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[bookmark: _Toc44497890]1.	GENERAL
1.1 [bookmark: _Toc44497891]Definitions
In addition to the terms referred to in Volume 1, Section 2, the General Conditions of Contract, the following, where used in this specification, shall have the meanings listed below: - 
The present clauses refer to the general technical requirements for EPC (engineer – produce – construct) contracts for electrical overhead lines.
The following directions, information and technical requirements for design, engineering, layout, manufacturing, erection, installation and testing shall be observed as far as they are applicable for the material and equipment to be delivered. The requirements stated in this Section of Technical Requirements are valid for all sections of the technical requirements, except where different, additional and/or special requirements are specified within the Guaranteed Technical Particulars (GTP).
Any changes on the design of any part of the Plant, which may become necessary after signing of the Contract, have to be submitted by the Contractor in writing to the Employer for approval, being sufficiently substantiated and justified.
The Plant shall be brand new and designed, manufactured and arranged so that it will have a functional design and a pleasant appearance.
The word “specified” shall mean specified herein or in the Technical Schedules.  
1.2 [bookmark: _Toc44497892]Nature of Work
The contract outlines the construction of transmission lines project as detailed here below: -
i. Design, Supply and Erection of 400kV Double Circuit Loiyangalani-Suswa Transmission Line of approximately 2.5km from existing tower no.924 to tower no.930 along the existing alignment. 
ii.  Stringing works comprising of two circuits.
1.3 [bookmark: _Toc44497893]Extent of Work
The contract works to be supplied shall include all work incidental thereto whether specified in detail or not and shall be carried out by the Contractor in accordance with the Specification and Conditions of Contract and shall comprise the following: -
1.3.1 [bookmark: _Toc44497894]Definite Work
The supply and services to be performed by the Contractor shall comprise of the design, manufacture, factory testing, packing, transport, insurance, demurrage, delivery to and off-loading at site, storage, erection, site testing, commissioning, training of KETRACO personnel, warranty and maintenance of the following plant and materials and of the other work incidental thereto included in the Specification.
a. The three-phase overhead transmission lines having the technical particulars set out in the Technical Schedules and Drawings attached to the Specification, the lines being complete with the survey, route clearance, line conductors, OPGW, earth conductors, insulators and fittings, towers and foundations, earthing (where required) and connections, and all other fittings at the total price for the estimated quantities stated under the Price Schedules in Section VII.  Estimated quantities are for bid purposes only; final payment shall be made on the basis of quantities as finally erected and confirmed by measurement.  
The transmission line works include the following but not limited to; 
-	Preliminary / Alignment/ Detailed Check Survey 
- 	Geotechnical/soil investigation
-	Right-of-Way clearing and access roads 
- 	Sag tension calculations and Tower spotting
-	Plan and profile production 
-	Preparation of all tower schedules (listed under submittals)
-	 
-	
-	Testing of Construction Materials and concrete mix design
-	Design, fabrication, type testing, assembly of towers, body extensions and leg extensions at manufacturer, preparation of shop drawings, bill of material, supply, and erection of towers at site. 
-	Design, supply, erection of tower signs and accessories. 
-	Supply, type test and installation of conductor and line accessories. 
-	Supply and installation of Optical fibre ground wire (OPGW) and their accessories including joint boxes and termination boxes, etc. 
- 	Testing of OPGW and provision of the OTDR test results.
-	Testing of the combined OHL line parameters for System Protection data.
-	Design of foundations, supply of construction material and installation of new foundations based on geotechnical investigations
- 	Demolition of existing foundations at collapsed tower locations between tower no. 924 and 930; removal of concrete and encased stub to a depth of at least 2m, backfilling and making good the site. 
-	Supply of insulator and hardware sets and fittings;  and installation of insulator strings. 
-	Supply and installation of transmission line tower grounding. 
-	Supply of spare parts and maintenance tools to be handed over to KETRACO (O&M)
-	Final inspection, testing and commissioning, reinstatement, and clean-up of site. 
-	Maintenance of the line until the completion of the defects liability period.
-	As built drawings and electronic records.
The foregoing is indicative and by no means limiting; it is understood that the object of the contract is the handing over of the line completely finished to the minutest detail, in workmanlike manner, in full operational state, providing desired service, all necessary work and supply being at the Contractor’s charge.
b.	Work at Time and Material rates: -  
Only applicable If and when required to do so by the written instructions of the Employer/Employer’s Representative any work not covered by the Price Schedules, at prices stated in Section VII, Labour and Equipment Rates for Extra Field Work. 
1.4 [bookmark: _Toc44497895]Terminal points
The connections of conductors and earth wire, from the transmission line section shall be terminated to section towers No. 924 towards the Loiyangalani side and No.930 to the Suswa side including any jumpers or droppers required to connect to the existing transmission line towers.
OPGW will be terminated in junction boxes to be mounted on the section towers 924 and 932 and spliced to the existing OPGW on either end 
The programme for work and work at all the terminal points are required to be coordinated with other parties at no additional cost to KETRACO.
1.5 [bookmark: _Toc44497896]Details of transmission line routes
Details of the general routing of the existing overhead line section are provided as co-ordinates and given in soft copy together with the bid documents.
1.6 [bookmark: _Toc44497897]Climate
(a)	Rainfall
The minimum annual rainfall is approximately 54 mm.  The highest daily rainfall is 150 mm for all locations.
(b)	Temperatures 	                            	          
Mean temperature (Everyday)		23 °C
Minimum ambient temperature 		-5 °C	
Maximum ambient temperature 		40.0 °C 	
Maximum conductor temperature		80 °C	
(c)	Humidity
Mean relative humidity (max/ave) 		95%/80%	
(d)	Isokeraunic Level
An isokeraunic level (storm) of 80 days/year shall be considered for design purposes. 
(e)	Maximum Solar Radiation
For design purposes, a solar radiation value of 1200 W/m² shall be considered.
(f)	Earth quake loading
For design purposes an earthquake loading , a seismic factor of 0.2G shall be assumed. 
(g)         Wind load
For design purposes a basic wind speed (3 Sec Gust) of 46 m/s shall be assumed. 
1.7 [bookmark: _Toc44497898]Transport
The Contractor shall inform himself fully as to all available transport facilities, road width, and axle load limitations, loading gauges and any other requirements and shall ensure that equipment as packed for transport shall conform to the relevant limitations.  Any cost arising from the use of roads or tracks, including tolls, shall be borne by the Contractor.  
The Contractor shall ensure by his own enquiries that the facilities available for unloading and bearing capacity of wharfs at ports are adequate for his proposed plant and equipment. 
The Contractor shall take reasonable steps to prevent any highways or bridges from being damaged by his traffic and shall select routes, choose and use vehicles and restrict and distribute load so that the risk of damage shall be limited as far as is reasonably possible.  The Contractor shall immediately report to the Employer any claims made against him arising out of alleged damage to a highway or bridge.  
The Contractor shall be responsible for all costs including those incurred by KETRACO, arising from repair or replacement due to damage to equipment or materials during transport, off-loading or erection on site, until take-over by KETRACO.
The Contractor shall be responsible for obtaining from the relevant authorities all permissions necessary to use docking, off-loading, highway, and bridge facilities required for the transportation of contract materials and plant.  
1.8 [bookmark: _Toc44497899]Units of measurement
The Contract shall be conducted in the SI (Système International d’Unités) system of units in accordance with the provisions of ISO 31 and ISO 1000.
In all correspondence, technical schedules, drawings and instrument scales, the following units or multiples thereof shall be used:
Table 1:
	[bookmark: _17dp8vu]Quantity
	[bookmark: _3rdcrjn]Name of Unit
	[bookmark: _26in1rg]Symbol

	[bookmark: _lnxbz9]Length
	[bookmark: _35nkun2]Meter
	[bookmark: _1ksv4uv]m

	[bookmark: _44sinio]Mass
	[bookmark: _2jxsxqh]Kilogram
	[bookmark: _z337ya]kg

	[bookmark: _3j2qqm3]Time
	[bookmark: _1y810tw]Second
	[bookmark: _4i7ojhp]s

	[bookmark: _2xcytpi]Temperature
	[bookmark: _1ci93xb]Degree Celsius
	[bookmark: _3whwml4]°C

	[bookmark: _2bn6wsx]Temperature Difference
	[bookmark: _qsh70q]Kelvin
	[bookmark: _3as4poj]K

	[bookmark: _1pxezwc]Electric Current
	[bookmark: _49x2ik5]Ampere
	[bookmark: _2p2csry]A

	[bookmark: _147n2zr]Luminous Intensity
	[bookmark: _3o7alnk]Candela
	[bookmark: _23ckvvd]cd

	[bookmark: _ihv636]Area
	[bookmark: _32hioqz]Square meter
	[bookmark: _1hmsyys]m2

	[bookmark: _41mghml]Volume
	[bookmark: _2grqrue]Cubic meter
Litre
	[bookmark: _vx1227]m3 
l

	[bookmark: _3fwokq0]Force
	[bookmark: _1v1yuxt]Newton
	[bookmark: _4f1mdlm]N

	[bookmark: _2u6wntf]Pressure (absolute)
	[bookmark: _19c6y18]Bar
Kilopascal
	[bookmark: _3tbugp1]bar
kPa

	[bookmark: _28h4qwu]Pressure below 1 bar
	[bookmark: _nmf14n]Millibar
	[bookmark: _37m2jsg]mbar

	[bookmark: _1mrcu09]Stress
	[bookmark: _46r0co2]Newton per square millimeter
	[bookmark: _2lwamvv]N/mm2

	[bookmark: _111kx3o]Velocity
	[bookmark: _3l18frh]Meter per second
	[bookmark: _206ipza]m/s

	[bookmark: _4k668n3]Rotational speed
	[bookmark: _2zbgiuw]Revolutions per minute
	[bookmark: _1egqt2p]rpm

	[bookmark: _3ygebqi]Flow
	[bookmark: _2dlolyb]Cubic meter per day
Cubic meter per hour
Kilogram per hour
Liter per second
metric ton per hour
	[bookmark: _sqyw64]m3/d
m3/h
kg/h
l/s
t/h

	
	[bookmark: _3cqmetx]For gaseous substance: standard cubic meter per hour (referred to 0°C and 1013 mbar)
	[bookmark: _1rvwp1q]Nm3/h

	[bookmark: _4bvk7pj]Density
	[bookmark: _2r0uhxc]Kilogram per cubic meter
	[bookmark: _1664s55]kg/m3

	
	[bookmark: _3q5sasy]Kilogram per standard cubic meter
	[bookmark: _25b2l0r]Kg/Nm3

	[bookmark: _kgcv8k]Torque, moment of force
	[bookmark: _34g0dwd]Newton meter
	[bookmark: _1jlao46]Nm

	[bookmark: _43ky6rz]Moment of inertia (mr2)
	[bookmark: _2iq8gzs]Kilogram square meter
	[bookmark: _xvir7l]kgm2

	[bookmark: _3hv69ve]Work, energy or heat
	[bookmark: _1x0gk37]Joule
	[bookmark: _4h042r0]J

	[bookmark: _2w5ecyt]Heat capacity, entropy
	[bookmark: _1baon6m]Joule per Kelvin
	[bookmark: _3vac5uf]J/K

	[bookmark: _2afmg28]Calorific value
	[bookmark: _pkwqa1]Joule per cubic meter
Joule per gram
	[bookmark: _39kk8xu]J/m3 
J/g

	[bookmark: _1opuj5n]Power, radiant flux
	[bookmark: _48pi1tg]Watt
	[bookmark: _2nusc19]W

	[bookmark: _1302m92]Heat release rate
	[bookmark: _3mzq4wv]Watt per square meter
	[bookmark: _2250f4o]W/m2

	[bookmark: _haapch]Thermal conductivity
	[bookmark: _319y80a]Watt per meter Kelvin
	[bookmark: _1gf8i83]W/mK

	[bookmark: _40ew0vw]Dynamic viscosity
	[bookmark: _2fk6b3p]Newton second per square meter
	[bookmark: _upglbi]Ns/m2

	[bookmark: _3ep43zb]Kinematic viscosity
	[bookmark: _1tuee74]Meter squared per second
	[bookmark: _4du1wux]m2/s

	[bookmark: _2szc72q]Surface tension
	[bookmark: _184mhaj]Newton per meter
	[bookmark: _3s49zyc]N/m

	[bookmark: _279ka65]Concentration
	[bookmark: _meukdy]Parts per million
	[bookmark: _36ei31r]ppm

	[bookmark: _1ljsd9k]Electrical conductivity
	[bookmark: _45jfvxd]Microsiemens per meter at 25°C
	[bookmark: _2koq656]µS/m

	[bookmark: _zu0gcz]Frequency
	[bookmark: _3jtnz0s]Hertz
	[bookmark: _1yyy98l]Hz

	[bookmark: _4iylrwe]Electric charge
	[bookmark: _2y3w247]Coulomb
	[bookmark: _1d96cc0]C

	[bookmark: _3x8tuzt]Electric potential
	[bookmark: _2ce457m]Volt
	[bookmark: _rjefff]V

	[bookmark: _3bj1y38]Electric field strength
	[bookmark: _1qoc8b1]Volt per meter
	[bookmark: _4anzqyu]V/m

	[bookmark: _2pta16n]Electric capacitance
	[bookmark: _14ykbeg]Farad
	[bookmark: _3oy7u29]F

	[bookmark: _243i4a2]Electric resistance
	[bookmark: _j8sehv]Ohm
	[bookmark: _338fx5o]

	[bookmark: _1idq7dh]Conductance
	[bookmark: _42ddq1a]Siemens
	[bookmark: _2hio093]S

	[bookmark: _wnyagw]Magnetic flux
	[bookmark: _3gnlt4p]Weber
	[bookmark: _1vsw3ci]Wb

	[bookmark: _4fsjm0b]Magnetic flux density
	[bookmark: _2uxtw84]Tesla
	[bookmark: _1a346fx]T

	[bookmark: _3u2rp3q]Magnetic field strength
	[bookmark: _2981zbj]Ampere per meter
	[bookmark: _odc9jc]A/m

	[bookmark: _38czs75]Luminous flux
	[bookmark: _1nia2ey]Lumen
	[bookmark: _47hxl2r]lm

	[bookmark: _2mn7vak]Illuminance
	[bookmark: _11si5id]Lux
	[bookmark: _3ls5o66]lx

	[bookmark: _20xfydz]Thermal resistivity
	[bookmark: _4kx3h1s]Kelvin meter per Watt
	[bookmark: _302dr9l]Km/W

	[bookmark: _1f7o1he]Energy
	[bookmark: _3z7bk57]Kilowatt hour
	[bookmark: _2eclud0]kWh



1.9 [bookmark: _Toc44497900]Materials
All materials shall be new and of the best quality suitable for working under the conditions, variations in temperature and pressure encountered in service without undue distortion or deterioration or the setting up of undue stresses in any part, such as not to affect the efficiency and reliability of the plant.
Either, all materials shall conform to the approved standards and the respective code number, or exact analysis data and full information concerning properties, chemical and mechanical treatment shall be submitted.
Only materials which have been tried and tested in similar plants shall be used. Steel castings shall not have any casting defects which could compromise the function of the component and affect the appearance. The materials employed shall serve their purpose, according to the operation conditions. The Contractor shall be responsible for selecting, working, treating and quality assurance of the materials to suit the intended purpose. 
Special attention shall be paid to the corrosion by galvanic effects or electrochemical corrosion. Design, selection of material and its combination as well as methods of erection shall be such as to exclude these effects.
It is not permissible to use gray cast iron for components containing pressure, unless the Employer expressly agrees to this beforehand. 
Asbestos or materials containing asbestos for seals, expansion joints, etc. shall not be employed. 
Likewise, it is not permissible to use mercury or oils containing Polychlorinated Biphenyl (PCB).
No welding, fitting or plugging of defective parts will be permitted without permission in writing from the Employer.
1.10 [bookmark: _Toc44497901]Guaranteed values
The Contractor shall guarantee that the data mentioned on the name plate of the equipment and given in the data sheets will not deteriorate during the life of this equipment under the specified operating and maintenance conditions.
The Contractor shall guarantee the values in the technical data schedule. The Employer reserves the right to reject any equipment that does not respect these values.
1.11 [bookmark: _Toc44497902]Standards and codes
The work is to be performed according to the most recent relevant codes, standards, accident prevention regulations and legal regulations.

1.11.1 [bookmark: _Toc44497903]General
· EN 50341-1: “Overhead electrical lines exceeding AC 45kV, Part 1 - General requirements – Common specifications”
· IEC 60038: “IEC standard voltages”
· IEC 60060: “High voltage test techniques”
· IEC 60270: “High voltage test techniques – Partial discharge measurements”
· IEC 60826: Overhead Trasmission Lines – Design Criteria
· ASCE 10: Design of Latticed Steel Transmission Structures

Conductors
•EN 50182: “Conductors for overhead lines - round wire concentric lay stranded conductors”
•ASTM B 232/ B 232M: “Specification for concentric-lay-stranded aluminium conductors, coated-steel
reinforced (ACSR)”
•EN 60889: “Hard-drawn aluminium wires for overhead line conductors”
•EN 50189: “Conductors for overhead lines - Zinc-coated steel wires”
•EN 50326: “Conductors for overhead lines - Characteristics of greases”
•EN 10244: “Steel wire and wire products - Non-ferrous metallic coatings on steel wire - Part 2: Zinc of zinc alloy coatings”
•IEC TR 61597: “Overhead electrical conductors - Calculation methods for stranded bare conductors”
•IEC 60468: “Method of measurement of resistivity of metallic materials”
•ISO 7802: “Metallic material - Wire - Wrapping test
•IEC 60104: Aluminium-Magnesium-Silicon Alloy Wire for Overhead Line Conductors
•IEC 60888: Zinc-Coated Steel Wires for Stranded Conductors
•IEC 60889: Hard-Drawn Aluminium Wire for Overhead Lines
•IEC 61089: Round Wire Concentric Laid Overhead Electrical Stranded Conductors
•IEC 61232: Aluminium-Clad Steel Wires for Electrical Purposes
•IEC 61395: Overhead Electrical Conductors – Creep Test Procedures for Stranded Conductors
•IEC 62219: Overhead Electrical Conductors – Formed Wire, Concentric Lay, Stranded Conductors
•IEC 61284: Overhead Lines – requirements and Tests for Fittings
OPGW
•IEC 60793: “Optical fibers - Part 1: Measurement methods and test procedures”
•IEC 60794-1-1: “Optical Fiber Cables - Generic Specification - General (Materials, Construction, Measuring Methods)”
•IEC 60794-1-2: “Optical Fiber Cables - Generic Specification - Basic Optical Cable Test Procedures”
•ITU-T G.655: “Transmission media characteristics – Optical fiber cables - Characteristics of a non-zero dispersion shifted single mode optical fiber cable”
•IEC 60304: Standard Colours for Identification and Coding
•IEC 60793: Optical Fibres. Measurement Methods and Test Procedures
•IEC 60794: Optical Fibre Cables. Specifications
•ITU-T G.650.1: Definitions and test methods for linear, deterministic attributes of single-mode and cable.
•ITU-TG.650.2: Definitions and test methods for statistical and non-linear related attributes of single mode fibre and cable.
Insulators/ Insulator Strings
•IEC 60071-1 : “Insulation co-ordination - Part 1: Definitions, principles and rules”
•IEC 60071-2 : “Insulation co-ordination - Part 2: Application guide”
•IEC 60815 : “Guide for the selection of insulators in respect of polluted conditions”
•IEC 61109 : “Composite insulators for AC overhead lines with nominal voltage greater than 1000 V – definitions, test methods and acceptance criteria”
•IEC 61466-1 : “Composite string insulator units for overhead lines with nominal voltage greater than 1000 V – Part 1: Standard strength classes and end fittings”
•IEC 61466-2 : “Composite string insulator units for overhead lines with nominal voltage greater than 1000 V – Part 2: Dimensions and electrical characteristics”
•IEC 60120: “Dimensions of ball and socket couplings of string insulator units”
•IEC 60372: “Locking devices for ball and socket couplings of string insulator units: Dimensions and tests”
•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 61 467: “Insulators for OHL >1kV - Power Arc Tests for Insulator Sets”
Fittings
•IEC 61284: “Overhead Lines - Requirements and tests for fittings”
•IEC 61854: “Overhead Lines - Requirements and Tests for Spacers”
•IEC 61897: “Overhead Lines - Requirements and Tests Stockbridge Type Aeolian Vibration Dampers”
Towers
•EN 1993-1-1: “Design of steel structures - Part 1-1: General rules and rules for buildings”
•EN 1993-1-8: “Design of steel structures - Part 1-8: Design of joints”
•EN 10025 (2004): “Hot rolled products of structural steels”
•EN 10029: “Hot rolled steel plates 3mm thick and above”
•EN 10056: “Structural steel equal and unequal leg angles - Part 1: Dimensions, Part 2: Tolerances”
•ISO 898: “Mechanical properties of fasteners”
•ISO 1461: “Hot dip galvanized coatings on fabricated iron and steel articles”
•IEC 60652: “Loading tests on overhead line structures”
· ASCE 10: Design of Latticed Steel Transmission Structures
•Paper 3B from IEE “Effects of Interacting Construction Deviations on 500 kV Power Line Structures” by F. Villa, Kuala Lumpur, Malaysia 1993.
Foundations
•EN 1997-1-1: “Geotechnical design - Part 1: General rules”
•EN 197-1: “Cement – Composition, specification and conformity criteria”
•BS EN 12620: “Specification for aggregates from natural sources of concrete”
•EN 206-1: “Concrete – Specification, performance, production and conformity”
•EN 10080: “Steel for the reinforcement of concrete - Weldable reinforcing steel - General”
•EN 1992-1: “Design of concrete structures - Part 1-1: General rules and rules for buildings”
•EN 12350-1: “Testing fresh concrete”
•EN 12390-3: “Testing hardened concrete”
•IEC 61773: “Overhead lines – Testing of foundations for structures”.

