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Basic Design Data

1.1 Environmental Data

The following summarized climate data will form the design data for the working conditions of the equipment.

	
	Unit
	Value

	Maximum ambient temperature
	°C
	47

	Minimum ambient temperature
	°C
	15

	Mean maximum daily temperature
	°C
	29

	Annual average temperature
	°C
	29

	Maximum solar radiation (worst case)
	W/m²
	1,100

	Isokeronic level
	
	80

	Altitude
	m
	< 1000

	Maximum wind speed
	Km/hr
	60

	Minimum wind speed
	KM/hr
	15

	Relative humidity, average
	% rel.
	73

	Average rainfall annually
	mm/a
	300

	Earth quake loading
	g
	0.15


Highest temperature occur between March to May, and lowest between June to September.

1.2 Standards

Always the latest issue of the considered standard shall be applied.

Other authoritative national or international standards may be acceptable, subject to approval, if the requirements are equal to or exceed applicable IEC, VDE, BS or NF Standards.

The Contractor shall generally be guided for the design of the overhead lines by the provision of VDE 0210 or EN50341. In addition, he shall consider the stipulations contained in these bid Documents
1.3 Basic Electrical Data

1.3.1 Insulation Rating

Standardized levels for the highest system voltages Um related to the rated voltages are defined in IEC 71-1. According to these levels the test voltages for the insulation of high voltage equipment are defined for sea level.

A distinction is made between external and internal insulation. External insulation consists of clearances in air and the dielectrically stressed surfaces of solid insulation. The atmospheric correction factor Ka corrects for the air pressure at the set-up area of the equipment.

The short time power-frequency withstand voltage and the standard lightning impulse withstand voltage must be divided by the atmospheric correction factor Ka to calculate the required withstand voltages in air. The withstand voltages determined at this point are the minimum voltages at sea level. 

The correction factor to be used shall be the same for the whole project area. Ka = 0,8.
Materials and equipment to be supplied shall be suitable for installation at a maximum height of 1000m. For insulation coordination of all equipment, the altitude correction factor shall apply to determine the ratings

	Rated Voltage
	Values for 1000m above sea level

	
	Un
(kVrms)
	0.4
	11

	Highest system voltage
	Um
(kVrms)
	1
	15

	Power frequency withstand voltage 50 Hz, 1 min., 

· to earth

· across isolating distance
	Upf (kVrms)
	2
	70

80

	Lightning impulse withstand voltage 1.2/50μs 

· to earth

· across isolating distance
	Uli (kVpeak)
	-
	170

195


1.3.2 Creepage distance

The creepage distance is defined according in IEC 60815, first edition 1986, as the ratio of the leakage distance measured between phase and earth over the rms phase to phase value of the highest voltage for the equipment.

IEC 815 defines 4 different pollution levels from light to very heavy pollution. To each pollution level the corresponding minimum nominal specific creepage distance is defined. The equipment to be installed in the project area will not be exposed to pollution due to sand and exhausts. To consider this situation the pollution level „Very heavy“according to IEC will be selected. This pollution level implies a minimum creepage distance of 30 mm/kVr.m.s..

1.3.3 System Neutral Point

The choice of the system neutral points has been done in conformity with the existing standard at EEP, as listed below.

	System
	Neutral Point

	11 kV
	Neutral earthed through earthing transformer at HV/MV substation

	0,4 kV, LV Network
	Neutral of transformers and selected location of neutral line solidly earthed


1.3.4 Short-Circuit Levels

The following minimum rated short-circuit levels shall be used:

	System
	Short-Circuit Level

[kAeff, 3s]

	11 kV
	16

	0,4 kV, LV Network
	7.5


These levels shall be used for the design of the equipment, if not otherwise specified.
General Requirements for Overhead Lines

1.4 Concrete Works

1.4.1 General

This chapter shall apply to all concrete and reinforced concrete work required under this contract. The following standards (latest issue) shall apply for concrete works:

· DIN 1045 Concrete and Reinforced Concrete

· DIN  488 Reinforcement 

· DIN 1164 Cement

· DIN 4226 Aggregates and Admixtures

· DIN 4227 Pre-Stressed Concrete

· DIN 1048 Quality Control

· DIN 1164 Cement

· DIN 4226 Admixtures

· DIN 1048 Quality Control

All work shall be in accordance with the statical analysis in conformity with DIN 1045, latest issue, and the approved design. The weight of non-reinforced and reinforced concrete shall be assumed to be a minimum of 2400 kg/m³.

1.4.2 Execution of Concrete Works

Before concreting any load bearing or structural member, i.e., poles, the Contractor shall furnish the Engineer with a detailed concreting programme which, shall be subject to Engineer’s approval, and not be changed without his consent.

All concrete shall be machine mixed. Adequate trial mixes of the proposed concrete mixes have to be carried out, and the batching plant has to be approved by Employer / Engineer. prior to the start of works. No concrete shall be delivered without Engineer’s approval.

Next to the operator of the mixing plant the composition of one batch of concrete, its aggregates, cement, water and additive, if any, content in kg per m3 of compacted concrete shall be displayed legibly at the batching plant displaying the following:

· Concrete grade and strength

· Type and amount of cement

· Free water cement ratio W/C and the water content

· Type and quantity of aggregates

· Type and quantity of admixture, if any

Making and transporting as well as handling, placing and curing the concrete, formwork, falsework, stripping, propping and installing and placing of reinforcement shall conform to the DIN 1045.

As the temperature of fresh concrete must in no case exceed + 30°C, following measures shall be considered to lower the temperature of concrete and to avoid the danger of cracking:

· using cold water, i.e., by chilling the mixing water or by adding large quantities of ice. Adding of ice to cool the mixing water shall be carefully controlled to ensure complete melting before concrete mixing is completed.

· avoiding the use of the hot cement

· insulating water supply lines and tanks and/or painting exposed portions white

· shading and cooling of coarse aggregate with refrigerated water by sprinkling or with cold air blasts

· shading mixer drums, facilities and material by use of permanent wet burlap coverings

· working only during cooler daytime (evening until morning)

· adequate watering of sub-grade, formwork and reinforcement by use of cold water

· covering freshly poured concrete with wet burlaps

· intensive round-the-clock moist-curing of the concrete

· application of sealing compound at concrete surface against vaporisation.

Attention to curing requirements is important at all times, especially in hot, dry weather because of greater danger of cracking, see also Section 2.1.6 Curing and Protection .

1.4.3 Concrete Constituents

1.4.3.1 Cement

The choice of the cement brand to be used depends on the constructional circumstances and the local conditions and shall be subject to the Engineer's approval. Portland cement, Type I, may be used at places not exposed to sulphate attack, whereas Portland cement, Type V, shall in general be used for all concrete in touch with ground or ground water, i.e., for foundations, and plinths and structures covered by soil.

Moderate sulphate resistant cement as per ASTM C 150, type 2, may also be used, but only after Employer / Engineer 's explicit approval to replace the type V cement.

The Contractor shall certify that the proposed cement is of required quality regarding resistance to corrosion due to sulphate. Methods of testing this quality shall be included in the tender.

1.4.3.2 Aggregates

Aggregates used for the manufacture concrete poles shall conform to DIN 4226 (Specification for coarse and fine aggregates from natural sources for concrete). For pre-cast concrete poles, the nominal maximum size of aggregate shall not exceed 10 mm.

1.4.3.3 Water

Water for mixing and curing of concrete as well as for washing of aggregate shall be free from chlorides, sulphates, other salts and organic matters. Potable water will generally be suitable. Inorganic contamination in water shall not exceed the limits given below:

	Form of Contamination
	Maximum Concentration

	
	(ppm)
	%

	Dissolved solids excluding those listed below
	2000
	0.20

	Sulphates, alkali carbonates or bicarbonates
	1000
	0.10

	Chlorides
	500
	0.05

	Suspended solids
	2000
	0.20


1.4.3.4 Admixtures

Admixtures containing chlorides and salts, which are likely to promote corrosion of the pre-stressing steel, shall not be used. Only water reducing plasticisers or retarding and water reducing admixtures, complying with BS 5075, shall be used.

1.4.3.5 Reinforcement and Pre-stressing Steel

Reinforcement and pre-stressing steel wires, including those used as un tensioned wires, shall conform to DIN 488 and 4227, latest edition, or the equivalent BS or ASTM.

Any reinforcement shall be so cold deformable that it will stand the cold bending test where the space between the two limbs of the piece bent through 180° must be equal to twice the diameter of the rod under test. No cracks shall occur on the tensioned side. Reinforcing steel of groups, I and III a shall be able to be welded by the flash welding process to produce welded joints which pass the cold bending test.

Steel fabrics of group IV b shall be steel with elastic limit and tensile strength guaranteed by special cold working. However, steel fabrics shall not be welded or heat-treated in any other way.

Mechanical properties of reinforcement shall be:

· For steel class I (formed, round, hi-bond):

· minimum yield strength

220 N/mm2

· tensile strength


340-500 N/mm2

· minimum elongation at fracture on the long proportional test bar
22%

· For steel class III a (deformed, hi-bond):

· minimum yield strength

400-420 N/mm2

· tensile strength


500 N/mm2

· minimum elongation at fracture on the long proportional test bar
14%

· For steel class IV b (mesh fabrics):

· minimum yield strength

500 N/mm2

· minimum elongation at fracture on the long proportional test bar
8%

Reinforcement shall be stored on timber and covered.

Before use, any matter liable to impair the bond, e.g., dirt, grease, organic matter and loose rust, shall be removed from the steel. Particular care shall be taken to ensure that the reinforcing bars are given the shape (including diameter of curvature), length and position conforming to the reinforcement drawings, and allow the insertion of vibrators at all necessary points.

The compressive and the tensile reinforcement (main reinforcement) shall be secured to the transverse and distribution bars or stirrups by means of binding wire. Welding may only be used if the structural loading is predominantly static in character, and welding has been permitted by the Engineer.

Reinforcing bars shall be interconnected to form a rigid cage and shall be secured in their positions by means of spacers which do not impair corrosion protection and are not displaced during the placing and compaction of the concrete.

Top reinforcement shall be secured against being pushed down. To receive good bonding and to avoid corrosion, "spacers" of concrete or plastic shall be fixed between the formwork and reinforcement, minimum two (2) per m2.

1.4.4 Tests

The quality of concrete mixed at site and/or delivered to the site by the Contractor or by others has to be controlled. Tests shall be carried out in the presence of the Engineer or under the supervision of an experienced representative of a licensed office for testing of such work. The following minimum number of tests shall be carried out:

a) 
Cement

One (1) setting test according to vicat method per car-load

One (1) boiling test per car-load

b)
Aggregates

One (1) sieve analysis per 100 m3 of compacted concrete

Example for one grading curve:

c)
Water

One (1) chemical water analysis every three months of construction. First analysis before start of pouring of the first load bearing structural member.

d) 
Admixtures

One (1) of each kind of admixture and additive before use in concrete mix.

e) 
Concrete

One (1) set of test cubes or test cylinders per 100 m3 compacted concrete, or at least per day, provided concreting is proceeding.  One (1) set consists of 3 numbers of cubes or cylinders. 

Compression tests shall be carried out after seven days for the first cube of each set, after twenty-eight days for the second and possibly third cube of each set.

Slump tests are to be executed for every truck load during concreting, and as per Engineer's instructions.
f) 
Reinforcement

One (1) cold bending test per diameter

One (1) tension test per diameter

1.4.5 Conveying and Placing

Concrete shall be transported from the mixer to formwork as rapidly as practicable by methods that will maintain the required workability and will prevent segregation of concrete or the ingress of foreign matter or water. The concrete shall be deposited as close as practicable to its final position Truck mixers shall be completely discharged within 60 minutes after the water has been added to the mix, from other vehicles concrete shall be completely discharged within 20 minutes. The concrete shall be placed before the cement takes its initial set and as indicated in the drawings 

Concrete shall not be placed until the positioning and fixing of reinforcement and any other items to be embedded and the alignment and the suitability of the formwork has been examined and approved by the Engineer. If possible, concrete shall be placed and distributed by hand spading and tamping 

Concrete shall be deposited as closely as possible in its final position to avoid re-handling or moving the concrete horizontally by vibration and to avoid displacement of the reinforcement or other embedded items or formwork. Concrete shall not be dropped from a height of more than 1.5 meters, and layers of concrete shall not exceed 400 mm. No concrete shall be placed into flowing water. Underwater concrete shall only be placed through tremie pipes only. 

Concrete shall be compacted by internal (immersion) vibrators as well as formwork vibrators – if approved. Stand by vibrators shall be available for instant use at each place wherever concrete is being placed. Vibrators shall be inserted vertically and quickly, and shall be withdrawn vertically and slowly. Vibrators shall not be dragged through the concrete and shall be operated continuously while being withdrawn so that no hole will be left in concrete. Vibrators shall not be used to flow concrete from one location to another as such practice causes segregation of the concrete.

1.4.6 Curing and Protection

All concrete shall be covered with a layer of sacking, canvas, hessian or similar absorbent material, and shall be kept constantly wet for a period of not less than 7 days. Use of a curing membrane (compound) in accordance with the manufacturer's directions has to be approved by the Engineer.

The Contractor shall have ready to install, all equipment needed for curing and protection, as well as means to protect concrete from sudden storms, before actual concrete placement begins.

1.4.7 Forms

The Contractor shall construct, erect and maintain all forms (timber, steel, etc. approved) necessary to concrete within the lines and grades shown on the drawings. Forms shall be properly designed and of sufficient strength and rigidity to maintain their position and shape under the loads and operations incident to placing and vibrating the concrete. Form surfaces shall be thoroughly cleaned before erection to be left smooth and free of sawdust, dirt, rust and foreign matter. Moulds shall not allow any leakage of cement grout during casting; and shall be thoroughly cleaned and oiled after each casting.

Forms shall be left in place until the concrete has gained sufficient strength to support its own weight and any loads imposed thereon, but form removal shall be as soon as practicable in order to avoid delay in curing. Removal of forms shall be done with care so as to avoid damage to the green concrete. Any concrete so damaged shall be repaired at the expense of the Contractor.

Moulds for pre-cast concrete poles shall be made of steel and be of rigid construction to prevent distortion and ensure smooth surfaces. 

1.5 Concrete Poles

1.5.1 General

Concrete pole shall be designed according to:

· American Society of Civil Engineers – Guide for the design and the use of Concrete Poles,

· American Concrete Institute Standard “Building Code Requirements for Reinforced Concrete”, ACI-318

or

· ENV 1992-1-1

· DIN 48353, Concrete Poles

· NF C67-200, French Standard for concrete poles

This specification is valid for:

· pre-stressed poles

· spun concrete poles

· steel reinforced moulded poles

The number of different types of poles shall be reduced to a minimum. The Contractor shall be responsible for the design of all poles, and shall furnish the design, detailed drawings and load/deflexion curves of the pole.

· Analysis shall be done to evaluate the effect of each loading condition on the structure and the poles reaction in terms of tension, compression, moments, shear and torsion to be resisted and the resulting deflections. The increase of bending moment caused by the deflection and vertical loads, second order theory, shall be considered. All the poles shall be used as self-supporting structures without stay wires.

1.5.2 Definitions

1.5.2.1 Loads to be considered
Following loads shall be calculated according to VDE 0210 and / or as specified:

· wind loads on conductors, structures and insulators

· weight of conductors, insulator strings

· conductor tensions

· additional loads, i.e., power transformers, LV equipment, service connections, stays, traffic

· seismic loading

Design loads shall be as specified in 2.3 Design Loads for concrete pole.

1.5.2.2 Rated Load

Poles have to be designed and provided according to the rated loads, where the working load has to be within the rated load range. This load will not include any factors of safety.

1.5.2.3 Load Factor

The ratio of ultimate transverse load to the transverse load at the first crack.

1.5.2.4 Transverse

The direction of the line bisecting the angle contained by the conductors at the pole. In the case of a straight run, this will be normal to the run of the line.

1.5.2.5 Transverse Load at First Crack

Load at which under loading the first crack will occur, but the structure is still in a serviceable condition; these cracks disappear normally when the load is taken away.

For design, the transverse load at first crack shall not be taken as less than the working load.

1.5.2.6 Working Load

The maximum load in the transverse direction, that is ever likely to occur, including the wind pressure on the pole. This is assumed to act at a point H4 mm below the top of the pole with the butt end of the pole planted to the required depth as intended in the design.

This defines the maximum working load for which the structure has to be designed. This load will not include any factors of safety.

1.5.2.7 Ultimate Failure Load

The condition existing when a pole ceases to sustain a load increment due to either crushing of the concrete, or snapping of the pre-stressing tendon or permanent stretching of the steel in any part of the pole.

1.5.2.8 Ultimate Transverse Load

The load at which failure occurs, when it is applied at a point H4 mm below the pole top and perpendicular to the axis of the pole along the transverse direction with the butt end of the pole planted to the required depth as intended in the design.

1.5.3 General Design Requirements

Concrete poles shall be designed to the following requirements:

The poles shall be planted in concrete foundations at a planting depth necessary to support the design working load of each type / size of pole, with a minimum depth of 1.5 m in normal ground conditions.

The working load on the poles shall correspond to those that are likely to come onto the pole during its working life (maximum load defined under 2.4.2.6). The offered designs shall meet system requirements with the point of application of the working loads as per the bidder’s design but not more than 600 mm form the top of the pole.

The concrete shall be at least of class B 25 per DIN 1045, issue July 1988, with a nominal cube strength of 25 N/mm2, and a serial strength (average) of not less than 30 N/mm2.

At average permanent load, the permissible tensile stress in concrete shall not be less than 20 MN/m2. 

The ultimate moment capacity in the longitudinal direction should be at least one quarter of that in the transverse direction.

The concrete strength at transfer of pre-stress shall not be less than half the 28 days strength ensured in the design, or 0.6 times the cube strength.

1.5.4 Dimensions and Reinforcements

Holes should be provided for fixing in line cross-arms, branch take off cross-arms and other fixtures as per the Contractor’s design submission. Additional holes should be provided below the normal position, to permit mounting of the cross-arms at 0.3 m, 0.6. m, and 0.9 m below the normal height.

The permissible tolerances on the pole dimensions hall be as follows:

· ( 15 mm on the overall length of the pole

· ( 4 mm on the cross section

· 0,5% on the uprightness of the pole.

1.5.5 Manufacture of Poles

1.5.5.1 Stretching of the Wires

All pre-stressing wires and reinforcements shall be accurately fixed as proposed in the Contractor’s drawings and maintained in position during manufacture. The untensioned reinforcement, as indicated in the drawings, should be held in position by use of stirrups which should fit around the wires.

All wires shall be accurately stretched with uniform pre-stress in each wire. Each wire or group of wires shall be anchored positively during casing. Care should be taken to ensure that the anchors do not yield before the concrete attains the necessary strength.

1.5.5.2 Cover

The cover of concrete measured from the outside of pre-stressing tendon shall normally be 20 mm.

1.5.5.3 Welding and Lapping of Steel

The high tensile steel shall be continuous over the entire length of the tendon. Welding shall not be allowed in any instant. However, jointing or coupling may be permitted provided the strength of the joint or coupling is not less than the strength of each individual wire.

1.5.5.4 Compacting

Concrete shall be compacted by spinning, vibrating, shocking or other suitable mechanical means. Hand compaction shall not be permitted.

1.5.5.5 Curing

The concrete shall be covered with a layer of sacking, canvas, hessian or similar absorbent material and kept constantly wet up to the point of transfer of the pre-stress. Steam curing at atmospheric pressure, until the transfer of the pre-stress occurs, is the preferred method of curing. After de-tensioning, the poles shall be cured for a further period of not less than 14 days by submerging it in water tanks for a period of 7 days followed by curing for a further 7 days with mechanical water spraying arrangements which shall be invariably carried out under cover and shall ensure full humidity conditions

1.5.5.6 Moulds

Moulds shall be designed to facilitate the truncation and variations in pole length. Moulds shall be made of steel and be of rigid construction to prevent distortion and ensure smooth surfaces, and shall not allow any leakage of cement grout during casting. Moulds shall be thoroughly cleaned and oiled after each casting.

1.5.5.7 Pole Signs

All poles shall have the data listed below indicated on data plates cast directly into the poles:

· manufacturer’s name or trademark

· date of manufacture

· rated height in m and rated strength in kN

· pole identification number – consistent with design and manufacturing data records

1.5.6 Earthing

A means of earthing the pole and headgear shall be provided by either having a length of  8 AWG (4.06 mm diameter) galvanised steel wire embedded in the concrete during manufacture or by other methods approved by the Project Manager.

Where the wires are embedded in the pole, the ends of the wires shall be left projecting from the pole to a length of 100 mm at 250 mm from the top and 150 mm below ground level. These earth wires shall not be allowed to come into contact with the pre-stressing wires. At the top of the pole a clamp or bolt for connecting the metal parts of the cross-arms shall be foreseen.

1.5.7 Tests

1.5.7.1 General

All test shall be made according to DIN 1048 or NF 67-200, or as detailed under 2.1.3.5 above for

· Quality control of the concrete mixture before the beginning of the manufacture process

· Quality control during the fabrication process of the poles
· Poles strength requirement (i.e., Bending, Shear and torsion) test shall be conducted before dispatching from the factory.
1.5.7.2 Transverse Strength Test

Poles made from ordinary Portland cement shall be tested only on the completion of 28 days and poles made from rapid hardening cement on the completion of 14 days, after the day of manufacture.

The poles may be tested in either horizontal or vertical position, provisions shall be made to compensate for the overhanging weight of the pole. For this purpose, the overhanging portion of the pole may be supported on a moveable trolley or similar device.

The pole shall be rigidly supported at the butt end for a distance equal to the agreed depth of planting.

Load shall be applied at the design point of application of the working load or 600 mm form the top of the pole, whichever is less and shall be steadily and gradually increased to the design value of the transverse load at first crack. The deflection at this load shall be measured.

A pre-stressed concrete pole shall be deemed not to have passed the test if visible cracks appear at a stage prior to the application of the design transverse load for first crack.

The load shall then be reduced to zero and increased gradually to a load equal to the first crack load plus 10% of the minimum ultimate transverse load, and held for two minutes. This procedure shall be repeated until the load reaches the value of 80% of the minimum ultimate transverse load and thereafter increased by 5% of the minimum ultimate transverse load until failure occurs.

Each time the load is applied, it shall be held for two minutes. The load applied to pre-stressed concrete pole at the point of failure shall be measured to nearest five kilograms.

The pole shall be deemed not to have passed the test if observed ultimate transverse load is less than the design ultimate transverse load.

1.5.7.3 Measurement of Cover

On completion of the transverse strength test, the sample pole shall be taken and checked for cover. The cover of the pole shall be measured at 3 points, one within 1.8 meters form the butt end of the pole, the second within 0.6 meters form the top and the third at an intermediate point and the mean value compared with the specified value.

The mean value of the measured cover should not differ by more than ( 3 mm form the specified.

If these requirements are not met, the alignment of the end plates, the pre-stressing wires and the assembly of the moulds should be improved.

1.5.8 Sampling and Inspection

1.5.8.1 Scale of Sampling

In any batch, all poles of the same class and dimensions shall be grouped together to constitute at lot. If the number of poles in a lot exceeds 500, the lot shall be divided into a suitable number of sub lots such that the number of poles in any sub lot shall not exceed 500. The acceptance or otherwise of a sub lot shall be determined on the basis of performance of samples selected from it.

The number of poles to be selected from a lot or sub lot shall depend upon its size and shall be in accordance with the levels set out in the table below: Sample Size and Criterion for Conformity.

These poles shall be selected at random.

1.5.8.2 Number of Tests

All poles selected shall be tested for overall length, cross section and uprightness. The tolerance shall be 15 mm on length, ( 4 mm on cross sectional dimensions and 0.5% on uprightness.

The number of poles to be tested for the transverse strength test shall be in accordance with level set out in column (4) of the table below.

1.5.8.3 Sample Size and Criterion for Conformity

	(1)
	(2)
	(3)
	(4)

	Size of Lot or Sub Lot
	Dimensional Requirement
	Number of Poles for Transverse Strength Test

	
	Sample Size
	Permissible Number of Defective Samples
	

	Up to 100
	10
	1
	

	101 to 200
	15
	1
	3

	201 to 300
	20
	2
	4

	301 to 500
	30
	3
	5


1.5.8.4 Criteria for Conformity

A lot or sub lot shall be considered as conforming to this specification if the conditions set out in the following paragraphs are satisfied.

The number of poles tested which do not satisfy the requirements of overall length, cross section and uprightness tests shall not exceed the corresponding number given in column (3) of the above table. If the number of such poles exceeds the corresponding number, all poles in the lot or sub lot shall be tested for these requirements and those not satisfying the requirements shall be rejected.

All poles tested for transverse strength test shall satisfy the requirements of the test. If one or more of the poles fail, twice the number of poles originally tested shall be selected from those already selected and subjected to the test. If there is no failure among those poles, then the lot or sub lot shall be considered to have satisfied this test.

As stipulated in the section on Inspection and Testing, all costs for testing shall be borne by the Contractor and the poles test to destruction shall not be included in bills of quantity invoiced to the Employer.

1.6 Design Loads for Concrete Poles

1.6.1 General

Wind loads and temperatures for the design of the poles are indicated in Technical Schedules. 

