
	Phosphorous bronze or stainless steel
	

	2.5
	Maximum system voltage
	kV
	145 kV
	

	2.6
	Minimum failing load
	kN
	70
	

	2.7
	Minimum proof load
	kN
	47
	

	2.8
	Minimum conductor deflection angle at suspension clamp
	
Degrees
	
20
	

	2.9
	Maximum axial load on string
	kN
	-
	

	2.10
	Clamp slip strength
	kN
	-
	

	2.11
	Clamp material
	-
	Al. alloy
	

	2.12
	Mechanical routine load on ferrous castings
	
kN
	
-
	

	2.13
	Weight of line cating (min.
	9/ m2
	600
	

	2.14
	Reference drawing
	-
	See appendix
	

	2.15
	Catalogue number of components:
	
	
	

	
	- Tower end shackle
- Oval-eye Ball
- Socket-eye
- Suspension clamp
– Arcing horn (line & tower side)
	-
-
-
-
-
	-
-
-
-
-
	

	2.14
	Weight of fittings for one string
	kg
	
	

	3.0
	Transport
	
	
	

	3.1
	Number of complete string fittings per crate
	
Unit
	
-
	

	3.2
	Size of crate (H x L x W)
	mm
	-
	

	3.3
	Shipping weight of crate
	kg
	-
	

	4.0
	Standard
	
	
	

	4.1
	Manufacturing
	-
	IEC 60120
IEC 60372
	

	4.2
	Quality assurance
	-
	ISO 9001
	

	5.0
	Installation
	-
	Outdoor desertic/tropical environment
	


8.7 Technical Data Schedule 132kV Lines’ Tension “I” Strings Fittings
	TECHNICAL DATA SCHEDULE

132 kV LINES’ TENSION “I” STRINGS FITTINGS

CODE NO: 4618

	ITEM
	DESCRIPTION
	UNITS
	REQUIRED
	GUARANTEED

	1.0
	Manufacturer
	-
	-
	

	1.1
	Type
	-
	-
	

	1.2
	Country of origin
	-
	-
	

	2.0
	Dimensional characteristics
	
	
	

	2.1
	Insulator coupling dimensions
	-
	IEC 60120
	

	2.2
	Conductor
	-
	 ACCC  
	

	2.3
	Socket locking device
	-
	Standard split pin
	

	2.4
	Locking device material
	-
	Phosphorous bronze or stainless steel
	

	2.5
	Maximum system voltage
	kV
	145
	

	2.6
	Minimum failing load
	kN
	120
	

	2.7
	Minimum proof load
	kN
	81
	

	2.8
	Mechanical routine load on ferrous castings
	
kN
	
-
	

	2.9
	Weight of zinc (min.)
	9/m2
	600
	

	2.10
	Reference drawing
	-
	See appendix
	

	2.11
	Catalogue number of components:
	
	
	

	
	- Shackle
– Oval-eye clevis extension 
- Oval-eye Ball
- Socket eye
– Shackle
– Arcing horn (line & tower side)
	-
-
-
-
-
	-
Option
-
-
-
	

	2.12
	Weight of fittings for one string
	kg
	
	

	3.0
	Transport
	
	
	

	3.1
	Number of complete string fittings per crate
	
Unit
	
-
	

	3.3
	Shipping weight of crate
	kg
	-
	

	4.0
	Standard
	
	
	

	4.1
	Manufacturing
	-
	IEC 60120
IEC 60372
	

	4.2
	Quality assurance
	-
	ISO 9001
	

	5.0
	Installation
	-
	Outdoor desertic/tropical environment
	

	3.3
	Shipping weight of crate
	kg
	-
	

	4.0
	Standard
	
	
	

	4.1
	Manufacturing
	-
	IEC 60120
IEC 60372
	

	4.2
	Quality assurance
	-
	ISO 9001
	

	5.0
	Installation
	-
	Outdoor desertic/tropical environment
	


Notes:

1.   Tolerances, where applicable, may be indicated.
2.    No negative tolerance is permitted on the creepage distance.
3.    Number of insulator discs in a string, shown in the above Table, are calculated based on required creepage distance divided by creepage distance per disc. If the number of discs based on lightning/ switching withstand voltage works out to be more, the same will be changed accordingly. 

Section 9: Tests - Schedule “F”
SCHEDULE “F”


TESTS


GENERAL
The following tests shall be carried out to determine whether the materials and apparatus comply with the Specification.  

Four copies of the records of all tests shall be furnished to the Employer and two copies to the Engineer. All instruments shall be approved and shall, if required by the Engineer, be calibrated at the expense of the Contractor by an approved Employer.


SUMMARY OF TESTS
The following tests shall be carried out in accordance with the details as specified.

Tests to be carried out at the Manufacturer’s Works (unless otherwise specified or approved): -
1. Line and OPGW Conductor - routine tests.