All materials and equipment supplied and all work carried out as well as calculation sheets, drawings, quality and class of goods, methods of inspection, constructional peculiarities of equipment and parts and acceptance of partial plants, as far as these are beyond the special requirements of partial plants and as far as they are beyond the particular requirements of the technical requirements shall comply in every respect with the technical codes of the International Organization for Standardization (ISO). IEC recommendations apply to the electrical equipment.
The type and extent of inspection shall generally be in accordance with that specified in the standard used for design and construction of the item of equipment supplemented or amended by the requirements of this section of the technical requirements.
Additional design tests are also to be carried out as described in the other parts of this technical requirements.
Reference to special codes and standards, where designated either directly or as "relevant", is intended to provide a measure of performance, safety, in-shop and on-site testing, and methods of construction and/or installation which must be equal or exceeded in order to be considered acceptable for use under these technical requirements. If more than a single degree of quality or accuracy is permitted within the scope of particular code or standard, the highest quality shall be applicable and the degree of accuracy commensurate with the intended function shall be selected but with the understanding in either case that the decision as to degree will be made finally along with procedures by the Employer / Employer’s Representative.
In all instances, the finally accepted applicable code or standard shall be the version last published prior to the date of submission of the Bid selected as the basis for this Contract.
Where no appropriate standard is available, tests shall be carried out in accordance with the manufacturer's standard practice, which needs the approval of the Employer / Employer’s Representative. In such cases the Contractor shall submit to the Employer / Employer’s Representative complete data and a suggested procedure for the testing to be performed before manufacture commences. If the proposed procedure is accepted, the Contractor shall provide the Employer / Employer’s Representative with four additional copies in English before any test is performed.
The Contractor's attention is drawn to the climatic conditions in the site area. De-rating factors are to be in accordance with the relevant IEC codes and standards or an approved equivalent. 
Goods and special guarantees beyond the scope of ISO and IEC shall conform at least to the following standards and codes in the following priority: 
EN, BS, ASTM, IEEE; 
Contractor, subcontractors, sub-suppliers and shops are to be certified according to ISO 9001:2015.
In case of differences between the specification and relevant standard the more stringent condition shall be applied. 
Plant and equipment identification
The Contractor shall apply a plant identification system showing the name and number of each item of plant and its respective arrangement drawing number and add any additional items necessary to fully identify the plant. There is to be only one description for any one item of plant and this must be used consistently for plant, electrical and instrumentation designations throughout.
IEC-Publication 61346-1 shall be applied.
The classification numbers shall appear in all drawings, lists, documents prepared by the Contractor for the project right from the initial stage of the contract execution.
The Contractor shall supply all labels, nameplates, instruction and warning plates necessary for the identification and safe operation of the plant. Their inscriptions shall be in the national language of the Employer’s country if not otherwise mentioned. 
All labels, nameplates, instruction and warning plates shall be securely fixed to items of plant and equipment with stainless steel rivets, plated self-tapping screws or other approved means. The use of adhesives will not be permitted.
Nameplates for plant and equipment identification and record purposes shall be manufactured from stainless steel with a matte or satin finish, and engraved with black lettering of a size which is legible from the working position.
Warning plates shall be manufactured from stainless steel engraved with white lettering on a red background and sited in the position where they afford maximum safety of personnel.
All equipment within panels and desks shall be individually identified by satin or matte finish stainless steel labels, or laminated plastic labels where approved.
Marking, labelling and packing
The Contractor shall prepare all equipment and materials for shipment in such a manner as to protect them from damage in transit, and shall be responsible for and make good any and all damage due to improper preparation or loading for shipment. 
Before being packed for shipment to the site, all items of the equipment shall be carefully numbered and marked so that they can be readily assembled and erected in the correct relative positions at the site. Wherever applicable, these numbers and markings shall be punched or painted so that they shall be clearly visible. 
Packing shall be done in convenient sections, so that the weight and size of sections are suitable for transport to the site and for handling at the site under the special conditions applicable there. 
All individual pieces shall be marked with the plant identification number and the correct designation shown on the Contractor's detailed drawings and on other documents like packing lists, spare parts lists, operation and maintenance instructions, etc. 
Marking shall be done identically on labels and by stamping the marks into the metal before painting, galvanizing, etc., and shall be clearly readable after painting, galvanizing, etc. 
All parts of the plant shall be packed at the place of manufacture. The packing shall be suitable for shipment by sea and for all special requirements of the transportation to the site. Where necessary, double packing shall be used in order to prevent damage and corrosion during transportation, unloading, reloading and during intermediate storage. 
All identical members shall be packed together, if reasonably possible, in a form convenient for shipment and handling. 
Small items shall be packed in boxes and large items shall be protected, where necessary, by timber, straw and sacking.
All parts shall be suitably protected against corrosion, water, sand, heat, any adverse atmospheric conditions, shocks, impact, vibrations, etc. for later transport and storage. 
Tube ends and other similar open ends shall be protected against external damage and ingress of dirt and moisture during transit and while awaiting erection at site. Flanged pipes shall have their open ends protected by adhesive tape or jointing and then be covered with a wooden blind flange.
Screws and not nails shall fix the lids and internal cross battens of all packing cases.
The contents of the cases shall be bolted securely to the case or fastened in position with struts or cross battens, and not wedged in place with wooden shocks, unless these are fastened firmly in place. All struts or cross battens are preferably to be supported by cleats fixed to the case above and below to form ledges on which the batten may rest. Cases shall be up-ended after packing to prove that there is no movement of contents.
Where parts are required to be bolted to the sides of the case, large washers shall be strengthened by means of a pad. Wood-shavings shall be avoided as far as possible for packing purposes.
Tower members shall be packed for shipment in bundles of the same size and weight containing pieces of the same or similar identifications mark and length. The individual members may be stacked to bundles and plastic spacers shall be placed in between the individual members, reducing the formation of wet storage stains. All bolts, nuts, washers, step bolts and minor fittings shall be shipped in wooden cases of suitable size and weight, with pieces properly separated according to size and type.
Bundles of steel angle sections shall be properly tied together by an approved method. The individual bundles shall be marked for identification by stamped metal labels. Particular care shall be taken by composing of bundles containing similar length of members and that the individual bundles do not have excessive weight for facilitate handling during shipment. Bundles may be as large as practicable to provide sufficient internal stiffness and resistance against excessive bending of deformation during lifting. 
Unless the Contractor can offer an equally acceptable method, bundles of angles shall be arranged in rectangular formation with notched outer stout wooden battens to locate the angles, the battens being located sufficiently close intervals to form a strong homogeneous element. 
Packing cases where used shall be strongly constructed and in no case is timer less than 25 mm in thickness to be used. The contents of packing cases shall be securely bolted or fastened in position with struts or cross battens. Cross battens supporting weight in any direction shall not rely for their support on nails or screws driven lengthwise into the grain of the wool, but shall be supported by cleats secured from the inside.
Spare parts shall be packed for long duration storage. Individual steel members stacked in bundles as spare parts shall be spaced by plastic spacers. Wooden drums will not be accepted for the spare conductors, ground wires and OPGW.
Each crate or package shall contain a packing list placed in a waterproof envelope. All items of the crate or package shall be clearly marked for easy identification against the packing list. 
All cases, packages, etc. shall be clearly marked on the outside to indicate the total weight, the position of the centre of gravity and the correct position of the slings and shall bear an identification mark relating them to the appropriate shipping documents. 
All stencil marks on the outside of cases shall be either of a waterproof material or protected by shellac or varnish. 
All packing shall be included in the scope of delivery and the cost shall be included in the prices. The packing materials remain the property of the Employer. 
The Purchaser may require inspection and approval of the packing before the items are dispatched but the Contractor is to be entirely responsible for ensuring that the packing is suitable for transit and such inspection shall not exonerate the Contractor from any loss or damage due to faulty packing.
Transport and storage of material
The Contractor shall inform himself fully as to all available transport facilities, road width, and axle load limitations, loading gauges and any other requirements and shall ensure that equipment as packed for transport shall conform to the relevant limitations.  Any cost arising from the use of roads or tracks, including tolls, shall be borne by the Contractor.  
The Contractor shall ensure by his own enquiries that the facilities available for unloading and bearing capacity of wharfs at ports are adequate for his proposed plant and equipment. 
The Contractor shall take reasonable steps to prevent any highways or bridges from being damaged by his traffic and shall select routes, choose and use vehicles and restrict and distribute load so that the risk of damage shall be limited as far as is reasonably possible.  The Contractor shall immediately report to the Engineer any claims made against him arising out of alleged damage to a highway or bridge.  
The Contractor shall be responsible for all costs including those incurred by KETRACO or the Engineer, arising from repair or replacement due to damage to equipment or materials during transport, off-loading or erection on site, until take-over by KETRACO.
The Contractor shall be responsible for obtaining from the relevant authorities all permissions necessary to use docking, off-loading, highway, and bridge facilities required for the transportation of contract materials and plant.  
Shipment by sea freight shall be made to the designated port of destination. Airfreight shall be made to the destination airport, as agreed with the Employer.
Shipments are to be made on a „CIP “basis according to Incoterms and explained in the commercial conditions.
Prior to shipment the Contractor shall furnish by air mail, telefax, telex or otherwise, as agreed the shipping documents to the Employer. Details will be fixed during the Kick-Off Meeting.
All cases and boxes shall be clearly and boldly marked and shall be sent to the Employer as per address details instructed by the Employer. When the actual transport has been completed, the Employer shall be notified accordingly.
In order to facilitate custom examination, all packages and transport documents shall regardless of other markings be clearly and indelibly marked.
It is the Contractors’ responsibility to ensure that the packing and handling is made in such a way that neither the steel nor the galvanizing shall be damaged in transit and storing. Transporting vehicles shall be clean and free from foreign material which could in any way injure the steel or zinc coating and painting. All necessary measures shall be taken to prevent structural deformation to members, or damage to galvanized or painted coatings. Members shall not be dragged on the ground, or will the practice of throwing tower steel into piles on conveyances, or from conveyances onto the ground, and of skidding steel members over each other, be permitted.
The Contractor shall ensure that adequate handling equipment is available to unload the heaviest piece of equipment. Tower material damaged shall be replaced by the Contractor at no cost to the Employer. Small accidental damages to galvanized surfaces may be repaired by application of approved repair paint. Tower material damaged shall be replaced by the Contractor at no cost to the Employer. Larger damages to, or systematic defects of the galvanizing shall be repaired by hot-dip galvanizing only. 
The attempt to repair shall not bind the Employer to accept the repaired part when this is re-offered for inspection. Acceptance by the Employer of any repaired galvanized steel does not release the Contractor from his responsibility of supplying galvanized steel to give satisfactory service in the prevailing corrosive atmosphere. The Employer reserves the right to reject any galvanized steel found rusty, damaged, bent or other-wise defective, before final acceptance.
Steel shall be stored on wooden supports of sufficient height, to avoid any ground contact or other contamination. Storage conditions shall be well ventilated, preventing the formation of wet storage stain form accumulation of humidity and sand. It shall be clearly understood, that white rust formation will lead to rejection of the affected material. 
Standardization of Makes/Works
The works shall be designed to facilitate inspection, cleaning, maintenance and repair. Continuity of supply is a prime concern. The design shall incorporate every reasonable precaution and provision for the safety of all those concerned in the operation and maintenance of the works. 
Corresponding parts throughout shall be made to gauge and be interchangeable wherever possible.
All equipment performing similar functions shall be of the same type and manufacture, to limit the stock of spare parts required and maintain uniformity of plant and equipment to be installed.
The Employer reserves the right to ask for coordination of standardization to the extent reasonably possible, and no price variation will be allowed for this procedure.


Signs
Safety colours, safety symbols and safety signs must comply in construction, geometrical form, colour and meaning with the ISO 7010 and ISO 3864.
Signs for plant identification during the erection period shall be to Employer's approval.
The signs should be of a material which is weather-resistant and of sufficient durability for the conditions prevailing on site.
Mounting and installation
The positions for the signs shall be chosen so that they are within the field of vision of the persons to whom they apply. The signs should be permanently attached. Temporarily dangerous areas (e.g. construction sites, assembly areas) may also be marked by movable signs. The safety signs must be mounted or installed in such a manner that there is no possibility of misunderstanding.
Warning signs
Warning signs should refer to the existence or possible existence of danger, e.g., general danger, high voltage and climbing prohibited.
In addition to warning signs, appropriate black-yellow strip markings should also be used where necessary.
Pre-service cleaning and protection of plant 
This clause covers mechanical and pre-service cleaning and protection of the plant items and equipment at the Manufacturer’s workshop and at site that are not subsequently to be painted.
Cleaning of fabricated component items shall be carried out after fabrication and final heat treatment or welding at manufacturers’ works or at site, as appropriate.
In the event of the surfaces not being cleaned to the Employer’s satisfaction, such parts of the cleaning procedures or agreed alternatives as are deemed necessary to overcome the deficiencies shall be carried out at the Contractor’s sole expense.
Mechanical cleaning as opposed to alternative chemical cleaning is the preferred method for workshop cleaning except where this is precluded by design or access considerations.
Machined surfaces shall be protected during the cleaning operations. For re-cleaning small areas, hand cleaning by wire brushing may be permitted. Wire brushes used on austenitic materials shall have austenitic steel bristles.
Austenitic stainless steels, copper and aluminium alloys, cast iron, bimetallic and metallic/plastic items, and components fabricated by spot welding or riveting shall not be chemically cleaned. All weld areas shall be suitably stress-relieved before chemical cleaning.
All necessary equipment, provisions, chemicals etc. are to be provided by the Contractor.
Besides this, the Contractor shall take over all responsibility for the treatment and disposal of wastes according to the local law and to the satisfaction of the Employer.
The Contractor shall take all necessary precautions to ensure that the internal surfaces of all plant are kept clean and free from injurious matter during erection.
1.12 [bookmark: _Toc44497904]Health, Safety and Security
1.1.1. [bookmark: _16x20ju]Safety of Personnel
The maximum safety, consistent with good erection practice, must be afforded to personnel directly engaged on this Contract, or who in the normal course of their occupation find it necessary to utilize temporary works erected by the Contractor or frequent the working area.  Reasonable measures shall be taken to afford adequate protection against material falling from a higher level onto personnel below.  
The Contractor and his representatives shall always comply with KETRACO’s Employer’s Safety Rules regarding electrical apparatus and the safety of men working thereon.  
Particular care shall be taken during work at places where the line runs parallel to other lines that may be energized.  
No testing or other work on apparatus which has been delivered to Site and which is liable to be electrically charged from any source shall be permitted except under a “Permit to Work” which will be issued for the purpose by KETRACO’s Operating Project Manager.  
At the completion of the Contract Works the Project Manager shall undertake an inspection to ensure the operational safety of the overhead electricity transmission lines.  For this purpose, the Contractor shall jointly undertake with the Project Manager and KETRACO an inspection of the Contract Works.  The cost of any re-inspection occasioned by non-compliance with the Specification by the Contractor shall be borne by the Contractor.  
Prior to construction work commencing, the Contractor shall provide a Health and Safety Plan for review by the Project Manager.  This Plan shall cover all activities related to the execution of the Project.
1.1.2. [bookmark: _3qwpj7n]Security measures
The Contractor shall implement a program for security of his personnel in accordance to safety regulation applicable in Kenya.
The Contractor shall designate an officer in charge of security that has the training and the equipment to attend emergency situation.  This officer will have the authority to stop the work at any time, if he judges that security of personnel is compromised or the method or equipment or machinery employed to perform the work is not convenient, and expel any individual that does not comply with safety rules.
1.1.2.1. [bookmark: _261ztfg]Security Plan
Within one month from the contract signature, the Contractor shall present a security plan for the Engineer’s review and acceptance.  The plan shall cover essentially the following aspects:
· Name of security officer and proof of adequate training;
· Safety rules for Contractor personnel and visitors;
· Means for fast transportation of injured personnel;
· Hygiene on site of works (Potable water supply, closets,…);
· Security against environmental conditions, animals and burglars;
· Security against electrical shock;
· First aid measures on site;
· Accessibility to nearby hospital and clinic at any time with arrangement for standby medical personnel;
· Supply to personnel of security hats, boots and glasses by Contractor at his own expenses.
1.1.2.2. [bookmark: _l7a3n9]Prevention of Accidents
All Contractor personnel shall be properly identified to control their access to the site of works.  Unauthorized person shall be prevented from entering the premises.  Identification shall also be shown to the Engineer and his representatives for inspection of the works.
As a matter of example, the following measures shall be implemented:
· There shall be at least two out of every 10 workers that is trained for first aid and have readily available a suitable first aid kit;
· Any worker responsible for manoeuvring electrical equipment used for the work shall be trained to cut power and attend any worker that has been electrocuted;
· Equipment of 40 kg or less shall be handled by a minimum of two workers.  Otherwise, crane or hoist shall be used;
· All tools shall be provided with hard wood handle with no loose part or cutting edges;
· Cutting tools shall come with proper handle length, security lock and storing case;
· Wrenches shall have a lever of convenient length to avoid the use of external tube extension;
· Handling of conductors or metallic cables close to energized lines or substation bus shall be prohibited;
· Work shall be performed by a minimum of two workers;
· Metallic ladders shall be preferably used.
1.1.2.3. [bookmark: _356xmb2]Work in Energized Area
When the work is in an existing substation where the workers will access energized area of the switchyard, the Contractor shall present to the Engineer, a detailed work plan where the Contractor explains the method he will be using to perform each operation.  The Engineer will coordinate with the substation operator to obtain the permit for the Contractor to access the area and, when necessary, to put the corresponding section of the switchyard out of service.  Work on energized part is strictly prohibited.
The Contractor will be responsible to implement safety measures for work in energized surrounding involving use of padlocks, temporary fences, signs, grounding tools, colored tape to limit the zone etc…
These measures shall be agreed with the Engineer and the operator of the substation.
The main aspects to be considered are:
· Procedure for applying safety rules:
· Identification of electrical zone isolating points
· Request for removing an equipment from service
· Setting equipment out of service (padlocks, signs, grounding)
· Work permit
· Definition of work safe zone (Planning of safety measures, identification of dangerous points, application of safety measures…)
· Limit of work safe zone
· Instruction to personnel
· Presence of person in charge of works
· Interrupting the works
· Test
· End of work and leaving work zone
· Take away of the protected zone
· End of work advice
· Work ruling (authorization, self-protection, agreement, holding by operator…)
· Training of personnel
· Control of safety equipment
1.13 [bookmark: _Toc44497905]Compliance with regulations
All apparatus and materials supplied and all work carried out shall comply in all respects with such of the requirements of the Regulations and Acts in force in the State of KENYA as are applicable to the Contract Works and with other applicable Regulations to which KETRACO is subject.