The coefficient of dynamic wind pressure shall be considered for all poles according to DIN-VDE 0210/12.85, Table 6, Factor cf  for the pole surface exposed to the wind that depends whether pole cross-section is square/rectangular (cf =1.4), circular (cf =0.7) or hexagonal/octagonal (cf =1.0).

The design shall be based on the following considerations:

1.6.2 Normal Conditions
Vertical loads (V) consisting of:

· Weight produced by the effective portion of the adjacent conductors and earth wire spans

· Weight of insulator strings

· Weight of pole.

Transverse loads (T) consisting of:

· Wind loads perpendicular to line direction produced by the effective portion of the adjacent conductor and earth wire spans including wind loads

· Wind loads produced by insulator strings

· Wind loads on pole

· Maximum angle pulls corresponding to pole type.

Longitudinal loads (L) consisting of:

· Resultant forces produced by the maximum tension of conductors or earth wire in the direction perpendicular to cross arms 

· The design of the dead-end pole shall consider conductor and earth wire tension without any offset for down-lead connections

· In case of conductor uplift, the cross arm of tension poles shall be designed accordingly and proven by calculations. Counterweights may be permitted on suspension poles.

1.6.3 Broken Wire Conditions
Suspension pole

· Any one phase conductor or one earth wire broken for MV overhead lines as per VDE0210.

Angle tension pole and terminal pole

· Any two-phase conductors or combination of one phase conductor and one earth wire broken on one pole side in direction of the line for MV overhead lines, or

· Any two-phase conductors broken on one pole side in direction of the line for MV overhead lines

· Vertical loads (V) consisting of:

· 75% of weight produced by the effective portion of the adjacent conductor spans for MV overhead lines

· Weight of insulator strings and linesman with tackles.

· Transverse loads (T) consisting of: 

· 75% of normal condition for wind loads

· 50% of normal condition for maximum angle pulls.

· Longitudinal loads (L) consisting of: 

· 100% of maximum working tension of one phase conductor for MV suspension poles

· 100% of maximum working tension of conductors for angle tension and terminal poles for MV overhead lines, or

The decrease in the vertical and transverse loads above refers only to phases where conductor is broken.

Poles shall be designed so that all members will withstand normal and broken wire conditions with safety factors as specified in VDE 0210 or VDE0211 for LV lines if not otherwise specified.

The total loading for the pole shall include the dead weight of the pole plus transverse wind load on pole plus the simultaneous application of loading as specified above for each pole type. 

Terminal poles shall be designed to face the direction of the incoming line, and shall withstand the load of all conductors and earth wire.

The Bidder/Contractor shall submit the stress analysis calculation for pole members of all pole types and for each of the specified load conditions. An explanation shall be submitted along with the computer calculation.

1.7 Foundations

1.7.1 General

This chapter applies for foundations for any approved type concrete poles. Foundations shall be designed for all specified pole types, for any type of soil to be found, both in dry and fully submerged conditions, and for rock.

Pole foundations shall normally be of reinforced or mass concrete type. Each foundation shall be submitted for approval by the Contractor. All concrete type foundation shall be designed with two different heights above ground

· The normal type shall have a height of 40 to 75 cm above ground (MV lines 0.4, 11, 33 kV)

· In flooded areas, the height of foundations for concrete poles above ground shall be about 100 cm to ensure protection against aggressive water.

At pole positions where occasional flooding may cause damage to pole or foundations, protective embankments shall be erected or alternative measures shall be proposed by the Contractor.

Any information given in the Bid Documents in relation to the foundation design is considered for tender purpose only. For his final foundation design the Contractor has to perform the required soil investigation, and has to base his design calculations on the detailed information obtained therein.

1.7.2 Design of Foundations

Within ninety (90) days after award of Contract, the Contractor shall stake out the pole locations and submit to the Engineer the foundation conditions, including permissible bearing pressures expected at each pole, together with the type of foundation proposed. The Engineer may require the Contractor to make additional investigations at pole sites to verify the foundation conditions. According to the results of the site investigation the numbers of foundations to be supplied shall be changed as to the actual conditions.

The Contractor shall submit to the Engineer the actual maximum uplift, compression and horizontal loads without any safety factor for each type of pole. The stability of foundations with respect to uplift shall be determined at a safety factor of 1.5. The bearing pressure on soil shall not exceed the limits laid down for each type of foundation during the soil investigations. Pole base reactions shall be computed from design structure loading including specified safety factors.

For tender purposes, the soil has tentatively been classified into the following types:

	Type of Soil
	Description
	Depth to water Table


	Density


	Cone Angle of Uplift
	Ultimate bearing Capacity


	
	
	[m]
	[ kg/m3]
	[°]
	[kN/m²]

	E1
	Sandy gravel
	≤2.5
	1200
	12°
	400

	E2
	Sandy gravel
	>2.5
	1800
	12°
	400

	F1
	Silt
	≤2.5
	1100
	10°
	175

	F2
	Silt
	>2.5
	1600
	10°
	175

	G1
	Clayey silt
	≤2.5
	900
	7.5°
	30

	G2
	Clayey silt
	>2.5
	1600
	7.5°
	40

	H
	Rock
	-
	
	
	900

	BC
	Black Cotton Soil
	>1.0
	1600
	7.0
	80


The Contractor shall perform a comprehensive soil investigation to ascertain the soil conditions and characteristics using approved methods to determine the type of foundation applicable. 

The possible deterioration of the consistency of cohesive soils and the resulting reduction there from of the bearing capacity shall be considered. If ground water exists, the corresponding decrease of weight of soil due to uplift conditions shall be considered in the calculations.

1.7.3 Concrete Foundations

Concrete foundations shall be the standard foundation for the poles. All concrete works for such foundations shall comply with the details laid down in Section 2.1 Concrete Works of this Specification.
For organic and marshy soil and for montmorillonite or "Cotton" soil, either cast-in-situ or pre-cast concrete footings shall be installed. Excavated material shall be removed and replaced with approved backfill. The maximum allowable bearing on soil shall be according to the findings of the soil investigations.

For the resistance to uplift, the concrete footings shall be assumed to engage the frustum of an inverted cone of earth the sides of which form an angle of 5° with the vertical. 

The concrete shall be at least of class B25 per DIN 1045, issue July 1988, with a nominal cube strength of 25 N/mm2, and a serial strength (average) of not less than 25 N/mm2 after 28 days.

The stub-angle size shall not be less than the size of the tower leg to which it is attached. Stub-angle shall have a pull-out resistance of at least equal to 1.5 times the net uplift on the legs. The stub-angle shall be completely galvanised.

1.7.4 Soil Investigations

The soil conditions on all or selected tower sites shall be investigated by the Contractor prior to determining the type(s) of foundations. The soil investigation shall provide the Employer/Engineer with sufficient information on the subsoil conditions. Soil investigations are to be performed in accordance with DIN 4020 and 4021. Following is to be carried out:

· boreholes and SPT (Standard Penetration Tests)

· test pits at selected locations

· plate load tests (if applicable)

· cone penetration tests

· compaction tests after filling and compaction

· soil resistivity

Field reports have to be handed over to the Engineer during the investigations at site giving all pertinent data, SPT results, ground water locations, cone penetration diagrams test pit logs as well as readings within three days after completion of the corresponding work. A final consolidated report shall be submitted after completion of all field work including a descrip​tion of work performed and all results, bore-logs, measurements and diagrams.

1.7.5 Installation of Pole Foundations

1.7.5.1 General

The pole foundation installation shall include pole site preparations, levelling, excavation, foundation placement measurements, assembly and placement of the approved foundation, backfill, compacting and cleanup.

The Contractor shall remove all vegetation and other debris from the pole site which will interfere with his operation.  Vegetation and debris removed from the pole side shall not be disposed of within 50 meters of the centre of the pole foundation.

The depth of the foundation shall be measured from the lowest ground elevation in the area occupied by the pole footing. Foundation shall be constructed so that no pockets are created in which water or debris may accumulate. All foundation shall rest on undisturbed ground or as directed.

1.7.5.2 Excavation

The Contractor shall carry out the excavation necessary for the approved foundation type. Excavation shall be confined to a minimum working area consistent with efficient operations. For any excavation work to be paid for by volume of excavation, the Employer will only pay the costs of the theoretical excavation volume required for the construction of the foundations.

The Contractor shall perform all dewatering required to construct the foundations and to keep the foundation base dry. Excavation in areas of unstable soil conditions shall be adequately protected by sufficient shoring or soil stabilization. The design of the foundation or the method of installation will be modified if such protection appears to be impractical. If the Contractor permits the foundation base to soften due to water in the foundation, he shall excavate the soft materials to a firm base and replace such material with selected approved gravel.

All excavations shall be made according to the specified grade and depth. The foundation bearing area shall be free of all vegetable matter and projecting rock and boulders and shall conform to the size and shape of the footings.

Rock excavation shall include all materials encountered which cannot be removed except by blasting, barring, or wedging, whether done by either manual or pneumatic means. Boulders and detached pieces of solid rock exceeding 0.5 cubic meter which will have to be removed from natural position within the tower foundation shall also be classified as rock excavation. Care shall be taken to avoid overshooting of rock foundation excavations.

1.7.5.3 Settings

All foundations shall be assembled, placed, and set to the levels, measurements and batters shown on the approved setting diagram. For all settings a maximum tolerance of 6 mm or less, if indicated, will be allowed on any dimension.

Care shall be taken to ensure that all stub-angles or anchor bolts are held in place as required to maintain their correct positions during backfilling or placing of concrete for a period of at least 12 hours thereafter.

The Contractor shall provide rigid steel templates or other means for accurately positioning and maintaining the stub-angles or anchor bolts to the specified dimensional tolerance. The template shall be of a design approved by the Engineer.

1.7.5.4 Foundation Coatings

Where grillage foundations are used, the grillage members and parts of the towers that will be located below and 50 cm above ground shall be provided with an approved triple bitumen or approved coal tar epoxy coating before installation and backfill.

Where concrete foundations are used, the coating shall be applied to all concrete in contact with soil, organic matter, water or any other aggressive substance from at least 50 cm below ground to a minimum of 50cm of the steel members.

1.7.5.5 Backfill and Clean-up

Filling material to be used shall ideally be cohesionless, and shall contain less than 10 % non-plastic silt. It shall not contain any peat, organic matter, clay, plastic silt or any other swelling material, shall be homogeneous in texture, free from oversize material or any material differing from the average material. It shall not contain:
· More than 1 gram/litre sulphates, measured as SO3 in 2 : 1 water : soil extract

Should the suitable excavated material not be sufficient for (back-)filling, the Contractor shall deliver the required fill from an approved source. Excavated material not acceptable for backfill shall be disposed of in a place and manner satisfactory to the Engineer. Timber shoring and other construction materials shall be removed from the excavation before back-filling. The backfilling of tower foundation and correction of unsatisfactory backfill shall be completed before tower erection.

Prior to the commencement of works the Contractor shall take samples from the proposed filling/backfilling material to be tested in respect of grain size distribution, sulphate and chloride content, Atterberg limits, maximum and minimum density, dry density, and optimum moisture content. The test results shall be submitted to the Engineer in the form of a comprehensive report for approval.

All backfill shall be thoroughly compacted by tamping in 15 cm layers. Care shall be exercised to ensure that any grillage steel or galvanising is not damaged and all voids filled.

At concrete footings the top of concrete shall be at least 25 cm and, but normally not more than 75 cm above the approved ground or backfill line. Backfill for concrete foundations shall be of fine materials for the first 30 cm before using coarser materials. Backfill shall not be placed unless curing has been completed and the concrete has been coated.  All backfill shall be thoroughly compacted by tamping in 15 cm layers. Backfill for concrete foundation shall be 50% completed before tower erection is commenced.

Backfill for rock anchor foundations shall be thoroughly compacted by tamping in 15 cm layers.

Backfill shall be carried to a minimum elevation of 15 cm above ground level around the foundations leg angle and shall be graded and sloped to prevent the accumulation of water.

On cultivated land, the tower site shall be promptly cleaned and levelled before completion of tower erection. The original top soil shall be replaced at the surface. All surplus excavated materials, debris, construction materials and foreign matter shall be removed and disposed of from the tower site to the satisfaction of the Engineer.

1.8 Conductors  
1.8.1 Standards

The conductors shall be manufactured and tested to conform to:

· IEC 61089 
Round Wire Concentric Lay Overhead Electrical Stranded Conductors

This recommendation replaces the following publications:

· IEC 60207
Aluminium stranded Conductors

· IEC 60208
Aluminium Alloy Stranded Conductors

· IEC 60209
Aluminium Conductors, Steel Reinforced

· IEC 60210
Aluminium Conductors, Steel Reinforced

· IEC 61232
Aluminium-clad Steel Wires for Electrical Purposes
1.8.2 General

All Aluminum Alloy Conductors (AAAC) bare conductor shall have the following characteristics.    All details shall be according to IEC standard and IEC 61089.
1.8.3 Conductor Requirement

The required characteristics of the All Aluminum Alloy conductors are as follows:
	Type
	Number of strands
	Diameter of strands, mm
	Aluminum. area, mm2
	Calculated Al. area mm2

	AAAC 100mm2
	19
	2.78
	100
	115

	AAAC 50mm2
	7
	3.3
	50
	59.87


1.8.4 Stranding

In all constructions, successive layers shall have opposite directions of lay, the outermost layer being right-handed. Right-handed lay and left- handed lay shall be as defined in the latest edition of IEC 61089.
The wires in each layer shall be evenly and closely stranded.

The lay ratios of different layers shall comply with BS 7884 (aluminum conductors), as applicable.

In conductors having multiple layers, the lay ratio of a layer shall not be larger than the lay ratio of the layer directly below it.
1.8.5 Joints in Wires

Joints in wires shall comply with the requirements of BS 7884 (aluminium conductors),
1.8.6 Tolerances

Wire diameter shall not depart from the normal value by more than +/-1%.  No diameter of a wire shall differ from the standard diameter by more than plus or minus 2%.

The mean diameter of a wire shall not differ from the standard diameter by more

than plus or minus 1%. Standard length 5%.

Measurements of resistance shall be carried out to an accuracy of at least 0.1%
1.8.7 Surface Conditions

All wires making up the conductor shall be free from points, sharp edges, abrasions or other imperfections that would tend to increase radio inference and corona loss. The conductors shall also be free from metal particles and dirt. 

The making and laying of the conductor strands shall be such as to produce a conductor free from a tendency to untwist or spring apart when cut. The stranding shall be such that when subjected to 50% of ultimate strength there shall be no high wires but a cylindrical form shall be maintained.
1.8.8 Greasing of Conductors

(i) The inner layers of all aluminium conductors shall be covered with approved anti- corrosive grease having a high melting point. The grease shall completely fill the interstices between the strands. There shall be no excess grease remaining on the outer surface which might cause adherence of grit and other material during pulling out and erection. The minimum drop point (IP 31) of the grease shall be 110oC, and it shall not migrate towards the bottom of the conductor when the conductor is maintained continuously at a temperature of 95o

(ii) All greases shall permit operation of the conductors at a temperature of 80oC

(iii)  No mixes of different greases in any one length of conductor shall be permitted without the approval of the Purchaser.

(iv)  The specified characteristics of the grease shall be unimpaired after heating to 15oC above its drop point for 150 hours

(v) The grease shall protect the conductor from corrosion in service which may include operation in atmospheres containing salt spray or industrial pollution.

(vi) The grease shall not corrode component wires of conductors.

(vii) The grease shall be compatible with any wire drawings lubricant present on the wires.

(viii) The grease shall not flow within, nor exude from the conductor, at temperatures up to and including 110oC.

(ix)  The grease shall retain its properties including pseudo plasticity, hixotrophy, syneresis, resistance to oxidation and chemical stability at all operating temperatures between -10oC and +100oC.

(x) The grease must not present a health hazard and shall meet all relevant current health safety requirements.

(xi)   All conductors shall be fully greased and wiped in such a way that all wires in the conductor are covered with grease except the outer surface of those in the out layer, all the inner interstices filled with grease and the outer interstices have a small quantity of grease remaining along the lines of contact of the wires

(xii) The Supplier shall give details of the proposed greasing system and name the grease to be used in the Technical Data Schedules. He shall also give details of the proposed wiping system.

(xiii) The Supplier shall specify the minimum weight of grease (kg/km) in each of the conductors offered in the attached technical Data Schedules.

(xiv) Corresponding to "category 4" greasing according to Draft Engineering Recommendation L.38/1, the Electricity Council Engineering Management Conference, January 1988). It is essential that the wiping die associated with Category 4 greasing be totally effective. If the Supplier is unable to guarantee cleanliness (absence of grease) of the outer surface of the conductor with level 4 greasing maintaining cleanliness should be offered for consideration.

(xv) The Supplier shall give details of the control supervision and testing measures taken to ensure that there are no discontinuities in greasing.

1.8.9  Round Tie Wire

The round tie wire of 6mm dia. shall be made of annealed or tempered aluminum manufactured according to BS 1475 or equivalent. The tie wires are intended for binding all aluminum conductors onto post type composite insulators. The technical schedule may be referred to for other particulars.
1.8.10 Stranded Bare copper Conductors

Bare annealed circular non-compacted copper conductor wires of size 35mm²(7/2.5) according to IEC 228 to be used as earthing conductors in 11 kV and 0.4 kV network conforming to IEC 228 or equivalent standard are also required for overhead networks. The technical schedule may be referred for other particulars.

The strand shall be made of annealed copper complying with IEC 228 or approved equal.

The delivery shall be done on non-returnable wooden drums. All conductors shall be supplied in standard lengths of the manufacturer subject to approval of the Engineer.
1.8.11 Galvanized Steel Wire

Galvanized steel stay wire stranded and wire diameter 7x2.65 mm, overall diameter 8.0mm. The guy wire shall be manufactured to BS 183, and must have minimum tensile stress of 1000N/mm² and a minimum breaking load of 38.60KN. The steel shall be protected from rust by galvanizing in accordance with BS443. Delivery shall be in coils of 30 kgs wrapped in protective material.

1.8.12 Inspection and testings
The Employer/Employer’s representative shall be given access to the manufacturing works (Factory) at all reasonable times for the purpose of inspection of the manufacturing and testing facilities available in addition to inspection of equipment/material.

Prior to the tests the supplier shall submit an outline of the procedures and tests in its plans, to demonstrate fulfilment of the requirements specified in subsequent sections of the detailed technical specification 

The Employer will have the authority to delay delivery of any items of equipment, which have not been tested and approved in accordance with the Contract.

The contractor shall report on progress and will compare the contractor’s production programme with actual progress and shall report in a timely manner to the Employer the reason for any delays.

During the course of manufacturing/fabrication, Routine tests shall be conducted in accordance with the relevant IEC/BS/ISO standards.

The contractor shall submit copies of the Routine test reports of the equipment/material along with the inspection offer.
The inspection and acceptance tests shall be carried out in accordance with the provisions in the applicable standard, supplemented by the specific requirements indicated in the technical specifications free of cost to the Employer.

At least 45 days’ notice of the date, time and place of all tests shall be given to the Employer so that arrangements can be made to have the test witnessed.
Routing test and acceptance test

Each separate consignment of material shall be accepted or rejected by the Purchaser, depending on the results of tests carried out on the consignment "Before Stranding" tests shall be carried out on samples of wire, selected from not less than 10% of the individual lengths of wire to be included in any one consignment.

Each sample shall be of sufficient length to provide one test specimen for each of the specified tests.

"After Stranding" tests shall be carried out on samples selected from every drum in the consignment. Each sample shall be of sufficient length to provide one test specimen for each of the appropriate tests.

If anyone sample fails to pass any one of the tests nominated for the conductor/wire, then samples shall be taken from every drum in the consignment and any drum length from which a sample proves defective shall be rejected. On no account shall any rejected material be presented again for test unless with the written approval of, and under conditions determined by the Purchaser.

Each sample shall be subjected to the tests described hereafter. Test methods, shall be in accordance with IEC 61089, unless otherwise specified.
a) Each Aluminum Wire sample 

· Diameter Measurement

· Tensile Strength Measurement – IEC 61089

· Resistivity Test IEC 61089

· Wrapping Test IEC 61089

b) Each Complete Conductor Sample

· Lay ratio of each layer (to be measured)

· Tensile strength of Complete Conductor

· This shall be measured in accordance with IEC 61089. Alternatively, the tensile strength may be calculated from the results of tests on individual wires using the method of IEC 61089.

· Resistivity of Complete Conductor

This shall be measured in accordance with IEC 61089, as applied to individual aluminium wires. Alternatively, the resistivity may be calculated from the result of tests on individual wires, using the method of IEC 61089.
1.8.13 Transport

The conductors shall be delivered to erection sites on reels conforming to DIN 46391, sufficiently sturdy and of sufficiently large drum diameter to provide protection against damage during shipping, storage in tropics, handling and stringing operations. Reels should contain nearly equal lengths of conductor with a minimum length per reel of 3000 meters. Each reel shall be plainly weather proof marked and in addition to marks required for shipping purposes, each reel shall be marked to show serial number, type of conductor, length of conductor, an arrow showing the end of the conductor and gross, tare and net weights. Each reel shall be protected by a wooden logging on the circumference with a thickness of at least 40 mm.

The outer layer of conductor on the drum shall be covered by a layer of sheet plastic or waxed paper.
1.9 cross arm, Fitting and Accessories

1.9.1 Scope

This specification covers design, Engineering, Manufacture, Testing, Inspection before dispatch, forwarding, packing, transportation to sites, Insurance during transit and delivery to site as specified in schedule of price of OH line Cross-arm, fittings and accessories for use in the distribution overhead power lines of EEP/U network. 

The OH line Cross-arm, fittings and accessories offered shall have been successfully type testes and the design shall have been satisfactory operation for a period not less than two years on the date of bid opening. Compliance shall be demonstrated by submitting with the bid, (i) authenticated copies of the type test reports and (ii) performance certificates from the users.

This specification specifies general requirements for OH line Cross-arm, fittings and accessories

1.9.2 U Channel Cross arm for 11kV
Standard

· Any standard equivalent to GB/T 707 1988, 80x43, 5/8 and 100x48, 5.3/8.5 is accepted. 

Design

U-cross arms designed to meet the following dimensions

· For suspension, T-off, angle and dead-end assembly shall have a cross section dimension of    80 x 43 x 5/8mm.
· For transformer base U-cross arms shall have a dimension of 100x48x5.3/8.5
· U-cross arms manufactured for suspension, T-off, angle, dead end and transformer base assembly as per the drawing. 
· To protect U-cross arms against corrosion U-cross arms shall be hot dip-galvanized. 

· Yield strength of U-cross arm 240N/mm2.

Guaranteed values
The following values are guaranteed by the manufacturer stipulated by the guaranteed characteristics table.

· Each and every dimension

· Material strength

Inspections and Tests

The cross arms shall be subject to acceptance tests to be performed at the Contractor's premises in order to verify their conformity with the guaranteed and other design data.

The tests shall be performed in accordance with the latest issues of international standards The Contractor is obliged to submit a detailed test program for approval in due time, prior to the tests (at the latest one month before testing). A detailed time schedule showing exactly when the tests will be carried out (max. 8 hours per working day) shall be submitted along with the test program above.

The following tests shall be performed in the presence of the Employer/Engineer on one unit of each type per lot of 1000:

· Test for ultimate tensile strength 

· Test for yield stress

· Percentage elongation test

· Bend test

1.9.3 11kV Over Head Line Accessories

General

Conductor connectors are required for aluminium alloy non-tension and tension joints, and for connecting aluminium alloy conductor to terminals of outdoor and indoor electrical equipment. These shall be complete with any special tools, bolts and washers appropriate to the application for which they are to be used.

The edges of the connector barrels shall be rounded to assist stress relief when the connectors are used with covered (partially insulated) conductors. All connectors shall be supplied pre-filled with high quality oxide inhibiting compound and shall be protectively capped to prevent spillage or spoilage of this compound. All connectors shall be clearly and permanently marked with the correct size and category.

In addition, all connectors shall comply with the following:

· The current must be uniformly distributed among the strands of the conductors.
· The connector must have at least the same conductance as the conductor and carry the full continuous current rating of the conductor size they are designed for

· The original quality of contacts shall be maintained throughout the connectors service life

· Glow discharges and radio interferences must be reduced to a minimum.

All compression connectors shall be suitable for installation using either manual or hydraulic compression tools. Details of dies and tools required for the compression connectors offered shall be submitted with the Bidder. Complete instructions for the installation of each type of connector shall be provided by the contractor.

Preformed ties shall be supplied for conductor dead ends, guy dead ends and conductor ties. Bolted parallel groove clamps shall be used for jumpers’ spur take-offs and connections to Fuse cut outs.

The Preformed ties for bare conductor and stay wire shall be adequate strength, must not slip whilst in service and compatible with the AAAC and AAC conductors, and galvanized steel guy wires specified. The Contractor shall ensure that all preformed ties are compatible for installation with the insulators and thimbles specified or as required for correct construction.

Quotation

The quotation shall be accompanied at least by the following information in three copies.

(i) type test reports (if available)
(ii) the binding dimensional and assembly drawings
(iii) all materials and coatings specified according to ISO, IEC, BS or DIN standards.