2. Tension and suspension clamps and joints - type and sample tests.
3. Insulators, insulator fittings and conductor mechanical protective fittings -routine, type, and sample test.
4. Line insulation, conductivity, and tower footing resistance tests.
5. Such tests as are required, by the Engineer to prove compliance with the Specification independently of any tests which may have already been carried out at the Manufacturer’s Works, or elsewhere
1.
LINE AND OPGW CONDUCTORS

1.1
Routine Tests
Samples of individual wires for each length of line or OPGW conductor before stranding and a sample from each length of finished line or earth conductor shall be taken at the Engineer's option and subjected to the tests stated in IEC 61089.  In the sample from any length not passing these tests a second and third sample shall be taken from the same length and if one of these also fails under test the length from which it has been taken shall be rejected.
2.
TENSION AND SUSPENSION CLAMPS AND JOINTS


2.1
Type Tests
All joints and clamps shall be submitted for examination before the test and all assembly, cutting off of conductor, compound filling (where applicable) and any work whatsoever necessary for the assembly of the clamps and joints in the field shall be carried out in the presence of the Engineer with the erection methods and tools proposed for field use.

Approval of such methods and tools will be subject to inspection at the time of the tests. The contractor shall ensure that a reasonable number of his supervising staff shall be present at the type tests or ensure the correct jointing techniques are demonstrated to his linesmen in the presence of the Engineer.


2.2
Mechanical Type Test
The following tensile tests shall be carried out on the conductor tension clamps and tension joints: -
             a)
Two tension clamps shall be fitted to the end of a length of the conductor not less than 6 metres long.

          b)
A tendon joint shall be fitted in the centre of a 6 metres length of the conductor, each end of which shall be held in a half joint.

For both tests (a) and (b) a tensile load of about 50 percent of the ultimate strength of the conductor shall be applied, and the conductor 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 per cent of the ultimate strength and then reduced to 90 per cent of the ultimate strength and maintained for one minute.  There shall be no movement of the conductor relative to the fitting due to slip during this one minute and no failure of the fitting.

Non-tension joints and clamps and non-tension parts of tension clamps shall be similarly tested to show compliance with the provisions of the Specification.

Slip tests shall be carried out on suspension clamps to demonstrate compliance with the Specification and to establish the torque to be applied to the clamp bolt nuts.


2.3
Electrical Type Tests
Electrical type tests including resistance and heating-cycle tests on tension joints and heating-cycle tests on non-tension joints shall be made on one sample of each type of mid-span joint, dead-end jumper lug and repair sleeve.  The tests shall be carried out in accordance with BS 3288: Part 1, Clauses and the samples shall meet the requirements of BS 3288 satisfactorily.

The corona type specified under 3-insulators, insulator fittings and conductor mechanical protective devices, shall be applied to all conductor fittings, including dampers and spacers and these tests may be carried out simultaneously with the insulator set tests if this is found to be convenient.


2.4
Sample Tests
Sample clamps and joints shall be submitted to such tests as the Engineer may require to demonstrate compliance with this Specification.

3.
INSULATORS, INSULATOR FITTINGS AND CONDUCTOR MECHANICAL PROTECTIVE FITTINGS
Testing shall be in accordance with the relevant clauses of IEC 383, IEC 575, BS 137: Part 1, BS 727 and BS 3288: Part 1, BS 727 and BS 3288: Part 1, with following additions.

3.1
Routine Tests
When a batch of insulator units bearing a certain identification, mark has been rejected after test, no further units bearing this mark shall be submitted and the Contractor shall satisfy the Engineer that adequate steps will be taken to mark or segregate the insulators constituting the rejected batch in such a way that there is no possibility of these insulators subsequently being resubmitted for test or supplied for the Employer's use.

All fittings, including forgings, subject to a tensile load in service shall comply with the requirements of BS 3288, Part 1, Clause 3.4.

3.2 Arrangement of Equipment for Corona and Radio Interference Tests

Corona and radio interference tests shall be made on each complete suspension, tension, low duty tension (upright and reversed) and pilot insulator sets (if these are to be employed) and conductor mechanical protective devices.  For the tests, the insulator sets and conductor mechanical protective devices shall be mounted in a manner representing the service condition as closely as possible.

Suspension sets and pivot sets shall be suspended vertically from an earthed metal cross-arm of the same dimensions as the cross-arm of the tower in service.  The conductor arrangement to be used in service shall be attached to the line end of the set.  The overall conductor length shall be at least 2.0 times that of the insulator set under test and maybe simulated utilizing smooth metal tube of approximately the same diameter as the phase conductors.

Tension sets shall be tested in a horizontal position supported by conductors compressed into dead ends.  The load in the conductors shall be at least equivalent to 4.5 KN per insulator string, and the conductors shall be at least 1.5 times the length of the insulator set.  A metal crossarm to the same dimensions as those of the tower in service shall be attached to the earthed of the set.  Jumper conductors compressed into the jumper dead-ends shall be attached to the sets.

The conductor mechanical protective devices may be fitted to the conductors of insulator sets undergoing type tests to enable corona and radio interference tests to be carried out simultaneously on the conductor protective devices and on the insulator sets.