1.14 [bookmark: _Toc44497906]General particulars and guarantees
The Works shall comply with the general particulars and guarantees stated in the Technical Schedules.  
All working methods employed and all plant and apparatus supplied under this Contract shall be to approval.  
The Contractor shall be responsible for any discrepancies, errors or omissions in the particulars and guarantees, whether the Engineer has approved such particulars and guarantees or not.  
1.15 [bookmark: _Toc44497907]Compliance with standard specifications
Except where otherwise specified or implied, the works shall comply with the latest applicable Standards or Recommendations of the International Electro Technical Commission (IEC) or to the standards of the Euro code/British Standards Institution (the said Specifications being hereinafter referred to as EN/BS), prior to the closing date of the bid.  
No departures from the Specification are to be made without the written approval of the Engineer.  
1.16 [bookmark: _Toc44497908]Variations from Conditions of Contract
In the event of there being any inconsistency between the provisions of this Technical Specification and the Conditions of Contract, the provisions of the Conditions of Contract shall prevail and shall be considered as incorporated in the Contract.
1.17 [bookmark: _Toc44497909]Subcontracted plant, materials and labour
The Contractor shall also provide the Project Manager with names and details of local subcontractors from the list of evaluated and approved subcontractors before such subcontracts are placed.  KETRACO reserves the right to withdraw its consent to local subcontract arrangements if such are considered unsuitable, but consent will not be unreasonably withheld.  
Subcontractors/manufacturers for major items of supply or services identified in the prequalification document must meet or continue to meet the minimum criteria specified therein for each item.
1.18 [bookmark: _Toc44497910]Access to manufacturers' works
Access to the Contractor's and Subcontractors’ works shall be granted to the representatives of the Engineer and of KETRACO for the purpose of inspection, testing and ascertaining progress.  


1.19 [bookmark: _Toc44497911]Planning, progress reports and project progress meetings
The Contractor shall submit for review, within 28 days of the starting date of the Contract, an outline design, manufacture, delivery and construction and erection chart.  Within a further period of 28 days the Contractor shall provide a detailed programme in a format to be agreed by the Engineer; this programme shall also include details of drawing submissions.  
The Contractor shall submit to the Engineer and KETRACO at monthly intervals, not later than the twenty fifth day of the current month, and in such formats as may be required by the Engineer, detailed progress reports of the status of design, material procurement, manufacture, works tests, delivery to Site, erection of all plant and materials included in the Contract, testing and commissioning with regard to the agreed contract programme.  
Reports shall include a chart detailing plant manufacture, delivery and erection.  The chart shall indicate all phases of the work with provision for modification if found necessary during execution of the Works.  
The design aspect of the progress report shall include a comprehensive statement on drawings and calculations submitted for review.  
The details on material procurement shall give the dates and details of orders placed, indicating delivery dates and expected inspection dates quoted by the manufacturer.  If any delivery date has an adverse effect on the contract programme the Contractor shall state the remedial action taken to ensure that delays do not occur.  
The section on manufacture shall indicate dates of arrival of material, the progress of manufacture and testing and shall state the date on which the material will be ready for transport.  Any events which may adversely affect completion in the manufacturer’s works shall also be reported.  
All works tests and the test results shall be listed and a commentary provided.  Any test failures shall be explained and the Contractor shall state his proposed actions to prevent delay to the project completion.  
The shipping or transport of each order shall be monitored in the progress report and shall give the date when equipment is available for transport, the expected time of delivery to site and the dates actually achieved.  
The report on the site works shall be subdivided into each of the activities included in the detailed construction programme and each activity shall be monitored giving work achieved, the percentage completion and estimated completion dates for each activity, in accordance with the contract programme.  The number of men working on site, both labour and supervisory staff, shall be reported together with any incidents or events that may affect the progress of site works.  The progress reports shall include photographs of work items of interest and any unusual form of construction or foundation work.  
A site weekly programme of work shall be provided each week during the previous week.  
Any delays which may affect any milestone or completion date shall be detailed by the Contractor who shall state the action taken to effect contract completion in accordance with the contract programme.  
The Contractor shall forward two copies of each progress report to the Engineer.  If during the execution of the Contract the Engineer considers the progress position of any section of the work to be unsatisfactory the Engineer shall be at liberty to call progress meetings at site or in his office with a responsible representative of the Contractor.  
Project progress meetings shall be held at monthly intervals or as mutually agreed between the Contractor, KETRACO and the Engineer.  The venue for each project progress meeting (including necessary refreshments etc) is to be provided by the Contractor throughout the duration of the contract.  
1.20 [bookmark: _Toc44497912]Quality assurance
To ensure that the supply and services under the Scope of this Contract, whether manufactured or performed within the Contractor’s works or at his subcontractors’ premises or at Site or at any other place of work are in accordance with the Specification, with the Regulations and with relevant authorized standards, the Contractor shall adopt suitable quality assurance programmes and procedures to ensure that all activities are being controlled as necessary.  
The quality assurance arrangements shall conform to the relevant requirements of ISO 9001:2015.  
The systems and procedures which the Contractor will use to ensure that the Works comply with the Contract requirements shall be defined in the Contractor’s Quality Plan for the Works.  
The Contractor shall operate systems that implement the following:  
Hold point - “A stage in material procurement or workmanship process beyond which work shall not proceed without the documented agreement of designated individuals or organizations.”  
The Engineer’s written agreement is required to authorize work to progress beyond the hold points indicated in reviewed quality plans.  
Notification point – “A stage in material procurement or workmanship process for which advance notice of the activity is required to facilitate witness.”
If the Engineer does not attend after receiving documented notification in accordance with the agreed procedures and with the correct period of notice then work may proceed.  

1.20.1 [bookmark: _Toc44497913]Quality assurance requirements
The Contractor and subcontractors, shall, for all phases of work to be performed under the Contract, establish and implement quality assurance arrangements which, as a minimum, meet the requirements of ISO 9001: 2015, “Quality Management Systems - Requirements”.  
The Contractor shall ensure that all work carried out under the Contract is performed by suitably qualified and skilled personnel and that good quality materials, which meet relevant international standard specifications, where such exist, are used.  
1.20.2 [bookmark: _Toc44497914]Quality assurance arrangements – quality plan
The Contractor shall submit a comprehensive contract specific Quality Plan for review and comment, within two weeks of award of contract.  
The Quality Plan shall identify as a minimum:  
a.	the Contractor’s organization and responsibilities of key management including quality assurance personnel;  
b.	the duties and responsibilities assigned to staff ensuring quality of work for the Contract;  
c.	the prime project documents, specifications, codes of practice, standards;
d.	the correspondence and reporting interfaces, and liaison between the Engineer and the Contractor;  
e.	the procedures the Contractor intends to use to manage and control the Contract, including:  
i. the duties and responsibilities assigned to staff ensuring quality of work for the Contract;  
ii. hold and notification points
iii. submission of engineering documents required by the Specification;
iv. the inspection of materials and components on receipt;
v. reference to the Contractor’s work procedures appropriate to each activity;  
vi. inspection during fabrication/construction;  
vii. final inspection and test.  
It is recommended that separate Quality Plans be submitted for the design/manufacture and construction/installation phases.  
The Contractor shall review, amend and re-submit quality plans as necessary during the Contract.  

1.20.3 [bookmark: _Toc44497915]Monitoring by the Engineer
During the course of the Contract the Engineer reserves the right to monitor the implementation of the Contractor’s quality assurance arrangements.  
The Contractor’s compliance with equipment, documentation, drawing, delivery, construction, installation and commissioning schedules shall be monitored by the Engineer.  
Monitoring may be by means of a programme of formal audits and/or surveillance of activities at the work locations.  Where deficiencies requiring corrective actions are identified, the Contractor shall implement an agreed corrective action programme.  The Engineer shall be afforded unrestricted access at all reasonable times to review the implementation of such corrective actions.  
For site work the Engineer may monitor all aspects of the Contractor’s daily work including that of subcontractors and assess the achievement of milestones as detailed by schedule deliverables.  
The Engineer reserves the right to monitor the subcontractors and the Contractor shall ensure that all subcontracts include, and subcontractors are aware of, this requirement.  
1.20.4 [bookmark: _Toc44497916]Contractor quality audits
The Contractor shall carry out a formal programme of project quality audits.  These shall include audits of the design, manufacture, assembly, erection, installation, test and commissioning functions of the Contractor’s organization and those of its subcontractors and suppliers.  The Engineer reserves the right to accompany the Contractor on such audits.  
The Contractor shall formulate a 6-month project specific audit programme, covering 6-month periods, which shall be submitted to the Engineer for review within 4 weeks of the Commencement Date of the Contract and thereafter every 6 months.  Any revision to the audit programme shall be forwarded to the Engineer.  
1.20.5 [bookmark: _Toc44497917]Control of subcontractors
The Contractor shall be responsible for specifying the quality assurance requirements applicable to subcontractors and suppliers, for reviewing the implementation of subcontractors’ quality assurance arrangements and for ensuring compliance with the requirements.  
The Contractor shall ensure that all appropriate technical information is provided to subcontractors and suppliers.  The Contractor shall, for the supply of items, plant or equipment (including those subcontracted), arrange for suitable protection for the product at all stages including delivery and installation at the site.  
The Contractor shall submit, for information, a detailed programme defining the basis of control to be applied to each subcontract or supply order.  
1.20.6 [bookmark: _Toc44497918]Inspection and tests
Inspection and test plans shall be prepared for all major items of equipment/plant, defining the quality control and inspection activities to be performed to ensure that the manufacture and completion of the plant complies with the specified requirements.  
Inspection and test plans shall be submitted for review.  
The Contractor shall submit for review, within 30 days of the contract effective date, a schedule defining the plant/equipment/systems/services that are to be subcontracted, identifying all items for which inspection and test plans will be submitted.  
The Contractor shall review all inspection and test plans and associated control documents, of any subcontractors and suppliers, to ensure their adequacy prior to submission.  
The Contractor shall be responsible for identifying and arranging any statutory verification activities in the country of manufacture.  
Inspection and test plans may be of any form to suit the Contractor’s system, but shall as a minimum:  
a.	Indicate each inspection and test point and its relative location in the production cycle including incoming goods, packing and site inspections.  
b.	Indicate where subcontract services will be employed (e.g. subcontractor NDT or heat treatment).  
c.	Identify the characteristics to be inspected, examined, and tested at each point and specify procedures, acceptance criteria to be used and the applicable verifying document.  
d.	Indicate mandatory hold points established by the Engineer that require verification of selected characteristics of an item of process before this work can proceed.  
e.	Define or refer to sampling plans if proposed and where they will be used.  
f.	Where applicable, specify where lots or batches will be used.  
The Contractor shall include in all orders to subcontractors, a note advising that all materials and equipment may be subject to inspection by the Engineer as determined by the inspection and test plan.  Copies of such purchase orders shall be forwarded to the Engineer.   
In order to verify compliance with engineering, procurement, manufacturing requirements and programmes, the Engineer shall have access, at all times, to all places where materials or equipment are being prepared or manufactured, including the works of the Contractor’s subcontractors or supplies of raw materials.  
The Contractor shall advise the Engineer of the readiness of inspection at least 6 weeks prior to a nominated inspection/surveillance witness or hold point.  Work shall not proceed beyond a hold point without the written agreement of the Engineer or his nominated representative.  
Inspection of the plant/equipment may be made by the Engineer and could include the following activities:  
i.	Periodic monitoring to confirm the effectiveness of, and the Contractor’s compliance with, the established quality plan, system procedures and inspection and test plan.  
ii.	Witnessing of inspections and tests and/or verification of inspection records to be carried out at the Engineer’s discretion covering:  
•	compliance of raw material with specified requirements
•	compliance of manufactured parts, assemblies and final items with specifications, drawings, standards and good engineering practice  
•	witnessing of inspection and tests  
•	packing for shipment including check for completeness, handling requirements, and case markings and identification.  
Raw materials, components, shop assemblies, and the installation thereof, shall be subject to inspection and test by the Engineer as required by the Specification and to the extent practicable at all times and places, during the period of manufacture.  
The Contractor shall keep the Engineer informed in advance of the time of starting and of the progress of the work in its various stages so that arrangements can be made for inspection and for test.  The Contractor shall also provide, without additional charge, all reasonable facilities and assistance for the safety and convenience of the Engineer in the performance of his duties.  All of the required tests shall be made at the Contractor’s expense, including the cost of all samples used.  
The Contractor shall not offer, unless otherwise agreed, any item of equipment or system for inspection to the Engineer until all planned inspections and tests to date have been completed to the satisfaction of the Contractor.  
The Engineer shall endeavour to schedule the performance of inspection and tests so as to avoid undue risk of delaying the work.  In the event of postponement, by the Contractor, of tests previously scheduled, or the necessity to make additional test due to unsatisfactory results of the original tests, or other reasons attributable to the Contactor, the Contractor shall bear all costs for new tests and the costs incurred by the Engineer or his nominated representative in re-inspecting the non-conforming item or its replacement.  
The inspection and tests by the Engineer of any equipment/component or lots thereof does not relief the Contractor of any responsibility whatever regarding defects or other failures which may be found before the end of the defects liability period.  
The Contractor shall provide a quality release certificate confirming compliance with the Contract requirements and a data book, comprising the inspection, test, qualification and material records required by the pertaining specifications.  
No material shall be shipped to the Site or put to work until all tests, analysis and inspections have been made and certified copies of reports of test and analysis or Contractor’s certificates have been accepted and released by the Engineer or by a waiver in writing.  
1.20.7 [bookmark: _Toc44497919]Construction/installation phase
Within 30 days of mobilization of works, inspection and test plan(s), similar in form and content to that described in Clause 1.20.6 above, shall be submitted defining relevant inspection and test points for all stages of construction/erection, installation and commissioning.  The inspection and test plans shall identify activities for which method statements shall be prepared. 
Method statements shall be submitted to the Engineer for review.  
Programmes of site construction works shall be submitted to the Engineer, giving notification of forthcoming test/inspections on a weekly basis.  


1.20.8 [bookmark: _Toc44497920]Non-conformances
All items or services not in accordance with the Contract technical specification, or deviating from a previously reviewed document, shall be considered non-conforming.  
All such items shall be clearly identified and isolated where practical, and reported to the Engineer via a non-conformance report.  Information to be provided with non-conformance notifications shall include:  
a.	identification of the item(s);
b.	reference to relevant specification/drawings, including applicable revisions;  
c.	reference to the application inspection and test plan stage;  
d.	description of the non-conformance, with sketch where appropriate;  
e.	method by which the non-conformance was detected;  
f.	cause;
g.	proposed corrective action, with technical justification, where necessary;  
h.	for significant non-conformances, proposed action to prevent recurrence;  
i.	applicable procedures.  
The Engineer shall have complete authority to accept or reject any equipment or part thereof considered not to be in accordance with the specified requirements.  
Approval of any concession applications is the prerogative of the Engineer, and approval of a particular case shall not set a precedent.  
Any non-conformances identified by the Engineer shall be notified by issue of the Engineer’s non-conformance report to the Contractor.  Notification of re-inspection shall not be made until the completed non-conformance report, together with any applicable concession applications have been accepted by the Engineer.  
Acceptance or rejection of the equipment and/or components will be made as promptly as practicable following any inspection or test involvement by the Engineer.  However, failure to inspect and accept or reject equipment and/or components shall neither relieve the Contractor from responsibility for such items, which may not be in accordance with the specified requirements, nor impose liability for them on the Engineer.  
1.20.9 [bookmark: _Toc44497921]Records
Records packages to be delivered shall be agreed with the Engineer prior to setting-to-work of each phase, i.e. design, manufacture, construction, installation and commissioning.  
1.20.10 [bookmark: _Toc44497922]Method statements
Prior to commencing work, the Contractor shall submit method statements setting out full details of his methods of working.  This is a hold point. 
 
1.21 [bookmark: _Toc44497923]Design and standardization
Corresponding parts of all material shall be made to gauge and shall be interchangeable.  When required by the Engineer the Contractor shall demonstrate this quality by actually interchanging parts.  As far as possible all insulators, fittings and conductor joints and clamps should be interchangeable with the equivalent items of the existing transmission system, details of which are obtainable from the Engineer.  
The Works shall be designed to facilitate hot line maintenance and simplicity of operation, inspection, cleaning and repairs, and for operation where continuity of supply is the first consideration.  All apparatus shall also be designed to ensure satisfactory operation under the atmospheric conditions prevailing at the site, and under such sudden variations of load and voltage as may be met with under working conditions on the system, including those due to faulty synchronizing and short circuit.  
The design shall incorporate every reasonable precaution and provision for the safety of all those concerned in the operation and maintenance of the Works and of associated works supplied under other contracts.  
1.22 [bookmark: _Toc44497924]Quality of material
All material used under this Contract shall be new and of the best quality and of the class most suitable for working under the conditions specified and shall withstand the variations of temperature and atmospheric conditions arising under working conditions without distortion or deterioration or the setting up of undue stresses in any part, and also without affecting the strength and suitability of the various parts for the work which they have to perform.  No repair of defective parts including welding, filling and plugging will be permitted without the sanction in writing of the Engineer.  
1.23 [bookmark: _Toc44497925]Language, weights and measures
The English language shall be used in all written communications between KETRACO, the Engineer and the Contractor with respect to the services to be rendered and with respect to all documents and drawings procured or prepared by the Contractor pertaining to the work.  
Whenever anything is required under the terms of the Contract to be marked, printed or engraved, the English language shall be used except where otherwise provided in the Specification.  
The design features of all equipment, all quantities and values which are required to be stated in the Technical Schedules and all dimensions on drawings whether prepared by the Contractor or not shall be stated in the International System of Units (SI).  
1.24 [bookmark: _Toc44497926]Testing and inspection
All materials used in the Contract Works shall be made available for inspection and test by the Engineer during manufacture and it is the Contractor's responsibility to advise KETRACO when equipment and materials are available for inspection.  
The Contractor shall carry out the tests stated in the Tests section of this Technical Specification in accordance with the conditions thereof and the latest applicable Standards or Recommendations and such additional tests as in the opinion of the Engineer are necessary to determine that the Works comply with the conditions of this Specification either under test conditions (in the Manufacturer's Works, on the Site, or elsewhere), or in ordinary working.  Type tests may be omitted at the discretion of the Engineer if satisfactory evidence is given of such tests already made on identical equipment.  
All materials used shall also be subjected to and shall withstand satisfactorily such routine tests as are customary in the manufacture of the types of plant or material included in the Works.  
All tests shall be carried out to the satisfaction of the Engineer and in his presence, at such reasonable times as he may require, unless agreed otherwise.  
Not less than 6 weeks’ notice of all tests shall be given to the Engineer in order that he may be represented if he so desires.  As many tests as in the opinion of the Engineer are possible shall be arranged together.  
The original and copies of test records whether or not they have been witnessed by the Engineer shall be supplied to the Engineer.  
Measuring apparatus shall be approved by the Engineer and if required shall be calibrated at the expense of the Contractor at an approved laboratory.  
The Contractor shall be responsible for the proper testing of work completed or plant or materials supplied by a sub-Contractor to the same extent as if the work, plant or materials were completed or supplied by the Contractor himself.  
The Contractor shall supply suitable test pieces of all materials as required by the Engineer.  If required by the Engineer test specimens shall be prepared for check testing and forwarded at the expense of the Contractor to an independent testing authority selected by the Engineer.  
No inspection or passing by the Employer/Employer’s representative of work, plant or materials whether carried out by the Contractor or sub-Contractor, shall relieve the Contractor from his liability to complete the Contract works in accordance with the Contract or exonerate him from any of his guarantees.  
1.25 [bookmark: _Toc44497927]Erection, supervision and checking of work on site
The carrying out of all work on the Site included in this Contract shall be supervised throughout by a sufficient number of qualified representatives of the Contractor who have had thorough experience of the erection and commissioning of similar Works.  
The Contractor shall ascertain from time to time what portions of the work on the Site the Engineer desires to check, but such checking shall not relieve the Contractor from the liability to complete the Works in accordance with the Contract or exonerate him from any of his guarantees.  
If at any time it appears to the Engineer that the Contractor will be unable to complete any Section of the Works in the time stipulated, then the Contractor shall, if required by the Engineer, carry on such work outside normal working hours and shall not make any claims for any extra expense thereby incurred unless, in the opinion of the Engineer, the delay is due to causes for which the Contractor would be entitled to an extension of time under the Conditions of Contract.  
The Contractor shall satisfy himself as to the correctness of all connections made between the apparatus supplied under the Works and apparatus supplied under any other contract before any of the former is put into operation.  
If the Engineer shall certify that defects have shown themselves in the Works, the Contractor shall, for the purpose of the maintenance after the completion of the Works provided for by the Conditions of Contract, keep on Site supervisory staff of such numbers and for such periods as the Engineer may require.  
The Contractor is to keep the site, on which he erects or stores plant, reasonably clean removing all waste material resulting from the Works as it accumulates and as reasonably directed.  On completion of the Works the Site is to be left clean and tidy to the satisfaction of the Engineer.  Any damage done to buildings, structures and plant or property belonging to KETRACO is to be made good at the Contractor's expense.  
1.26 [bookmark: _Toc44497928]Drawings, models and samples
The drawings and co-ordinates associated with the Specification are given in the Appendices.  
A list of the drawings that are to be submitted by the Contractor with his Bid and a list of drawings to be submitted after the Commencement Date are given in the Drawings, Documentation and Samples section of this Technical Specification.  The Contractor shall provide free of charge any additional drawings and/or copies of any reviewed drawings required by the Engineer.  
The Contractor shall submit samples of materials as required from time to time by the Engineer.  
The Contractor shall submit all drawings or samples of materials for review in sufficient time to permit modifications to be made and the drawings or samples resubmitted without delaying the initial deliveries or the completion of the Contract Works.  
The number of copies of each drawing or of any subsequent revision to be submitted to the Engineer is given in Volume 2, Section VII.  Following review, further copies of the reviewed drawing shall be supplied to the Engineer for distribution to KETRACO and to Site.  
Drawings for review shall be submitted electronically in a commonly used format and as paper prints and shall bear the authorized Contract reference.  
All drawings shall be drawn to one of the preferred scales quoted in Section 7 of BS Publication PD6031 or available on a standard ruler and on paper of the appropriate size from the International Series of A sizes.  
All detail drawings submitted for review shall be to scale and of a size not less than 1/25 full size.  All-important dimensions shall be given and the material of which each part is to be constructed shall be indicated.  
Except as otherwise specifically approved, all drawings shall be of size not greater than A0 (normally 841 mm x 1189 mm) nor smaller than A4 (normally 210 mm x 297 mm).  
All dimensions marked on the drawings shall be considered correct although measurement by scale may differ there from.  Detailed drawings shall be acted on where they differ from general arrangement drawings.  
The Engineer reserves the right to request any further additional information that may be considered necessary in order fully to review the Contractor’s drawings.  
Any drawing modified from a previously submitted drawing shall bear a new version number.  Revised drawings re-issued for review shall have at least one copy clearly marked indicating the amendments to the drawing.  Revision boxes must be provided giving the date, revision letter and brief description of each drawing.  
Any drawing or document submitted for information only shall be indicated as such by the Contractor.  Drawings submitted for information only will not be returned to the Contractor unless the Engineer considers that such drawings do need to be reviewed, in which case they will be returned suitably stamped with comments.  
All drawings submitted by the Contractor shall include the following particulars in the lower right hand corner: Contractor’s name, date, scale, number and title of the drawing, contract number, overhead line title and equipment description.  
The Contractor shall, when submitting drawings, provide an indexing system for all the drawings divided for each type of equipment.  
The drawing format and the indexing system will be agreed at the first Contract meeting between the Contractor and the Engineer.  
All prints shall be folded to A4 size and the title, drawing number and revision suffix shall remain visible.  
Drawings, samples and models already submitted by the Contractor and reviewed by the Engineer (and such drawings, samples and models as shall be thereafter submitted by the Contractor and reviewed by the Engineer) shall not be departed from without the instruction in writing of the Engineer.  
All drawings, samples and models shall be submitted in accordance with the provisions in the Schedules and shall become the property of KETRACO. 