(iv) main dimensions and construction

(v) technical characteristics

(vi) manufacturer’s type designation

(vii) markings

(viii) questionnaire for technical particulars attached

If the manufacturer cannot comply with any requirement of this specification, the exception shall be clearly stated in the quotation; otherwise, it is taken for granted that the items quoted meet the requirements.

Parallel Groove Clamps

For Aluminium to Aluminium Connection for overhead power lines/requirements.

Design

The clamp shall be suitable for one or more of the aluminium standard conductors according to DIN 48201. DIN 48215for overhead power lines.

The size of the clamps shall be suitable for the conductors of sizes mentioned above.

Material

The clamps shall be manufactured from materials, which withstand the mechanical loads and service conditions.

All materials of clamps shall be corrosion resistant and shall not deteriorate in service. The tensile strength of the body shall be at least 300 N/mm2.The clamp shall be greased during manufacture.

Markings

The clamp shall be marked with the name or trademark of the manufacturer and the type or catalogue number of the clamp.
Cable Lug

Design

Straight and angle cable lugs shall be made of tinned brass. Both the tube and eye shall be suitable for copper and aluminium conductors and be delivered with all necessary bolts, nuts and washers.

Materials

The cable lugs shall be manufactured from materials which withstand the mechanical loads and services conditions. All materials of the cable lugsshall resist corrosion and shall not deteriorate in service.

Marking

Each cable lug shall be marked with name or trade mark of the manufacturer and the specified cross-section of the conductor.

Parallel Groove Clamps for Al to Cu Connection

Design

The parallel groove clamps for A1-Cu-connection Clamps will be used for non-tension connecting of aluminium and copper conductors complying with the following standards.

	DIN 48215
	Clamps and connectors for overhead power line

	DIN 48201
	Aluminium standard conductors

	BS 6485
	PVC-covered conductors for overhead power lines.

	BS 6360
	Specification for conductors in insulated cables.


The clamp shall be suitable for the Aluminium-alloy conductors and for the copper conductors according to BS 6485 or BS 6360.

Material

The parts of the clamps shall be manufactured from materials, which withstand the mechanical loads and environmental circumstances. All ferrous parts shall be hot-dip galvanized.

The tensile strength of the body shall be at least 300 N/mm2. The clamp shall be greased during manufacture.

Each clamp shall be marked with the name or trademark of the manufacturer. The markings shall be legible and durable.
Compressible Mid-Span Joint

Design

The mid span compressible joints shall be suitable for all aluminum conductors to DIN 48207. The tensile strength of the body of the joints shall be at least 300 N/mm2 and shall be able to achieve at least 85% of the corresponding breaking load of the conductor.

The conductor joint shall be suitable for the following all aluminum conductors according to DIN 48201.

Mid span Compressible joints for AAAC offered shall be suitable for the conductors mentioned above.

Material

The parts of the joints shall be manufactured from materials, which withstand the mechanical loads and the prevailing service conditions. Material of the conductor joints shall be corrosion resistant and shall not deteriorate in service.

Markings

The joints shall be marked at least with the conductor size it is meant for, the name or trademark of the manufacturer and the catalogue number of the joint.

Strain Clamp

Bolted dead-end strain clamps, clevis type, minimum breaking load 40 kN, all ferrous parts to be hot-dip galvanized. Nominal size of coupling shall be 16mm according to IEC 120. Suitable for conductor diameter 6 - 18 mm.

Socket EYE

General

This Specification specifies the design, manufacture and testing requirements for the Standards

IEC 60120 Dimensions of ball and socket couplings of disc insulator units.

IEC 60372 Locking devices for ball eye and socket eye couplings of disc insulator units

Design

The socket eyes to be used together with string insulator units of cap and pin type U40BL in accordance with IEC 305 with an electro-mechanical failing load of 45 kN to be used in the 11 kV distribution networks.

The socket eye shall be designed for a mechanical failing load of 45 kN.

The dimension and tolerances of the ball and socket coupling shall comply with IEC 120. The sizes of the socket couplings to be used are the standard size coupling 11 as specified in IEC 120. In addition to this the internal height of the socket shall also meet the requirement of IEC 372.

The dimensions and tolerances of the split-pins shall meet the requirements of IEC 372.

Cast fittings with socket shall be made of either malleable cast iron or approved equal. Forged steel fittings with socket shall be made from steel of a suitable grade.

Material of split-pins shall be a copper alloy or stainless-steel complying with the requirements of IEC 372.

All ferrous metal parts exposed to corrosion shall be protected by hot-dip galvanizing.

Markings

The split-pins shall be installed into the locking position in sockets.

Each socket eye shall be marked with the name or trademark of the manufacturer, type or catalogue number of fitting and the minimum failing load.

Testing

The sample and routine tests shall be carried in accordance with BS 3288: Part 1. Test on split-pins shall be made according to IEC 372.

The dimensions of ball and socket couplings shall be checked on random samples using gauges in accordance with IEC 120.

Ball Eye

Design

The ball eyes to be used together with string insulator units of cap and pin type U70BL in accordance with IEC 305 for use in 11 kV overhead distribution lines

The ball eye shall be designed for a mechanical failing load of 45 kN. The dimension and tolerances of the ball and eye coupling shall comply with the standard coupling size 11 of IEC 120 and IEC 372. In addition to this the internal height (H2) of the ball shall also meet the requirement of IEC 372. The ball eye dimension shall meet the requirements of BS 3288.

Materials

Ball eyes shall be made by forging from steel of suitable grade. All ferrous parts exposed to corrosion shall be protected by hot-dip galvanizing.

Markings

Each ball eye shall be marked with the name or trademark of the manufacturer and the type or catalogue number the coupling size and mechanical failing load. The markings shall be legible and durable.

Testing

Testing shall be in accordance with standards referred by the manufacturer. 

 Earthing Rod with Clamp

Profiled earthing rods of hot galvanized steel with connecting lugs. Cross-section and length of profile shall be 50x50x3 mm and 3 m long, respectively. The earthing rod should also be in accordance with the corresponding drawing of this tender.

Earthing rod clamps of malleable cast iron hot galvanized suitable for stranded copper conductor of 25-35 mm2.
Bolted Parallel Groove Clamps

Conductor connectors are required for jumpers, spur take-offs, and drop connections to Fuse cut outs for AAAC non-tension connections. IEC61238or other national or international Standards which ensure equal or higher quality shall be applicable.

The edges of the connector barrels shall be rounded to assist stress relief when the connectors are used with covered (partially insulated) conductors.

All connectors shall be supplied pre-filled with high quality oxide inhibiting compound and shall be protectively capped to prevent spillage or spoilage of this compound. All connectors shall be clearly and permanently marked with the correct conductor size range and category.

The clamps shall be made of corrosion-resistant alloy with a minimum tensile strength 400 MPa. The resistance of all clamps shall not be more than 50% of the resistance of the conductor itself over the same length as the clamp.

a) The connectors shall:

(i) Have serrated conductor groves,

(ii) Interlocking fingers,

(iii) Be recessed to prevent bolt head turning during tightening,

(iv) Have a one, two, or three bolt pattern to suit conductor size and current rating,

(v) Have bolts of sufficient length to allow installation without disassembling the connector,

(vi) Have conductor entries of a generous radius to prevent damage to strands, and

(vii) Be pre-filled with joint compound.

The Bidder shall submit type test certificates with the bid to demonstrate compliance with the requirements of this specification.

b) Types Clamp shall be supplied for the following type of conductors:
	Side A
	Side B

	Nominal Size

mm²
	Material to be

connected
	Nominal Size

mm²
	Material to be

connected

	50 - 150
	AAAC
	50 - 150
	AAAC


Marking

Each connector shall be legibly marked with the manufacturer’s catalogue number and conductor diameter range for each grove, and each shall be supplied in a clear plastic package.

Packaging

Each connector shall be supplied in an individual sealed clear plastic bag or pocket. The bag shall be adequately durable to ensure no grease or oxide inhibiting compound is lost or spoiled prior to the time of installation. The bag shall be labelled with the makers name or trade mark, and the size range of the fitting. Bags shall be further packaged in cardboard or similar containers in quantities of approximately 100 fittings of the identical description.
1.10 
11kV Composite Insulator 

1.10.1 General

Insulators shall be of the composite long-rod type, featuring a glass-fibre reinforced epoxy rod core with high temperature vulcanised silicone rubber housing and clevis caps.

The complete suspension and tension strings with all clamps, fittings, and arcing rings shall have the mechanical and electrical characteristics as stated in the technical data Sheets. They shall comply with IEC 60383-2 and its normative references.

The insulator strings shall also be capable of withstanding the mechanical loads applied by the required conductor working tensions, wind spans and weight spans and in addition the wind on the insulator string and the weight of the insulator string itself and the weight of two linesmen with tackles, when multiplied with the factors of safety specified in the data sheets.

Spacing of double strings shall not be less than indicated on the tender drawings.

All insulator strings shall be type-tested in line with IEC 60383-2 (clause 12.3 applicable) and IEC 60437 (RIV to comply with grade II, BS 137-2). Judgment of visible corona shall follow VDE 0212 part 53.

1.10.2 Standards

The string insulator units shall conform to the latest revision of the standards with the amendments and additions stated below:

· IEC Standard 61109 Composite Insulators for AC overhead lines with a nominal voltage greater than 1000V.

· IEC Standard 60471 Dimensions of clevis and tongue couplings of string insulator units.

1.10.3 Requirements on Insulator Manufacturer

The manufacturer shall be certified in accordance with DIN ISO 9001. He shall maintain a development and Engineering department to provide technical- cum after sales service and information related to the insulators.

The manufacturer shall have an adequate experience in the production of composite insulators for use at system voltages of 400 kV or more.  As proof, the manufacturer shall submit a supply-list, indicating type of insulator, quantity supplied, name and address of client, system voltage and year of delivery.  

Only such insulators shall be considered, for which a minimum 5 years manufacturing and successful service experience is available, without change of design and material.  Preference shall be given to longer experience. 

The qualified manufacturer shall have designed, manufactured, tested and supplied at least 3.000 units of similar insulators with a SML of not less than 120 kN for line voltages of 110 kV and above.

1.10.4 Design of Insulators and Materials
Composite post and strain insulators to IEC 61109 and IEC 60471 complete with fittings shall be supplied. The composite insulator together with the tongue & clevis fittings shall be of standard design suitable for use with the hardware of any other indigenous make conforming to relevant standards referred above. The following minimum characteristics shall apply to the Complete Insulator:

	Parameters
	unit
	Value

	System Voltage
	KV
	15

	Mechanical failing load
	kN
	20

	Minimum total creepage distance
	mm
	600

	1min power frequency withstand voltage
	kV
	30

	Lightning impulse withstand voltage
	kV
	80

	
	
	


The insulators shall be in accordance with IEC 61109. Each insulator unit shall be marked with the name or trade mark of the manufacturer and the year of manufacture in accordance with IEC 61109 and means to ensure a system of traceability for each of the component parts. In addition, each insulator unit shall be marked with the specified mechanical failing load in conformity with lEC 61109. The insulators shall be constructed on a fibre glass core rod with a one-piece EPDMor silicone rubber sheath/weather shield. The end fillings shall be compression crimped to the core and sheath to ensure a weatherproof seal. Hot dip galvanized ferrous end fillings shall be supplied. A full description of the materials and construction shall be provided with the bid.

Insulators shall have sheds with good self-cleaning properties. Insulator shed profile, spacing, projection etc. and selection in respect of polluted conditions shall be generally in accordance with the recommendation of IEC-60815/IS: 13134.

1.10.4.1 11kV Line Post Insulator

The Line Post Insulator according to IEC 60720 shall be of the type IEC C10-250 to use on  11kV feeder and branch lines

Line post insulators shall be tie top pattern (Class A). The neck and groove dimensions shall be Standard Head as in IEC 60720 for horizontal or vertical fitting. The side and top grooves shall have a semi-conducting glaze to reduce radio interference.

The line post insulator shall have dimensions according to IEC 60720, and generally as shown in the drawing section.

The Line post insulator shall have a core made of resin-impregnated glass fibres free from defects. The housing of the insulator shall be manufactured from high quality silicone rubber. 

The insulator shall be of high resistance to moisture and ultraviolet radiation and withstand high tropical sunshine conditions. 

All ferrous parts shall be of hot-dip galvanized. The materials shall be free from folds, cracks and other exterior and interior defects, which can affect its strength, ductility, durability or ability to function.

All material shall be inspected and tasted in full to prove compliance with the requirements of the specifications. The free surface of insulating parts shall be cleaned from cement and other impurities.

1.10.4.2 11kV Line Tension Insulator

Composite strain insulators shall conform to IEC 61109 and IEC 60471 and complete with fittings. The insulator shall be supplied to use on 11kV feeder and branch line. 

The fittings supplied with each insulator shall consist of one (1) galvanized steel bow shackle, one (1) 16 mm galvanized steel pins complete with stainless steel cotter pins and one (1) clevis thimble to suit the particular conductor for which it is to be used.

The minimum creepage path shall not be less than 30 mm/kV respectively.

1.10.5 Core

The core shall preferably consist of a high strength ECR-glass-fiber reinforced epoxy resin rod. The glass fibers shall be resistant against acid attacks in order to prevent stress corrosion of the FRP rod.

The FRP rod shall be resistant against hydrolysis under service conditions.

Alternatively E-core type may be proposed, if the design is proven by applicable type tests and if supported by adequate track record.

1.10.6 Housing and Sheds

Core-housing and weathersheds shall be made of high temperature vulcanised (HTV) silicone rubber, with a shore A hardness of not less than 60.  

The material shall be of blue/grey colour and be resistant against the ultra-violet radiation being present in the solar spectrum at ground level. The track resistance of the material shall be min. class 1A 3.5 according to IEC 60587.

The core-housing shall have a minimum thickness of 3 mm.

The weather sheds shall provide an open aerodynamic profile without any under-ribs. For the design of shed profiles IEC 60815 shall apply.

Two methods of assembly are acceptable:

· Housing including sheds are applied onto the core in one single step. Any seams/burrs protruding axially along the insulator, resulting from this process, shall be removed completely. Injection moulding is acceptable only in case the housing is moulded in one single shot. Moulding in multiple steps may cause flaws and residual stress in the joining seams and, therefore, shall not be applied.

· A sheath is extruded seamlessly onto the core. The housing is completed by assembing of moulded weather sheds onto the sheath. All parts of the insulating body, i.e., FRP rod, sheath and sheds, are bonded together by vulcanisation.

1.10.7 Metal Fittings
The insulator shall be equipped with clevis caps or cap-pin type, conforming to IEC 60471, at either end. 

Caps shall be of forged steel, hot-dip-galvanised to a minimum thickness of 120 µm.

The gap between fitting and core housing shall be sealed permanently against the ingress of moisture.  Sealing by compression only is not regarded to be permanently waterproof.  

Covering the cap, even partly, with housing material is unacceptable due to electrical reasons. Sealing of the interface by application of an elastomere with permanent elasticity is considered an acceptable solution.

The material shall adhere to the surface of the metal cap, as well as to the housing.

1.10.8 Tests
Tests shall be performed in full, in accordance with IEC Standard 61109. 

1.10.9 Metal Components

The metal parts shall be designed to transmit the mechanical stresses to the composite / glass and to develop maximum and uniform mechanical strength of the insulator. The contours of the metal and composite shall be such as to eliminate areas or points of electrical flux concentration. All surfaces of parts shall be smooth with no projecting points or irregularities which may cause corona effects. The socket fittings of the insulator units shall be provided with bronze or brass split pins to prevent unintentional disengagement of caps and pins. The end of the split pins shall be spread so that they cannot be entirely withdrawn from the cap. All metal parts shall be hot-dip galvanised.

The caps shall be made of galvanised makeable cast iron. They shall be free from cracks, shrinks, air holes, burrs or rough edges. The caps shall be circular, with the inner and outer surfaces concentric, and of such design that they will not yield or distort the specified mechanical loading in such a manner as to add undue stresses to the shell.

The pins shall be made of drop-forged galvanised steel. They shall be free from cracks, shrinks, air holes, burrs, or rough edges. All surfaces shall be smooth and uniform so as to distribute the loading stresses evenly. The pins shall be of such design that they will not yield or distort under specified mechanical loading in such a manner as to add undue stresses to the shells.
1.11 Three Phase 11/0.4KV Distribution transformer
1.11.1 Scope
This specification covers the design, manufacture, testing, supply, delivery and installation and performance requirements of 3-phase, pole mounted Distribution Transformers. All works not expressly called for in these specifications, but necessary for the complete and proper installation and operation of the equipment and accessories shall be performed and furnished by the supplier at no additional cost to the supplier

1.11.2 Standards

The requirements of the following standards / specifications shall be met by the Distribution Transformers where applicable unless otherwise stated in this specification. The bid shall include typical dimensional and sectional drawings of the transformers and accessories
	Specification/

Standard Number
	Title

	IEC 60076
	Power Transformers

	IEC60137
	Insulating bushings for alternating voltages above 1000 V

	IEC 60214
	On-Load Tap Changers

	IEC 60296
	Specification for unused mineral insulating oils for transformers and switchgear

	IEC 60354
	Loading guide for oil-immersed power transformers

	IEC 60529
	Degrees of protection provided by enclosures (IP Code)

	IEC60551
	Determination of Transformer and reactor sound level

	IEC 60567
	Guide for sampling of gases and oil from oil filled electrical equipment and analysis of free and dissolved gases

	IEC 60616
	Terminal and tapping markings for power transformers

	IEC 60722
	Guide to the lightning impulse and switching impulse testing of power transformers and reactors


1.11.3 Design of Transformers

1.11.3.1 Sealing and cooling

All transformers shall be of hermetically sealed type. 

All transformers shall be core type oil immersed ONAN cooled, for outdoor application, designed for continuous operation in the prevailing site conditions.

The design shall be based on site and service conditions as specified in this specification.
1.11.3.2 General

The transformers shall be capable of operating continuously within their specified temperature rise limits, i.e., the corrected maximum permissible temperature rise of the oil (top oil) shall not exceed 55° C, the average temp​era​ture rise of the winding is to be limited to 60°C, and the winding hot spot temperature rise shall not exceed 68°C.

The transformers shall be capable of withstanding external short circuits for at least 3 seconds following application of loading conditions specified in IEC 60076-7.

Neutral points shall be brought out on a bushing to enable LV transformer earthing.

All specific schedules of guaranteed characteristics are stipulated in the technical schedule. The transformers shall be designed and tendered in full compliance with all further applicable sections, articles and drawings of the Specification. Furthermore, each transformer shall comply with the stipula​tions mentioned hereunder.

The transformers of ratings 50kVA, 100kVA and 200kVA shall be pole mounted on PMT structures with brackets. These transformers shall be without terminal boxes.

1.11.3.3 Design of Cores

 Mechanical Construction of Cores

Care shall be exercised in the selection, treatment and handling of the core steel to ensure that as far as possible laminations are flat and the finally assembled core is free from distortion. Particular care shall be taken to secure even mechanical pressure over the laminations, to prevent subsequent settling of the core and to reduce noise and vibration during operation.

All parts of the cores shall be of robust design capable of withstanding any shocks to which they may be subjected during lifting, transport installation and service.

All structural members of the assembled cores shall be of steel. All castings shall be fettled and structural steel adequately cleaned and painted before being built into the structure. Any non-magnetic or high resistance alloy used shall be subject to approval.

Adequate fitments shall be provided to enable the core and windings to be lifted out of the transformer tank.

Adequate provision shall be made to prevent movement of the transformer winding relative to the tank during transport and installation or while in service.

The supporting frame work of the cores shall be designed so as to avoid the presence of pockets which would prevent complete emptying of the tank through the drain valve or cause trapping of air during filling.

The framework and core bolts shall be effectively insulated from the core so as to reduce circulating currents to a minimum.

Core Material

Only new materials shall be used for the core construction. The manufacturer shall provide all necessary proof, if so required by the client. 

The design of the magnetic circuit shall be of non-ageing, Cold Rolled Grain Oriented (CRGO) Silicon steel of high permeability without burrs and such as to avoid static discharges, development of short circuit paths within itself or to the earthed clamping structure and production of flux components at right angles to the plane of laminations which may cause local heating. The flux density shall not be more than 1.65T. Each lamination shall be insulated with high quality insulation coating. The core and its Clamping plates shall form a rigid unit structure, which shall maintain its form and position under the severe stresses encountered during shipment, installation and short circuits.

1.11.3.4 Windings

General

The windings shall be arranged so as to achieve, as far as possible, the electromagnetic balance of the transformer at all voltage ratios but shall also be positioned with due regard to the impulse voltages which may be impressed on the windings.

The insulation of windings and of all connections shall be of approved materials which shall not deteriorate under the action of hot oil or from other causes when the transformers are operated continuously at maximum permissible loads.

The stacks of windings shall receive adequate shrinkage treatment before final assembly.

All leads or bars from the windings to the terminal boxes and bushings shall be rigidly supported. Stresses on coils and connections must be avoided.

The coil clamping arrangement and the finished dimensions of any oil ducts shall be such that they will not impede the free circulation of oil through the ducts.

Bracing of Windings

The windings and connections of all transformers shall be braced to withstand shocks which may occur during transport or due to switching and other transient conditions during service.

Any metal pieces in contact with end rings shall be so designed and secured that they do not weaken the electrical or the mechanical properties of the rings.

If the transformer winding is built up of sections or disc coils separated by spacers the clamping arrangements shall be such that equal pressure is applied to all columns of spacers. All such spacers shall be securely located, shall be of suitable material and shall receive adequate shrinkage treatment before assembly.

1.11.3.5 MV Bushings

Pole Mounted MV Transformer Bushings

For pole mounted transformers, MV bushings shall be located on the top. The bushings on outdoor transformers shall be equipped with line clamps suitable for the connection of aluminium/copper conductors. 

Creepage distance for MV bushings

The outer creepage distance for outdoor bushings shall not be less than 30 mm/kV. The insulation levels of the bushings shall conform to the given in the technical schedule.  

General design

MV bushings shall be rated to withstand the highest system voltage and the maximum fault current of the windings when connected to the 11 kV network and for the same period of time.

Current carrying outer parts shall be made of tinned copper, copper or copper alloy.

It shall be possible to change the bushings without removing the transformer lid. Each bushing shall be marked with the name of the manufacturer and type. The marking shall be visible after assembly of the fittings.

1.11.3.6 LV Bushings

Each LV bushing location shall be permanently and legibly marked on the tank or lid with a label corresponding to the rating plate designation.

The LV bushings shall be equipped with line clamps suitable for connecting aluminium and copper conductors as follows. 
LV bushings for 3 phase 50 and 100kVA transformers phase clamp 95 mm2, neutral clamp 70 mm2 shall be provided.

For other ratings suitable LV clamps and/or a terminal pad to take multiple conductors shall be provided.

The clamps shall be complete with necessary screws, washers and nuts.

The position of each LV bushing shall be permanently and legibly marked on the tank or lid with a label corresponding to the rating plate designation. The LV neutral connection shall have a permanent, special marking, different from the phase connections.

LV bushings shall be sufficiently rigid to take the weight of up to 95mm2 AB cable connected between the LV bushing and the adjacent pole. Alternatively, a support bracket may be provided that can be attached to the tank of the transformer, to offer support to ensure no damage of the bushings because of movement of the AB cable.

1.11.3.7 Vibration and Noise

Every care shall be taken to ensure that the design and manufacture of all transformers and auxiliary plant shall be such as to reduce noise and vibration to the level of that obtained in good modern practice (Refer technical schedule).

1.11.3.8 Duty under Fault Conditions

Any transformer may be directly connected to an underground or overhead transmission lineand switched into and out of service together with its associated transmission circuit.

All transformers shall be capable of withstanding for three seconds without damage any external short-circuit.

1.11.3.9 External and internal Wiring

No riveted, screwed or soft-solder connections are to be used in the wiring and cabling between the winding and the points of connection of the bushing or tap changer.

Any wiring liable to come in contact with oil shall have suitable oil resisting insulation. The ends of stranded conductors shall be treated to prevent creepage of oil inside the wire. There shall be no possibility of oil entering connection boxes for cables or wiring.

Unless otherwise approved high temperature insulation shall be provided on all wiring when this comes into contact with the transformer tank.

Where the use of conduits is agreed the runs shall be laid with suitable falls and the lowest parts of the run shall be external to the kiosks or boxes. All conduit-runs shall be adequately drained and ventilated. Conduits shall not be run at or below ground level. The external cabling on transformers shall be armoured or alternatively protected from mechanical damage in an approved manner.

1.11.3.10 Drying out before oil filling

All transformers shall be dried out before filling them with oil, at the manufacturer’s works and the transport and method of erection thereof so arranged that unless otherwise approved they may be put into service without further drying out on site. The method of drying out and the arrangement for transport and erection shall be subject to approval. Any subsequent drying out which may be necessary after taking over will generally be carried out on site, and the Contractor shall submit to the Engineer for his approval details of the method which he recommends. These details should be incorporated in the Maintenance Instruction Manual.
1.11.4 Electrical Data

1.11.4.1 Short-circuit Currents

The transformers shall withstand the thermal and mechanical effects of any short-circuit that can appear at the terminal of any winding. The short-time current (3 sec(rms.) shall be for the specified system fault levels.

The short circuit withstand current of the transformer for two seconds shall be 25 times full load current for ratings of 50, 100 and 200kVA
1.11.4.2 Insulation Level

The transformers shall be designed for the following insulation levels.