The free ends of the conductors of suspension and tension sets shall be terminated with stress-reducing shields.  No other object shall be nearer to the sets under test than 1.5 times the insulator sets' length.  The insulator sets shall be arranged so that the test transformer's electrostatic field has a negligible effect on the insulator sets tested.

If it is necessary, it will be acceptable to make radio noise measurements on tension sets fixed vertically, but the cross-arm and any other steel-work must be fixed in the correct service position relative to the set under test.

The insulator units forming the insulator strings shall have already passed the routine tests.


3.3
Corona Type Tests
The corona test shall be conducted in complete darkness, allowing 10 minutes for the observer's eyes to become accustomed to the darkened conditions before the tests are commenced.  A voltage at least 20 per cent in excess of the corona test voltage stated in Schedule 'D' shall be applied to the insulator sets and maintained at this voltage for 5 minutes.  The voltage shall than be slowly reduced and the extinction voltage level of any corona which may have formed shall be noted.  The observations for corona shall be made with binoculars of minimum objective 50mm; no corona shall be visible on the set under test at the voltage stated in Scheduled 'D'.

If the test station's altitude differs from sea level and agreed allowance shall be applied to the test voltage.  The atmospheric conditions prevailing during the test shall be recorded on the test sheet.


3.4
Radio Interference Tests

3.4.1
Radio Interference measurements
The radio noise measurement shall be made at a frequency of 1.0 MHz ± 10 per cent, using a measuring set conforming to BS727.

The background noise level indicated by the measuring circuit at the specified test voltage shall be at least 6dB less than the single specified unit and insulator se radio noise levels.

The laboratory's atmosphere or test room's relative humidity shall be within the range 50 to 80 per cent when RI tests are made, and the barometric pressure and wet and dry bulb thermometer readings shall be entered on the test record.

The rf filter impedance shall be greater than 20,000 ohms at the test frequency and shall be tuned to this frequency, in-situ, by using a signal generator.

All readings shall be expressed in dB above 1 microvolt measured across an effective resistance of 300 ohms.    By agreement with the Engineer, other values of resistance will be permitted, and the specified noise levels adjusted accordingly.

            3.4.2
Type Tests on Single Units and Complete Sets Including the Distribution of Insulator Set Potential

A sample equal to the number of units in each complete insulator set shall be selected and tested singly in a screened room using a measuring circuit as shown in BS 137, Part 1, Fig 1 and BS 5049.  Measurements of RI voltage shall be made on each unit at the voltage levels specified in Schedule “D”.

The Engineer shall then select one pair of units (per insulator string) from those tested in the above manner for placing at the line-end and adjacent line-end positions of the complete insulator sets.  These units shall be selected from those having the highest RI voltages from the single unit tests carried out initially.

Each complete insulator set mounted as described in 3.2 above shall then be radio noise tested in accordance with BS 137 and BS 5049.  The test voltage applied to the set shall be raised to a level in excess, but not exceeding, 1.5 times the voltage specified in Schedule “D”.  This voltage may be maintained for 2 minutes to allow the insulation to become conditioned.  The voltage shall then be reduced in suitable steps until the instrument threshold or the background interference level is reached.  The RI voltage shall be measured and recorded at each decrement.

The RI performance of the complete insulator sets are satisfactory if at the RI test voltage stated in Schedule “D” the RI voltage does not exceed the noise level specified in Schedule “D”.

The attenuation factors of each complete insulator set shall next be measured using the method described in BS 5049 or a suitable alternative method approved by the engineer.

Following the RI tests the potential distribution of each insulator set shall be measured by means of a calibrated sphere gap, of minimum self-capacitance, fitted in turn across each of the 5 line-end insulator units.  The potential developed across the most highly stressed of these units is then identified and expressed as a percentage, K, of the total applied voltage across the set.



3.4.3
RI Tests - Sample Tests on Single Units
Samples of each batch of single units offered shall be tested for radio noise before tests in accordance with IEC 575, Group II, sample tests.  A sample of 0.5 per cent of the batch shall be tested as described in the first paragraph to Schedule 3.4.2 except that the test voltage shall be equal to K per cent of the respective specified RI insulator set test voltage.

The maximum permissible RI voltage shall be equal to that given in Schedule 'D' for the complete insulator sets plus that level attributable to the attenuation of the complete string.

If more than 3 units per 100 fail to pass the sample test, a further sample equal to 1 per cent of the number in the batch shall be tested.  If no more than 3 units per 100 fail the tests, the whole batch shall be accepted.  No batch offered shall contain less than 2000 units unless otherwise approved by the Engineer.

4.
LINE INSULATION, CONDUCTIVITY AND TOWER FOOTING 

RESISTANCE TESTS
Tests shall be made on all lines after erection to establish continuity and absence of accidental earth connections.
The resistance to earth of each tower shall be measured and recorded in an approved manner.  Following the installation and connection of counterpoise to any tower, the new resistance to earth of the tower shall be measured, all prior to the erection of the earth conductors.