1.27 [bookmark: _Toc44497929]Responsibility of Contractor
Until each Section of the Works has been taken over or deemed to have been taken over under the Conditions of Contract, the Contractor shall be entirely responsible (save as is provided in the Conditions of Contract) for such section of the Works, whether under construction, during tests or in use for KETRACO’s service.  
During the period of maintenance, the Contractor shall make such arrangements as to ensure the attendance on the Site, within a reasonable time of his being called upon to do so, of a competent representative for the purpose of carrying out any work of maintenance for which the Contractor shall be liable and during such part or parts of the said period as the Engineer shall deem it necessary, the said representative shall be continuously available on the Site.  
Any work that may be necessary for the Contractor to carry out in pursuance of his obligations under the Conditions of Contract shall be carried out so as to interfere as little as practicable with the normal operation of the generating station or substations.  Work on the Site shall be carried out at such time and during such hours as the Engineer may require.  
The Contract is to include the whole of the Works that are described in or implied in the Contract Document.  All matters omitted from the Specification which may be inferred to be obviously necessary for the efficiency, stability and completion of the Works, shall be deemed to be included in the Contract Price.  
Works shown upon the drawings, and not mentioned or described in the Technical Specification and Works described in the Technical Specification and not shown on the drawings will nevertheless be held to be included in the Contract and their execution is to be covered by Contract Price in the same manner as if they had been expressly shown upon the drawings or described in the Technical Specification.  
1.28 [bookmark: _Toc44497930]Additional services of Contractor's staff
If the Engineer shall so require, the Contractor shall provide the services of skilled workmen for the repair of any defect with the Works or for any adjustments necessary which may occur in the period between KETRACO commencing to use any Section of the Works (whether taken over or not) and the expiry of the period of maintenance.  
1.29 [bookmark: _Toc44497931]Contractor’s employees
The Contractor shall fulfil all his obligations in respect of accommodation, feeding and medical facilities for all personnel in his employ, in accordance with the responsibilities imposed on him by the Specification or as necessary to ensure satisfactory execution of the Contract.  He is also to comply with the requirements of all local Statutory Employment Regulations.  
The Contractor shall be responsible for the behaviour on site of all personnel employed by him.  
1.30 [bookmark: _Toc44497932]Alcoholic Liquor or Drugs
The Contractor shall not, otherwise than in accordance with the Laws of the Country, import, sell, give, barter or otherwise dispose of any alcoholic liquor or drugs, or permit or allow importation, sale, gift, barter or disposal by the Contractor’s Personnel.
1.31 [bookmark: _Toc44497933]Packing and shipment
All materials shall be carefully packed for transport by sea, rail and road and in such a manner that the packing provides adequate protection against all climatic conditions experienced in transit and storage on site during the construction period.  
The whole of the materials shall be packed where necessary in non-returnable cases or on non-returnable drums or otherwise prepared for overseas shipment in a manner suitable to withstand rough handling without sustaining damage.  
Bundles of steel angle sections shall be properly tied together by an approved method and care taken to ensure that they are robust and not of excessive length for handling during shipment.  
The Contractor’s attention is drawn to the provision of the Specification wherein the Contractor is required to suitably protect all steelwork before shipment to prevent damage to galvanized surfaces by white rust.  
Packing cases where used shall be strongly constructed and the contents shall be securely bolted or fastened in position with struts or cross battens.  Cross battens supporting weight in any direction are not to rely for their support on nails or screws driven lengthwise into the grain of the wood, but are to be supported by cleats secured from the inside.  
Bolts and nuts shall be crated for shipment.  
Crating together of components of dissimilar metals is not acceptable.  
Particular attention shall be given to strutting before packing cases are fastened down.  Cases shall be upended after packing to prove that there is no movement of the contents.  
Timber wedges or chocks shall be firmly fastened in place to prevent their displacement when the timber shrinks.  
Where bolts are used, large washers shall be fitted under the head and nut to distribute the pressure and the timber shall be strengthened by means of a pad.  
All stencil marks on the outside of the casings shall be either of a waterproof material or protected by shellac or varnish to prevent obliteration in transit.  
Wood wool shall be avoided as far as possible.  
Waterproof paper and felt linings are to overlap at seams by at least 12 mm and seams shall be secured together in an approved manner but the enclosure is to be provided with screened openings to provide ventilation.
Each crate or package shall contain a packing list in a waterproof envelope.  All cases, packages, etc should be clearly marked on the outside to indicate the total weight, show where the weight is bearing, the correct position of the slings and to bear an identification mark relating to the appropriate shipping documents.  
The Engineer may be required to inspect and review the packing before items are despatched but the Contractor is to be entirely responsible for ensuring that the packing is suitable for transit and such inspection will not exonerate the Contractor from any loss or damage due to faulty packing.  
1.32 [bookmark: _Toc44497934]Accommodation and site storage
Living accommodation.  The Contractor shall make his own arrangements with regard to accommodation for his expatriate and locally recruited staff during the construction period. All dwellings and buildings existing or erected for the purpose by the Contractors shall comply with local regulations with regard to construction, water supply, sanitation and other requirements. The Contractor shall provide temporary construction camps complete with proper sanitation and other necessary facilities.  The Contractor shall be responsible for the construction and provision of all electrical supplies, water supplies, living accommodation, catering, services and amenities required by his employees for the duration of the Works.  The location of all such facilities will be subject to approval by the Engineer.
All accommodation shall serve as permanent residences and form future communities, if such use can be foreseen or be removed by the Contractor when no longer required and before the granting of the final certificate.  After the removal of accommodation, the ground shall be left in a clean and tidy condition.  
Medical facilities. The Contractor shall be required to make his own arrangements to avail required Medical services for his expatriate or locally engaged staff.  
Staff transport.  The Contractor shall provide, at his own expense all necessary transport for his own men and materials.
General.  Without prejudice to the generality of the several clauses of the Contract and except for the facilities referred to in this Clause, particular attention is drawn to the obligation of the Contractor to make his own arrangements at his own expense for supply and furnishing of offices, workshops, stores and store compounds and the watching and guarding of such.  
Storage facilities.  The Contractor shall make his own arrangements for storage areas and campsites.  The Contractor shall in all cases obtain the approval of the Engineer for the places along the route of the lines where he intends to store materials.  In no case will this be outside the authorized area unless special arrangements are made with the owners of adjacent property, at the Contractor’s own expense.  The Contractor is to provide any necessary protection and watchmen to safeguard materials in the areas allocated to him.  The handling and storage of any equipment at the site is to be at the risk of the Contractor and without responsibility to KETRACO.  The Contractor is to arrange for the protection to the satisfaction of the Engineer, of these materials against vermin attack, corrosion and mechanical damage during storage and erection at site.  
The site storage areas shall be prepared with adequate hard-standing for the orderly storage of conductor drums, tower steel, insulators and fittings so that the material will not be damaged by the effects of adverse weather during storage.  Items packed in flammable crates or drums shall be stored in such a manner as to limit the extent of any damage arising from fire.  
Compressed air.  The Contractor is to make his own arrangements for a supply of compressed air if required for the execution of the contract work.  
Lifting facilities.  The Contractor is to make his own arrangements with regard to lifting facilities required for transport or on site.  
1.33 [bookmark: _Toc44497935]Office accommodation for use of the Engineer
The Contractor shall utilise appropriate existing buildings or provide such temporary buildings as may be necessary for office accommodation for Employers staff during the erection of the works and the cost of these shall be deemed to be included in the Contract Price.
The Contractor shall also provide at his own cost, two furnished rooms in his site office to accommodate 2 representatives of KETRACO.  The site office provided by the Contractor shall be fully furnished using a good standard of office furniture to be approved by the Employer (Project Manager) and fully equipped with:
•	Two desks and chairs
•	One filing cabinet
•	Two desktop computers suitable for use with PLS - CADD, PLS Tower and AutoCAD
•	Two (2) PLS – CADD and Two (2) PLS Tower software licences
•	One (1) common printer (with photocopying and scanning capabilities) for both A3 and A4. The minimum specifications of the printer/scanner and photocopier as approved by the Project Manager.
•	One Shelving unit
•	Toilet and sanitary facilities (comprising WC set, separate for gents and ladies, urinals, wash basin as approved by the Project Manager)
•	Air conditioning
•	Lighting
•	Sufficient number of fire extinguishers of suitable size and type
•	Clean and safe bottled drinking water.
•	High Speed Wi-Fi (Minimum 15mbps) for internet access.
•	Tea/coffee/beverages and refreshments
NB: All the above items shall remain the property of KETRACO during and upon completion of the project. All the software should be purchased under KETRACO’s name and upgraded during the duration of the contract. 
The desktop computers are to be provided with internet connection with service provided throughout the duration of the contract by a secure broadband internet service provider, for which the Contractor shall be responsible for all associated charges and costs.  A UPS system shall be provided to support the computer system for a minimum of 30 minutes in the event of a power failure.  The computers and printer shall be networked on a LAN with facilities to access the Internet (broadband) on a continuous basis.  The Contractor shall be responsible for all associated charges and costs.   
The Contractor shall provide a safe bottled drinking water for the duration of the Contract.  
Adjacent to the Employer's offices, adequate parking space shall be provided by the Contractor. The office accommodation is to be provided with reliable and constant electricity supply and water supply.  
1.34 [bookmark: _Toc44497936]Office Accommodation Services
The Contractor shall be responsible for providing the following services to the Engineers Office Accommodation:
Electricity Supplies
The Contractor shall be responsible for providing, obtaining and making all arrangements for the use for the Works of supplies of electricity required, including the provision at his own cost of all apparatus necessary for such use. All precautions which are necessary to ensure the safety of every person on the Site shall be taken.  The Contractor’s installation shall be to the satisfaction of the Engineer who may require the disconnection or alteration of any parts that he considers may be dangerous.  Such installation shall comply also with all appropriate statutory regulations and be in accordance with IEC 60364 and IEC/TR 61200-704.  
As soon as any parts or whole of the Contractors installation is no longer required for carrying out the Contract Works, the Contractor shall disconnect and remove the same to the satisfaction of the Engineer.
The Contractor shall be responsible for the installation and maintenance of a backup generator which shall provide the office accommodation with an electricity supply during power outages.  The generator shall have the capacity to meet all office loads including lighting and air conditioning.  The Contractor shall provide fuel for the generator throughout the duration of the Contract.  The use of the generator is at the discretion of the Engineer or KETRACO.  The standby generator shall always be available for immediate connection.
Water Supplies  
The Contractor shall be responsible for providing, obtaining and making all arrangements for the use for the works of supplies of water required, including the provision at his own cost of all apparatus necessary for such use.  

2. [bookmark: _Toc44497937]LINE CONDUCTOR
2.1 [bookmark: _Toc44497938]General
The line conductor and accessories shall be supplied and installed by the Contractor. The characteristics of the conductor are as per technical particulars/schedules. Drawings for the fittings and accessories shall be provided. 
2.2 [bookmark: _Toc44497939]Joints
Joints for connecting line conductor will be provided by the contractor and shall be of approved types.  Tension joints for ACSR shall be of the compression type.  The design of the joint for ACSR conductors shall be such as to make it impossible to position the steel sleeve incorrectly.  The electrical resistance of each joint shall not exceed 75 per cent of the measured resistance of the equivalent length of reference conductor.  Tension joints shall not permit slipping of or cause damage to or failure of the complete line conductor or any part thereof at a load less than 95 per cent of the ultimate strength of the line conductor stated in the Technical Schedules.  
All joints shall consist of as few parts as possible and there shall be no danger of relative movement between individual layers of the conductor during assembly.  Non-tension joints shall not permit any slip or damage of the jumper connection at a load of less than 25 per cent of the ultimate strength of the conductor and shall be designed so that no loosening of the jumper connections can occur in service.  The design of the joints and any special tools to be used in their assembly shall be such as to reduce to a minimum the possibility of faulty assembly and erection.  Erection tools and methods shall be to approval, and no alteration in methods of erection or tools shall be made, after approval, without the written sanction of the Engineer.  
Where mating surfaces and jumper terminals are to be bolted together they are to be protected at the Manufacturer's Works by a strippable plastic coating or other approved means.  

2.3 [bookmark: _Toc44497940]Vibration dampers, spacers and spacer-dampers
Where the phase consists of a single conductor, only Stockbridge type vibration dampers shall be supplied by the contractor.  Where the phase consists of a bundle of two or more sub conductors, control of vibration and spacing within the phase conductor bundle shall be by means of a combination of vibration dampers and flexible spacers or spacer dampers.  
The Stockbridge type vibration dampers shall be designed to:
•	introduce an additional damping effect to that of the conductor and to control Aeolian vibration to ensure that the strain level in the conductors at the clamps, both suspension and tension is below the fatigue limit of the conductor strands,
•	guarantee that conductor bending strain at suspension and tension clamps shall not exceed the limit of 150 macrostrains.  
In order to evaluate the efficiency of the damping system the supplier must have developed suitable computer programmes that have been verified against experimental investigations and behaviour of actual transmission lines, so that he is able to simulate the behaviour of the phase conductor when subjected to wind-excited Aeolian vibration.  Based on the type of conductor and its tensile load the supplier shall submit a damping study, with calculations of vibration amplitude and strain on phase conductors with and without vibration dampers.
Spacers shall be provided in each span and installed in accordance with the manufacturer’s recommendation.  Notwithstanding these recommendations the distance between spacers shall not exceed 60 m and the spacers shall not normally be uniformly distributed within a span.  Spacers in the span shall maintain the spacing of the sub conductors in the bundle as specified in the Technical Schedules.  
Alternative combinations of spacer dampers, with or without end-span Stockbridge dampers, may be adopted providing satisfactory performance data has been offered for the proposed system.  
All spacers (and spacer dampers) shall be designed to maintain or restore the specified geometric configuration of the conductor bundle, even when the latter is subjected to different actions (eg wind, short-circuit, etc).  They shall also be designed to prevent any damage to conductor arising from clamp slip occurring after conductor creep or long-term vibration.  
Spacer dampers shall be designed, in addition to maintaining the correct spacing’s of sub-conductors in the bundle and to restoring their torsional stability after unfavourable conditions, to:
· Introduce an additional damping effect to that of the conductor and to control Aeolian vibration and subspan oscillation to ensure that the strain level in the conductor at the suspension clamp and at the clamp of the spacer dampers is below the fatigue limit of the conductor strands, 
· Prevent damage to each sub-conductor from vertical and horizontal vibration and oscillation, 
· Prevent physical contact between sub-conductors arising from wind and electro-magnetic forces (except short-circuit current),
· guarantee that conductor bending strain at suspension and tension clamps shall not exceed the limit of 150 microstrain, 
· guarantee that conductor bending strain at spacer damper clamps shall not exceed the limit of 100 microstrain.  
The approval of dampers, spacers and spacer dampers shall be conditional on the provision of evidence of satisfactory service life and performance.  Evidence must be provided in respect of fatigue resistance, clamp to conductor grip, damping of Aeolian vibration and control of sub span oscillation with disposition along the span as recommended by the manufacturers.  Evidence shall be provided of resistance to ozone and ultraviolet light as well as to aging in the case of hardware employing elastomers.  
In order to evaluate the efficiency of the damping system the supplier must have developed suitable computer programmes which have been verified against experimental investigations and behaviour of actual transmission lines, so that he is able to simulate the behaviour of the bundle when subjected to wind-excited vibrations, either at low frequency (sub span oscillations) or at higher frequency Aeolian vibration.  Based on the type of conductor and its tensile load the supplier shall submit a damping study, with calculations of vibration amplitude and strain on conductors with and without spacer dampers.  
The metallic material of spacer and spacer dampers shall be aluminium alloy.  The clamps shall not be less than 120 mm long and shall be provided with an adequate clamping surface secured by not less than two bolts and with a radius at the clamp mouth to prevent damage to the conductor.  Alternative designs of clamping can be considered on evidence of satisfactory service experience.  All screws and nuts on spacers and spacer dampers shall be locked in an approved manner.  
Elastomers or other non-metallic materials if used shall have good resistance to ageing and be capable of withstanding temperatures between +0°C and +110°C without change of essential properties.  The materials shall have adequate resistance to the effects of ozone, ultraviolet radiation and air pollution over the entire temperature range and shall have a semi-conductive property.
Each jumper connection shall be provided with at least two spacers, fitted symmetrically, which may be of rigid design and which may incorporate jumper weights if the latter are necessary to limit jumper swing.  Additional spacers shall be provided where necessary to ensure that the maximum distance between spacers is 5 m.  
Down leads shall be fitted with spacers at a maximum distance apart of 30 m.  The spacers shall provide the spacing of the sub-conductors in the bundle as specified in the Technical Schedules.  
Spacers, spacer-dampers and vibration dampers shall satisfy the requirements specified in IEC 61284, 61854 and 61897 as relevant.  
2.4 [bookmark: _Toc44497941]Armour rods
Approved pre-formed helical armour rods shall be fitted to the line conductor, or each sub-conductor, at all suspension towers.  
The armour rods shall be of a material that is compatible with the material of the line conductor or sub-conductor to which it is attached such as to eliminate any effects arising from dissimilar metals corrosion.  
Armour rods shall have an end form appropriate to the application and operating voltage.  The lay of the armour rods shall be right handed.
Identification marking shall be provided on a durable label attached to each set of armour rods. This label shall include details of the conductor material and diameter range.  In addition, each armour rod shall be provided with a discrete painted colour coding and a marking indicating the conductor size and starting point for application respectively.
Pre-formed helical armour rods may only be removed and reapplied after the original application for the purpose of adjustment during line construction procedures, in strict accordance with the manufacturer’s recommendations.  
3. [bookmark: _Toc44497942]OPGW AND EARTH CONDUCTORS
3.1 [bookmark: _Toc44497943]General
On double circuit lines there shall be two OPGW as specified in the Technical Schedules.  
All aluminium and aluminium alloy material and coatings shall be formulated to resist corrosion (including general pitting and inter-granular, galvanic, crevice and stress corrosion) when exposed to the severe environment of the transmission line detailed in the Technical Schedules and as generally described by pollution level IV of IEC 60815 and by pollution Class 4 to 5 of IS0 9223 (SO2 Pollution Class P2 and Chloride Pollution Class S1).  All overhead conductors shall have a design service life of minimum 50 years and for OPGW a warranty of at least 5 years, after operational acceptance, is also required.  
OPGW.   
The Bidder shall offer loose buffer or tight buffer type OPGW containing designated numbers of single mode (S.M) optical fibers in conformity with ITU-T Recommendation G.655. The fibers shall be embedded in a watertight OP-unit tube. OP tube shall be of aluminium/aluminium alloy or aluminium-covered stainless steel and surrounded with SA wires. The tube and SA wires shall be continuous and shall not have mechanical joint. The tube shall have sufficient strength in order to protect the optical fibers against radial compression by the metallic wires of the external layers and shall be smooth in internal and external surfaces in order to avoid damage to optical fibers.
The Bidder shall furnish complete description of the metallic and fiber optic components together with cross-sectional drawings of OPGW offered. The drawing shall provide a clear illustration of the design and make-up of the cable. The characteristics of OPGW shall be similar to as stated in the following table.
Table 3:Characteristics of OPGW
	Description
	Unit
	Characteristics