	System Voltage(kV)
	Highest voltage for equipment Um kV (rms.)
	Rated short duration power frequency withstand voltage, kV(rms.)
	Rated lightning impulsewithstand voltage, kV(peak.)

	11
	15
	30
	80


1.11.4.3 Rated Power

The rated output at +45°C maximum ambient temperature shall be one of the preferred ratings 50, 100 and 200KVA.
1.11.4.4 Rated Voltage

The transformers are required to operate from 11 kV network as follows:

	Three-phase 4 wire LV 
	11,000/400-230 V


All secondary voltage ratings shall be at full load current at nominal tap.

1.11.4.5 Vector Group

The vector group of the three-phase transformers shall be Dyn11.

1.11.4.6 Impedance Voltage

	KVA Rating
	50
	100
	200

	% impedance for 11kV
	4.5
	4.5
	5.0


1.11.5 Off-load Tap Changer

The MV windings shall be provided with an off-load tap changer providing 5 positions and each step shall be 2.5%. The tap settings shall be 5% +2.5%, 0%, -2.5%, ​-5%, for three phase transformers.

The off-load tap changer shall have an externally operated mechanism for manual operation. The selector switch shall be gang-operated by an accessible single handle from the ground at convenient floor height. Tap positions shall be clearly identified. The operating mechanism shall have an effective locking device for locking the tap changer in any desired position. All transformers shall be capable of operation continuously without injurious heating when operating on any tapping position and at 150% continuous loading and over-voltage surges.

1.11.6 Losses

The maximum losses at rated load and conditions shall be as given below:

	Rating
	11kV Distribution Transformer

	Rating (kVA)
	No-load loss (W) 
	Load loss (W) 

	50 Three Phase
	220
	1000

	100 Three Phase
	360
	1700

	200 Three Phase
	600
	2700


The losses shall be stated and guaranteed in the schedule of guaranteed characteristics of this contract. Transformers with higher losses may be rejected. 

Should it be necessary for evaluation or other reasons losses will be capitalized at the rates given below.

· No Load Loss US$4000 per kilowatt.

· Load Loss US$2000 per kilowatt.

If, on delivery, the tested losses exceed the guaranteed losses then losses in excess of the guaranteed values shall be capitalized at the evaluation rate and the amount deducted from the contract price. There will be no credit for losses less than the guaranteed value other than for evaluation purposes.

1.11.7 Transformer Tank

1.11.7.1 Tank with Accessories

The tank shall be made of mild steel of 3mm thickness and shall not leak. The criterion of leakage shall be discoloration by oil of white wash applied externally to the suspended part at an oil temperature of 90 ºC
The tank shall be designed for natural cooling (ONAN) with corrugated walls if additional cooling is required. 

Only hermetically sealed type of tanks completely filled with oil shall be provided. The transformer top cover shall be bolted.

The tank shall withstand a minimum of 30KN/m2 of internal pressure without permanent deformation

Tanks with corrugations shall be tested for leakage test at a pressure of 0.8kg/cm² measured at the bottom of the tank.

Cooling fins shall be welded with round stiffening rods to prevent vibration during operation of the transformers.

The tank design shall be such that the core coil assembly can be lifted freely.

Lifting lugs shall be available for lifting the core and coils out of the tank. The hooks that will be used for anchoring the core shall be so located as not to foul with the core coil assembly. 

A “U” shaped pressure relief vent of 25mm dia pipe with 0.025 mm copper sheet as diaphragm shall be provided on the top cover of the tank such that the pressure released should be directed to the ground. The vent shall be provided on the opposite side of the C.B. operating rod. The diaphragm shall be provided near to the top cover and the other end of the vent pipe shall be guarded with suitable mesh against the entry of worms and nesting of birds. The diaphragm should burst at a pressure between 0.76 kg/cm2 to 0.9 kg/cm2. 

Gaskets used shall be oil resistant and made of such a material that no serious deterioration occurs under service conditions. Rubber gaskets used for flange connections of the various oil compartments shall be laid in grooves. Gaskets of neoprene and/or such material which can be easily damaged by over-pressing (e.g. any kind of impregnated/ bonded cork) are not acceptable. Use of hemp as gasket material is also prohibited.

Heat dissipation by tank walls excluding top and bottom should be limited to 500 W/m2 up to the oil level, 250 Watts/m2 above oil level.

Lifting lugs: 4 Nos. Heavy duty suitable lifting lugs 

Pulling lugs: 4 Nos. Heavy duty suitable horizontal pulling lugs

All transformers shall be capable of giving their continuous rated output without exceeding the specified temperature rise. 

Galvanized fixing bolts, nuts and washers shall be supplied.

1.11.7.2 Tank bottom

Thickness of tank bottom shall not be less than 4 mm.

1.11.7.3 Corrosion Protection

The inner surfaces of the tank and radiators shall be coated by an oil resistant paint.

The smaller parts such as brackets, etc. shall be hot-dip galvanized. Fasteners mounted on hot-dip galvanized or ready painted part shall be galvanized or made of stainless-steel ISO class F1 or A2.

All steel surfaces shall be sand blasted in accordance with DIN 55928 Part 4 and shall then be painted in the following sequences.

	Coat
	Kind
	Layer thickness

	One (1) primer coat
	two-component epoxy zinc phosphate
	60µm

	One (1) intermediate coat
	Two-component epoxy micaceous iron oxide
	60µm

	One top coat (1) 
	Two-component polyurethane
	40µm

	
	Total coating thickness (dry film)
	160µm


The final coat of painting shall be of pore free and homogeneous quality and shall be of a uniform shade of code RAL 7032(silica grey) paint for the outside surfaces. Manufactures are free to select the inner transformer paint colour

If any hot dipped galvanised parts are provided the same painting method shall be applied, however instead of two primer coats one adhesive coat and one base coat shall be applied. In this case the mean thickness of galvanising shall be 70 µm. Mechanical damage shall be repaired at site with original paint as above.

1.11.8 Filling Valves

A filling stub with an inner diameter of at least 25-mm shall be placed at the top of the cover. 

1.11.9 Oil drain Valves

Transformers shall have a lockable25-mm BSP oil drain plug placed at the bottom of the tank. 

The oil drain device shall conform to IEC 60076.

1.11.10 Transformer Oil

The transformer shall be filled with oil before delivery. The oil shall contain at least 0.3% by weight oxidation inhibitor of type Diter Butyl Para Bresol (DBPC) according to IEC 60296.

Each transformer shall be supplied with standard insulating oil conforming to the requirements of IEC 60137. The oil shall be new and satisfied to contain less than 1 ppm of PCB’s. Each transformer shall be filled with the correct volume of oil at the ambient temperature.

Mixing different products or products from different suppliers is not permissible.

Insulating liquid free of PCB and which can be mixed with insulating oil corresponding to the Russian standard (type “TK 1500”) is to be used. The manufacturer and type of insulating liquid used are to be indicated for each transformer in the test report.

The type of insulating liquid, e.g. “Mineral oil-based insulating oil pursuant to DIN VDE 0370”/relevant IEC is to be indicated on the rating plate of each transformer.
Certification of the absence of PCB is to be submitted for each transformer.

1.11.11 Undercarriage

The following undercarriage shall be provided as specified in the technical schedules.

Under frame for Pole mounted transformers, transformers shall be fitted with an under frame suitable for bolting the transformer to a pole mounted platform.

The transformer shall be provided with skid welded to the underside of the tank to facilitate transit over rough surfaces.

Welded to the tank on all sides; bi-directional rollers for longitudinal and transverse travel.

The transformers should be delivered with the rollers fitted upside down. The rollers must be stable enough to allow the transformer to be shifted at right angles to the direction of travel. 

1.11.12 Earthing Terminal
Stainless steel or a galvanised mild steel earthing flag approximately 63 mm square and a thickness not less than 6 mm with a centre hole of 14 mm diameter shall be welded externally to the tank, one on the tank cover and one on the base frame.
1.11.13 Equipment and accessories

Each transformer shall be provided with the following:

1) Rating and diagram plates bearing the data specified in the appropriate IEC recommendations. 


	Marking for the HV side
	1R
	1S
	1T
	

	Marking for the LV side
	2r 
	2s
	2t
	2N from right to left of MV side.


2) Oil filling and drain valves. It shall only be possible to open these valves with a special key/spanner to discourage tampering.

3) Tank earthing terminal. M12 size screws -2 Nos. one on the tank cover and another on the base frame suitable for copper earthing wires.

4) Lifting fittings.

5) Oil level gauge

6) Pressure relief device

7) Oil level indicator.

8) Unit centre lines marked clearly on the tank sides.

9) Spark gaps on the HV bushing

10) Dehydrating Air breather with oil lock and filled with silica gel to conform to BS 3523 (for the breathing type)

11) Pocket for contact thermometer

12) Oil.

13) Unit centre lines marked clearly on the tank sides.

14) Locking device for the off-circuit tap changer
1.11.14 Name Plate

Each transformer shall be fitted with a rating plate of weatherproof material, fitted in a visible position, showing the information listed below. Etching, engraving or stamping shall legibly mark entries on the plate.

· Manufacturer’s name -

· Manufacturer’s serial number -

· Owners serial number (to be supplied by UEAP) -

· Year of manufacture -

· Specification - IEC 60076

· Number of phases - 3

· Rated power - kVA

· Rated frequency - Hz

· Rated voltages - kV

· Rated currents - A

· Vector group - Dyn11

· Impedance voltage at rated current - %

· Resistance - ohm

· Type of cooling - ONAN

· Total mass - kg

· Total mass of core and windings - kg

· Volume of oil - liter

· Connection diagram 
· Table giving tapping voltages of the tap positions
1.11.15 Inspection and Testing
1.11.15.1 Type Tests
The contractor shall submit the following type test reports along with its offer.

1. Temperature Rise Test 

2. Dielectric tests 

3. Short circuit test as per IEC 60076, part 5, type test.

1.11.15.2 Routine Tests
The transformer shall be subjected to the following Routine Tests at the manufacturer’s works.

Checking of weights, dimensions, fittings, accessories, tank sheet thickness, oil quality, material, finish and workmanship as per Guaranteed Technical Particulars and contract drawings

1) Measurement of winding resistance.

2) Measurement of Voltage Ratio at all tap positions and check of phase displacement.

3) Measurement of short circuit impedance and load loss.

4) Measurement of no-load loss and current

5) Measurement of zero sequence impedasnce

6) Measurement of insulation resistance (R15, R60, R180 and R600) at 5000 V, DC. The polarisation index R600/R60 shall be <1.0

7) Dielectric routine tests.

1.11.15.3 Air Pressure Test
The finished transformer with all the fittings, including bushings in position shall be tested for leakage at a pressure that is 10% below the pressure at the altitude specified under system conditions for 10 minutes. There should be no leakage at any joint. (This shall be carried out on a sample basis, one on every 50 transformers).

1.11.15.4 Acceptance TESTS

All acceptance tests as stipulated in the relevant standards and as given below shall be carried out by the supplier in the presence of the Employer’s representative.

1) Measurement of winding resistance

2) Voltage ratio measurement and check of polarity or vector group symbol ‑ at all tap positions. Bushing positions shall have permanent markings at this stage of production.

3) Measurement of impedance voltages

4) Measurement of load loss

5) Measurement of no-load loss and no-load current

6) Induced over voltage withstand test ‑ 66kV for 60 seconds on the 11kV windings respectively.

7) Tap changer test.

8) Coordination test for LV circuit breaker and HV Fuse links

1.11.15.5 Tests on Bushings (HV&LV)

Tests shall be conducted on the transformer bushings as detailed below:

1) Dry flash over voltage

2) Wet flash over voltage

3) Dry one minute withstand voltage

4) Wet one minute withstand voltage

5) Impulse withstand voltage (1.2/50Micro seconds +ve wave)

6) Minimum oil immersed flashover voltage.
1.11.16 Packing and Marking

Each transformer shall be provided with a rating plate showing the information stated in the IEC standards. The plate shall be in both Amharic and English. The words "Property of Ethiopian Electric Power ", the EEU logo, the contract number and loan number and a unique identification number (to be advised by the Employer) shall also be engraved on the rating plate.

1.11.17 Rating, Diagram and Property Plates
The following plates shall be fixed to the transformer tank at an average, readable height.

1) A rating plate bearing the data specified in IEC 76 or other approved standard. Indicating the following shall be fixed on the same side as LV bushings,

2) Name of manufacturer,

3) Manufacturer’s serial number,

4) Year of manufacture,

5) Rated power,

6) Rated frequency,

7) Rated voltages,

8) Rated currents,

9) Connection group symbol,

10) short-circuit impedance,

11) Total mass,

12) Mass of insulating oil,

13) Temperature rise limit of oil and windings,

14) Insulation level,

15) Type of cooling,

16) Tapping range and no. of taps,

17) Each bushing shall be marked with the name or trademark of the manufacturer,

18) A diagram plate showing the internal connections and also the voltage vector relationship of the several windings. In addition, a plan view of the transformer giving the correct physical relationship of the terminals shall be given. When links are provided for changing the transformer group symbol and/or ratio, then means shall be provided for clearly indicating in which mode the transformer is connected. The transformer ratio shall be indicated for each tap,

19) A property plate engraved to the instructions of the Engineer,

20) The above plates shall be of stainless steel or of other material capable of withstanding continuous outdoor service and shall all be suitably mounted to prevent vibration, rattling or corrosion.

1.11.18 Quality Assurance Plan

A Quality Assurance Plan (QA Plan) including customer hold points covering the manufacturing activities of the material shall be required to be submitted by the Bidder with the tender.

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

The supplier shall be responsible for CIF delivery of all goods to the point of delivery specified in the bid inquiry.

1.11.20 Transport
Irrespective of the actual method approved for transport to the individual site, all transformers shall be suitable for transport with the transformers full of oil unless otherwise approved. The Contractor shall be fully responsible to transport all items from port to site of delivery.
1.12 MV ad LV Switchgear
1.13 Scope

This specification covers design, Engineering, Manufacture, Testing, Inspection before dispatch, forwarding, packing, transportation to sites, Insurance during transit and delivery to site, as specified in schedule section, of MV and LV switchgear for use in the distribution overhead power lines of EEP/U network. The composite insulators shall be of the following type:

The MV and LV switchgears offered shall have been successfully type testes and the design shall have been satisfactory operation for a period not less than two years on the date of bid opening. Compliance shall be demonstrated by submitting with the bid, (i) authenticated copies of the type test reports and (ii) performance certificates from the users.

This specification specifies general requirements for MV and LV switchgears

1.14 Standards

The insulators supplied shall conform to the latest edition of the appropriate IEC standards and/or other recognized international standards. The following IEC publications or other national or international standards, which ensure equal or higher quality, shall be applicable:

	IEC 60060
	High Voltage Test Techniques

	IEC 60129
	Alternating Current disconnectors and Earth Switches

	IEC 60282 -2
	High Voltage fuses. parts 2: Expulsion and similar fuses

	IEC 60383
	Tests on insulators of ceramic material or glass for overhead lines with nominal voltage greater than 1000V

	IEC 60437
	Radio interference test on high voltage insulators

	IEC 60507
	Artificial pollution tests on high voltage insulators to be used on A.C. systems.

	IEC 60694
	Common specification for high voltage switchgear and control gear standards.

	NEMA SG2
	High Voltage fuses.

	IEEE C37.42
	Design tests for high voltage fuses, distribution enclosed single pole switches, fuse disconnecting switches and accessories.

	ANSI C37.42
	American national Standard Specifications for Distribution

Cut outs and Fuse Links.


1.15 MV Switchgears
1.15.1 Load Break Switch

Load-break switches will operate in the distribution network for sectionalizing the network or disconnecting feeders. They shall be installed either on the top of a pole or inside a substation building, in horizontal or vertical position. They shall be operated manually from the ground using a rod linkage and equipped with a control handle of insulating material. The handle shall be able to lock in both end positions with a pad lock. All three poles shall be operated simultaneously.

The equipment shall be designed, manufactured and tested in accordance with the latest edition of the IEC standard 265.

The main features are:

· air as the isolating medium

· self-cleaning, low wear rate, sliding contacts

· arc extension

· simple and robust mechanical construction

· lockable in on and off position

Load break switches with earthing devices shall be built-in in cable and line feeders.

1.15.1.1 Reference Standards

	IEC 60120
	Dimension of Ball & Socket coupling of string Insulator Units

	IEC 60129
	Alternating Current disconnectors and Earth Switches

	IEC 60265
	High Voltage Switches

	IEC 60471
	Dimension of Clevis & Tongue coupling of string Insulator units

	BS3288
	Insulator pins and conductor fittings for overhead power lines


1.15.1.2 Electrical Performance

	Rated Voltage
	11kV

	Rated current carrying capacity
	200A

	Rated lightning impulse withstand voltage values (For fuse base)

	To earth and between poles(peak)
	75KV

	Across the isolating distance
	80KV

	Rated one minute power frequency withstand voltage (dry & wet for fuse base)

	                 To earth and between poles(peak)
	28KV

	                 Across the isolating distance
	32KV

	Temperature rise limit (In Air) as per IEC 60129

	                Copper contacts silver faced
	65oC

	                Terminals
	50oC

	Metal parts acting as springs
	The temp. shall not reach such a value

that elasticity of the metal is changed

	Rated mainly active load breaking capacity
	200A

	Transformer off-load current breaking capacity
	20A

	Rated short time current
	6KA for 1sec

	Rated peak withstand current
	12KA peak

	Mechanical endurance
	1000 operation

	Electrical endurance
	Minimum 20 operations at 200 A at 11kV,

Minimum 200operations at 100A at 11kV.


1.15.1.3 Construction

The switch shall be suitable for single pole mounting on concrete pole 9m or 12m length. The load break switch shall be manually-operated triple-pole type with either single break or double-break operation. The operation of the switch shall be through rotating motion of the post insulators. All phases must open and close simultaneously.

The switch shall be fitted with a special interrupter unit to absorb the arc energy in an insulated chamber. The interrupter unit shall be easily replaceable. The contacts shall be made of silver-faced bronze/copper. The speed of breaking of load shall be independent of the speed of operation.

The incoming and outgoing terminals shall be such as to directly receive AAAC 150sq.mm without the use of lugs. The terminals shall be suitable for current ratings stipulated above. The terminals shall be so designed as to avoid bimetallic corrosion.

The frame of each of switch shall be provided with a separate earthing terminal/for each phase for connection to an earthing conductor having a clamping bolt of not less than 16mm dia. The terminal shall be marked with ‘Earth’ symbol.

The vertical operating rod shall comprise of not less than 40mm (nominal bore) Galvanised Steel tube (medium class) The length of the operating rod shall be 9m. Provision shall be made for earthing of the operating handle.

Pipes shall be galvanised in compliance with the relevant standard and other metal parts shall be hot dip galvanised. Phase clearance i.e. centre-to-centre distance between the insulators of adjacent phase in the assembled position of the switch shall not be less than 1200mm.

The centre-to-centre distance between insulators of the adjacent poles of the same phase in the assembled position of the switch shall not be less than 600mm.

All similar materials and removable parts of similar equipment shall be interchangeable with each other.

1.15.1.4 Materials

The insulator material shall be porcelain or toughened or annealed glass or cast resin. The

terminal shall be compatible and ready connecting with aluminium conductor.
1.15.1.5 Mounting

The load break switch shall be suitable for mounting on single concrete pole and shall be ready for mounting and operation. It shall be complete with all necessary items.

Operating rod and handle for manual control with necessary fixing accessories and padlock. The switch shall have pad lock arrangement both for ‘ON’ and ‘OFF’ positions from the ground level.

Cross arm where insulators strings with clevises can be fixed. Clevises are according to IEC 471 or BS 3288 for ball eye of standard coupling size according IEC 120 and BS 3288 with minimum failing load 40KN. Earthing connection for protective earthing using 35mm2 copper conductor.

Clamps for connecting all aluminium conductors of AAAC 200 mm2 both for incoming and outgoing side. All accessories and structures needed to mount on a single concrete pole.

The length of the load break switch cross arm shall be preferably 1900mm. However, alternatives may be quoted. The switch disconnected cross arm shall be suitable for installing tension insulator strings of cap and pin type. The load break switch shall be supplied with complete accessories and structures to mount on a single concrete/steel pole. The purchaser should not use additional material to mount the load break switch on a single pole.

1.15.1.6 Packing and Marking

The load break switch shall be marked according to requirements of IEC 60265. The load break switch shall be packed securely.
1.15.2 Drop Out Fuses

1.15.2.1 Definitions

· Dropout Fuse: It is that in which the fuse holder automatically drops into an open position after the fuse has interrupted the circuit.

· Fuse Holder: A fuse holder is an assembly of a fuse tube together with parts necessary to enclose and provide means of making contact with the conducting element and the fuse contacts. The fuse holder does not include the fuse link.

· Fuse Link: A fuse link is a replaceable part of assembly, comprised of conducting element. It is usually to be replaced on circuit interruption to restore the fuse to operating conditions.

· Fuse link removing Eye: A hole in the fuse holder or fuse unit which is provided for receiving a fuse hook or switch hook for inserting or removing the fuse into/out of the fuse support.

· Terminal (Terminal Connector): A terminal is a connector for attaching a conductor to electrical apparatus.

· Rated Interrupting Current: The rated interrupting current of a fuse is the designated highest available R.M.S short-circuit current at which the fuse is designed to perform its disconnection function under stated conditions.

· Recovery Voltage: Recovery voltage is the voltage, which occurs across the terminals of a pole of circuit interrupting device upon an interruption of the current.

· Break Distance: The break distance of a fuse or switch is the minimum open-gap distance between the live parts when the fuse holder is in the open position.

1.15.2.2 General

The MV Pole-Mounted Dropout Fuse Set specified ratings shall be considered as the normal continuous operating ratings at 50 °C.  If the proposed ratings are given at lower temperatures, these ratings shall be increased, according to the manufacturer standards, to satisfy the requirement at 50 °C.

The MV Pole-Mounted Dropout Fuse Set shall be capable of withstanding the electrical and mechanical stresses as specified in the schedule of guaranteed characteristic under schedule of requirement.

The MV Pole-Mounted Dropout Fuse Set shall be installed on cross-arms at Pole-Mounted MV/0.4 kV Transformer Substations. 

Dropout Fuse Sets shall be hand-operated from ground level using a glass fibre pole, which shall also be designed to facilitate replacement of the fuse links. Dropout Fuse Sets shall be of single-phase type.

Contacts of the fuse cut-out shall be suitable to terminate the line conductors. 

Fixing brackets, bolts, nuts, hooks and washers for mounting of the cut-outs shall be provided.

Fuses shall be co-ordinated with the ratings of the related distribution transformers.

The MV Pole-Mounted Dropout Fuse Sets shall comply with the latest requirements of IEC recommendation as a minimum requirement. All components shall be of approved and reliable design. The highest degree of uniformity and interchange ability shall be attained. The design shall facilitate easy maintenance, fault diagnosis and repair of the components.

MV Pole-Mounted Dropout Fuse Sets shall consist of:

· Cross-arm mounting bracket

· Fuse holder

· Fuses.

The MV Pole-Mounted Dropout Fuse Sets shall be of the outdoor type and completely assembled and tested at the manufacturer’s workshop.

The equipment in the MV Pole-Mounted Dropout Fuse Sets shall be installed with necessary clearances, easy access to the HRC fuses for testing, maintenance, removal and normal operation and to provide safety measures against all possible hazards.

The MV Pole-Mounted Dropout Fuse Sets of similar ratings shall have the same dimensions having components and devices interchangeable with those of other units.

MV Pole-Mounted Dropout Fuse Sets shall be designed to ensure that thermal inter​action does not unduly affect the performance of any of the components.

Each set of MV Pole-Mounted Dropout Fuse Sets shall include cross-arm mounting bracket.

The MV Dropout Fuse Sets shall be supplied with mounting bolts, nuts and washers. Bolt threads shall conform to ISO. The nuts shall have a proper fit so that the nut can be run over the entire length of the threads without an undue force.

The MV Dropout Fuse Sets shall be of the type equipped with fuse holder latches and designed to prevent falling out of fuse holder.

The single-vent distribution MV Dropout Fuse shall be open type dropout, single insulator with attachment hooks for load break tool.

The MV Dropout Fuse Sets shall be designed “Bird Proof".

The terminals of the MV Dropout Fuse Sets shall be plated clamp type connector.

The MV dropout fuse set shall enable the fuse holder to fit precisely when closing.

The MV Dropout Fuse Sets shall have built in feature for delayed release so that dropout takes place at of the fault duration. The time delay should be approximately about 0.1 sec.

The contact design shall assure perfect contact until faults are cleared, without pitting or burning of contacts
1.15.2.3 Insulators

The insulators shall be made of the composite type and shall meet electrical and mechanical characteristics as specified in the schedule of guaranteed characteristic.

1.15.2.4 Fuses

The fuses shall be in conformity with latest IEC recommendation as a minimum requirement. 

Components, including filling medium, used in the construction of a fuse shall not cause chemical or electrochemical deterioration during normal service and storage condition.

The powder filled fuse link shall not emit flame or powder, although minor emission of flame from striker is permissible, provided this does not cause break down or significant electrical leakage to earth.

Indicating device shall visually and fully operate.

After operation, the fuse shall be capable of withstanding the power frequency, recovery voltage across its terminal.

The dimensions of fuses shall be as specified in Schedule of guaranteed characteristic.

For removing the fuse link from the fuse base, insulated "Fuse Puller" shall be provided. The fuse puller shall be robust, safe and designed to withstand the working voltage adequately. It shall hold the fuse firmly to facilitate its quick insertion/removal into/from the fuse base.

1.15.2.5 Fuse Bases (Upper and Lower Parts)

The fuse bases shall be of Aluminium Bronze, which shall have chemical composition as specified in the Schedule of guaranteed characteristic.

1.15.2.6 Fuse Holder

The Fuse Holder shall be of Aluminium Bronze, which shall have chemical composition as specified in the Schedule of guaranteed characteristic.

The Fuse Holder Tube shall be made of fibreglass and shall have an inside lining of vulcanised fibre of characteristics as specified in the Schedule of guaranteed characteristic.
The Fuse Holder assembly shall be designed in such a way as to afford a convenient removal and replacement by a standard hook stick. The Fuse Holder shall be provided with a lifting eye suitable for such action.

The Fuse Holder opening (fuse link removal eye) eye shall be installed on the outer side of the Fuse Holder in such a position as to afford a convenient opening and closing of the Fuse Holder by a standard hook-stick.

1.15.2.7 Fuse Link

The tension in the fuse link shall be independent of contact pressure while the Fuse Holder Tube is operated or is in the close position. Contact pressure shall meet requirements as specified in Schedule of guaranteed characteristic.

Fuse links shall be designed to prevent danger from overheating and the scattering of hot material when operating in service.

Fuse links shall be of robust construction to ensure that no damage results from normal handling and operation of the associated equipment. Fuse link material shall effectively resist deterioration under the prevailing climatic conditions.

1.15.2.8 Springs

All Springs (wires and strips) shall be made of Phosphor Bronze having chemical composition as specified in the Schedule of guaranteed characteristic.

The spring wire or strip shall be produced by such treatment as may be necessary to achieve a minimum tensile strength of 7000N/mm2.

1.15.2.9 Ferrous Parts

All Ferrous Parts shall be of mild steel having mechanical properties as specified in the Schedule of guaranteed characteristic.

1.15.2.10 Terminal Connectors

Terminal Connectors shall be made of Bronze with Copper content of at least 80% and having the properties as specified in the Schedule of guaranteed characteristic.

1.15.2.11 Contact Parts

All current contacting parts shall meet the requirements as specified in the Schedule of guaranteed characteristic. 

1.15.2.12 Terminal Connectors

Terminal connectors shall be tin- plated. The average thickness of tin plating shall be as specified in the Schedule of guaranteed characteristic. 

1.15.2.13 Earthing

The metal structure shall have a provision for earthing. Earthing terminals shall be suitable for accepting Copper conductors of diameter of 6 to 11 mm. The terminals shall be made of Copper and shall be tin-plated. 

All metal parts not meant to carry current shall be connected to a double earthing system and suitable earthing terminals shall be provided with all equipment.

Earthing terminals having clamping bolts of at least 12 mm dia. shall be provided on the frame.

1.15.2.14 Corrosion Protection

All ferrous parts must be hot-dip galvanized or electro-galvanized and shall not be subjected to finishing operation on their threads after Zinc coating. 

1.15.2.15 Testing and Inspection of dropout fuse

a) Type Tests

The contractor shall submit the following type tests report shall be submitted along with its offer during bid submission. 
The Fuse cut out

1. Dielectric tests (rated impulse withstand and rated one minute power frequency withstand test voltages),

b) Routine Tests

Routine tests shall be carried out on the Equipment in accordance with IEC60129, IEC 60282. All routine tests will be free of charge to the Employer and any item not meeting the routine test requirements shall be rejected.

The following tests shall be conducted.

(i) Visual inspection,

(ii) Melting Current Tests,

(iii) Temperature Rise Tests,

(iv) Time/Current Characteristic Tests.

c)  Acceptance Tests

The following acceptance tests shall be conducted.

(i) Visual inspection,

(ii) Inspection of the complete equipment,

(iii) Checking of the result of the routine and type test as per IEC,

(iv) Carrying out all or part of tests mentioned in the routine test,

(v) Checking of conformity to specification
MV surge arrestor

The specification covers design, manufacturing, testing and performance requirements for gapless metal oxide surge arresters (SA) for outdoor use, in the EEU/P of system nominal voltages of 11 kV

The clearances and creepage distances of the surge arrester housing is suitable for the altitude specified in the General system Data.

The surge arresters shall be designed to be used both in networks with isolated neutral as well in networks earthed via earthing transformers or resistively or solidly earthed.

The surge arresters shall be of the hermetically sealed plug-in type (metal encapsulated) with metal oxide material having non-linear resistance. The enclosure shall be silicone.

They shall be attached to the cable terminations of the related feeders. The surge arresters shall be maintenance free and shall have a pressure relief device for failure protection in case of overloading the same.

Connection to the substation grounding system shall be by stranded copper wires of adequate cross-section

1.15.3 MV Surge Arresters

The specification covers design, manufacturing, testing and performance requirements for gapless metal oxide surge arresters (SA) for outdoor use, in the EEU/P of system nominal voltages of 11 kV

The clearances and creepage distances of the surge arrester housing is suitable for the altitude specified in the General system Data.

The surge arresters shall be designed to be used both in networks with isolated neutral as well in networks earthed via earthing transformers or resistively or solidly earthed.

The surge arresters shall be of the hermetically sealed plug-in type (metal encapsulated) with metal oxide material having non-linear resistance. The enclosure shall be silicone.

They shall be attached to the cable terminations of the related feeders. The surge arresters shall be maintenance free and shall have a pressure relief device for failure protection in case of overloading the same.

Connection to the substation grounding system shall be by stranded copper wires of adequate cross-section.

1.15.3.1 Reference standard

The equipment supplied shall conform to the latest edition of the appropriate IEC standards and/or other recognized international standards. The following IEC publications or other national or international standards, which ensure equal or higher quality, shall be applicable

	IEC-60071-1
	Insulation co-ordination Part 1 Definitions, principles

and rules

	IEC-60071-2
	Insulation co-ordination Part 2 Application guide

	IEC 60099-4
	Surge arresters - Part 4 Metal-oxide surge arresters without gaps for a.c. systems

	IEC 60099-5
	Surge arresters - Part 5 Selection and application recommendations

	IEC TC 37
	Artificial Pollution testing of Surge Arresters

	IEEE C62.1
	Surge Arresters for Alternating Current Power Circuits

	NEMA LA1
	Surge Arresters

	BS EN ISO 1461
	Hot dip galvanized coatings on iron and steel articles


1.15.3.2 General

The surge arresters shall be of the zinc oxide (ZnO) type without spark gaps. The surge arresters shall be delivered complete with NEMA pattern mounting brackets for mounting on steel cross arm and bearers. The surge arresters shall conform to IEC 60099-4 where applicable together with draft IEC TC 37 WG4 suitable for given service conditions. Any weather-exposed steel parts shall be hot-dip galvanized.
1.15.3.3 Basic Characteristics of surge arrestors

The surge arresters shall meet the following Performance Characteristics requirements:
	System Nominal Voltage
	11kV

	Rated voltage (Ur)
	12KV

	Max. cont. operating voltage(Uc)
	9.5KV

	Nominal Discharge Current In (based on 8/20 microsecond waveform)
	5KA peak

	Discharge Current Class
	3

	Rated frequency
	50hz

	Creepage distance of bushing
	600mm

	Short-circuit capability
	6KA

	Max residual voltage at In
	48KV

	Max. Standard Impulse spark over voltage(based on 8/20 wave microsecond waveform) (kV Peak)
	45

	Cont. resistive current of the Arrestor(mA)
	<1.5

	Cont. capacitive current of the Arrestor(mA)
	<1.5

	Steep current impulse. Residual Voltage for 8/20 wave)
	48kV peak


1.15.3.4 Use

The arresters will used to protect:

· Distribution transformers with the LIWV/BIL level of which are as specified in the technical schedules.

· Interface between overhead line and cables

· Interface with substation at terminal poles

· Intermediate positions on distribution overhead lines
1.15.3.5 Interfacial Sealing Proof Against Moisture

The Supplier shall describe the sealing process used to keep out moisture and shall state his experience with the design offered. The adhesion between the housing and the metal-oxide resistors or any other metallic or non-metallic parts inside the housing must be strong enough, homogeneous, robust and resistant to thermal cycles and environmental stresses. The method of factory testing of the seal shall be described.

1.15.3.6 Terminals

Live conductor terminals of SAs covered by this specification shall accept copper or aluminium conductors without danger of corrosion. To this end, the arrester terminal shall be cadmium plated or some other alternatives acceptable to the Purchaser. Terminals shall be suitable for use with the following ranges of conductor sizes:

· Copper conductor- 35 to 70 mm2

· Aluminum Alloy Conductor - 50 to 200 mm2

The earthing terminal shall be suitable for stranded earth lead conductor galvanised/stainless-steel or aluminium 25-75 mm2.

1.15.3.7 Mounting Arrangements

Arresters shall be suitable for horizontal, vertical or at an angle mounting. The arresters shall be connected between phase and earth. Distance between the arresters and the protected transformer shall not be more than 2.5 m.

Mounting brackets shall be provided and supplied with each surge arrester packaging to facilitate mounting of arresters on channel and angle iron crossarms.

1.15.3.8 Drop Out Feature

A disconnecting device (ground lead isolator) shall be provided to disconnect the arrester from the network in case of failure and to indicate visually the faulty arrester in case of arrester failure. The method of operation of the drop out shall be described.

1.15.3.9 Over Pressure Relief

All arresters shall be fitted with a pressure relief device. Pressure relief class shall be stated (A, B or C per IEC 60099-1). Additionally, surge arresters shall fulfil the low current pressure relief key elements of the latest recommendations of IEC TC 37 (WG-4).

1.15.3.10 Weight

The Bidder shall state the net weight of the arrester(s) offered.
1.15.3.11 Creepage Distance to Earth.

Minimum values of creepage distance to earth shall be 1040mm

1.15.3.12 Galvanizing

All exposed ferrous components, unless of stainless steel, shall be hot dip galvanized in accordance with BS EN ISO 1461.

1.15.3.13 Pollution Performance

The required creepage for housings is classified as medium pollution level with specific creepage of 20 mm/kV (Um) at sea level.
1.15.3.14 Inspection and testing of Surge arrestors

a) Type Tests

The contractor shall submit with its offer the the following type tests report.

(i) Voltage withstand tests of arrester insulation

(ii) Power-frequency voltage spark over test

(iii) Standard lightning voltage impulse spark over test

(iv) Lightning-voltage impulse spark over voltage test

(v) Switching-voltage impulse spark over voltage/time curve test

(vi) Residual voltage test

(vii) Current impulse withstand tests

(viii) Operating-duty test

(ix) Pressure-relief tests

(x) Tests of arrester dis-connectors when fitted

(xi) Temperature cycle test on porcelain housing

(xii) Porosity test on porcelain components

(xiii) Galvanizing test on metal parts

(xiv) Visual examination of porcelain housing

(xv) Sealing test

To prove the effectiveness of sealing of the surge arresters, either of the following two tests shall be carried out:

Bubble Test

A positive pressure shall be created inside the arrester and it shall be immersed in water to check if there are any bubbles.

Pressure/Vacuum Test

Leakage shall be checked by measuring leak rate either by monitoring drop in pressure or rise in vacuum level with time.

b) Routine Test

a) Nominal Discharge Current

b) Max. Standard Impulse Spark-over Voltage

c) Cont. resistive current of the Arrestor

d) Cont. capacitive current of the Arrestor

e) Steep current impulse. Residual Voltage

f) Max residual voltage at switching impulse of 0.5kA

g) Leakage Current Test i.e. a measurement of the leakage current at voltage corresponding to 100%, 60% and 40% of the rated voltage.

c) Acceptance Test

The Acceptance test procedure for any delivery of equipment are as follows:

(i) Dry power-frequency voltage spark over test on the complete arrester

(ii) Standard lightning - voltage impulse spark over test on the complete arrester

(iii) Residual voltage test at the nominal discharge current on the complete arrester or sections

(iv) Temperature cycle test on porcelain components

(v) Porosity test on porcelain components

(vi) Visual examination of housing
1.15.3.15 Marking

Each arrester shall be provided with a nameplate, according to IEC 60099-4

1.15.3.16 Packing Marking and Delivery
Surge Arrestor units shall be packed in durable crates and each crate shall contain 3 units. The crates shall be packed on a pallet.

The packing shall afford adequate protection for the surge arrestors during handling, transportation and storage.

The packaging should be signed the necessary information (delivery address, product description, delivery condition, etc.) and included the list of contents.
1.16 LV Switchgears
1.16.1 Fuse switch Disconnector 400V, 400A, 3 poles, 

1.16.1.1 General

This specification covers the design, manufacturing, testing, supply of Fuse switch with catridge fuse links in a pole mounted Distribution Box for use at Pole mounted distribution transformer substations for LV lines.

This Specification sets out the technical requirements for ganged three phase, fully enclosed fuse-switch disconnectors for use on overhead electricity distribution systems in a totally exposed environment. The units are primarily used for the protection and on-load switching of low voltage aerial bundled cable (LV ABC) distribution networks. The fuse switch disconnectors will be exposed to the following environmental conditions

	Ambient temperature
	10 – 45oC

	Solar radiation level
	1000watt/mt2 with high UV content

	Humidity
	90%

	Altitudes
	3000mt


1.16.1.2 Reference Standards

 The materials supplied shall conform to the latest edition of the appropriate IEC standards and/or other recognized international standards. In particular:

	IEC 60144
	Degrees of protection of enclosures for low voltage switchgear and control gear

	IEC 60269-1
	Low Voltage Fuses

	DIN 43620
	Low voltage high rupturing capacity fuses with blade contacts

	BS 88
	Cartridge fuses for voltages up to and including 1000 V a.c. and 1500 V d.c.


1.16.1.3 Design

The fuse-switch-disconnector shall consist of an upper housing holding the conductor terminals and the contacts and a hinged lower housing holding the fuse links. 

The lower housing of the fuse-switch-disconnector shall be provided with a nominal 20mm diameter eye or other suitable means to enable the unit to be operated using a standard operating stick. Special provision shall be made on the lower housing to enable it to be lowered to the ground on the end of an operating stick. 

The switches may be used as fuse-switch disconnectors or isolating switches fitted with DIN size 1 or 2 in fuse link sizes 160A to 400A and 250A or 400A solid links. 

The fuse switch disconnector shall be able to accept fuse links having a minimum power dissipation value of 34 watts. 
The switches shall incorporate arc quenching chambers. Details of the arc quenching arrangement shall be submitted with the tender documents.

1.16.1.4 Ratings

The fuse-switch-disconnectors shall have the following ratings: 

	Rated operational voltage
	500V

	Rated insulation voltage
	1000V

	Rated impulse voltage
	16KV

	Rated frequency
	50

	Rated short time withstand current
	10KA

	Degree of protection
	IP50

	Duty
	Uninterrupted

	Utilization Category
	AC-6A

	Making and breaking capacity
	1.5 times rated operational current.


1.16.1.5 Mounting

A suitable mounting bracket shall be provided with each unit to allow the disconnector to be fixed to a wooden or concrete pole using two M12 coach screws or bolts at 230mm centres. Provision shall also be made to enable the units to be attached to concrete poles using "bandit" straps. 

Full details of the mounting bracket shall be supplied with the offer. 
1.16.1.6 Housing

All exposed surfaces of the upper and lower housing of the unit shall be manufactured from weather and UV resistant, glass fibre reinforced polymer or similar material. The housing material shall contain carbon black filling to relevant international standard. It shall be impact resistant and have a flammability rating of not less than HB 0. 

The enclosure shall provide a degree of protection IP23 to the electrical components when switch is in closed position. 
1.16.1.7 Contacts

All electrical contact surfaces are to be nickel or silver plated in accordance with AS 1192 or AS 1856. The manufacturer must ensure that the thickness of plating provides durability of the contact surfaces over a service life of 25 years. 

All contacts shall be self-aligning and shall have a wiping action to remove oxide or other contamination on the contact surfaces and constructed to eliminate arcing to the main contacts. 

Full details of jaw and hinge contacts shall be submitted with the offer. 
1.16.1.8 Terminal connections

The fuse-switch shall be fitted with terminal palms suitable for bolted lug connections on both the supply and load sides of the unit and shall satisfy the temperature rise limits in accordance with IEC and DIN standards.

The connections shall be designed for use with tinned copper or aluminum lugs suitable for aluminum or copper conductors (cross sectional area 25-240 mm2) and to minimize the effects of electrolytic corrosion of dissimilar metals 
Each terminal palm shall be provided with a 12mm stainless steel bolt/stud complete with a stainless-steel spring washer, flat washer and a nut for securing the cable lugs to the terminal palm. Preference will be given to fuse-switch units having terminal palms which provide for the parallel connection of two cables. 

Cable entry points and cable securing bolts are to be located on top of the fuse switch for ease of cable installation. 

Each cable entry point to be covered by individually hinged terminal covers for maximum safety. The lower housing is to fitted with a yellow indicator to show if a fuse link/solid link is installed 
1.16.1.9 Corrosion protection

The latch mechanisms of the unit shall be constructed of corrosion resistant metals and shall include no ferrous parts less than 4mm thick, other than stainless steel. 

All current carrying parts shall be of a high electrical conductivity, corrosion resistant metal. All copper and associated alloys shall be either nickel, electrolytically bright tin or silver-plated. The thickness of plating should be sufficient to ensure long term durability of the current carrying parts. 

Full details of plating offered to be provided. 

Additional corrosion protection shall be provided by the application of grease to the current carrying parts prior to assembly. Acceptable greases are Shell Alvania R3 or equivalent. 

Tenderers are required to state the type of grease used.

All nuts, bolts and washers other than those associated with the mounting bracket shall be stainless steel in accordance with relevant international standard. The bolts and washers shall be Grade 316 and to avoid binding, the nuts shall be Grade 304 and a suitable lubricant shall be applied to the threads of all stainless-steel bolts before tightening. The lubricant shall not contain graphite. 

Mounting bracket and other ferrous parts of the units other than stainless steel shall be galvanized in accordance with DIN standard

1.16.1.10 Vibration

When the fuse link or switch blade is intact and correctly inserted the carrier shall latch securely when closed and shall not be dislodged from the fuse contacts by severe vibration or wind pressure. 

1.16.1.11 Inspection and Testing 

Electrical and Mechanical Type Tests shall be carried out on each fuse-switch disconnector. 

1) TYPE TESTS

Type tests shall be carried out on Distribution boxes being offered, in accordance with the relevant IEC/ BS standard.

On Complete LV Distribution Box

(i) Temperature rise test:

(ii) High voltage test.

(iii) Short time withstand current test on distribution box.

(iv) Test for degree of protection (IP-43) on complete unit.

(v) Time/current characteristics test

Type tests shall be carried out on Fuse switch in accordance with BS 88.

 (vi) Verification of Insulating Properties:

This test shall be carried out in accordance with Clause 8.2 of BS 88. The test voltage shall be 2500V (rms) power frequency, applied

· between both terminals with the fuse link removed.

· between live parts and exposed conductive parts with the fuse link and fuse carrier in place.

(vii) Verification of Rated Power (Heat) Acceptance,

(viii) This test shall be carried out in accordance with Clause 8.3 of BS 88,

(ix) Verification of Breaking Capacity,

(x) Test No. 1 on Table 8(a) in Clause 8.5 of BS 88, Part 6 shall be carried out on complete assembly of fuse link and fuse cut out,

2) ROUTINE TESTS

These tests shall be carried out per IEC at the manufacture’s works to ensure that the product is in accordance with the design offered. The manufacturer shall supply a certificate indicating the result of the entire test carried out on the equipment.

3) ACCEPTANCE TESTS

The Acceptance test procedure for any delivery of the equipments are as follows:

(i) Visual inspection

(ii) Checking of the results of the routine and type tests

(iii) Carrying out all or part of tests mentioned in the routine test

(iv) Checking of conformity to specification

4) TESTING & MANUFACTURING FACILITIES:

The bidder must clearly indicate the testing facilities available in the works of the manufacturer and whether the facilities are adequate to carry out all routine acceptance and type tests.

(i) Power operated shearing machine

(ii) Power operated press brake.

(iii) Power operated power presses

(iv) Welding machines,

(v) Assembling tools. 

1.16.1.12 Production Samples 

Bidders shall submit samples of the item with their offered to assist in the evaluation of the offer. The cost associated with the sample item delivery shall be borne by the bidder

1.16.1.13 Sample Delivery 

Each sample shall be delivered freight free, suitably crated and packaged and labelled with the following information: 

	Name of bidder and this Contract No. 

	Bid no Lot no and Item Numbers 

	Any supporting data on features or characteristics 


1.16.2 HRC Fuse link

The HRC fuse link shall be designed and manufactured in accordance with IEC 60269. The fuse link shall be of size NH02 with maximum breaking capacity of 120kA
1.16.2.1 Electrical Performance

	Rated voltage kV)
	0.4
	0.4
	0.4
	0.4

	Rated current (A)
	63
	100
	200
	350

	Rated frequency
	50hz
	50hz
	50hz
	50hz

	Class
	gG/gL
	gG/gL
	gG/gL
	gG/gL

	selectivity
	1:1.6
	1:1.6
	1:1.6
	1:1.6

	Minimum pre arching
	6300
	18100
	97000
	361700


1.16.2.2 Name plate details

Each unit shall be provided with a rating plate of weatherproof material showing the following items indelibly marked.

1) Manufacturer's Name,

2) Manufacturer's Code Number,

3) Manufacturer's Serial Number,

4) Year of Manufacture,

5) Voltage Rating,

6) Current Rating,

7) Short Circuit Rating,

8) Gross Weight.
1.16.2.3 PACKING AND MARKING

All items are to be supplied in packaged lots in accordance with the quantities agreed between the successful bidders and the purchaser. 

Each packaged lot shall be marked with the following information: 

Item description

EEP

 Lot 5

Contract no 

Supplier name

Package size

Package weight

1.16.2.4 QUALITY ASSURANCE PLAN

A Quality Assurance Plan (QA Plan) including customer hold points covering the manufacturing activities of the material shall be required to be submitted by the Bidder with the tender.

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

The supplier shall be responsible for CIP delivery of all goods to the point of delivery specified in the tender inquiry.
1.16.2.6 TRANSPORT

Irrespective of the actual method approved for transport to site, all items shall be suitable for transport. The Contractor shall be fully responsible to transport all items from port to site of delivery.
1.17 Low Voltage Aerial Bundled Cables & Accessories
1.17.1 Scope

This specification covers design, Engineering, Manufacture, Testing, Inspection before dispatch, forwarding, packing, transportation to sites, Insurance during transit and delivery to site as specified in Schedule of supply of Cross Linked Poly Ethylene insulated (XLPE) Aluminium Cables twisted over a central insulated Aluminium alloy messenger wire along with associated accessories for use in the low voltage overhead power lines of EEP/U network. 

ABC conductors shall be according to the French general standard NFC 33

The AB cables and accessories offered shall have been successfully type testes and the design shall have been satisfactory operation for a period not less than two years on the date of bid opening. Compliance shall be demonstrated by submitting with the bid, (i) authenticated copies of the type test reports and (ii) performance certificates from the users.

This specification specifies general requirements for all Aerial Bundle Cables (ABC) and accessories.  

1.17.2 Reference Standards

The materials supplied shall conform to the latest edition of the appropriate IEC standards and/or other recognized international standards. In particular:

	IEC 60071
	Insulation co-ordination

	IEC 60228
	Conductors of insulated cables

	IEC 60230
	Impulse tests on cables and their accessories

	IEC 60885
	Electrical test methods for electric cables

	IEC 60811
	Overhead distribution cables of voltage 0.6/1kV

	VDE 0276part

626
	Overhead Distribution cables of Rated voltage 0.6/1kV

elaborated by European Committee for Electro Tech

Standardisation

	NFC 33-040 -

1998
	Suspension Equipments for Overhead distribution with

Bundle assembled cores, of rated voltage 0.6/1 kV”

	BS 3242
	All Aluminium Alloy Conductor

	NFC 33-041-

1998
	Anchoring devices for Overhead Distribution with bundle

assembled cores, of rated voltage 0.6/1 kV”

	NFC 33-021-

1998
	Pre-insulated compression type connecting equipment for

Overhead Distributions and Services with bundle assembled

cores, of rated voltage 0,6/1 kV”

	NFC 33-020 -

1998
	Insulation piercing connectors for overhead distributions and

services with bundle assembled cores, of rated voltage 0,6/1

kV”.

	NFC-004-1998
	Connecting equipment for overhead distributions and services

of rated voltage 0,6/1 kV, with at least one insulated core –

Electrical ageing test”

	NFC 33–042-

1998
	Anchoring devices for overhead and underground services

with insulated cables, of rated voltage 0,6/1 kV”.

	NFC 33–209-

1998
	Bundle assembled cables for overhead systems of rated voltage

0.6/1 kV”.