	Numbers of fibres
	Nos.
	48

	Weight
	kg/km
	850 or less

	Tensile strength
	kN
	93 or more

	Modulus of elasticity
	kN/mm2
	70 or more

	Coefficient of linear expansion
	×10-6/°C
	19.8 or less

	Allowable temperature continuous
	°C
	80

	Minimum conductivity of aluminium wires at 20°C
	% IACS
	52.5



Concentrically stranded metallic wires shall surround the protective optic unit. The properties of the metallic wires shall be in conformity with ASTM B415 and B416 or IEC 61232. The surface of the OPGW shall be free from all imperfections that are visible to the naked eye such as nicks, indentations, excess of lubricants etc. Adjacent wire layers shall be stranded with reverse lay directions. The direction of lay of the external layer shall be right hand. The wires in each layer shall be evenly and closely stranded around the underlying wires or around the central core. For aluminium-clad steel wires, the aluminium covering on each individual steel wire shall be continuous and uniform and shall provide sufficiently strong bonding strength at the boundary between aluminium layer and steel core. 
(2) Optical Fiber 
All optical fibers contained within the optical unit shall comply with the requirements of IEC 60793 and IEC 60794 series. 
Each individual fiber shall be color coded for identification purpose, with details of the color coding scheme adopted. 
The fiber cables shall be suitable for operation at 1550 nm and 1625 nm wavelengths.
The fiber shall be manufactured from high-grade silica and doped, as necessary to provide required transmission performance. The chemical composition of the fibers shall be specifically designed to minimize the effect of hydrogen on the transmission properties. The fiber shall be heat resistant. The Contractor shall submit a certificate or test data to guarantee the maximum rated temperature of the fibers.
The Contractor shall indicate index of refraction of the fiber core and cladding at 1550 nm and 1625 nm and the effective group refractive index for use with the Optical Time Domain Reflecto-meter (OTDR). 
Design requirements of optical fibers shall be as specified in the following table.

Table 4:Characteristics of Optic Fiber
	Description
	Specification

	Mode field Diameter
	8.6 – 9.5 µm ± 0.6 µm

	Cladding diameter
	125.0 µm ± 1 µm

	Cladding non-circularity
	Less than 1.0%

	Chromatic dispersion
	≤ 2 ps/nm*km at 1550 nm 
≤ 12.4 ps/nm*km at 1625 nm

	Polarisation Mode Dispersion (PMD)
	< 20√ km

	Maximum allowable temperatures
	To be proposed by Contractor

	Splice loss
	Less than 0.1 dB/splice

	Bending loss at radius 30 mm with 100 turns
	Less than 0.1 dB



The attenuation coefficient at zero dispersion shall be in the range 0.3 to 0.4 dB/km. 
The Bidder shall offer the typical attenuation spectral curves in the 1550 nm to 1625 nm wavelength range. The additional attenuation introduced for 100 turns of uncabled optical fibers (loosely wound) with 37.5 mm radius mandrel and measured at 1,550 nm at +20oC shall be less than 0.5 dB compared to the initial value measured before winding. 
The additional temporary attenuation compared to the initial value measured at +20°C due to; 
· Temperature cycle (-20°C to +80°C) shall be less than 0.05 dB/km 
· Temperature rises on account of lighting stroke shall be less than 0.1 dB/km 
· Temperature rises on account of short circuit current shall be less than 0.25 dB/km 
The above increase in attenuation shall be only temporary. There shall be no measurable increase in the fiber attenuation after normalcy is restored. The attenuation of the fibers embedded in the OPGW shall be distributed uniformly throughout its length so that there are no point discontinuities in excess of 0.05 dB. The fiber length in reel shall be continuous. No splice of fiber within a reel of OPGW shall be accepted. The optical wave-guide fibers shall completely protected from water penetration and environmental conditions. The Bidder shall indicate index of refraction of the fiber core and cladding at 1,550 nm and the effective group refractive index for use with optical time domain reflectometer (OTDR).
The splicing loss of any two fibers in any case shall not exceed 0.10 dB/splice. Ageing shall not cause increase of the nominal optical attenuation at ambient temperature at 1550 nm by more than 0.05 db/km of fiber over a period of 25 years. 
The fiber shall be manufactured from high-grade silica and doped, as necessary to provide required transmission performance. The chemical composition of the fibers shall be specifically designed to minimize the effect of hydrogen on the transmission properties. The fibers shall be heat resistant. The Bidder shall submit a certificate or test data to guarantee the maximum rated temperature of the fibers. 
The fiber core and cladding shall consist of silica (SiO2) glass. In order to prevent damage to optical fiber the optical fiber shall be suitably coated. The coating provided shall guarantee a sufficient mechanical protection while splicing optical fibers. The fiber coating shall be easily strippable during splicing and termination with a mechanical stripping tool. The stripping shall not induce any mechanical stress or notches that weaken the optical fiber. 
Each optical fiber for identification shall be color-coded corresponding to sequential numbering. The color shall be integrated in the fiber coating and shall be homogeneous. The color shall not be erased when handled during splicing. The original color shall be discernible through the design life of the OPGW. The color should not bleed from one fiber to the other and not fade when wiping the fiber with acetone or alcohol. If the fibers are regrouped in bundles or in tubes the later shall be colored according to a determined code. 
The OP-unit tube shall be made of aluminium, aluminium alloy or aluminium-covered stainless steel with no mechanical joints and shall protect the Optic Fibers from mechanical and thermal loading. The tube shall have sufficient resistance in order to protect the optical fibers against radial compression transmitted by the metallic wires of the external layers. Under the normal operating conditions, including Aeolian vibrations, sheave pulling at minimum, maximum temperature and maximum operating tension the tube shall not open, fissure and shall not be deformed. The internal surfaces of the tube shall be smooth, without smudges, notches, residues or roughness that may affect the optical fiber or their sheathing. The internal and external surfaces of the tube shall be circular and the tube thickness shall be constant. 
OPGW earth conductor shall consist of at least two layers of aluminium alloy wires with an optical fibre communication cable enclosed in one or more aluminium alloy or stainless steel tube.  Aluminium-clad steel wires may be incorporated to provide the necessary mechanical strength characteristics but shall not be used in the outer layer of the OPGW.  Only aluminium alloy wires are permitted in the outer layer of OPGW.
The OPGW earth conductor shall have the characteristics stated in the Technical Schedules and shall comply as far as possible with the requirements of IEC 61089 or other equivalent national standard, including where approved the requirements of BS EN 187200.  
Aluminium alloy wires shall be aluminium-magnesium-silicon grade in accordance with BS EN 50183.  Close control of the ratio of Mg/Si alloying elements and the proportion of impurities shall be exercised in order to minimize the risk of corrosion degradation during the service life of the OPGW.  The Contractor shall submit certificates of analysis giving the composition of the alloy and the percentage and nature of any impurities in the metal of which the wires are made.  The type of alloy shall be proposed by the conductor manufacturer and is subject to the approval of the Engineer.  
Precautions shall be taken during manufacture, storage and erection of conductors to prevent the possibility of contamination by copper and iron or other materials that may adversely affect the aluminium.  
Where aluminium-clad steel wires are used they shall be to IEC 61232 or ASTM B415 class 20SA and their use is restricted to the inner layer.  Aluminium-clad steel wires are not permitted in the outer layer of the OPGW.  
All wires, aluminium alloy and aluminium-clad, shall be of uniform circular section, smooth and free from surface imperfections.  The diameter of the wires shall not vary more than 2 per cent from the standard figures stated in the Technical Schedules.  Aluminium-clad steel wires shall be pre-formed so that they remain inert when the conductor is cut.  The outer layer shall be right-hand lay.  There shall be no joints in individual wires in a drum length unless specifically approved by the Engineer.  
The optical fibres shall be housed in a tube inside the OPGW earth conductor.  Tube, or tubes where appropriate, shall be of aluminium alloy or stainless steel material. The optical fibres shall be protected from water ingress by the application of a waterproof gel, applied between the buffer tubes and the plastic sheath or seamless metallic tube during manufacture.  
The OPGW shall be designed to withstand lightning strokes, short-circuit current, ambient and extreme temperatures and loadings specified in the Technical Schedules with no effect on the attenuation of the optical fibres and no permanent damage to the data transmission characteristics of the fibre optic cable.  
The optical fibre cable shall be of the loose tube type, with the fibres contained in a buffer or buffer tubes contained in the central core of the OPGW earth conductor.  
The buffer tubes housing the optical fibres shall be coded for ready identification at either end.  Buffer tubes shall be filled with a compound to provide resistance to water penetration, vibration damping and for shock absorption.  
The number of fibres to be contained within the optical fibre cable shall be as stated in the Technical Schedules.  The fibres shall be Non-Zero Dispersion-Shifted Single-Mode type, suitable for operation at wavelengths of both 1550 nm and 1650 nm and shall conform to ITU-T Recommendation G.655 with transmission of information at minimum data rates of 2.5 Gbit/s.  
Each individual fibre shall be colour coded for identification purposes and details of the colour coding scheme adopted shall be stated in the bid.  
Jointing of fibres shall be by the fusion splice method.  
The optical fibre cable shall be designed so that the fibres shall be free from longitudinal strain under all conditions of loads and ambient temperatures specified.  The design of the fibre optic cable shall be such that an extension of 0.6 per cent of the OPGW will not produce strain in the fibres and not result in an increase in attenuation.  
Under all conditions, prior to and after installation, the maximum fibre attenuations shall be 0.22dB/km at 1550 nm and 0.24 dB/km at 1625 nm.  
The optical fibres shall be able to withstand temperature cycling in the range –5°C to +60°C without changing the optical values during installation, stocking and transportation.  
The cable shall be rated to operate at 80°C continuously and at intermittent short-term temperatures up to 200°C without any degradation of performance.  
Full details of the cable offered must be submitted with the bid, including:
Cable construction and materials, including the Mechanical Failure Load (MFL), Rated Tensile Strength (RTS) and Specified Maximum Working Tension (SMWT).  
1.	Installation methods and materials.  
2.	Jointing methods, materials and mounting arrangements.  
3.	Physical protection against the ingress and transmission of moisture.  
4.	Identification marking and fibre coding.  
ACS.  The earth conductor shall consist of All Aluminium Clad Steel having the characteristics stated in the Technical Schedules.  The earth conductor shall comply in all respects with the requirements of ASTM B416 or IEC 61232 or other approved standard.  The outer layer wires shall be pre-formed so that they remain inert when the conductor is cut.  
The stranding of each layer of the conductor shall be as close and even as possible.  The lay of the outermost layer shall be right-hand.  
Precautions shall be taken during manufacture, storage and erection of conductors to prevent the possibility of contamination by copper or other materials that may adversely affect the aluminium.  
At suspension towers the earth conductor suspension clamp shall be securely bonded to the tower steelwork by means of a multistrand aluminium flexible bond wire having a cross-sectional area adequate to carry the current of 31.5 kA for not less than one second. The bond shall be terminated with compression lugs and shall not interfere with the suspension clamp movement.
At tension towers the earth conductor clamps shall each be securely bonded to the tower steelwork by means of suitable lengths of multistrand aluminium flexible bond wires having a cross-sectional area adequate to carry the current of 31.5 kA for not less than one second. The bond shall be terminated with compression lugs.  
Suspension towers shall be provided with the facility to accommodate suspension and tension clamps and bonds.  
The provisions of the Specification in relation to line conductor drums shall also apply to OPGW and ACSR earth conductor drums.  
3.2 [bookmark: _Toc44497944]Joints
Joints for connecting earth conductors shall be of approved types.  
OPGW.  There shall be no connecting joints in OPGW earth conductor.  Optical fibres shall only be jointed at approved joint boxes, in accordance with the requirements given in this Technical Specification.  
ACS.  Tension joints for ACS earth conductor shall be of the compression type.  The electrical resistance of each joint shall not exceed 75 per cent of the measured resistance of the equivalent length of reference conductor.  Tension joints shall not permit slipping of or cause damage to or failure of the complete earth conductor or any part thereof at a load less than 95 per cent of the ultimate strength of the earth conductor.
The design of the joints and any special tools to be used in their assembly shall be such as to reduce to a minimum the possibility of faulty assembly and erection.  Erection tools and methods shall be approved and no alteration in methods of erection or tools shall be made, after approval, without the written sanction of the Engineer.  
Where mating surfaces and jumper terminals are to be bolted together they are to be protected at the Manufacturer's Works by a strippable plastic coating or other approved means.    
Vibration dampers
Vibration dampers shall be fitted to all overhead earth conductors, both OPGW and Aluminium Clad Steel Conductor.
The earth conductor vibration dampers shall be designed to:
a.	introduce an additional damping effect to that of the earth conductor and to control Aeolian vibration to ensure that the strain level in the earth conductors at the clamps, both suspension and tension, is below the fatigue limit of the earth conductor strands,
b.	guarantee that the earth conductor bending strain at suspension and tension clamps shall not exceed the limit of 150 microstrains.
OPGW.  The optical fibre earth conductor (OPGW) shall be fitted with approved vibration dampers, either Stockbridge type of four response format using 19 strand minimum messenger cable or spiral vibration type fabricated from suitable material resistant to corrosion, ozone, ultraviolet radiation and the effects of electric fields.  
ACS.  The Aluminium Clad Steel earth conductor shall be fitted with approved Stockbridge type vibration dampers of four-response format using 19 strand messenger cable.  
Successful service history of the proposed damping system in environments at least as hostile as that for the present project shall be demonstrated and the efficacy of the proposed system for damping Aeolian vibrations shall be demonstrated by calculation, as detailed below.  
The number of dampers per span of individual earth conductor shall be as stated in the Technical Schedules. 
The approval of vibration dampers shall be conditional on the provision of evidence of satisfactory service life and performance.  Evidence must be provided in respect of fatigue resistance, clamp to conductor grip and damping of Aeolian vibration with disposition along the span as recommended by the manufacturers.  Evidence shall be provided of resistance to ozone and the ultraviolet light as well as to aging in the case of spiral vibration dampers.
In order to evaluate the efficiency of the damping system the supplier must have developed suitable computer programmes that have been verified against experimental investigations and behaviour of actual transmission lines, so that he is able to simulate the behaviour of the earth conductor when subjected to wind-excited Aeolian vibration.  Based on the type of conductor and its tensile load the supplier shall submit a damping study, with calculations of vibration amplitude and strain on earth conductors with and without vibration dampers.
Stockbridge type vibration dampers shall satisfy the requirements specified in the Tests section of the Technical Specification and in IEC 61897.
Spiral type vibration dampers shall be to the approval of the Engineer.
Armour rods
The provisions of the Specification in relation to armour rods shall also apply to armour rods for OPGW and ACS earth conductors.  In addition, the number of layers making up the armour rod for OPGW shall be in accordance with the recommendations of the supplier of the suspension clamp for OPGW and shall be to the approval of the Engineer.
3.3 [bookmark: _Toc44497945]Optical joints and joint boxes
The Contractor shall design, supply and install optical fibre cable joints for the OPGW earth conductor.  Each joint shall include its joint box and mounting hardware, optical fibre splice kits, entry seals and all accessories required to produce a permanent optical joint.  Details of the proposed optical fibre joints shall be submitted by the Contractor for the approval of the Engineer.  
All fibre joints shall be individually mounted within the box.  Optical fibre splices shall be of the fusion type and optical attenuation of each splice shall be less than 0.1 dB.  
Variations in the quality of workmanship in making the fusion splice shall have a minimal effect on the efficiency and reliability of the joint.  
Joint boxes designed to protect all optical fibre joints from the environment shall be provided and located on appropriate joint towers immediately above the anti-climbing devices.  Joint towers may be either tension or suspension towers, the latter being specifically modified to accept the optical termination fittings.  Each joint box shall be capable of being hermetically sealed after jointing and hermetically resealed after reopening and reclosing.  
The boxes, which shall be fitted with a bolted and lockable lid, shall be manufactured from stainless or galvanized steel or from a high stability polypropylene material and shall provide protection to Class IP 54 of IEC 60947-1.  Access on the bottom edge of the box shall be by means of weather-tight glands sized for the incoming and exiting OPGW earth conductor.  The box shall be made weatherproof by the use of corrosion-resistant sealing compound.  Where the joint box is made of steel an integral earth terminal shall be provided.  
The joint boxes shall provide adequate protection for splices and shall provide storage for sufficient length of fibre for at least ten future splices.  The size of the boxes shall be sufficient to meet the minimum bending requirements of the OPGW earth conductor.  
At termination positions the box shall be of an adequate size and the access holes shall be capable of accepting glands suitable for the termination and jointing, by others, of an optical fibre cable for connection to the substation equipment.  This terminating joint box shall be located on the substation gantry structure.  
The boxes shall be securely clamped to the tower.  Due account shall be taken of the weight and wind area of the joint box and its effect on the design of the towers.  Each box shall be labelled “Keep Off – Danger of Death” in Swahili & English language.  The conductors or cables and integral optical cables shall be brought into the box.  
The OPGW earth conductor shall be supported on and electrically bonded to the structure by means of cleats at 1000 mm centres on vertical members and 600 mm centres on horizontal members.  The cleats shall be designed so that no damage during installation is caused to the galvanized surface of the steelwork.  
To permit the joint box to be moved to the ground for jointing purposes a suitable length of OPGW earth conductor, minimum 3 m, is to be coiled and supported on the structure as specified before entering the joint box.  
All required materials for fixing the OPGW earth conductor and for the installation of the joint boxes shall be supplied by the Contractor and the costs for these materials and joint boxes shall be deemed to be included in the cost of the OPGW earth conductor, as shall the costs for carrying out all the necessary jointing and splicing.  
4. [bookmark: _Toc44497946]INSULATORS AND FITTINGS

4.1 [bookmark: _Toc44497947]Insulator sets and earth conductor sets
Insulator units shall be the long rod polymeric (composite) type with metal fittings and shall comply in all aspects with the requirements of relevant IEC standards. These shall be supplied by the Employer from the existing stock of spares for the transmission line.
4.2 [bookmark: _Toc44497948] Grading rings & Corona devices
Grading rings and other corona shield equipment, formed from galvanized mild steel and of approved types, shall be attached in an approved manner to all suspension and tension insulator sets.  The devices shall be attached to the insulator fittings, but not directly to conductor clamps or to the caps of insulator units.  The design of the devices shall be such as to reduce, as far as reasonably possible, damage to the line conductors, clamps, insulator strings and devices themselves under all flashover conditions.  The general shape and method of attachment of the live end device shall also not restrict the replacement of insulators under live line conditions.  
The grading rings of the insulator sets must fulfil simultaneously the functions of arcing rings, corona shield and potential distribution devices. As arcing device, the guard rings shall be designed to protect insulators and conductors when flashover occurs.  The arcing fittings shall be made of hot dip galvanized steel and must have the capability to withstand a short circuit current of 10 kA for 1 sec.
The arcing fittings must be designed such that in case of a flashover the arc will be led to the end burning spot.  They may reach a final temperature not exceeding 600°C during the short-circuit. The function of arcing protection must not be greatly altered by the power arc.
As corona shield devices, the grading rings shall be designed to ensure a corona-free insulator and string set.
As potential distribution devices, the grading rings must be designed to ensure that for each insulator fin a potential value as required by the insulator manufacturer is ensured.
The design of the grading rings shall consider and optimize simultaneously all the functions required. The rings shall be strong enough to support a maximum point load of 90 kg.
Grading rings shall be supplied for all composite long rod insulators and the Contractor shall provide data and previous service histories to confirm that suitable protective devices have been offered.  
All suspension and tension insulator sets for the general run of lines shall be provided with grading rings at both line and earth ends.
4.3 [bookmark: _Toc44497949]Electrical design
All insulators and insulator sets shall comply with the technical requirements of the Technical Schedules.
4.4 [bookmark: _Toc44497950]Mechanical design
The mechanical strength of the insulators shall be as stated in the Technical Schedules.  
The design shall be such that stresses due to expansion and contraction in any part of the insulator shall not lead to the development of defects.  
Insulating material shall not engage directly with hard metal.  All fixing material shall be of approved quality and applied in an approved manner and shall not enter into chemical action with the metal parts or cause fracture by expansion in service.
  