	ASTM D 1603
	Carbon Black content of Olefin materials


1.17.3 Aerial Bundled Cables

1.17.3.1 General

The first part of the designation refers to the number and size (nominal cross-sectional area) of the phase conductor and the last part to size of the messenger.  

The compressed, stranded conductors of aluminium, with a cross-section area up to 50mm² shall have at least 6 strands and a conductor with a cross sectional area above 95mm² shall have at least 15 strands.

The insulated messenger wire cable consists of three black, weather resistant, cross-linked polyethylene insulated AAAC conductors twisted around an insulated aluminium alloy.

The cable shall have a symmetrical right hand lay with a length of lay of about 40 times the diameter Do over the cores, laid up. In addition, the pitch of laying shall be such as to allow easy separation of conductors when making connection but also maintain the bundle cohesion in line angles.

The cable shall be rated for 600/1000V. The cores shall be of the same length and lie close to each other.

The properties of individual cables and the bundle (such as lay pitch, Electrical and Mechanical properties) shall conform to relevant Clauses in NFC 33-209.
1.17.3.2  ABC Configuration Sizes
	Type
	Phase conductor (mm2)
	Messenger (mm2)
	Street lighting conductor (mm2)

	1
	3x95
	70
	16

	2
	3x50 
	35
	16

	3
	3x35
	25
	


1.17.3.3 Conductor Requirement

All conductors shall be constructed to IEC 61089. The properties of the Aluminium wires before stranding shall be as below.
	a) Tensile strength no less that
	b) 90N/mm2

	c) Resistivity at 20oc
	d) 0.02845ohm/mm2/mm


In the laid-up cable the messenger remain straight, which is also the neutral conductor, takes all of the mechanical stresses.
1.17.3.4 Messenger (Neutral Conductor)

The messenger shall be an All-Aluminium-Alloy conductor composed of wires drawn from rod, which is manufactured in a continuous casting and rolling procedure. The properties for the individual wires before stranding shall be
	e) Tensile strength no less that
	f) 294N/mm2

	g) Resistivity at 20oc
	h) 0.0328 ohm/mm2/mt

	i) Density at 20oc
	j) 2.7kg/m3


No joints are allowed in the messenger except those made on the base rod or wire before final drawing. The messenger shall be round, stranded and compacted to have smooth round surface.

The messenger takes all the mechanical stress and also serves as a neutral conductor.

The other parameters are mentioned in the section VI schedule.
1.17.3.5 Insulation

The Insulating Material shall be of black weather resistant cross linked thermosetting polyethylene (XLPE) conforming to NFC 32-020 and shall be suitable for climatic conditions of the country.

The mechanical strength and other mechanical properties such as tensile strength, minimum elongation at break and physical/chemical properties shall conform to the relevant Clauses in NFC 32-020.

The minimum tensile strength shall not be less than 14.5 Mpa and the mínimum elongation at break shall be 200%. 

Adherence of the insulating sheath to the strain bearing neutral conductor shall be adequate enough to prevent the slipping of the insulating sheath. The required adherence shall be achieved by the use of paper material or other technique.

The insulating sheath shall be fully pressure extruded on the bare conductors of the phases / street lamp / neutral messenger.
1.17.4 Accessories

1.17.4.1 General

The design, performance and test requirements shall confirm to this specification and the following standards. However, in case of any conflict, the requirements of this specification shall prevail.

	k) Specification/Standard number
	l) Title

	m) NFC33-020
	n) Insulation Piercing Connectors

	o) NFC33-209
	p) LV Aerial Bunched Cables

	q) NFC20-540
	r) Environment Testing for Outdoor

	s) NFC33-004
	t) Electrical Ageing Test

	u) NFC33-040
	v) Suspension Equipments

	w) NFC33-041
	x) Anchoring Devices


The devices shall also be compatible with the cables of sizes & dimensions as defined in the Cable Specifications for the cables with which they are intended to be used.

a) Since ABC accessories are to be used with insulated neutral-cum-messenger, their design should incorporate specific features to prevent damage to the insulation when meeting the required electrical, mechanical & thermal requirements.

b) All mechanical, electrical & thermal ratings should meet or exceed 90% of the corresponding ratings of the cable, or the values specified here in, whichever are more stringent.

c) The accessories should provide “Double Insulation” so that a single point failure of insulation will not result in the system tripping.

The ABC Accessories shall consist of the following:
	y) Insulation Piercing Connectors(IPC)
	z) For making tap-off/branch connectors/service

aa) connector to an ABC line

	ab) Anchoring Assembly(AA)
	ac) For fitting on to a pole for anchoring the end of a length of ABC, or for a major change in direction.

	ad) Suspension clamp assembly (including angles up to 30 degrees)
	ae) For supporting a length of ABC at an intermediate pole in a length, with small angle of deviation.

	af) Large angle assembly (angles over 30 degree)
	ag) For supporting a length of ABC at an intermediate pole in a length, with large angle of deviation.

	ah) Service clamp(s)
	ai) For anchoring insulated service lines (armoured or

aj) un-armoured)

	ak) Insulated Cable lug
	al) For connection to the transformer bushing.

	am) Junction Sleeves
	an) For Phases, neutral messengers &Street lighting conductor.

	ao) ABC Service Main Distribution Box
	ap) For Distribution of multiple no of service Connections from Main AB cable

	aq) Dead end clamp assembly
	ar) Dead-end clamps for use of dead-ending and

as) angular straining aerial bundled conductor cables ,

at) to hook on poles or walls.

	au) Pre-insulated mid-span joints
	av) Tubular joints into which conductors inserted at both ends shall be designed so that the penetration of the conductors beyond their meeting point shall be prevented


The following accessories are required for the installation of the LV aerial bundled cables on poles and facades.
1.17.4.2 Insulation Piercing Connectors

 Insulation Piercing Connectors (IPC) are used for taking Tee/Tap-off/Service connectors to an ABC/Bare Overhead Line.

Insulation Piercing Connectors are designed to make a connection between the uncut main conductor and a branch cable conductor without having to strip either cable to expose the conductor. Instead, the tightening action of the IPC will first pierce the insulation, then make good electrical contact between the main end and branch conductor while simultaneously insulating and sealing the connection.

a) Constructional Features of IPC

The housing shall be made entirely of mechanical and weather resistant plastic insulation material and no metallic part outside the housing is acceptable except for the tightening bolt.

Any metallic part that is exposed must not be capable of carrying a potential during or after connector installation.

Screws or nuts assigned for fitting with IPC (Insulating Piercing connector), must be fitted with To rque limiting shear heads to prevent o v e r tightening or under tightening (min & max torque values to be specified by Manufacturer).

The IPC must perform piercing and connection on Main and Branch cable simultaneously.
The IPCs shall be water proof and the water tightness shall be ensured by appropriate elastomer materials and not by grease or paste alone.

Design of IPC should be such as to not cause damage to t h e insulation of adjacent conductors due to vibration and relative movement during service.

The connector shall have a rigid removable end cap which can be slide fitted on the main connector body on either right or left by the installer (depending on site requirement)for sealing the cut end of the branch cable. Once the connector is fitted, it should not be possible to remove the cap without removing the connector. 
1.17.4.3 Suspension Clamps

The clamp should be designed to hang LV-AB cable with insulated neutral messengers. The neutral messengers should be fixed by an adjustable grip device.

No losable part in the process of clamping arrangement.

The clamp should conform to the standard NFC 33040 or equivalent standard, if any.

The suspension clamp shall be manufactured from metal and composite insulating materials as shown in the drawing section. The clamp should provide an additional insulation between the cable and the pole. 

Clamps should be fixed with pole by eye hook/bracket.  Maximum allowable load of the clamp should not be less than 20kN.

Suspension Assembly is used for supporting an ABC by installation on the messenger at an intermediate point of support such as a pole. It can accommodate small angles of deviation upto 30oC

The clamp should hold insulated messanger of diameter range from 6mm up to 12 mm
1.17.4.4 Anchoring Clamps

The clamps should be designed to Anchor LV AB cable with insulated messenger. The clamp should consist of an Aluminium alloy corrosion resistant castled body, bail of stainless steel and self adjusting plastic wedges which shall anchor/hold the neutral messenger without damaging the insulation.

No losable part in the process of clamping arrangement.

The clamp should conform to the standard NFC 33041 and 33042. The clamp body should be made of corrosion resistant Aluminium alloy, bail should be of stainless steel and wedges should be weather and UV resistant polymer.

Ultimate tensile strength of the clamp should not be less than 15km for 50/70 sq.mm insulated messenger wire 10kN for25/35 sq.mm insulated messenger wire.

Slip load of the clamp should not be less than 3 kN for 50/70 sq.mm messenger wire 2kN for 25/35sq.mm. messenger wire.

Anchoring assemblies are used to firmly attach the messenger of ABC to a support and transmit the mechanical tension at the end of a run or to the supporting structures at a major change in direction.

1.17.4.5 Insulated Mid span joint 

The insulated mid span joints shall be per- insulated connector type and shall be suitable for insulated stranded aluminium alloy conductors. The inner aluminium sleeve shall be filled with contact grease. The insulation materials shall be made of weather and UV  resistant polymer.. The mechanical load of connectors shall withstand 100% of breaking loads of insulated neutral conductors. The size of neutral conductors are as follows

	Description
	Over all diameter (mm)

	Insulated mid span joint for ABC Cable with neutral wire of cross section 70mm2
	13.5

	Insulated mid span joint for ABC Cable with neutral wire of cross section 35mm2
	9.5

	Insulated mid span joint for ABC Cable with neutral wire of cross section 25mm2
	8.0


1.17.5 Hooks

1.17.5.1 General

The dimensions for the length of hooks and nominal ratings for loads shall be selected to be suitable to be mounted on the required poles with the required conductors and loads. The Contractor may reduce the number of types of hooks, connectors and clamps given hereafter.
1.17.5.2 Light Duty Suspension Hook B1.1

Straight line hook for the suspending of an overhead insulated self supporting aerial cable type 1E-AR according to attached specification, with a suspension clamp on a wooden or concrete pole in a straight line or at small angles. The hook shall be made of dip-galvanised steel. The threaded should be pressed and shall be designed especially for the used pole. The hook shall fulfil the following technical requirement.

	B1.1
Light Duty Suspension Hook
	
	Required Value

	Diameter
	mm
	16

	Thread diameter
	
	M16

	Length of thread
	mm
	120

	Suitable for hole diameter
	mm
	22

	Total length
	mm
	240

	Load Fx
	kN
	13.5

	Load Fy
	kN
	6.0


1.17.5.3 Universal Suspension Hook B1.2

Universal hook for the attaching of an overhead insulated self-supporting aerial cable type 1E-AR according to attached specification, with a dead-end clamp on concrete pole in a straight line or at angles up to 90 degree. The hook shall be made of dip-galvanised steel. The nut and washers shall be also galvanised. The hook shall fulfil the following technical requirement.

	B1.2
Universal Suspension Hook
	
	Required Value

	Diameter
	mm
	16

	Thread diameter
	
	M16

	Length of thread
	mm
	120

	Suitable for hole diameter
	mm
	22

	Total length
	mm
	300

	Load Fx
	kN
	19.0

	Load Fy
	kN
	6.7


1.17.5.4 Nut Hook B1.3

 Nut hooks for hooks-through the pole for the attaching of an overhead insulated self supporting aerial cable type 1E-AR according to attached specification, with a dead-end clamp on a wooden or concrete pole in a straight line or at angles up to 90 degree for a parallel overhead line on the other side of the pole by using the nut hooks. The nut hook shall be made of dip-galvanised steel. The nut hook shall fulfil the following technical requirement.

	B1.3
Nut Hook
	
	Required Value

	Diameter
	mm
	16

	Thread diameter
	
	M16

	Length of thread
	mm
	20

	Suitable for hole diameter
	mm
	22

	Total length
	mm
	

	Load Fx
	kN
	13.5

	Load Fy
	kN
	6.0


1.17.5.5 Inspection and testing

a) Type tests

The contractor shall submit the following Type test reports along with its offer 
 (i) Tensile test.

(ii) Wrapping test.

(iii) Resistance Test

 Physical tests for Cross-link polyethylene insulation

(i) Tensile strength and elongation at break

(ii) Ageing in air oven

(iii) Hot Set Test

(iv) Shrinkage Test

(v) Water Absorption (Gravimetric)

(vi) Test for thickness of insulation

(vii) Insulation resistance test

(viii) High Voltage Test

Tests for messenger conductor

a) Breaking Load Test ( To be made on the finished conductors)

b) Elongation Test

c) Resistance Test

b) Routine Tests

Sample test of a manufactured lot of cables is performed and includes all items as

follows:

Conductors Resistance

The resistance of the conductors is measured with DC voltage on a complete cable. The value of resistance/length, converted into 20°C with a correction factor according to IEC 60228, must not exceed the values for Aluminium conductors given in IEC 60228.

Check of Dimensions

The thickness of the conductor insulation is determined according to IEC publication 60811. The prescribed thickness shall be kept within the tolerances given in IEC publication 60502-1, clause 4.2 (c) and (d).

The diameter D of the core including insulation is measured and shall be within the tolerance limits given.

Tensile Test

The test shall be performed according to IEC 60228.

Visual Inspection

A specimen of 0.5 m is selected and visually inspected. In all cores the conductor insulation shall lie close to the conductor, but it shall be possible to remove it without pieces of the insulation remaining on or between the strands of the conductor.

Voltage test

The routine test includes voltage test (dry test) with AC voltage of 10 kV, 50 Hz, which is applied between the earthen conductor in each cable core and an electrode through which this core is passing. The electrode can consist of a closemeshed wire network, metal balls or a similar device which completely encloses the core of ionized air. Each point of the surface of the core shall be in the

electric field at the electrode for at least 0,1s . Any break down shall not be allowed.

C) Acceptance Tests

All the tests indicated aboveshall be conducted.

Bending Test on complete cable:

The test shall be performed on a sample of complete cable. The sample shall be bent around a test mandrel at room temperature for at least one complete turn. It shall then be unwound and the process shall be repeated after turning the sample around its axis 180o.The cycle of these operation shall then be repeated twice more. The diameter of the mandrel shall be10 x (D + d ). Where

D=actual diameter of the cable (i.e. the minimum circumscribing circle

diameter)

d = actual diameter of the conductor, mm.

No Cracks visible to the naked eye are allowed. The results of bending tests shall be furnished along with the type test report.

 AC Voltage Test

AC voltage test is performed as a wet test. Before the test, at least 10 m of cable shall have been immersed for 24 h in water having a temperature of 20 °C. The cable shall then withstand 4 kV, 50 Hz, for 4 h between the conductor and the water.

Carbon Black Content of the Insulation

The carbon black content of the insulation which is determined according to ASTM D 1603, shall be between 2 and 4 % by weight; the size of the particles shall be less or equal to 20 Nm. The carbon black shall be well spread.

Ageing Test of Conductors Insulation

The test is performed according to IEC publication 60811.

The ageing is performed at a temperature of 150 ± 2 °C during 10 x 24 h.

a) Requirements before ageing:

(i) Tensile strength min. 14.4 N/mm².

(ii) Elongation min. 200 %.

b) Requirements after ageing:

The value of tensile strength and elongation shall not have changed by more than 25 % of the original value.

Tensile Test of Complete Conductor

For the test, a specimen of about 0,5 m is taken from the cable, the cores are separated, the insulation is removed and the conductors are placed in the tensile test machine. The distance between the clamping devices shall be at least 300 mm. The clamping shall be such that the load is evenly distributed among the wires and so that their strength is reduced as little as possible. The requirements according to the relevantstandard shall be fulfilled. If a break occurs in or just near the clamping devices and the breaking load requirement is not fulfilled, the test shall be repeated. Test requirements shall be according to the standards applied.

Tensile Test on Whole Cable

A specimen of the cable with a length of at least 12 m with insulation is braced so that the distance between the clamping devices of the tensile test machine is at least 10 m. The clamping devices shall be so designed that the insulation and the conductor do not slip in relation to each other and so that the strength of the cable is reduced as little as possible. The insulation shall remain on the conductors where they enter the clamping devices. Test requirements shall be according to the relevant standard. If a break occurs in or just near the clamping devices and the breaking load is not fulfilled, the test shall be repeated

Special Requirements for MV Lines

1.18 General

This part of the Specification shall cover the design, manufacture, work testing, delivery, transport, installation, site testing of overhead MV lines and associated civil works, access roads, foundations, concrete pole, insulators, conductors, fittings, etc.

It shall cover all equipment for the overhead transmission line whether specified or not, to form a completely safe and reliably designed system.

Specific loading conditions given are based on a preliminary pole spotting and line survey; they have to be revised by the Contractor when final pole spotting is carried out.

The tender shall be based on the line routes as per attached drawings of the preliminary survey and on the estimated quantities listed in the appropriate tables.

Design and manufacture of all the line equipment shall be in accordance with the chapter

· 1
Basic Design Data
· 2
General Requirements for Overhead Lines
This specification is based on the German Standard VDE. The regulation of this standard shall apply if not otherwise specified.

Concrete suspension and tension poles shall be with stay wires, in tension structures stay wires may be used in special cases to be approved by the Engineer.

1.19 Factors of Safety

The table gives the safety factors to be applied for the design of the overhead lines.

	Item
	Description
	Safety Factor

	1.2
	Concrete Poles
	

	1.2.1
	All types of pole under normal working load
	2.00

	1.2.2
	All types of pole under broken wire load
	1.50

	2
	Foundations
	

	2.1
	Concrete:- based on normal working load, conditions in case of loading by uplift
	1.50

	2.2
	Grillage foundations based on normal working load, conditions in case of loading by uplift
	2.00

	3
	Conductors
	

	3.1
	Conductors at final maximum working tension
	2.50

	3.2
	Conductors at EDS conditions
	5.50

	4
	Clamps
	

	4.1
	Tension clams, compression clamps (conductor UTS)
	0.95

	5
	Insulator Strings
	

	5.1
	Insulators at maximum working load (E+M rating)
	2.50

	6
	Post Type Insulators
	

	
	Minimum withstand factor based upon the ultimate mechanical strength

Security factor for cantilever strength
	2.50

2.50


1.20 Conductors

1.20.1 Selection

The conductor selected is a single conductor, type All Aluminium Alloy Conductor:

· denomination AAAC100 and AAAC50, nominal cross section 100 and 50mm², respectively
The conductors shall be manufactured and tested to conform to IEC 61089 Round Wire Concentric Lay Overhead Electrical Stranded Conductors

Mechanical parameters shall be as per Technical Data Sheets.

1.20.2 Greasing of Conductors

Protection against corrosion shall be done by greasing the conductors with neutral grease with a drop point of at least 110°C. Only the inner layers shall be greased.

1.21 Horizontal and Vertical Clearances

The horizontal and vertical clearances according to VDE are specified in VDE 0210

· Clause 12, Clearances in rural areas

· Clause 13, Clearances and specifications for line design in the proximity of building installations and traffic routes.

They shall apply if not otherwise specified in the table below.

	
	
	15/36 kV

	Terrain available to pedestrians only
	[m]
	5.0

	Roads and thoroughfares
	[m]
	6.0

	Railways
	[m]
	7.5

	Power supply circuits
	[m]
	2.5

	Communication circuits
	[m]
	3.5

	Houses, walls, structures
	[m]
	4.0

	Lines crossing navigable rivers
	[m]
	see



When evaluating clearances, the maximum sag of conductors and the wind load shall be considered.

In the country side the horizontal distance between the outmost conductor and the nearest road edge shall be in accordance with the national regulations, but not be less than 30m.

1.22 Clearances within the Span

The clearance Smin between conductor at mid-span in still air shall be according to VDE 0210 at least
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where

f
is the sag of the conductor at max. temperature

l
length of that part of the insulator string set swinging transversely to the line direction

k
factor according to VDE

Sam
minimum clearance in m depending on the voltage according to VDE.

The values for the coefficient k according Table 17, VDE 0210 are given below.

	Range of swing angle

[degrees]
	Clearance Coefficient k

Angle to vertical axis within the range
	Valid for Conductor

	
	0° - 30°
vertical
	30° - 80°
oblique
	80° - 90°
horizontal
	

	>65.0
	0.95
	0.75
	0.70
	AAAC 35, 50, 70, 95, 150


The clearance coefficient k takes into account the conductor type and the arrangement of the conductors (vertical, oblique, horizontal)

The minimum clearance Smin depending on the voltage is defined as follows in VDE 0210:

	Rated Voltage UM

[kV]
	Design Voltage UN

[kV]
	Minimum Clearance Sam

[cm]

	36
	30
	32


1.23 Mechanical Stresses

The stresses shall be calculated taking into account the aerodynamic drag coefficients given in table 6 in VDE 210.

The EDS Data for the conductors of rural lines are:

	
	
	AAAC100



	Conductor Type
	
	Rural line
	Mixed Lines 

(Span < 60m)

	Every Day Stress (EDS)
	[N/mm²]
	44.00
	22.00

	EDS Temperature
	[°C]
	28.0
	28.0


The conditions of ambient temperature for maximum working tensions and sags are

	Load Case
	
	EDS
	H1
	H2

	Temperature
	[°C]
	28.0
	26.0
	26.0

	Additional load
	[N/m]
	0.0
	0.0
	0.0

	Wind load
	[N/m²]
	0.0
	112.5
	186.0


Wind Hypothesis 1 and 2:

· H1 for heights of attachment below 30m

· H2 for heights of attachment above 30m

1.24 Insulators

1.24.1 Composite Tension Insulators

Reference is made to 2.11 Composite Insulator Strings 
· Fiberglass rod and molded polymeric housing

· Smooth sheds

· Arcing horns on strings mounted on dead end structures, min. short circuit current 16kA, 1sec

1.24.2 Composite Post Insulators

Reference is made to 2.11 Composite Insulator Strings  
· Fiberglass rod and molded polymeric housing

· Smooth sheds

1.25 Clamps

1.25.1 Rural Lines

· Suspension clamps shall be of the trunnion type for suspension strings or attachment of the conductor by prefabricated wrap-lock ties
· Conductor attachment to the insulator string at tension and dead-end pole shall be of the wedge type tension clamp
1.25.2 Mixed Lines

· wrap-lock attachment of the conductor by prefabricated side ties shall be used for line post insulators.

1.26 Concrete Poles

1.26.1 General

The concrete poles shall be designed and manufactured according to the chapter 2.1 Concrete Works  
The concrete poles shall be of the pre-stressed type.

The Contractor may propose another type or standard for the fabrication of the concrete poles such as the French Standard NF C 67200 or equivalent. The selection is subject to approval by the Engineer.

1.26.2 Pole Classes

These special requirements shall apply for concrete poles to be supplied for the MV lines. The poles shall be of the standard steel reinforced moulded type or pre-stressed type. Reference is made to the drawing in section 7 for the definition of the classes and rated loads. Poles listed in below table (according to the French Standard) are defined by:

· total length H in m

· the rated load F in daN

· class in function of the load factor

	Class
	Rated Load F

[daN]
	Transverse Load Factor
	Point of Application H4

[m]

	A
	F < 300

300 ≤ F ≤ 500

500 < F
	0.40

0.35

0.30
	0.25

0.25

0.25

	B

C
	all

all
	0.60

1.00
	0.25

0.25

	H
	[m]
	Total length of the pole

	H1
	[m]
	Planting depth of the pole

	H4
	[m]
	Distance from pole top to the point of application of rated load


1.26.3 Choice of Concrete Pole

The rated loads given in the tables hereafter are based on preliminary tower spotting and have to be revised by the Contractor when final tower spotting is carried out.

The standard rated loads shall be limited to three or four types. The rated loads proposed by the Engineer shall be verified by the Contractor taking into account the loadings. However the span lengths for concrete as specified hereafter shall not be modified. 

MV Lines

· The standard pole length shall be 10, 11 and 12 m. Different heights shall be used only in special cases.

· The standard rated loads shall be limited to three types  (example 300 , 500 and 800 daN).

· The classes A and B shall be used in medium voltage rural lines 

Mixed MV/LV Lines

· The same standard pole lengths as for MV lines shall be used

· In addition the pole class C, 10, 11 and 12m, may be used 

1.26.4 Design Spans

The design spans and pole combinations given hereafter shall be verified by the Contractor in function of the encountered profile, tower spotting and calculated loadings.

1.26.4.1 Rural Lines

The following functional types of pole structures are proposed be used for MV rural lines for conductor AAAC100:
	Structure Type

Rural
	Symbol
	Proposed Pole Type
	Line Angle
	Nominal Span

[m]
	Wind Span

[m]
	Weight Span

[m]

	Normal

(Suspension)
	SU
	1 x A300
	0-2º
	100
	110
	120

	Tension

Section Structure
	TE
	2 x B500
	2º - 10º
	100
	110
	120

	Small Angle

(Tension)
	SA
	2 x B800
	10º...45º
	80
	80
	120

	Heavy Angle

(Tension)
	HA
	2 x B1250
	>45º
	80
	80
	120

	T-Off

(Tension)
	TO
	2 x B1250
	60º
	80
	90
	120

	Dead End

(Tension)
	DE
	2 x B1250
	0º
	70
	70
	150


For smaller conductor sizes the tension structures may be adapted. However, the unit pole sizes A300, B500, B800 and B1250 shall remain.

1.26.4.2 MV Lines and Mixed MV/LV Lines in Settlements

The following functional types of pole structures are proposed and be used for MV/LV lines in settlements with conductor AAAC50:

	Structure Type


	Symbol
	Proposed Pole Type
	Line Angle
	Nominal Span

[m]
	Wind Span

[m]
	Weight span

[m]

	Normal


	SU-M
	1 x A300
	0-2º
	45
	60
	70

	Angle


	AN-M
	1 x B500
	2º...15º
	45
	60
	80

	Angle


	TO-M
	1 x B800
	>15
	45
	60
	80

	T-Off


	TO-M
	1 x B800
	
	45
	60
	80

	Star


	ST-M
	1 x C500
	
	45
	60
	80

	Suspension

LV T-Off
	TL-M
	1 x C500
	2º...15º
	45
	60
	80

	Suspension

LV Star
	SL-M
	1 x C500
	2º...15º
	45
	60
	80

	Dead End

LV Suspension
	AP-M
	1 x B1250
	
	45
	60
	80


1.26.5 Pole Top Geometry

1.26.5.1 MV Rural Lines

Suspension structures used for rural lines shall be equipped shall be equipped with horizontal arranged steel cross arms on the same level and three post type insulators. The silhouette of a suspension pole is given in drawing 11.2.2 MV Suspension Pole – Rural Line
Tension structures shall be equipped with horizontal arranged steel cross arms on the same level and six composite insulator strings. The silhouette of a tension structure is given in the drawing 11.2.3

 REF _Ref445709374 \h 
 \* MERGEFORMAT MV Tension Structure – Rural Line.

1.26.5.2 Mixed MV/LV Lines

Suspension structures used for mixed lines shall be equipped with 11 kV line post insulators mounted horizontally or verically. The silhouette of a suspension pole is given in the attached drawing.
Tension structures shall be equipped with six insulator strings for MV lines, the phases arranged vertically or horizontally.

The low voltage bundles will be mounted with the standard clamps and fittings as specified.

Erection of MV Overhead Lines

1.27 General

1.27.1 Basic

The Contractor shall be responsible for the true and proper setting out of the erection work in relation to the survey lines and reference benchmarks and for the correctness of the position, levels, dimension and alignment of all parts of the lines.

All erection work shall be done under the supervision of the Engineer. All erection drawings, setting diagrams and other relevant information shall be approved. Erection work shall not commence before all such drawings, etc., are approved by the Engineer. Five copies of such drawings shall be given to the Engineer for use by his supervisors in the field. The Contractor shall also provide, when required, reasonable use of his facilities and equipment to enable inspection, measurement and testing of erection work by the Engineer.

The Contractor shall keep damage within the right-of-way to a minimum consistent with the successful execution of the erection work. The Contractor shall exercise all precautions to avoid damage to crops and other property.

1.27.2 Provision of Site Access

The Contractor shall provide and maintain all access from the main highways to the transmission line routes during erection as required by the Engineer and convenient to him.

The Contractor shall comply with all national and local regulations regarding barricades, detour arrangements and warning signs. Damages to roads, footpaths, bridges, ditches, etc., caused by the Contractor shall be repaired at his expense.

No continuous track for maintenance within the right of way, along the entire line route is foreseen for MV lines. 

For overhead lines above 60 kV a track for maintenance shall be provided within the right-of-way. The track may meander to effect economy. The track shall have a minimum width of 3 m. All vegetation within the track shall be cut down to ground level, all tree stumps and roots grubbed and the track left in a condition suitable for the passage of normal line maintenance vehicles and equipment. In certain areas, as directed by the Client, the track shall be discontinued. On completion the contractor shall make good damage to fences, etc.; the track shall be handed over on an “as is” basis.

For access roads to the line route the same as for tracks for overhead lines above 60 kV shall apply.

Access Roads shall be constructed in such a way that they can be used for maintenance of the line by four wheel drive vehicles up to a total weight of 7.5 tons. The length of the Access Road is the distance between the edge of public roads to the pole location.

No separate payment other than foreseen in the price sheets shall be made to the Contractor on account of building or repairing access roads and tracks.

1.27.3 Soil Investigations

The soil conditions on all pole sites shall be investigated by the Contractor as detailed in section 2.4.6. 

1.27.4 Pole Locations

The Contractor shall perform all detail survey work, determine the pole locations in the map and longitudinal profiles and prepare pole lists with main data for each pole including wind span and weight span. 

The Contractor shall consider any condition of uplift on poles as result of conductor and earth wire loading and shall provide the appropriate measures in his design and supply to handle the effect thereof. Hangers, where required, shall be flexible in the direction of the line and rigid transverse to the line. 

To increase the vertical loads on suspension poles, hold down weights (counter weights) can be used where necessary, subject to the approval of the Employer/Engineer and availability of space in the pole window. The Contractor shall submit a detailed design and calculation of hold down weights.

At pole locations with additional loading due to span lengths exceeding the stipulated maximum spans for conductor and earth wire weight loading and in case of uplift which cannot be handled with counter weights, angle tension poles shall be used.

The Contractor shall investigate and prove that the type of angle tension pole proposed for such locations can withstand such increased loading.

According to technical data of the utilised conductor, the maximum and minimum temperature and the possible spans, the Contractor will prepare a sag template for the distribution of poles. The curve will be plotted using the Contractor's computer program and subsequently cut in durable material

1.27.5 Design of Poles and Foundations

It is on the response of the Contractor to design poles and foundations for the MV transmission lines in line with the details given in 2.7. 

1.27.6 Distribution of Poles

For the transmission lines the distribution of poles has to be carried out by the Contractor. 

The distribution of poles shall be based on the minimum clearances and permissible spans defined in the Tender Documents. It will be carried out in such way as to find the most economic solution for the construction of the line, using to the greatest possible extent the maximum spans as to reduce the number of poles and the utilisation of land. However, this optimum is always confined through certain limits given by the nature of soil, the contour of land and the angle points of the line. 

The distribution of poles will be carried out according to the following constraints and rules:

· Compliance with maximum spans of the different types of poles.

· Respect of minimum clearances between conductors and ground taking into account cultivated areas, plantations, etc.

· Respect of minimum clearances between conductors and traffic ways, roads, railway lines, etc.

· Horizontal distance between conductors of the line and of other crossed lines.

· Respect of clearances between conductors of the line and buildings, taking into account the maximum inclination of conductors under wind conditions.

1.27.7 Preparation of List of Material

The list of material is a document that collects in one file all the necessary elements for the supply and erection of the transmission line. This summary contains information on each pole as well as on the total of the line and includes the following data:

· Number of each pole and altitude.

· Horizontal span between the poles, wind span, weight span, line angle, hillside extensions.

· Type of pole.

· Type of insulator chain.

· Type of foundation and earthing.

· Counter weights.

1.27.7.1 Earthing of Concrete Poles

All structures having erection equipment such as surge arresters, cable sealing ends as well as line ends shall have installed a protection pole ground.

The pole ground lead shall extend above the top of the pole and shall be bonded to the surge arresters, plate bolts, tension insulator bolts, and in general all metallic supports installed on the structure.

1.28 Survey of Site

1.28.1 General

The Contractor shall keep damage within the right‑of‑way to a minimum, consistent with the successful execution of the erection work. The Contractor shall exercise all precautions to avoid damage to crops and other property. The Contractor shall comply with all national and local regulations regarding barricades, detour arrangements, and warning signs. Damage to roads, footpaths, bridges, ditches, etc., caused by the Contractor shall be repaired at his expense.

1.28.2 Line Routing

The Contractor shall carry out the line routing by instrument survey, based on the preliminary line route drawing(s) shown under section 11. Owing to the large scale factor of these drawings, they are of rather general nature and need to be superseded by more detailed line route maps in an approved scale. They shall contain comprehensive information on the route area, noting UTM co-ordinates of angle points, and all relevant particulars on crossed/approximated trees, structures, over- and underground services, etc. The detailed route maps shall be prepared by the Contractor in the required quantity and are to be submitted for approval.

The Contractor shall be prepared to amend the route, according to detailed requirements of the authorities, until final approval is obtained. No additional costs will be considered for such minor work. Amendments required after receipt of route approval by the authorities shall be remunerated as per the relevant Contractual rate for survey works.

1.28.3 Line Profile Survey

The topographical line survey shall be carried out along the approved line route.

The theodolites used and measuring techniques applied shall be state of the art, employing digital recording technique. The survey shall be carried out to a minimum accuracy of 1 in 2.000 for distance- and 1 minute for angular measurements.

The Contractor shall prepare longitudinal profile drawings of the transmission line, in scales of:

	1 : 2.500
	for the horizontal

	1 : 500
	for the vertical axis


The profile plans shall contain the longitudinal ground profile along the OHL centreline, plus side profiles right and left under the outermost conductors, shown in different broken lines. They shall display the bottom conductor catenary, at maximum temperature, together with the ground- or special clearance curves, as well as the minimum temperature catenary. Pole Nos., pole types, weight spans, wind spans, equivalent spans, section length, continuous chainage, elevations, level differences, UTM co-ordinates (for angles and dead ends), etc. shall be shown. Along the bottom of the profile plan, a strip plan of the line route, extending 20 m beyond the corridor limits, to either side of the centreline, shall be shown. The strip plan shall detail all relevant information regarding obstructions, services, vegetation, terrain type, land use, etc.. Horizontal and vertical co-ordinates of all features affecting the line construction shall be indicated on the profile plan. Crossings of existing overhead lines shall be documented with measured elevations and locations of their top and bottom conductors, at centreline and side profile limits, together with the air temperature at the time of measurement. All qualified crossings and approximations shall be covered by individual clearance calculations, to be shown on the profile plan. Pole centre co-ordinates of angle poles and end poles shall be reduced to UTM, WGS84 datum, and indicated on the profile plans.

The Contractor shall locate and indicate benchmarks and reference points already existing in the project area. Where these do not exist, the Contractor shall provide such reference points in consultation with e.g. the Town Planning Department, Public Works Department, etc.

Marking of the line route and pegging of pole positions shall be as per Contractor's Method Statement. However, the following base philosophy shall be respected:

The line route shall be marked in the field by timber survey pegs of sufficient length, with a crossection of min. 50x50 mm, to be driven flush into the ground. The accurate centreline shall be shown on the pegs by a single nail, to be driven into the peg's top. Terminal and angle pegs shall be secured by a concrete foundation, to Engineer's approval. Straight line pegs shall be driven along the OHL centreline, at a minimum of 4 per km, and to either side of every line crossing. After approval of the pole distribution on the profile plans, pole centre pegs shall be driven at site. After final approval of pole locations, which will be given by the Engineer, after detailed site inspection, insurance pegs shall be driven, approx. 50 m to either side of each pole centre peg, in line direction. Different kinds of pegs shall be distinguishable by a paint marking system, to be submitted for Engineer 's approval.

All pegs or other marks shall be preserved until their removal is authorised by the Engineer.

To facilitate approval of profile plans, the Contractor shall provide Employer/Engineer either with two licensed copies of a/m programme inclusive of all relevant survey- and other data in digital form, or with two complete sets of transparent sag templates in perspex or similar material, 4 to 5 mm thick, based on the range of equivalent spans required, staggered at 50 m, and for the conductor types and scales to be used. The templates shall be cut precisely along the conductor catenary in still air, at maximum temperature (hot curve). The sag curve in still air, at minimum temperature (cold curve), the span grid, the ground clearance line, and all relevant details like design loading conditions, particulars of conductors, equivalent span applicable, scales, etc. shall be engraved

1.28.4 Pole Site Survey

Each Pole shall be located and centred within 15 cm of the centre line transversely and within a ± 1% deviation of its back span length longitudinally of its specified position on the plan and profiles. In mountainous steep terrain longitudinal deviations cannot be accepted. Relocation of a pole exceeding the longitudinal deviation limit will be allowed only if approved by the Engineer and for purposes of improving soil conditions for foundation work. Such relocation shall in any case not exceed more than 10 meters in either direction and will be allowed provided ground clearance is not impaired and specific loading of the particular pole is not exceeded.

Poles in tangent positions shall be oriented with the transverse faces at right angles to the transmission line centre line, and poles in angle positions shall be oriented with the transverse face or right angles to the bisector of the deviation angle.

The Contractor shall assess the soil bearings capacity and weight at each pole location and finalise during the pole site survey the requirements of types of foundations to be applied. The Engineer may require the Contractor to make soil tests to verify and/or justify the type of foundation proposed.

All survey data shall be submitted to the Engineer for purposes of updating the plan and profiles.

1.29 Clearing of Right-of-Way

The Contractor shall clear the right-of-way, fell any vegetation and dispose of waste material along the entire length of a transmission line.

The transmission line right-of-way is 10 meters wide for the 11 kV lines symmetrical about the centreline.

All trees, snags, stumps, shrubbery, ant hills and undergrowth exceeding 2 meters in height as measured on the downhill site shall be cut to a maximum stump of 20 cm along the right-of-way.

All trees adjacent to the right-of-way which could fall across the conductors or against the poles shall be cut, this criterion shall apply with the conductors displaced 53° from the vertical in either direction.

In addition to the clearing required on the right-of-way all trees, bush stumps and snags to each pole location shall be cut, regardless of height and clearance to conductor to a maximum stump of 25 cm, in an area of 6 by 6 meters around a 11 kV pole.

The Employer will make the necessary arrangements with landowners so as to permit the Contractor the cutting or trimming of trees located both inside and outside the right-of-way where such cutting or trimming is necessary. The Contractor shall notify the Employer 14 days in advance of commencement of any proposed clearing operation. No clearing shall be undertaken until the Employer has made the arrangements with the landowner and/or unless in the presence of the Employer. The removal of some huts and cottages, which are situated along the right-of-way, is the responsibility of the Employer.

The Contractor shall remove and dispose of any felled trees and waste material such as useless packaging material to the satisfaction of the Engineer.

1.30 Erection of Concrete Poles

1.30.1 General

Poles shall be erected plumb with a tolerance on vertical deviation not exceeding 3 mm/m. 

Poles shall be assembled in accordance with the approved Contractor's drawings and erected by any suitable method which will not overstrain pole or their foundations. The method of erection shall not interfere with adjacent as intersecting line and/or other improvements.

Unless otherwise specified, straight line poles shall be installed so as to have the crossarm at right angles to the line direction, and angle structures to have the crossarms bisecting the line deviation angle. 
1.31 Installation of Conductors and Accessories

The Contractor shall join, string and sag the conductors in accordance with the final sag and tension tables supplied by the Engineer. The Contractor shall check the correctness of these tables and based on them he shall prepare his own initial sag and tension tables for use in field operations. The initial sag and tension tables are subject to approval by the Engineer.

1.31.1 Clearances

During the stringing operation and before sagging is completed the Contractor shall ascertain that all clearances would conform with drawings and that the limiting requirements for clearances between the lowest conductor and various features at maximum sag would be met.

If the above requirements are not found possible in particular cases, the Contractor shall bring the attention of the Engineer to the conditions and propose means to improve the condition.

1.31.2 Stringing

The conductors shall be installed

· by conventional method for other lines. The method is subject to approval by the Engineer.

The Contractor shall submit in writing for approval a complete and detailed description of the stringing equipment, stringing and sagging procedure intended for use.

The Contractor shall supply all necessary tools and stringing equipment which shall be subject to the approval of the Engineer. Under no circumstances shall the conductors and earthwires be allowed to contact the ground or any other obstacle.

The stringing equipment and operation shall be such as to avoid overstressing tower structures or foundations. Any damage to towers or foundations occurring in such an operation shall be made good at the expense of the Contractor. Non-metallic lagging shall be used to protect any part of any structure which may be subject to abrasion by the pulling line or which may damage conductor or earthwire passing over it.

Conductors shall be strung carefully to avoid unking, loosening of strands, scraping, nicks or other damage. Bends of less than the minimum-bending radius of 18 times the cable diameter will not be permitted. Jumper loops shall be made up between terminal fittings and formed into such a shape as will afford the minimum clearance specified on the tower outline drawings and so that the jumper insulator string, if any supplied, is not deflected from plumb alignment. Any damage to conductors shall be reported immediately to the Engineer who will decide whether or not the conductor is damaged enough to warrant repair or replacement at the Contractor's expense.

Appropriate stringing sheaves or travellers shall be used which will not damage the conductor. The stringing sheaves shall be of low friction design. They shall be carefully cleaned and oiled so as to remain free running and any sheaves that in the opinion of the Engineer are not suitable shall be removed from the line and replaced. Stringing sheaves shall have a minimum diameter measured at the bottom of the groove of 16 conductor diameters. Stringing sheaves may be hung on the insulator strings or from hangers of suitable length and design to properly distribute loads to the crossarm. They shall be installed at such a height as to support the conductor at its permanent elevation when clipped-in. Sheaf surfaces in contact with the conductor shall be lined with neoprene or rubber. Sheaves for a conductor shall be so designed and so used that the pulling line does not damage or deposit foreign matter in the neoprene or rubber lining, which might cause damage to the conductor. Splices shall not travel through the sheaves.

If it becomes necessary to leave the conductor in the sheaves during the stringing operation due to inclement weather or equipment breakdowns, the conductor shall be left at a minimum of twice the normal sag. Conductors which have been in the sheaves for more than 60 hours or during exceedingly windy weather shall be inspected for damage. The Contractor shall repair or replace any damaged conductor.

The stringing operation shall be executed with due regard to the safety of erection personnel and the public. While conductors are being run out, and when being tensioned and finally clipped-in, all conductors shall be earthed by the Contractor at points approved by the Engineer. The Contractor shall record the position of each earth connection and before he reports that a line may be energised, he shall deliver to the Engineer a written statement certifying that all earth connections placed by the Contractor on conductors have been removed and that every member of the Contractor's staff has been informed that he shall not work on the line again unless in possession of a written authorisation by the Engineer.

The Contractor shall supply and install all guard structures required for crossings over electric supply and communication lines, railroads, roads, highways, obstructions and for the protection of the conductor. All guard structures shall be of adequate strength to withstand the stresses to which they may be subjected. Stringing sheaves shall be used on guard structures. Immediately after completing sagging of a section of lines, the Contractor shall remove and dispose of all guard structures

1.31.3 Sagging

The Contractor shall sag the conductors in accordance with the initial sag and tension tables to be prepared by him based on the final sag and tension tables supplied by the Engineer.

The length of the conductors sagged in one operation shall be limited to the length that can be sagged satisfactorily.

In order to dissipate the initial torsion energy conductors shall be left in the sheaves for at least 48 hours after sagging before clipping-in.

Before sagging the choice of control spans and the target setting calculations shall be submitted for approval. The tension prescribed in the sag and tension tables shall not be exceeded by more than 10% at any time during stringing and sagging operations.

An accurate thermometer shall check conductor temperature at the moment of sagging. The core shall be pulled from a one meter length of conductor, the thermometer inserted into the space vacated by the core, and the length of conductor shall be hung fully exposed to the sun at least 3.5 meters above ground. The temperature reading after reaching its final value shall be used as the sagging temperature.

Sag of conductor shall be held to the calculated values with an allowable sag increase of 150 mm and no sag decrease allowed.

The sag shall preferably be measured with a theodolite. Subject to the approval of the Engineer, the Contractor may employ other methods of checking sag.

As soon as possible after completion of clipping-in the Contractor shall re-check the sags for correctness and shall then turn over his initial and check sagging results to the Engineer.

Final approval of the sagging of an entire section between permanent or temporary dead-ends will be given when the completed sagging has been checked and found to be within the specified tolerances. All clearance shall conform to the drains.

1.31.4 Splices

Full tension splices shall preferably be made with pre-formed line splices or alternatively compression joints.

When damage to a conductor does not exceed three aluminium strands, either broken or nicked deeper than one-third of their diameter a repair splice or sleeve shall be installed and where this limit is exceeded the damaged section of the conductor shall be cut out and spliced with the above-mentioned preformed line splice or compression joint.

A maximum of one splice per conductor will be allowed in any phase in any span. No splices shall be located in any span crossing main roads, major rivers, major communication or power lines.

There shall be no joints in jumper conductors between tension strings. No joints shall be applied at less than 10 meters from attachment point at towers. In case of compression joints utmost care shall be taken to ensure that during jointing the sleeve remains well centred on the conductor core after compression.

When preformed line splices are used for jointing conductor’s together care has to be taken to apply the splicing material matching with the conductor material. The individual splices are manually wound around the conductor in observance of the relevant markings. Prior to the installation of line splices the outer conductor strands coming into contact with the splice are to be cleaned and covered with an adhesive paste. For repair splices the same specification shall apply.

The finished splices shall be straight, free from cracks, and shall not deviate from straightness more than 0.5 % of its length. Straightening of a bent splice by means of sledgehammer blows or a similar manner will not be permitted.

Unsatisfactory joints shall be cut out and replaced at the Contractor's expense.

The making of compression joints and any application of repair sleeves shall be done only in the presence of the Engineer and shall be stamped with an approved stamp. Records of all splicing and application of repair sleeves shall be kept and handed-over to the Engineer.

1.31.5 Installation of Insulator and Line Hardware

Insulators shall be clean when hung. Steel wool and clean rags shall be used to remove mud, grease, dirt and other foreign matter. Disc surface shall be wiped to a bright finish and metal surfaces shall be free from any noticeable contamination.

Insulator strings shall be handled so as to avoid bent pins or chipped glaze. Chipped, cracked or score insulators of the Contractor's supply shall not be installed. Workmen shall not climb upon insulator strings after installation.

Insulator strings shall be within 50 mm each way of plumb in the longitudinal direction when conductors are sagged and clipped-in.

Hardware and accessories shall be handled to prevent contact with the ground. All items shall be clean and inspected for missing parts or visual defects before installation. All connections shall be made in accordance with the Contractor's drawings or as recommended by the manufacture, bolts firmly tightened, split pins inserted where required, all in a good workman-like manner according to the best practice of transmission line construction.

All split pins in each insulator string shall be carefully checked to ensure that they are properly seated to avoid accidental uncoupling of insulator units. All split pins shall be faced toward the stepped leg of the tower to facilitate inspection.

Wedge type tension assemblies, respectively compression dead-end assemblies, shall be installed in accordance with manufacturer's recommendations.

The Contractor shall supply all necessary accessories, i.e. special tools, compressors, draw benches, etc. required for making dead-ends for conductors.

The Contractor shall supply appropriate filler pastes, if applicable, for all compression assemblies and apply it in the manner recommended by the manufacturer.

For the installation of the wedge type tension clamps care has to be taken to guarantee the correct position of the filling material to be placed between conductor and clamping piece. Wedge type tension clamps with imperfections due to rough handling shall not be installed.

The finished compression dead-end assembly, if applicable, shall be straight and free from cracks and shall not be allowed to deviate from straightness more than 0.5 % of its length.

All pins used in clevises, suspension clamps and other line hardware shall be installed in such a manner that the head of the pin is in the highest position so that the pin will not drop out if the split pin is lost.

All sockets shall be turned so that the open side faces the ground on all insulator assemblies which are to be installed in a substantially horizontal position in order to facilitate drainage of water.

Imperfectly or poorly galvanised hardware as determined by the Engineer shall not be used. Such pieces shall be replaced with new hardware.

1.31.6 Connections to Substations

Conductors shall be dead-ended on terminal gantry. The connection to the substation will be done by underground cable or in case of gantries by a short approach span at low mechanical tension to the substation gantry. 
1.32 Execution of Field Tests

Prior to the energising, the Contractor shall provide the Engineer with a written statement that all personnel and all temporary erection earthing points are withdrawn and the line is ready for energising.

Insulation resistance of the line shall be measured before putting it under tension.

The Contractor shall conduct the tests in the presence of and as instructed by the Engineer. If any failure is detected, the Contractor shall locate and determine the cause of failure and shall make any replacement or repair necessary or correct any errors in the installation to the satisfaction of the Engineer and at no cost to the Employer.

The lines shall be tested for insulation by the continuous application for 24 hours of the rated line voltages between the phases.

1.32.1 Quality Assurance

1.32.1.1 General

The Tenderer must state all technical particulars and basic design characteristics of the lamp posts and shall additionally submit with his offer:

· catalogues covering the equipment offered

· description of the manufacturing process

· description of quality assurance system

· description of other characteristics, so far as not mentioned in this technical specification (all relevant information on used material, design details)

· type test certificates issued from an internationally approved test laboratory or relevant Croatian institution.

· customer supply list for the past five (5) years including quantity and type  sold 

1.32.1.2 Acceptance

Acceptance tests will be carried out, pursuant to the relevant standards and/or recommendations.

The Tenderer shall provide with his offer a program of factory acceptance tests. These shall comprise: routine tests, type tests and special tests, if any, e.g.:

· tests during manufacturing at works

· post manufacturing tests prior to delivery

1.33 Electric Energy Meters

1.33.1 General

Electricity meters and time switches included in this technical specification shall be used for application in three-phase and single-phase consumer connections under normal service conditions.

The type of meters foreseen are:

· Standard Ferraris single phase and three phase meter with measuring accuracy in class 2

The meters offered shall be field proven with in excess of 20 international sites being fully operational and no less than 500 000 meters installed worldwide.

The electricity meters and associated time switches and their testing procedure must comply directly or indirectly with the latest edition of the following standards

1.33.2 Standards

The following international specifications lay down the requirements for the different meters in terms of measuring accuracy, robustness, electromagnetic tolerance, burden, etc.