4.5 [bookmark: _Toc44497951]Marking
Each insulator unit shall be legibly and indelibly marked with the name and trademark of the manufacturer, the year of manufacture and the SML (specified mechanical load) in accordance with IEC 61109.  
4.6 [bookmark: _Toc44497952]Clamps and fittings
Suspension and tension anchor clamps for line and earth conductors shall be of approved types and shall be as light as possible.  All clamps shall be designed to avoid any possibility of deforming the stranded conductor or of separating the individual strands.  
All connecting fittings between the conductor and the tower steelwork such as a clevis to tongue, shackle to plate or link which are subject to a tensile load in service shall comply with IEC 61284 except that each fixing pin shall be secured by a threaded nut and a split pin.  A backing washer is not required and the unthreaded shank of the fixing pin shall extend 3 mm through the clevis or shackle.  The nut shall, during erection, be tightened to the end of the thread and be backed by a phosphor bronze or austenitic stainless steel split pin.  A clevis or shackle opening shall not exceed the thickness of the corresponding tongue, plate or link by more than 3 mm.  Adequate bearing area between fittings shall be provided and point contacts shall be avoided wherever this is possible without adversely affecting the flexibility of the fitting.  
Fittings made of steel or malleable iron shall be galvanized in accordance with the Specification.  All bolts and nuts shall comply with the requirements for tower bolts and nuts and shall, unless otherwise specified, be locked by locknuts.  The mechanical strength of the fittings shall be as stated in the Technical Schedules and the minimum failure load of each fitting shall be stated on the drawings. All clamps and fittings (except grading rings) which could be the subject of direct or indirect lightning or short circuit current shall withstand at least 31.5kA for 1 second without alteration of their electrical or mechanical performance values.   
Fittings shall be provided in all insulator sets to allow live line replacement of insulator units to be carried out.  Insulator sets shall be fitted with shouldered extension links, at each end of the insulator strings, suitable for standard strain carrier yokes of live line maintenance equipment and for bundled line conductor, an attachment plate behind the tension clamp to enable the load on the tension set to be relieved when making adjustment to the sag-adjusting links.  
Suspension clamps for ACSR line conductor and ACS steel earth conductors shall be free to pivot in the vertical plane about a horizontal axis passing through and transverse to the centre line of the conductor.  Suspension clamps shall permit the complete conductor to slip at approximately 15% of the UTS tension stated in the Technical Schedules, but the conductor shall be mechanically clamped in an approved manner. The supporting groove beyond the clamp shall be curved in the vertical plane to allow for the conductor leaving the clamp at the maximum inclination to be obtained in service.  The mouth of the supporting groove shall also be slightly flared in plan.  The grooves in the clamping piece or pieces shall be bell-mouthed at each end. All conductor grooves and bell-mouths in ferrous clamps shall, after galvanizing, be smooth and free from waves, ridges or other irregularities.  Suspension clamps for earth conductor shall be designed for attachment of the required flexible earthing bond that is to be bolted between each suspension clamp and the tower steelwork. Suspension clamps (except pilot/auxiliary suspension string clamp) for ACSR line conductor and ACS steel earth conductors shall sized for the use of amour rods. Suspension clamps in pilot/auxiliary suspension strings for single line ACSR conductors shall have the facility for attaching 200kg of counterweights. Use of Armour Grip Suspension clamp or cushion clamp with integrated preformed rods may also be offered subject to approval of the Engineer.
Bundled line conductors shall be supported on suspension sets with a yoke plate that provides a conductor centre to centre separation as specified in the Technical Schedules.  All yoke plates shall be rigidly constructed and shall withstand the maximum vertical, transverse and longitudinal forces applied simultaneously or separately without sign of deformation.  Yoke plates shall be designed to permit swings of the conductor clamps to angles at least 90° from the vertical.  Attachment of a yoke plate to a vertical string of suspension insulators shall be by means of a single bolt allowing the conductors to swing transversely.  Each string comprising an insulator set shall be separately bolted to a yoke plate.  Provision shall be made in the manufacture of yoke plates for attaching 200 kg of counterweights.
 Suspension clamps for optical fibre (OPGW) earth conductors shall be free to pivot in the vertical plane about a horizontal axis passing close to and transverse to the centre line of the conductor.  The conductor shall be mechanically clamped in an approved manner.  Suspension clamps shall permit controlled axial movement of the conductor through the clamp, without causing damage to the conductor, under unbalanced load conditions.  The tension unbalance at which this slippage can occur shall be approximately 15% of UTS.  Unless otherwise approved, the suspension clamp unit shall be designed such that there is progressive stiffening of the optical fibre conductor up to the suspension clamp, which is a point of maximum bending.  Complete protection of the optical fibres from damaging radial crushing loads under the clamp shall be ensured by the use of a suitable armoured suspension clamp, of either the Armour Grip Suspension (AGS type with Armour Rods and an internal elastomeric clamp liner) or an armoured metallic suspension clamp which is specially designed for the specific size OPGW and incorporates armour rods and positive metallic 'stops' in the suspension clamp body. Suspension clamps for OPGW earth conductor shall be designed for attachment of the required flexible earthing bond that is to be bolted between each suspension clamp and the tower steelwork.  
Elastomers or other non-metallic materials used in suspension clamps shall have good resistance to ageing and be capable of withstanding temperatures between +0°C and +110°C without change of essential properties.  The materials shall have adequate resistance to the effects of ozone, ultraviolet radiation and air pollution over the entire temperature range.
Tension anchor clamps for ACSR line and ACS earth conductors shall be of the compression type and shall comply in all respects with the provision of the Specification for line conductor joints where applicable to either the tension or non-tension components.  The mechanical efficiency of such tension clamps shall not be affected by methods of erection involving the use of auxiliary erection clamps before, during or after assembly and erection of the tension clamp itself.  
For bundled line conductors tension insulator sets shall be equipped with sag-adjusting plates, links or other devices to provide a total range of longitudinal adjustment for each separate conductor from plus to minus 150 mm in steps not greater than 25 mm.  
Tension anchor clamps for OPGW earth conductor shall be of the pre-formed helical type.  They shall comply with the provision of the Specification for line conductor joints, but shall also support the OPGW earth conductor such that up to the Specified Maximum Working Tension (SMWT), the maximum increase in attenuation in the optical system does not exceed 0.05 dB/km.  
All fittings for OPGW earth conductor shall be in accordance with the recommendations provided by CIGRE in the series of Reports entitled “Guide to fittings for optical cables on transmission lines, Part 1 Selection and Use” Electra No 176 (1998) and “Part 2 Testing Procedures” Electra No 188 (2000).  
Tension insulator sets and clamps shall be arranged to give a minimum clearance of 150 mm between the jumper conductor and the rim of the live end insulator units.  
Suspension and tension string tower attachments shall be of ‘hinge’ type. U-bolt or shackle attachment type shall not be allowed. Use of turnbuckles shall not be allowed.
The single suspension insulator set shall be used as standard set on suspension towers.
The double suspension insulator set shall be used for significant crossings as well as on the suspension towers where the weight span is greater than 500m.
A single tension insulator shall generally be used for overhead lines with a single phase conductor.
A double tension insulator set shall be used for overhead lines with bundled multiple phase conductors.
A double tension insulator set shall be used for significant crossings of the overhead line with single phase conductors.
For the full length of the OHL route, all types of insulator sets shall be fitted with arcing devices on both ends, i.e. live end and line end of the respective insulator string.
The double suspension insulator set shall be orientated in the longitudinal plane of the overhead line. 
Spacing between double strings shall be sufficient to prevent clashing of adjacent insulator units.
 In order to enable the installation of double tension insulator sets, double point attachments for all tower cross arms shall be provided.
Double insulator strings shall be designed to ensure that following the breakage of one insulator string, the set shall remain intact and withstand the resulting static and dynamic loadings imposed.
The electrical and mechanical performances required for the insulator sets are shown in the Technical Schedules.
All insulator sets including their clamps and fittings shall, in fair weather, be free from corona discharges. This shall be proven by test. An extinction corona voltage at least 5% higher than the phase-to-earth value of the specified highest voltage for equipment shall be obtained.
All insulator sets must be equipped with all necessary shield devices in order to keep their radio and television noise as low as possible.  The radio interference (RI) performance of the insulator sets shall be proven by test. A noise level less than 45 dB above 1 microvolt must be ensured.

5. [bookmark: _Toc44497953]STEEL TOWER DESIGN

5.1 [bookmark: _Toc44491154][bookmark: _Toc44497954][bookmark: _Toc44497955]General
Towers shall be of the self-supporting type in horizontal configuration for single circuit to match the existing line configuration as given in the annexed drawings and vertical type for double circuit sections as specified and as per Technical Schedules.  
The towers shall be designed to carry the line conductors with the necessary insulator sets, earth conductors and all fittings under the conditions specified.  
The methods of attachment of the earth conductor(s) to the towers shall be by means of suspension clamps at the suspension towers and by means of tension anchor clamps at tension towers.  Suspension towers shall be capable of accommodating OPGW suspension and tension clamps.
5.2 [bookmark: _Toc44497956]Types of tower
The towers shall normally be of the following standard types, and as stated in the Technical Schedules.
 Table 5: 400kV Towers
	Type
	Position of use
	Angle of deviation or entry
	Type of insulator

	NSK
	Straight line
	0° - 2°
	Suspension

	LSK
	Angle
	0° - 10°
	Tension

	MAK
	Angle
	10° - 30°
	Tension

	HAK
	Angle
	30° - 60°
	Tension

	HSK
	Angle
	60° - 90°
	Tension

	DEK/Trm
	Terminal
	0° - 45°
	Tension



The duties of two or more tower types may be combined into a single type if this should be economically advantageous to KETRACO.  
The standard height of towers shall be based on the sag of the conductor specified in the Technical Schedules at the maximum temperature specified in the Technical Schedules and at the specified basic span length plus the specified normal ground clearance.  
The standard types of towers shall be designed so that, where required by the Employer/Engineer, the towers may be extended by the heights stated in the Schedules.  An extended tower shall be designated by the addition to its standard designation of the symbol + followed by the height of the extension in metres, and a reduced height tower by the symbol - followed by the reduction in metres.  Variations in height from the standard height tower are to be achieved with the minimum change to the common portion of the tower. The range of body extensions shall be from -3m to +12m in steps of 3 meters for any standard towers, while for the specially designed towers the body extension and tower height shall be based on the requirement for maximum span lengths as per site conditions. 
Standard ,extended and reduced towers shall be designed for and provided, where necessary, with independent single leg extensions from 0m metres to +6 metres in steps of 1 meter for use on sloping ground.  
Extensions and reductions shall be designed so that the towers and their foundations shall comply with all the specified requirements for the standard towers and foundations.
If, during the finalizing of the line route, it is learned that special towers are required for any reason a modified tower from the range being supplied under the contract shall be used wherever possible. A specially designed tower may only be used where circumstances are such that a modified standard tower would be impracticable. The Contractor shall inform the Employer’s representative immediately the need for such a tower becomes apparent. 
Special towers, special extensions and special parts for standard towers shall be provided where required and shall be of approved designs.  
Tower foundation stub extensions shall be provided up to 1m above the highest flood level as per hydrological data collected and historical studies undertaken. 
The type of tower to be used at each position shall be approved by the Engineer.  
5.3 [bookmark: _Toc44497957]Use of standard and special towers
The standard types of towers shall be designed for use as follows: -  
Where the transmission line route is a straight line, Type NSK towers with suspension insulator sets shall normally be used.  
[bookmark: _Hlk113463251]Where the transmission line route makes any deviation not exceeding 2°, Type NSK towers with suspension insulator sets shall normally be used subject to an appropriate reduction in the sum of adjacent spans and with the approval of the Engineer.  
Where the transmission line route makes a deviation exceeding 2° angle towers with tension insulators shall be used.  
Where in a long straight run of transmission line route it is, in the opinion of the Engineer, desirable to arrange for sectioning and tensioning off of the line and earth conductors, Type NSK towers shall be provided at approved positions for this purpose.  
Special transposition towers are to be provided when necessary in addition to any auxiliary steelwork and additional insulator strings if required.

5.4 [bookmark: _Toc44497958]Final sags and tensions
The line and earth conductors shall be erected so that the final tensions at the “everyday temperature” in still air shall be the figures stated in the Technical Schedules and shall be equal in all spans, excepting for sections with spans differing considerably from the basic span where compliance with the specified tensions under the assumed maximum loading conditions may necessitate a lower figure for the “everyday temperature” still air tension.  
At “everyday temperature” in still air, in any span, the earth conductor sag shall be approximately 10 per cent less than the line conductor sag.  
At an early stage of the contract, and prior to the commencement of tower design, the Contractor shall submit for approval the final sag and tension calculations which shall clearly indicate the basis upon which the line conductor and earth conductor will be designed, and the standard tower heights determined.  The calculations shall consider the tension limitations specified in the Technical Schedules together with the mass of grease and spacers and spacer-dampers and the mass of Aircraft Warning Markers where appropriate.  The requirements for differential sagging of the earth conductor as specified in this Clause shall be included.  
The Contractor shall submit for approval curves showing the correct initial and final sags and tensions of the line and earth conductors at various temperatures and spans, the former making allowance for such permanent stretch as may take place in service i.e. creep compensation.
5.5 [bookmark: _Toc44497959]Span lengths
The expression “span length” shall be taken to mean the horizontal distance between the centre lines of adjacent towers.  
The design spans are specified in the Technical Schedules and their respective meanings are as follows:
Basic span shall mean the horizontal distance between the centres of adjacent supports on the ground level from which the height of standard supports is derived with the specified conductor clearances to ground in still air at the maximum specified conductor temperature.
Wind span shall mean half the sum of adjacent horizontal span lengths supported on any tower.
Weight span shall mean the equivalent span length of the conductor mass supported at any tower at minimum temperature in still air.
Where the ground contours are favourable all standard towers, except straight-line towers, may, at the discretion of the Engineer, be used at straight-line positions or at relatively small angles of deviation, with the sum of spans exceeding 2.2 times the basic span length.  


5.6 [bookmark: _Toc44497960]Conductor spacing and clearances
The spacing between individual conductors, phases and the clearance between the clamps, arcing horns, jumper loops or other live metal and the tower steelwork under all specified conditions shall be not less than the figures stated in the Technical Schedules.  
The specified clearance between line conductors and support steelwork shall be obtained on the assumption that the conductor may leave the support point at the following angles to the horizontal measured in the plane containing the conductor (+ is below the horizontal):  
· Suspension towers	0° to 15°
· Tension towers	-10° to 20°
It shall be assumed for tower design purposes that, under wind loading, jumper loops will swing transversely, as shown on the tower line diagram.  If required, each complete jumper shall be provided with not less than two jumper weights in order to limit the swing of the jumper to the angle stated in the Technical Schedules.  Designs to determine the swing of the jumper loops and the required mass of any jumper weights, where necessary, shall be provided.  For bundled line conductors and, where appropriate, jumper weights may be designed to act as jumper spacers.  The Contractor may provide alternative design proposals and calculations based on the use of unweighted or weighted pilot sets or post insulators to control the swing of jumper loops.  Regardless of the solution chosen the costs of the method to provide the required electrical clearances between jumper loops (whether wind loaded or not) and tower metal shall be included in the cost for the tower structure.  
The minimum clearance between line conductors and ground or other objects shall be as specified in the following table.  These clearances shall be obtained under conditions corresponding to the final still air sag of the line conductors at their maximum operating temperature and with any angle of swing of the conductors from the vertical between zero and 45°, it being assumed (for simplicity) that the aforementioned sag is always applicable.  The minimum clearances shall be as follows:


 Table 7 Minimum Clearances 
	Situation

	Minimum clearance (metres)

	
	Voltage level - 400 kV

	Normal ground,
	8.80

	*Roads – road level
	10.80

	Power transmission & Telecommunications lines:
- Lowest line conductor of upper line to highest conductor or 
  earth wire of lower line
- Lowest line conductor of upper line to support of the lower line
  on which a person may stand
	 
5.60
 
7.0

	Railway crossing
-   	Rail level
-   	Electrified Railway crossings, building, gantries, or other structures on which a man can stay
	 
9.30
8.80
 

	Ground level at roads or yards where road mobile cranes are
likely to be employed
	10.80

	Any wall, building or other structure on which a man may stand, or on which a ladder may be placed
	5.60

	Street lighting
	5.60


 *	Any road that is normally maintained by Government and/or other recognized public authority.  
Where obstructions of other types are met, the clearances shall be approved.  
Attention shall be given to pipeline crossings.  Measures shall be taken to avoid any damage to the pipeline due to a fault current flowing through the footing of the tower.  Such measures shall be discussed and agreed with the Engineer and the owner of the pipeline.  Towers to be located at least tower falling distance away from any pipeline.