· IEC 61036:
Electronic current meters with measuring accuracy in class 1 and 2

· IEC 60687:
Electronic precision meters with measuring accuracy in class 0,5 s and 0,2 s

· IEC 60521:
Ferraris meters with measuring accuracy in class 1 and 2

· IEC 61038, 60414, 60514, 60521, 61038

· EN 60051, EN 50081, EN 50082

· SABS 1524 and SABS 1936

Equipment, materials or workmanship meeting other standards, which promise to confer equal or better performance and/or quality, will also be accepted. The onus is on the Tenderer to prove that standards offered by him are fully in accordance with the requirements of this Technical Specification.

1.33.3 Technical Characteristics

1.33.3.1 General

This specification comprise one-phase and three-phase induction type kilowatt-hour electricity meters for direct connection (without instrument transformers) and electric time switches.

The electricity meters are of electronic type with accuracy class 2 (minimum) for the measurement of active energy.

Three-phase meters shall be suitable to measure unbalanced loads in four-wire systems.

The meters shall satisfy all the requirements stipulated by the article 8 of IEC publication No. 521 for the percentage error.

Electronic electricity meters shall have integrated time switch.

Time switches shall be of electronic type.

The basic system data to which the electricity meters and time switches will be connected are:

	Rated voltage
	230 / 400 V

	Rated frequency
	50 Hz


1.33.4 Design Characteristics

1.33.4.1 General

Electricity meters and time switches shall be suitable to work properly for many years without servicing and maintaining in the same time retain their specified accuracy. The manufacturer has to specify the maximum length of time in which the meter can be operated without servicing, but not less than 20 (twenty) years for electromechanical electricity meters and not less than eight years for electronic electricity meters.

All materials used for the manufacture shall be suitable for use in the normal climatic condition.

The electricity meters and time switches shall be of the "house service" type with terminals located at the front. A gasket of large section shall be provided to form a completely damp and dust proof joint, when the cover is fitted to the base.

Main components shall be removable from the meter and be easily replaceable without disturbing other parts.

1.33.4.2 Labeling and Marking

The name plate on the electricity meters and time switches shall be fixed on the front side carrying at least the following information:

· Manufacturer

· Type

· Serial number and year of manufacture

· Rated voltage

· Rated current

· Rated frequency

· Meter constant (revolution/kWh-electromechanical meters; impulse/kWh-electronic meters)

· Accuracy class (for electricity meters only)

· Logo of the Employer

1.33.4.3 Case

Base and cover shall be made of high-quality material with superior mechanical, thermal and electrical properties, insuring dimension's stability and no change of characteristics after exposure to solar radiation, water and to corrosive atmospheric conditions.

The terminal material shall be able to connect cables with aluminium or copper conductors.

The meter connection diagram shall be printed or labelled on the inside of the terminal cover.

The fixing screws used for the removable cover and the terminal cover, shall be of stainless steel and drilled through the head to accommodate wire seals. Additionally, the fixing screws shall be of the "captive" type. The manufacturer shall supply with each meter sufficient stainless-steel screws, each with nuts plus spring washer and flat washer needed for its fixing on the consumer meter board. 

The forward direction of the disk (for electromechanical meters only) shall be from left to right when viewed from the front of the meter.

1.33.4.4 Register

This clause applies for electromechanical electricity meters only.

Each meter shall be equipped with drum-type cyclometer register having at least six number wheels. The readings shall be given in kilowatt hours (kWh) with one decimal and without use of multiplication factors. The register shall be carefully constructed and operate with minimum of friction.

Electricity meters with two-rate registers shall be equipped with a position indicator showing which register is engaged.

1.33.4.5 Coil

This clause applies for electromechanical electricity meters only.

The coil shall be designed to withstand impulse of 6 kV (peak). (Testing will be in accordance with IEC 60.)  The coils should be preferably encapsulated in synthetic resin.

The current coils shall allow for a continuous overload such that the permanent excess current is 6 times the rated current ( Im / In = 6 ). The starting load shall be less than 0.5% of the rated load.

The adjustment devices are to be stable and sensitive and shall not comprise parts that are fragile or complicated. Adjustment will be by means of micrometric screws, alternatively for phase shift compensations a fixed factory preset is acceptable. The full load adjustment is to be independent of the load adjustment and vice versa.

1.33.4.6 Terminals

The terminals shall be suitable for connection of 16 mm2 aluminium or copper connection cable.

1.33.4.7 Electrical Time Switches

Time switches will be mounted separately, next to the two-rate electricity meters. They shall be suitable for the selection of dual tariff registers, i.e., to control time-dependent switching programs.

The time switch shall be of electronic type and should comply with the basic technical characteristic stated in the table before.

1.33.5 Proof of Quality

The Tenderer shall state all technical particulars, description of the equipment offered and shall additionally submit with his offer:

· certificate of compliance with the quality control system ISO 9001 or EN 29001

· type test certificate issued by an approved authorised testing laboratory

· catalogues which comprises the types of meters and switches offered

· error curves for change of load, voltage, frequency and temperature at power factors of 1 and 0.5 lagging.

· customer supply list for the past five (5) years for contract similar in value to this contract or other relevant significant sales including quantity of meters and switches sold and customers

1.33.5.1 Acceptance Test

Acceptance tests shall be carried out pursuant to the relevant IEC standards supplemented by the specific requirements indicated hereinafter. In the absence of IEC standards, the inspection and tests shall be carried out in such a manner as to be at least equivalent to conditions, provisions and definitions set out in one of the standards listed in this specification.

1.33.5.1.1 General

The acceptance test procedure for any delivery of the meters and time switches shall be carried out as follows:

· For quantities less  or equal  500:
SYMBOL 222 \f "Symbol" 100 % inspection

· For quantities greater than 500:

SYMBOL 222 \f "Symbol" sampling inspection

The meters and time switches shall be tested with their covers on and manufacturers seal unbroken, except when verifying certain mechanical characteristics

1.33.5.1.2 Acceptance Conditions for Batches

Reference conditions for testing are as stated in the table below.

	Influence quantity
	Reference value
	Tolerances on reference value

	Ambient temperature
	23SYMBOL 176 \f "Symbol" C
	SYMBOL 177 \f "Symbol" 2SYMBOL 176 \f "Symbol" C

	Position
	Vertical
	SYMBOL 177 \f "Symbol" 1SYMBOL 176 \f "Symbol"

	Voltage
	Reference voltage
	SYMBOL 177 \f "Symbol" 1.5 %

	Frequency
	Reference frequency
	SYMBOL 177 \f "Symbol" 0.5 %

	Voltage and current waveform
	Sinusoidal
	Distortion factor SYMBOL 163 \f "Symbol" 5 %

	Magnetic induction of external origin at reference frequency
	Zero
	Induction not producing an error variation greater then SYMBOL 177 \f "Symbol" 0.3 %


A batch is deemed to comply with requirements of IEC 514  and shall be accepted if for each inspected characteristic the proportion of defective meters does not exceed the following specified values:

· no meter shall be accepted with a false constant or faulty insulation

· not more than 1 % of the meters shall complete one revolution of the rotor with a current of 0.001 I b ;

· not more than 1 % of the meters shall fail to complete one revolution of the rotor  with a current of 0.006 I b
· not more than 1 % of the meters shall have errors exceeding the prescribed limits for each test point.

In the case of sampling inspection, the above requirements shall be considered satisfied when for each characteristic of the meters in the batch:

· for the inspection by attributes the number of defective meters in the sample is smaller than or equal to the acceptance number;

· for inspection by variables the graphically presented test result is within the acceptance trapezium or the calculated test result does not exceed the specified limits.

Erection of Low Voltage Networks

1.34 Low Voltage Lines

1.34.1 General

The low voltage lines shall be of the bundled conductor type constructed on:

· concrete poles designed as I-frame

· concrete poles for the angle and dead end structures designed as I-frame or H-frame.

· concrete poles for “Mixed Lines” equipped with a 33 kV three phase single circuit line, low voltage circuit with bundled conductors and street lights.

The details of the equipment are given in the related chapters before.

1.34.2 Design Data

The standard pole heights for the concrete poles to be used in low voltage networks shall be 9m, 10m and 11m 

1.34.2.1 Concrete Poles for LV Lines

The standard pole height shall be 10m, 11m and 12m

The poles shall be dimensioned for all possible load configurations to be found in the planned networks. Use of stay wires is subject to approval. Only concrete foundations are used

1.34.2.2 Concrete Poles for Mixed Lines

Reference is made to the 3.11.4.2 MV Lines and Mixed MV/LV Lines. Use of stay wires is subject to approval.

1.34.3 Twisted Cables

The twisted cable to be used in the project is: 

4 x 95 mm2  for main lines

4 x 50 mm2 for secondary line

1.34.4 Line Routing and Survey

The Contractor shall carry out the line routing, in close co-operation with Engineer, by instrument survey, based on the route drawings.

The topographical line survey shall be carried out by theodolites along the approved line route.

The Contractor shall prepare drawings of the network in scale of 1 : 2.500
They shall display the line route, tower nos., tower types, span, UTM co-ordinates (for angles and dead ends).

1.34.5 Clearing of Right-of-Way

The Contractor shall clear the right-of-way for the low voltage lines and dispose of waste material along the entire length of  the line.

All trees, snags, stumps, shrubbery and undergrowth exceeding 4 meters in height as measured on the downhill site shall be cut to a maximum stump of 20 cm along the right-of-way.

Cutting of trees shall be reduced to a minimum.

1.34.6 Working Loads

The loadings stressing the poles are:

· wind loads on conductors, structures

· weight of conductors

· conductor tensions

· additional loads such street lights, stays

The individual loads shall be calculated according to VDE and / or as specified.

1.35 Erection of Poles

1.35.1 Concrete Poles

For the erection of concrete pole and dimensioning of foundations reference is made to the related chapters before.

The minimum setting depths for poles in soil shall be as follows:

	Length of Pole
	Setting in Soil
	Setting in all solid rock

	9.0 meter
	1.7 meter
	1.1 meter

	10.0 meter
	1.7 meter
	1.1 meter

	11.0 meter
	1.8 meter
	1.2 meter

	12.0 meter
	1.8 meter
	1.2 meter

	13.0  meter
	2.0 meter
	1.4 meter


“Setting in Soil” specification shall apply:

· where poles are to be set in soil

· where there is a layer of soil of more than 600 mm depth over solid rock

· where the hole in solid rock is not substantially vertical or the diameter of the hole at the surface of the rock exceeds approximately twice the diameter of the pole at the same level.

In the event that excavated soil is considered unsuitable for back-filling, suitable backfill material shall then be brought in from other sources. Transported backfill material should consist of coarse gravel mixed with some clay, and containing no stone or rock larger than 50 mm in diameter. The practice of using large stone or concrete for backfill is strongly discouraged because such practise is expensive, it provides no substantial improvement in pole stability, and it creates conditions making future pole straightening maintenance next to impossible.

“Setting in All Solid Rock” specifications shall apply where poles are to be set in solid rock and where the hole is substantially vertical, approximately uniform in diameter and large enough to permit the use of tamping bars the full depth of the hole.

Where there is a layer of soil 600 mm or less in depth over solid rock, the depth of the hole shall be the depth of the soil in addition to the depth specified under “Setting in All Solid Rock” provided, however, that such depth shall not exceed the depth specified under “Setting in Soil”.

On sloping ground, the depth of the hole always be measured from the low side of the hole.

All poles shall be set in alignment, except on line angles, and shall be plumb. At line angles, where suspension construction is used, poles shall be offset on the bisector of the angle so that conductors will hang directly over the point of intersection or in line with the tangent in both directions. All poles shall be plumb after conductors are strung.

The poles chosen will be of strength adequate for the loadings, particularly those poles with permanent angle or dead-end loadings.

In backfilling, holes shall be thoroughly tamped the full depth. Earth shall be banked up around each pole. After completion of the job, holes shall be inspected and any settlement refilled.

Where new gains or holes are required in fir, pine and full length treated cedar poles, the gains shall be painted with preservative compound and the holes treated with preservative compound.

The tops of poles shall not be cut except under very exceptional conditions and upon approval of the Engineer. If cutting is deemed necessary, the pole top shall be covered with a mastic type cap. Under no circumstances shall the butt of any pole be cut. Poles shall be equipped with Pole hats. The hats shall be made of weather and UV resistant plastic and shall be fixed with galvanised nails.

All unused holes in poles shall be plugged prior to erection, using treated wood dowel pins. For holes in used poles where the hole has been enlarged, the hole will be treated with preservative compound.

Although it is expected that the use of pole shoes will seldom be necessary, the Engineer shall be informed whenever soil conditions are found which may require such shoes.

Typical foundations for “good soil” and “poor soil” are given in the drawings of section 7.

1.35.2 Stays and Anchors

Stays shall be installed at staked locations approved by the Engineer. Points of attachment to poles shall be as shown on construction drawings. Stays shall be installed before conductors are strung.

Anchors and rods shall be in line with the strain and shall be so installed that approximately 200 mm of the rod remains out of the ground. In cultivated fields or other locations, as deemed necessary, the projection of the anchor rod above earth may be increased to a maximum of 300 mm to prevent burial of the rod eye. Under no circumstances shall be backfilled and tamped in the same manner as for pole holes, as the anchor has to be set in undisturbed. The setting of each anchor as regards depth and position shall be inspected by the Engineer before the anchor hole is backfilled.

Stay insulators shall be installed on stay wires in accordance with construction drawings whenever stay wires are not bonded to a pole ground (see paragraph Pole Grounding).

1.35.3 Bolts and Lock Nuts

Pole through-bolts must be of proper length. Through-bolts, when installed in the structure, shall extend at least 12 mm and not more than 60 mm beyond the nuts.

A lock‑nut shall be installed with each nut, or other fastener, on all bolts or threaded hardware such as insulator pins, upset bolts, double arming bolts, etc.

1.35.4 Number nails

Number nails of approved design and material shall be provided with each pole. The Contractor may propose another numbering method subject to the approval of the Engineer.

1.36 Line Accessories

1.36.1 Taps and Jumpers

Jumpers and other leads connected to line conductors shall have sufficient slack to allow free movement of the conductors. Where slack is not shown on the construction drawings it will be provided by at least two bends in a vertical plane, or one in a horizontal plane, or the equivalent. In areas where aeolian vibration occurs, special measures to minimise the effects of jumper breaks shall be used as specified.

Jumpers of series connected equipment such as recloser, and sectionalising switches shall be conductivity equal to the circuit conductor. A suitable electric joint inhibitor compound should be used in all connections between jumpers and equipment.

1.36.2 Compression Conductors

Compression type connectors should be used in the following situations:

· all neutral jumper connections and in all bonding connections between neutral, ground wire and stay wire

· all sleeves and joints in high voltage phase conductors

· at all tap lead connections to high voltage line conductors whenever hot‑line clamps are not required.

1.36.3 Clamps

Use and installation of clamps for the bundled conductors shall be done according to the load cases shown in the drawings in section 7.

1.37 Earthing

The neutral conductor of LV lines shall be grounded at the transformer station, every dead-end and every 200 meters distance.

All line equipment installations shall be appropriately grounded and equipment grounds be interconnected with system neutrals.

All customer services shall be provided with neutral grounds.

Stay wires on distribution lines shall be solid and bonded with system neutrals.

Grounds rods shall be driven in undisturbed earth in accordance with the construction drawings. The ground wire shall be attached to the rod with a clamp and secured to the pole with staples. The staples on the groundwire shall be spaced 600 mm apart except for a distance of 2.5 m above the ground rod and 2.5 m down from the top of the pole where they shall be 150 mm apart.

The equipment ground, neutral wire, and lightning protective equipment shall be interconnected and attached to a common ground wire.

Equipment grounds and grounds at HV or LV circuit dead-end poles should normally employ ground rod or trench type ground electrodes. The total impedance of the service ground shall be less than 2 Ω according to VDE-Standard.

In case these requirements cannot be fulfilled by installing a reasonable amount of grounding material, step and touch voltages have to be measured after finalisation of the installations and depending on the results of these measurements additional protection measures might become necessary. These measures could include gravelling of an area around electrical installations or application of additional ground wires and ground rods.

1.38 Service Connections

1.38.1 General

Service connections are the link between the LV network and the consumers. The meters shall be of single phase type or three phase type, depending on the consumer’s load.

Maximum voltage drop from pole to consumer service meter shall not exceed 1 %; the maximum recommended drop length from pole to consumer service meter is 30 m.

The low voltage service connections include the supply and work:

· the service loop (twin core or four core wire) from the LV cable/aerial cable to the meter board

· the meter box, including one fuse gear, miniature circuit breakers, one electric meter (electronic or conventional) and terminals accessible for consumer connection

· the earthing connection, including copper ground wire, and ground rod.

· an anchoring clamp and the related hook on each end of the connection

· an intermediate pole (if necessary)

· fixing of the meter box in the premises

Service cables shall normally be anchored directly on the wall with its passage completely visible from the pole to the meter location. Some configurations, such as road crossings or low houses, may require the installation of intermediate poles (service masts). For the purpose of tendering, 60% wall anchors and 40% mast anchors shall be considered for both single and three phase connections.

Single phase service connections shall be made with 2 x 16 mm2 twisted cables

Three phase service connections shall be made with 4 x 25 mm2 twisted cables

The following table summarises the connecting material to be considered for a service connection.

	Description
	Quantity

Single Phase
	Quantity

Three Phase

	Common accessories on street pole
	
	

	piercing connector

pigtail bolt

service anchor clamp

plastic ties
	2

1

1

5
	4

1

1

7

	Wall anchoring
	1
	

	pigtail screw pike with plug

service anchor clamp
	1

1
	1

1

	Pole anchoring
	
	

	galvanised steel pipe, diameter 6 cm, length 3m

PVC pole cup

Pigtail anchor plate with stirrup

Service anchor clamp

Galvanised pipe saddles including screws and plugs

Plastic ties
	1

1

1

1

2

1
	1

1

1

1

2

1

	Common on wall
	
	

	Corrugated conduit for outside use, diameter 25mm, length 2m

Wall plug bases with plastic tie for conduit and cable fixing
	1

8
	1

8


In case several houses are supplied from the same pole an intermediate distribution box may be required.

1.38.2 Meter Box

Meter boxes shall be supplied for both single phase and three phase consumers.

Each box shall have a sealed part. This part shall contain the main fuse(s) and shall not be accessible for the consumer.

The non-sealed part shall contain the kWh meter (1 or 3 phase), the miniature circuit breaker for the consumer feeders and the consumer terminals. The miniature circuit breakers shall be easy accessible by a collapsible cover.

All internal electrical wiring shall be with min. 10 mm2 Cu wires.

Each box shall be provided with four cable glands. The box shall have a general cover being lockable by a sealed screw. This cover shall integrate the following functions

· a window of macrolon or equivalent permitting meter reading

· a collapsible cover permitting operation of the miniature circuit breaker

· a cover fixed by screws for access to the consumer terminals

The meter box shall be manufactured of polyester or equivalent and shall withstand thermal, mechanical and electrical stresses. Recommendations as given in IEC publication 60439 for factory built LV apparatus shall be applied. Degree of protection shall be as per IEC 60144. Protection against corrosion shall be guaranteed by using suitable material.

Within the scope of supply the Contractor shall deliver tools and material necessary for sealing the boxes. The quantity shall be one complete set per 200 delivered service connections.

1.38.3 Single Phase Connections

The single line diagram of the service connection is given in section 7.

Aluminium twisted insulated conductors 2x16 mm² are used as standard phase cross sections. No messenger conductor is used.

Attachment to pole is done by cable clamp and bracket fixed by stainless steel strips, connections to LV feeder by special insulated connectors.

Attachment to consumers premises is done either by cable clamp and fixing hook bolted to masonry wall or by cable clamp hooked on steel mast fitted on consumers house.

1.38.4 Three Phase Connections

The single line diagram of the service connection is given in section 7.

Aluminium twisted insulated conductors 4x25 mm² standard phase cross sections are used. No messenger conductor is foreseen.

Attachment to pole is done by cable clamp and bracket fixed by stainless steel strips, connections to LV feeder by special insulated connectors.

Attachment to consumer’s premises is done either by cable clamp and fixing hook bolted to masonry wall or by cable clamp hooked on steel mast fitted on consumers house.

MV/LV Substations

1.39 General

The standard MV/LV transformer stations shall be of the following type:

· type A1 Single User pole mounted transformer to be installed on H pole construction or I pole.

· type A2 Multi User pole mounted transformer to be installed on H pole construction.

· type B transformer to be installed on H pole constructions on a concrete base

· type C transformers in a masonry shelter, kiosk type.

Civil works for the substation shall be executed according to chapter 10 Civil Works for Buildings and Switchgears, especially the items:

· 10.3 Preparation of Sites
· 10.6 Earth and Rock Work
· 10.7
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 \* MERGEFORMAT Excavation
· 10.8 Concrete and Reinforced Concrete
· 10.9 General Construction Features
· 10.12 Lighting and Small Power System
Each station shall be identified by a danger plate and transformer station designation plate giving the name of the transformer station and the main technical data.

1.40 Pole Mounted Transformer, Type A and B

1.40.1 General

Three different substation types are foreseen. Typical single line diagram and layout of type A are given in the drawings:

·  11.4.1 Pole Mounted Transformer Station Type A1
· 11.4.2 Pole Mounted Transformer Station Type A1
· 11.4.3 Pole Mounted Transformer Station Type A2
· 11.4.4 Pole Mounted Transformer Station Type A2
· 11.4.5 Pole Mounted Transformer Station Type B
· 11.4.6 Pole Mounted Transformer Station Type B
	Type
	Description

	A1
	Pole mounted transformer up to 50 kVA hooked on a single pole or mounted on a H-frame and equipped with one pole mounted low voltage circuit breaker. This type is used for the connection of single user or small networks with a maximum of three feeder lines.

	A2
	Pole mounted transformer up to 100 kVA mounted on a H-frame and feeders equipped with pole mounted heavy duty LV fuses. The transformer shall be mounted on a base connected to the poles of the H-frame.


They shall all be equipped with the following facilities:

· MV surge arresters

· MV HRC cut-out fuses including fuse holder

· Pole mounted 11/0.4 kV transformer

· LV distribution

· Earthing system

1.40.2 Type A1 - Pole Mounted with LV Circuit Breaker

The outdoor LV circuit breaker (4 poles), 265A, is operated manually from the bottom and equipped with adjustable over current protection and possibility of padlocking the handle in both positions

In case of a fault the overall LV circuit breaker will trip. Since this type is only designed for LV networks of a limited extension, location of a fault will be possible in a short time. But for this period energy supply for the whole network connected to the station will be interrupted.

The transformer is mounted as in type A or hooked on the top of a single pole.

1.40.3 Type A2 – Pole Mounted with Fused LV Feeders

In the A2 type low voltage distribution, feeders are protected by heavy-duty pole mounted single-phase fuses mounted on the pole or frame and accessible from the ground.

The connection between the transformer and the low voltage circuit breaker shall be done by PE insulated copper cable.

1.41 Transformer Protection Fuses

The following table indicates the size for HRC MV and LV fuses to be used in the different MV/LV distribution substations.

The fuses for MV and LV shall be of the K-type time characteristic.

	Transformer

[kVA]
	11kV
	LV Feeders

	
	
	1
	2
	3
	4

	50
	5
	80
	
	
	

	100
	5
	160
	80
	
	

	200
	8
	
	160
	160
	


Guaranteed Technical Particulars

The Bidder shall submit duly filled Guaranteed Technical Particulars (GTP) for each major equipment; duly completed and signed by the Manufacturer of the equipment and submitted together with relevant copies of the Manufacturer’s Technical data sheet, catalogues, brochures, drawings, technical data & calculations, copies of complete type test reports and accreditation certificate for the testing laboratory for tender evaluation, all in English language. The foregoing technical specifications requirements contained in this chapter shall guide the filling in of the GTPs. The GTPs shall be filled and submitted as per attached separate Technical Data sheets for MV and LV data forms for the following;

a) 11kV/0.4kV Distribution Transformers  

b) AAAC 100 mm2 conductor

c) 11 KV COMPOSITE TENSION INSULATOR

d) 11KV COMPOSITE POST INSULATOR

e) Stranded bare copper conductor

f) Copper Concentric Consumer Service Cables

g) Galvanized steel wire 7 x 2.65 mm2

h) Aluminum Round Tie Wire

i) U Channel Cross Arm (Suspension & Light Angle)

j) Medium Voltage Cross arm (Heavy Angle Tension)

k) Medium Voltage Cross arm (T-Off and Dead End)

l) Cross Arm for Transformer Base

m) M16, 300mm, Long bolt with Nut and Washer

n) M20, 400mm Long Bolt with Nut and washer

o) Bolt and nut M10, 40mm

p) Tie Strap 5x50x900 mm

q) Strain Clamp

r) Socket Eye

s) Small collar

t) Cable lug

u) groove clamps

v) Mid span joint for AAAC 95 mm2

w) Ball Eye

x) Earth Rod and Clamp

y)   Dead End Clamp,

z) Suspension Hooks

aa) Dead End Hooks

ab) Big collars

ac)   Nylon tie

Appendices 

APPENDIX 1: SLD for the proposed distribution lines in Dhusmareeb
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� this value shall be agree by the local authorities; the value includes a minimum distance of 3 m between the conductor and the top of a ship.
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