5.7 [bookmark: _Toc44497961]Applied loads, normal loading conditions
The assumed maximum simultaneous loadings on the towers, based on the appropriate angles of deviations and span lengths and with the particulars given in the Technical Schedules shall be as follows: -  
a. Transverse loads
i) Wind normal.  The normal transverse load shall be the wind pressure stated in the Technical Schedules acting at right angles to the line on the whole projected area of the line and earth conductors over the specified wind span stated in the Technical Schedules and the transverse horizontal resultant of the maximum line and earth conductor tensions, stated in the Technical Schedules, together with the wind pressure stated in the Technical Schedules on the projected area of the insulators and on the projected area of the members of one face of the towers.  Suitable allowance shall be made for the projected area of cross arms, earth wire peaks, any fibre optic transmission system equipment mounted on the tower and Aircraft Warning Markers.  The full wind span shall be taken regardless of the angle of line deviation.  The transverse components of line and earth conductor tensions shall be computed for the full range of specified angles of deviation.  
ii) Wind at 45°.  As (i), but with wind acting at 45° to the line.  For wind at 45° the length of conductor to be considered shall be taken as the projected length at right angles to the wind direction.
iii) Wind perpendicular to phase conductors.  As (i), but with wind perpendicular to conductors in one span and taken as the projected length at right angles to the wind direction on the other span.  This to be considered for minimum and maximum angles of deviation.
iv) Reversed wind.  As (i), (ii) and (iii) but with wind acting in the opposite direction to the transverse and horizontal resultant of line and earth conductor tensions calculated on the minimum angle of line deviation and the conductor tension given in the Technical Schedules.  
b. Vertical loads
i.	Normal.  For normal load conditions the mass of the line and earth conductors, the mass of the insulators, insulator fittings, earth conductor fittings, spacers, dampers and ancillary apparatus where applicable.   It shall be assumed that the normal vertical loads shall include the actual mass contained in the weight spans specified in the Technical Schedules.  
ii.	Minimum.  For the minimum load condition, the mass of line and earth conductors shall be considered to be zero.  The mass of the insulators shall be ignored.  
iii.	Uplift.  The uplift force acting on the towers shall be assumed to be equivalent to the mass of line and earth conductors contained in the uplift span specified in the Technical Schedules  
c. Longitudinal loads  
i.	Normal.  The longitudinal components of the line and earth conductor tensions stated in the Technical Schedules (checked at all angles of entry) (terminal towers only).  
ii.	Section.  All tension towers shall be designed for the out-of-balance longitudinal components of loading.  The magnitude of these loads shall be 15 per cent of the maximum actual line conductor and earth conductor tensions stated in the Technical Schedules.  
At load attachment points of tension towers, other than those on the tower transverse centre line (e.g. at pointed cross arms) the normal vertical load as defined in b. i. and the uplift load defined in b. iii. shall be applied to one face of the cross arm, with zero load on the other face and the transverse load due to wind on conductors shall be split between the front and back face of the tower in the proportion 75 per cent to 25 per cent respectively.  
All standard types of tower shall be designed for the loading conditions shown in the Appendices of this Technical Specification.  
All towers shall be designed to accommodate Aircraft Warning Markers that may be located on the earth conductor in accordance with the requirements of Clause 5.14 of this Technical Specification.  The Contractor shall give details of any reductions required to the lengths of spans where the Aircraft Warning Markers are used.  
Care shall be taken in the design to allow for any additional loads to which the towers may be subjected during the erection of the towers themselves and of the conductors and insulators.  
5.8 [bookmark: _Toc44497962]Applied loads, unbalanced loading conditions
All standard types of tower shall be designed for the unbalanced loading conditions shown in the Appendices of this Technical Specification and in the Technical Schedules.  This applies to all loading cases referred to in Clause 5.7 of this Technical Specification.  At the conductor attachment points not affected by the unbalanced loads, all loads shall be the normal transverse, the normal, minimum (or uplift) values for vertical loads and the longitudinal loads specified in Clause 5.7 of this Technical Specification.  For terminal towers the longitudinal loads shall be the tensions specified in the Technical Schedules.  The longitudinal unbalanced loads shall be assumed to act at right angles to the cross arm and the same direction when more than one attachment point is assumed to carry unbalanced loads.  
5.9 [bookmark: _Toc44497963]Applied loads – construction and maintenance loading conditions
In addition to the loadings specified for normal and unbalanced conditions in Clause 5.7 and Clause 5.8 respectively of this Technical Specification, towers shall be designed to withstand all the construction and maintenance loading conditions recommended in Clause 3.5 of IEC 60826.  
Still air conditions shall be assumed.  Conductor tensions shall be calculated assuming the temperatures stated respectively in the Technical Schedules for initial construction conditions and for everyday maintenance conditions.  
All tension towers shall be designed to withstand temporary terminal conditions under initial stringing and sagging conditions.
All applied loads shall be multiplied with the factors of safety stated in Technical Schedules.   
As a minimum, towers shall be designed to withstand the construction and maintenance loading conditions given in the Appendices of this Technical Specification and in the Technical Schedules.  
The Contractor shall ensure all towers can safely withstand any other loading condition that may exist during construction operations with the minimum factor of safety as recommended by IEC 60826.  
5.10 [bookmark: _Toc44491164][bookmark: _Toc44497964][bookmark: _Toc44497965]Tower design
Each type of tower shall be so designed that no failure or permanent distortion shall occur in any part of the tower when tested with applied forces equivalent to the specified maximum or minimum applied loads and the specified maximum simultaneous unbalanced loadings with the factors of safety specified in the Technical Schedules.  
Each tower type shall also be so designed that no failure or permanent distortion shall occur in any part of the tower when tested with applied forces equivalent to construction and maintenance loads with the relevant factors of safety.  
ASCE-10 is the recommended design code substantiated by the data mentioned in those specifications. Should another design code be considered, proof will be required that the end product is similar. 
Double circuit towers shall be designed for two circuits. 
For unbalanced loading conditions all members shall be designed for either span broken
The stresses in the various parts of all towers, extensions and stubs and cleats shall not exceed the figures stated in the Technical Schedules.  
Unstressed members when employed to reduce the slenderness ratio of leg or bracing members shall be designed in an approved manner to provide the necessary support.  
Tower members on which a man may stand (defined as being at an angle of less than 30° to the horizontal) shall be capable of withstanding an ultimate point load of 1.5 kN at any point on the member.  
The arrangement and methods of carrying out the tests stated in the Technical Schedules on standard towers shall be approved.  
The Contractor shall submit to the Engineer such drawings, stress analyses and calculations as he may require for the checking of the designs of all standard or special towers.  These shall specifically include the design of all members, whether main or redundant, and the design of all plates, with particular attention to earth wire and conductor take-off arrangements.  
Computations shall be presented in a clearly arranged format and worked out in detail to demonstrate clear evidence of each stage of the work.  The use of computers and appropriate software programs is desirable. Computer input data shall be provided. Stability calculations shall be computed in accordance with the 1st order theory.  Graphical calculation of forces will not be admissible.  The applied formulae for computation of tower member stability shall be clearly stated to enable subsequent checking.
The software used shall be freely accessible to the Engineer and KETRACO for checking tower designs.  A copy of the software shall be handed over to KETRACO on completion of the project.
Stubs shall be considered as part of the foundations. Therefore, the Safety Factors of foundation shall apply to stubs.
5.11 [bookmark: _Toc44491166][bookmark: _Toc44497966][bookmark: _Toc44491167][bookmark: _Toc44497967][bookmark: _Toc44497968]Foundation reactions
Upon completion of the tower design the Contractor shall submit the foundation reactions applicable to that tower.  The foundation reactions shall consider all the loads applied to the tower for the complete range of its utilization and include the effects of tower self-weight and the component of wind force applied at the top of concrete.  The horizontal and vertical reactions shall be presented for each leg under each loading case considered for the tower design (including differential leg extension shear factors).  A schedule shall be presented summarizing the loading cases that are critical for each of the foundation classes, as appropriate.  
For the calculation of foundation reactions, the factors of safety specified for foundations in the Technical Schedules shall be applied except that the maximum vertical uplift loads shall include the dead weight of the tower with a factor of one.  
5.12 [bookmark: _Toc44491169][bookmark: _Toc44497970][bookmark: _Toc44497971]Anti-climbing devices, step bolts, anti-theft bolts and bird guards
Each tower shall be fitted with an anti-climbing device of an approved design fixed at a height of between 3.0 and 5.0 metres above ground.  The anti-climbing device should be the best available construction to prevent unaided access up the tower, lockable gates shall be provided. No barbed wire is to be used on towers within national park boundaries.  The position of the anti-climbing device on the tower should preferably be such that a standard device is used regardless of the tower body or leg extensions that may be employed. The suitability of such devices shall be checked by assembly on towers erected for test or assembled as part of the check erection process.
On each double circuit tower, two diagonally opposite legs, shall be provided with step bolts of approved type fixed at equal centres of between 300mm and 380 mm throughout the height of the tower starting immediately above the anti-climbing device and continuing to the earth conductor peak.  Where, for structural reasons, it is not possible to maintain the equal centres it shall be acceptable to change the centres by not more than 30 mm.  Below the anti-climbing devices, holes shall be provided for removable step bolts at the centres stated above.  Sets of step bolts to fit these holes shall be provided where required by the Engineer, at the price stated in Section VII.
Step bolts shall not be permitted in stressed connections.  
Anti-theft bolts shall be provided from ground level to 2m above the anti-climbing device.
Towers shall be equipped with approved devices immediately above each suspension insulator attachment point to prevent birds perching above the insulators.  The devices shall be easily removed and replaced to facilitate maintenance work.
5.13 [bookmark: _Toc44497972]Notice plates
Conspicuous danger and tower number plates, circuit number and phase sequence plates of approved types, vitreous enamelled and resistant to fading under the climatic conditions at Site, shall be provided and fixed in approved positions on all towers.  
Plate and lettering sizes are to be as shown on the bid drawings. The back of the plates shall be coloured black.  
The danger and tower number plate shall be fixed above the anti-climbing device.
The line code identification plate shall be attached centrally immediately below the danger plate.  
Phase sequence plates of approved types coloured red, yellow and blue respectively to indicate the line conductor phases shall be provided for each circuit and fixed in approved positions on all towers.  
Circuit number plates shall be coloured in accordance with KETRACO’s standard requirements.  The first plate is to be fixed just below the anti-climbing device, the second halfway up and the third just below the lowest cross arm.  
Aerial tower number plates shall be provided and fixed in an approved position on the earth conductor peak of every tenth tower.  The plates shall have yellow numbers on a black background.  
Enamelled plates shall be provided with fibre washers, front and back, at the securing screws or bolts.  
All inscriptions shall be in the Swahili and English language.  
Flags are utilised during maintenance works to identify specific circuits.  Flag fixing brackets are therefore to be fitted to each step bolt leg of the tower, one immediately above the anti-climbing device and one on the climbing leg adjacent to each cross arm.  
25 wristlets shall be provided.  A wristlet shall consist of a curved stainless steel disc 34 mm diameter and 2 mm thick fitted to a good quality 12 mm wide nylon strap, with buckle, suitable for all sizes of wrist diameter.  The steel disc shall be colour coded for line identification finished in vitreous enamel.  
5.14 [bookmark: _Toc44497973]Aircraft warning markers, obstruction lights and tower painting
In restricted areas and pipeline crossings Aircraft Warning Markers (AWM) shall be fitted to the earth conductors and Air Traffic Obstruction Lights (ATOL) on the towers to satisfy requirements of Authorities.  Where required by KETRACO, ATOL shall also be installed on the highest phase line conductor(s) and the towers shall be painted as specified.  
a.	Aircraft Warning Markers.  Where required AWM shall be spherical of 600 mm diameter and manufactured in fibreglass.  The spheres shall be coloured International Orange which shall not fade when subjected to the direct rays of the sun.  They shall be manufactured in two halves and designed such that assembly and attachment to the earth conductor is simple.  
Provision for drainage shall be provided.  Suitable clamping devices shall be provided which will not damage the conductor but will prevent the sphere from twisting or slipping on the conductor.  All metal parts used for holding the spheres in position shall be of mild steel and galvanized.  
The warning spheres shall be fixed on the earth conductor in any required span and shall be erected, as required by Chapter 6 of Annex 14 to the ICAO Regulations, at intervals of not more than 30 metres on the overall earth conductor system.  
The first and last spheres in any span shall be approximately 10 metres from the towers defining the span.  
With twin earth conductors, provided the spacing of the spheres on either earth conductor is suitably staggered to provide the above requirements, the placing of the spheres can be alternated between the two earth conductors at uniform spacing.  
b.	Air Traffic Obstruction Lights on Towers.  Where required ATOLs shall be installed on the towers defining the span, of International Standard red in colour, and having the following general features:
i.	conforming to Chapter 6 of Annex 14 to the ICAO Regulations
ii.	two lamps per tower of which only one may be lit at a time (by utilizing a switch-over relay)
iii.	having minimum luminous flux of approximately 10 candelas, steady aviation red light
iv.	having minimum lamp life time of approximately 20 000 hours
v.	all components shall be corrosion-proof for use in marine and damp tropical climate conditions.    
The system offered shall be comprehensive and complete in every respect. If a system fed by cables is proposed, it shall be designed to withstand the induced high voltage that can occur during earth fault conditions. It shall consist of a constant current regulator, high voltage cable, dimmer switch, protection equipment, insulating transformers, lightning arresters, etc. The connection and cabling to the nearest available safe mains supply shall be deemed to be included.
Should a solar powered system be proposed, the battery supplied shall be able to maintain the minimum luminous flux of 10 candelas under the condition of dusty solar cells. A battery maintenance interval of 5 years minimum shall be guaranteed. Photovoltaic panel output shall be de-rated, over and above age de-rating, by 40%, on account of dust accumulation on the panel surface. The upper edges of the solar panels shall be fitted with stainless steel needle strips, effectively preventing birds from sitting in these locations.
It shall be noted that the supply of equipment shall include the necessary spare parts as per the manufacturer's recommendations, for a service period of five years, the cost of which is to be included in the price quoted.
The tower obstruction light system shall be to the approval of the Engineer.
c.	Tower Painting.  Where required and to comply with requirements of Authorities certain towers may need to be painted with two coats of approved epoxy resin type paint with red and white strips of widths complying with ICAO Regulations.  The life span of the paint system shall be not less than 10 years and the colours shall not fade within this time under strong sun radiation.
6. [bookmark: _Toc44491173][bookmark: _Toc44497974][bookmark: _Toc44497975]FOUNDATION DESIGN

6.1 [bookmark: _Toc44497976]General
All standard and special foundations shall be designed to resist the reactions resulting from any height of tower and its extensions.  The stresses in the various parts of all foundation structures shall not exceed the figure stated in the Technical Schedules. 
Concrete where necessary shall be reinforced and shall be designed, detailed and constructed, using design mixes to BS 5328, BS EN 206-1, BS EN 12390-3 and BS 8500 and in accordance with BS EN 1992 or other equivalent approved standard.  
The connection between tower and foundation shall, for self-supporting towers, be by means of stub angles with bolted-on cleats designed to transfer the leg loads, as required in the Technical Schedules, into the main concrete block comprising the foundation. An extension shall be provided for all foundation stubs above 1m of the highest flood level.  The stub for each tower type shall be standard for all heights of tower and, where practical, foundation class. The stub shall be fully encased inside the pad or extended to the foundation structure.
The stub is considered as part of the foundation, therefore the safety factor of the foundation shall apply to the stub and cleats calculation. 
Stub and chimney extensions shall be provided up to a height of 1m above the highest flood level recorded. 
All steelwork below ground except reinforcement bars, whether part of the tower or part of the foundation shall be galvanized and be completely covered with encasing concrete not less than 75 mm thick from a point up to 1m above Highest flood level above natural ground down to the main foundation block, or, for rock foundations, down to the rock.  Where necessary, the encasing concrete shall be keyed to the steelwork or to the main foundation in an approved manner.  Cover over the reinforcement bars shall not be less than 50 mm. 
Sufficient extension of tower foundation above ground shall be provided to keep the exposed steel parts of the tower high above the maximum flood levels to prevent scouring of tower foundation, submergence or effect of push load from fallen trees, boulders etc within the flood basin.
Protection shall be provided where necessary to the tower foundations against effect of high velocity stream flows, wash away materials and direct impact on the steel tower and its foundation. 
Where the Contractor wishes to use rock or ground anchor array foundations, he shall provide evidence of his previous successful use of anchors in rock and in ground (if such anchors are proposed) for overhead line foundations and of their satisfactory service life.  He shall provide a Method Statement defining procedures to be used for design and installation of the anchors, including specific details about quality controls and the actual equipment which will be used for drilling and grouting.  The Contractor will be expected to carry out sufficient testing of his proposals, in the presence of the Engineer, to confirm that his methods for design and installation will produce anchor foundations that are fit for purpose, prior to approval by the Engineer of the system.  
Design and/or proof testing to IEC 61773 shall be carried out for all anchor foundations; a suitable proposal and work programme shall be submitted by the Contractor for the Engineer’s approval together with the initial submission to use anchor foundations.  
The type of foundation to be used at each tower position shall be to approval and shall normally be decided on the most economical solution.  
Special foundations and their extensions shall be provided where required and shall be of approved designs.  
Single footings of each standard class of tower foundation designed in accordance with the particulars given in the Technical Schedules and any special foundations when instructed by the Engineer shall be tested in accordance with the requirements of the Tests section of this Technical Specification.

6.2 [bookmark: _Toc44497977]Foundation Types
The foundations for this project shall be Special foundation type (d) below and shall be designed in accordance with the particulars given in the Technical Schedules.  
Other foundation types may be designed based on studies carried out along the line and shall conform to the following general requirements:
a. Concrete pyramid (or pad) and chimney foundation. 
 Where necessary, the concrete shall be reinforced.  All steelwork below ground level (except concrete reinforcement) shall be completely galvanized and firmly keyed and grouted and designed to withstand the load due to the specified conditions in accordance with the particulars given in the Technical Schedules.  The stubs shall be directly buried in concrete and loads in the stubs shall be transferred to the main concrete block by means of bolted-on cleats, which shall comply with the requirements of the Technical Schedules.  
In no case shall the allowable bearing capacity of the ground be exceeded and any eccentricities created by biaxial loading shall fall within the middle third of the base on both axes.  In no case shall the area of the base in uplift due to the effect of the eccentricities be greater than 25 per cent of the total area of the base.  
It should be noted that all concrete block foundations which are founded in rock strata shall be constructed such that the bottom pad of the foundation shall be cast directly against either a vertical wall of rock for a minimum height of 250 mm or against an undercut into the rock of at last 15° to the vertical and extending for a height of at least 250 mm.  Formed concrete pyramid foundations shall not be used in rock.  
In areas where black cotton soils are encountered, pad and chimney foundations shall be installed where soil parameters permit. Imported fill to the approval of the engineer shall be used for backfilling.
b. Augured shaft foundation. 
 Where suitable ground conditions occur the Contractor may propose for the approval of the Engineer the use of foundations consisting of a single augured shaft per leg.  Holes for the foundation shall be vertical and bored to a minimum diameter of 1 metre with an undercut at the base of not less than 1.5m diameter.  A construction depth for each footing shall be first determined from a penetrometer test at the site and confirmed by a knowledge of the soil strata.  Great care shall be exercised on selecting areas suitable for augured foundations which shall be founded in dense dry sands suitable for containing an undercut or in sandstone strata.  Soft to firm clays and fine grained soils generally shall not be considered for single auger bore foundations.  The bottom of each excavation shall, after removal of loose spoil, be penetrated by driving an iron bar to ensure continuity of the foundation bearing strata.  
Construction of reinforced concrete footings shall be carefully supervised at all times and holes shall be dry with no sign of collapse of the walls.  Tower stubs, shortened if necessary, shall be held by template and encased in concrete from 0.3m - 0.8m above the ground line.  The concrete shall be fully reinforced with deformed steel rebar so as to ensure no tensile loading of the concrete itself.  Sufficient anti-bursting steel shall be installed adjacent to stub and cleats as required.  Any requirement elsewhere in the Specification for stub to leg joints to be embedded in concrete below the ground line shall not apply to auger foundations. If necessary, bentonite or slurry shall be used to prevent the collapse of walls or permanent casings shall be provided subject to approval from the Engineer.
The capacity of an augured footing when subject to bearing or uplift combined with horizontal loading shall be demonstrated in accordance with the specified test procedures.  Tower stub and reinforced concrete cap design and construction shall be tested separately.  
Foundation dimensions shall be estimated for bid purposes on the basis of a depth of 6 m plus the undercut.  

c. Rock anchor array foundation
  These shall be offered in solid rock and in fractured rock which is encountered between the ground surface and the setting depth of the normal pad and chimney foundation.  Anchors may be either passive or stressed; special care must be taken to ensure protection of the tendons against corrosion.  The anchor array shall be terminated in a reinforced concrete cap set a minimum depth of 300mm into the rock.  The cap shall provide the resistance to compression and shear loads, with the anchors being used to resist uplift.  A concrete chimney shall be provided around the stub from the top of the cap to the required height above ground level. The anchorage hole shall be minimum 100mm diameter to ensure required reinforcement cover can be achieved and maintained. The contractor shall provide all necessary rock parameters (RQD and UCS) to prove the rock strata encountered.
d. Special foundation  
Where the investigation of subsoils according to the Specification has indicated ground of very low bearing capacity and/or high water table in granular soils or other special circumstances, special foundations are to be provided.  A special foundation shall be specifically designed for the site, and shall be tailored to fit the geotechnical conditions for the site.  These foundations shall be designed in accordance with established principles of soil mechanics and shall be of one of the following types – deep reinforced concrete piles (bored or driven) with reinforced concrete cap; or concrete raft;  or concrete pad and chimney with enlarged pad, .  
In addition, the special foundations may include the use of ground anchor array foundations, which in certain circumstances could be designed to cover a specific and agreed range of ground conditions, as well as extended pad or pyramid and chimney foundations, which may be used for a predefined range of ground conditions.  
i. Pile foundations shall comprise multiple reinforced concrete piles bored or driven to a depth determined by the site soil investigation.  
ii. Bearing for pile foundations shall be composed of pile end bearing or shear resistance of the soils developed over the effective surface area of the piles depending on whether the pile is end-bearing or designed in friction.  The under-surface of the pile cap shall be considered as not contributing to the bearing surface of the foundation.  
iii. Ground anchor array foundations may also be offered as an alternative in compact dry frictional ground conditions.  The general design requirements shall be as for the rock anchor array foundations, but design parameters shall be proposed by the Contractor based on his investigations and experiments
iv. Raft foundations shall be employed in areas which have been subject to mineral working and which perhaps have been backfilled.  The large pad, encircling all four legs, shall be designed to maintain the relative position of the legs. 
v. Extended pad foundations can be used to extend the range of soil parameters for which the original standard foundation was designed.  The extended reinforced concrete pad shall be cast under and tied into the standard foundation.  This foundation type is used frequently for ground conditions where water is encountered in reasonably compact frictional soils.  
All types of foundations shall be designed to withstand uplift, settlement, overturning and sliding when subjected to the specified conditions of tower loading.  Allowance shall be made in foundation design for hydrostatic pressure and the effects of seasonal rains, drying out, cyclic loading and wind induced vibration of tower members.  All foundations shall make adequate provisions to resist horizontal shear forces in the region of the ground line, making due allowance for the effects of hillside leg extensions.  
All standard or special foundations shall accommodate a range of chimney extensions which shall be designed to cater for ground level differences between the available heights of tower hillside leg extensions, when these are employed in sloping terrain.  
The cost of these concrete chimney extensions are deemed to be included in the cost of the standard foundation.  
For all tower types the design of the footings for the compression legs shall not differ from those for the tension legs.  
As far as practicable, for any one tower type, the foundation stub joint and also the dimensions of each standard foundation shall be identical for standard or special towers, for extended towers and for leg extensions and shall comply with the requirements of the Specification on construction.  
The soil investigation and foundation class selection carried out by the Contractor during survey shall be expected to provide sufficient data to permit the Contractor to design and install each foundation satisfactorily.  
In the rare case where further confirmatory investigations may be required to enable the type and size of a special foundation to be determined, the Engineer may require a ‘specialist’ soil investigation to be undertaken and a report and recommendation submitted.  The report shall, as a minimum, include the results of in situ penetrometer or vane tests as well as providing values for soil cohesion and/or friction values obtained by means of quick, undrained triaxial compression tests to BS 1377 from undisturbed bore hole samples, together with other complementary laboratory test results.  
Subject to the approval of the Engineer, where other towers adjacent to the bore hole are deemed to require special foundations, additional in situ tests shall be undertaken to extend and correlate the soils test data.  These tests shall include, but not necessarily be confined to, use of the standard penetrometer, the shear vane, the pen vane or the Dutch Cone (static penetration test) and bearing plate tests.  
As an addition to the main quotation which shall be completed in full and shall be based on the foundation types specified, alternative types of foundation differing from those specified may be considered subject to the approval by the Engineer of design principles, parameters, and all relevant factors affecting the performance of the proposed foundations over the service life of the transmission line.  
The designs for foundations for special towers shall consider the actual maximum loadings to which the particular tower under consideration will be subject in service due to its position on the transmission line profile.  The specified unbalanced loadings and the assumptions of temperature and wind pressure shall otherwise apply together with the specified factor of safety.
Foundation designs for special towers shall conform to the conditions stated for foundations for standard towers and shall be developed following a comprehensive evaluation of the soil conditions prevailing at the tower site(s) under consideration.  
The Contractor shall submit to the Engineer such drawings, stress diagrams and calculations as he may require for checking the design of any foundation.  
A protective coating shall be applied to the surface interfaces of the foundation and tower legs to provide protection from the adverse effects of aggressive salt, soil and air.  The coating shall be of silicone or epoxy formulation, shall not be less than 200 microns thick, and shall be applied on exposed concrete surface to 50 mm below ground level of the foundation to 500 mm above.  The type of coating shall be to approval of the Engineer.
7. [bookmark: _Toc44491177][bookmark: _Toc44497978][bookmark: _Toc44497979]STEELWORK DETAILING AND MANUFACTURE
7.1 [bookmark: _Toc44497980]Detailing and fabrication
All towers shall be of self-supporting construction.  
The towers shall be of approved design and construction.  Unless otherwise approved, tension members, such as cross arm ties, which are liable to be set in vibration, shall consist of rolled steel sections and not flats.  
The material used for main leg angles and stubs shall not be less than 6 mm thick and the material used for all other tower steelwork shall have a minimum thickness of 4 mm.
Welding shall not be used in the fabrication of any component used to form the tower structure.
Stub steelwork used to connect the tower to the foundation shall be at least the same section and steel thickness used for the lower tower leg which is attached to the stub.  
The stub is considered as part of the foundation, therefore the safety factor of the foundation shall apply to the stub and cleats calculation
Tension only members shall be detailed with a 1 mm ‘draw’ per metre length of member with an additional 1 mm for each joint in the member.  
Horizontal members shall be detailed wherever possible, in such a way, as to place the horizontal flange on top.
No bolt hole shall, before galvanizing, be more than 1.5 mm larger than the corresponding bolt diameter.  As far as possible, bolt heads, rather than nuts, shall be on the outer or upper faces of tower joints. 
The distance between the centre line of any hole and the member end shall be in excess of 1.5 times the hole diameter. The distance between the centre line of any hole and the edge of the member shall be in excess of 1.25 times the hole diameter. Hole to hole distance shall not be less than 2.5 times the bolt diameter
The design shall be such as to keep the number of different parts as small as possible and to facilitate transport, erection and inspection.  Pockets and depressions likely to hold water, if not avoidable, shall be properly drained.  
The holes necessary for accommodating the specified earthing counterpoise connections shall be provided on each leg of every tower and extension and the earth wire peak.  
Suspension insulator sets and earth conductor suspension assemblies shall be attached to the tower such that the point of transverse rotation is on a full bearing surface.  
All attachments shall be of ‘hinge’ type. U Bolt/shackle attachment type shall not be allowed
Provision shall be made on all tower types for the attachment of stringing and maintenance equipment to the cross-arms.  
Approved means shall be provided on all towers and extensions to avoid risk of livestock being caught and injured in the angles between tower members.  
Towers shall be equipped with approved devices immediately above each suspension insulator attachment point to prevent birds perching above the insulators.  

7.2 [bookmark: _Toc44497981]Material
All rolled steel sections, flats, plates and bolt and nut bars used shall consist of steel manufactured by an approved process and shall be to the requirements of BS EN 10025 for grades S235JR and S355JO steel or equivalent from other approved standards, the provisions of which in respect of tests and analyses shall be extended to include steel less than 6 mm thick.  The steel shall be free from blisters, scales, laminations or other defects.  Steel sections shall preferably be ISO Standard sections chosen with a view to avoiding delays in obtaining material.  
High tensile steel when stored in the fabricator's stockyard prior to fabrication and galvanising shall be marked continuously throughout its length with a light blue water paint line.  In addition, the grade of steel shall be painted on and ringed round with paint.  
7.3 [bookmark: _Toc44497982]Bolts and nuts
All metal parts shall be secured by means of bolts and nuts and single washers.  The minimum diameter shall be 12 mm.  
All bolts and nuts shall comply with BS 4190, BS EN 20898 or other approved standard and screw threads shall be to metric standards.  Bolts and nuts shall be of steel, with hexagonal heads.  Screw threads shall not form part of the shearing plane between members; any thread in the bearing plane shall be to the approval of the Engineer.  Bolts of any given diameter shall be of one grade of steel and marked for identification.  
The nuts of all bolts for attaching to the tower, plates, brackets or angles supporting insulator sets or earth conductor fittings shall be locked by means of locknuts.  
All bolts and screwed rods shall be galvanised, including the threaded portions; all nuts shall be galvanised with the exception of the threads, which shall be oiled.  Galvanising shall be in accordance with requirements in Section 8 of this Technical Specification.
When in position all bolts or screwed rods shall project through the corresponding nuts, for a minimum of two full turns but such projection shall not exceed 10 mm.  Suitable bolt grip tables shall be provided to demonstrate compliance with the above requirements.  
All bolts shall be supplied with nuts and flat washers.  
7.4 [bookmark: _Toc44497983]Workmanship
All members shall be cut to jig and all holes shall be drilled or punched to jig.  All parts shall be carefully cut and holes accurately located so that when the members are in position the holes will be truly opposite to each other before being bolted up.  Drifting of holes will not be allowed.  
The drilling, punching, cutting and bending of all fabricated steelwork shall be such as to prevent any possibility of irregularity occurring which might introduce difficulty in the erection of the towers on the Site.  
All bends in high tensile steel shall be formed hot.  
Built members shall, when finished, be true and free from all kinks, twists and open joints, and the material shall not be defective or strained in any way.  
In order to check the workmanship, not less than 1 per cent of the members corresponding to each type of tower shall be selected at random and assembled to form complete towers in the presence of the Engineer at the Manufacturer's Works.
If the towers are fabricated or galvanized by Sub-contractors, the Contractor shall, if required by the Engineer, provide a resident inspector at the works of each Sub-Contractor during the time that the steelwork is being fabricated or galvanized.  
7.5 [bookmark: _Toc44497984]Erection marks
Before leaving the Manufacturer's Works all tower members shall be hard stamped with distinguishing numbers and/or letters corresponding to distinguishing numbers and/or letters on approved drawings or material lists to be submitted by the Contractor.  The erection marks shall be located on the member so that, after assembly and erection, all members can be individually identified.  
The erection marks shall be stamped before galvanizing and shall be clearly legible after galvanizing.  Care shall be taken to distinguish between various grades of steel.  
The erection marks shall incorporate the standard tower nomenclature as given in Clause 5.2 of this Technical Specification.

8. [bookmark: _Toc44491184][bookmark: _Toc44497985][bookmark: _Toc44497986]GALVANIZING

8.1 [bookmark: _Toc44497987]General
Except where specified to the contrary, all iron and steel used in the construction of the Contract Works shall be galvanized after all sawing, shearing, drilling, punching, filing, bending and machining are completed.  
Galvanizing of all material, except core wires of line conductor, earth conductor and counterpoise cable shall be in accordance with BS EN ISO 1461 and BS 7371 Part 6 and shall be applied by the hot dip process to provide thickness of zinc coating of not less than 610 gm of zinc per square metre of surface on steel bars, plates, sections and fittings.  Threaded work shall have a coating weight of 305 gm of zinc per square metre.  
Galvanizing of steel core wires of line conductor, earth conductor and counterpoise cable shall be in accordance with IEC 61089 and BS EN 10244-2 or other approved standard and shall be applied by either the hot dip or electrolytic process.  The zinc coating shall be smooth, clean, of uniform thickness and free from defects.  
All steel tower materials shall be treated with a sodium dichromate solution immediately after galvanizing.  
The preparation for galvanizing and the galvanizing itself shall not adversely affect the mechanical properties of the coated material.  Tests shall be carried out in accordance with requirements in Section 15 of this Technical Specification.
Sherardizing or other similar process shall not be used.  
The Contractor shall keep available on site an instrument suitable to determine the thickness of galvanized coatings on steel members.  









9. [bookmark: _Toc44497988]SURVEY AND SETTING OUT

9.1 [bookmark: _Toc44497989]General
The Contractor shall execute the works in accordance with the tower and material schedule and soil test data, provided that the works shall be subject to the modifications and variations due to the results of the survey.  
9.2 [bookmark: _Toc44497990]Obtaining right of way and compensation
Subject to the requirements of landowners and their tenants, wayleaves and access facilities (but not necessarily the actual transport routes and access tracks themselves) will be provided by KETRACO to enable the Contractor to carry out the erection of the lines.  KETRACO will, however, permit the Contractor to use the existing access tracks as provided for in Clause 9.4 of this Technical Specification.  
For the purpose of preparing his construction programme the Contractor may assume that by the date for access to Site for each section of the Contract Works KETRACO will provide the following facilities for access to Site:
a.	Over the whole length of the route, sufficient right of access as the Engineer agrees is essential for the Contractor's staff to carry out survey work and investigation of the general foundation conditions.  
b.	Unless otherwise agreed, over not less than three-quarters of the route as specified above, in not more than two continuous lengths there shall be:-  
i.	such right of access for the Contractor's staff along the route as is necessary for the Contract Works;  
ii.	the right to transport material on to the route at intervals approved by the Engineer;  
iii.	the right to make a reasonable width of track for a direct visual survey and for the transport of stores and material and the carrying out of erection operations along the route except where the route crosses buildings, orchards, gardens or any other ground over which the Engineer decides that such a track is not reasonably practicable.  
The facilities in sub clause b. above shall be extended to the complete line as soon as available.  
9.3 [bookmark: _Toc44497991]Access
Where the facilities obtained under Clause 9.2 of this Technical Specification have been provided, no other access shall be used without the consent of the Engineer.  
All manhandling of materials to the site which is rendered necessary by restricted access rights must be agreed with the Engineer and paid for at the time and material rates stated in the Appendices.  The restricted access rights referred to in this Clause may arise as a result of specific wayleave restrictions, but not as a result of difficult ground conditions.  The costs arising because of difficult ground and terrain conditions making normal vehicular access difficult or impossible will be borne by the Contractor.  
The Contractor shall make all necessary arrangements (other than questions of wayleaves and access) with the occupant of the site, but if any difficulty shall arise the Contractor shall inform the Engineer thereof.  The Engineer will thereupon take such steps as may be necessary.  
If KETRACO is unable to provide the above mentioned facilities for access to the Site until after the date stated in Section VII, the construction programme shall be modified by agreement with the Engineer.  
The arrangements for the removal where necessary, and the actual removal of obstructions such as cultivated trees, pipes, field drains, village houses or huts, telephone, telegraph and power lines, preventing the erection of the permanent works will be made by KETRACO or, if the Engineer so requires, by the Contractor at the expense of KETRACO at the time and material rates stated in Section VII, except where such work shall be covered by the rates given in Section VII covering unit rates.  
When the Contractor is about to commence work on any property he shall be responsible for ascertaining from the Engineer that the wayleaves are in order. 
At least seven days before the commencement of construction works, the contractor shall provide KETRACO with lists of the towers which have been pegged and which tower sites are excavated and ready for inspection.
If the Contractor wishes to make a camp on any property he shall first obtain written permission to do so from the owner and occupier of such property.  At all camps authorized persons shall be available to control the movements of labour, prevent trespass and to protect the interests of the owners and occupiers of the property.  
In the event of any dispute or question of damage or of the adequacy of provisions made for permanent or temporary replacement or repair, the Contractor shall at once inform the Engineer.  
When the Contractor is about to carry out erection of the conductors along or across public roads, telegraph or telephone lines, navigable water, or across power lines, he shall be responsible for giving adequate notice to the appropriate authorities of the date and time at which he proposed to perform the work.  Where Local Authorities or other public undertakings affected deem it necessary for the protection of the public and the assistance of traffic to provide flagmen or watchmen or appropriate signalling apparatus, etc the cost of such provision shall be borne by the Contractor.  
The Contractor shall, at his own expense, make good to the reasonable satisfaction of the Engineer, authorities, owners and tenants concerned, all land, property, roads, tracks, bridges, drains, fences, walls, hedges, gates and the like which are damaged or disturbed during the execution of the Works and shall remove all surplus construction material after erection.  Temporary provisions shall be made by the Contractor to prevent straying of, or damage to, livestock during the execution of the Works and until the permanent reinstatement of fences, walls, hedges, gates and the like is completed.  The Contractor shall be held responsible for any damage to livestock due to failure to comply with the above requirements.  
Individual trees, groups of trees, and other vegetation shall be thoroughly protected from damage incidental to construction operations by the erection of barriers or by such other approved means as the circumstances may require.
9.4 [bookmark: _Toc44497992]Access tracks
The Contractor shall provide at his own cost, all necessary local transport routes and access tracks and all labour, plant and materials necessary for unloading and erection, and shall be entirely responsible for their efficient and correct operation.  KETRACO will, however, permit the Contractor to use any of its existing access tracks subject to these being restored to the satisfaction of the Engineer in respect of any damage which may be caused during the period of the Contract and the subsequent maintenance period.  For this purpose, the Contractor shall agree with the Engineer suitable records indicating the initial condition of each access track prior to its use.  
Where the crossing of pipelines by vehicles and equipment is necessary, whether the pipes are above or below ground, the Contractor shall obtain permission to cross from the appropriate company or authority.  The measures to be taken to protect the pipelines shall be agreed upon with them.  Existing tracks shall be jointly inspected prior to their use and their condition recorded and agreed.  
Provision shall be made to establish a vehicle access track along the length of the cleared strip to each tower site for purposes of construction.  
On handing over any section of works, the Contractor shall hand over relevant access tracks in a condition suitable for KETRACO’s maintenance vehicles and, for those originally belonging to KETRACO, in no worse condition than originally recorded. 


9.5 [bookmark: _Toc44497993]Survey
The Contractor shall carry out his own final line survey based on the proposed line route under consideration of route modifications as requested by the Employer and on the Contractor’s own route optimization proposals. 
Final detail drawings of the defined line route shall be submitted to the Employer for approval. The drawings form the basis for obtaining the building permit by the Employer. The Contract Price shall include provision for additional detail drawings as may be required by the Building Authority.
For the new OHL sections within final precision survey and profile measurements, angle points may be shifted from the present preliminary route due to site constraints. 
The line survey shall be performed by qualified and experienced surveyors. Not less than 15 days prior to the commencement of the work, the Contractor shall submit qualification records of the proposed personnel, the work program and a list of survey equipment for approval by the Employer / Employer’s Representative. 
The Contractor's line surveying personnel, through KETRACO’s wayleave officer, shall in all cases, announce themselves to the occupier/ land-owner before entering any private property for the purpose of survey.
During the survey, the Contractor shall also check the eventual presence of existing water or gas pipe lines, electrical signal lines within the vicinity of the line or telecommunication antennas and to ensure that there will be no hazardous, induced voltages or any other interference. In the event of complications within the proposed line route corridor, the Contractor shall prepare a technical solution and submit it for approval by the Employer /Employer’s Representative. Such services are deemed to be included in the Contract Price.
Profiles shall be produced as a result of a precision ground survey. The measuring techniques and instruments applied shall be state of the art and employ digital recording technique. The vertical tolerance between levels forming the profile and actual ground level shall not exceed 300 mm; the horizontal distances shall have an accuracy of 1 in 2000 angular measurements of 1 minute.
The Contractor shall carry out their own route survey and profiling to determine the best line route. The Contractor shall carry out their own LIDAR data collection if necessary. 
The angle points location shall be based on an already existing line. The Contractor shall be required to establish the angle points to KETRACO approval and tied to Kenya National Local Grid (coordinates and elevation of points).
The Contractor shall employ their own methods in undertaking check survey to confirm accuracy and efficacy of any survey data provided and/or collected.  The check survey shall include the identification and labelling of all features including, but not limited to those listed below.
Should it be determined that the LIDAR data cannot be used for justifiable reasons then the contractor will be required to undertake the survey works by other applicable survey methods.  The survey shall include all necessary clearing of trees and vegetation and the setting out of the bearing for each section of line, the measuring and levelling and production of all necessary plans, profiles, route maps and tower schedules; the location of positions on the profiles in accordance with the Specification and all necessary setting out support for construction, all to the approval of the Engineer, at no extra cost. All surveying measurements, both linear and vertical, made on the line route shall be closed on standard reference points, or, where such points are not available the measurements shall be closed by alternative reciprocal measurements, the degree of closing error to be approved by the Engineer.  
The levels along the surveyed centre lines shall be taken as follows:
1.	On flat ground, at intervals not longer than 20 m.
2.	At each depression, ditch or rise when the ditch is deeper than 400 mm or the rise is 200 mm high or higher.
3.	On sloping ground, at points where changes of slope occur and at intervening points not more than 30 m apart.
4.	On steeply sloping ground, at intervals of 20 m, if practicable.
5.	At each canal crossing to the water level at each side and determined maximum water level.
6.	At the centre point of each tower.
The Contractor shall survey all roads, railway lines, major canals, pipelines, power lines and telecommunication lines wherever they cross the route of the proposed line and shall indicate the following:
a.	Roads and Railway Lines:
i.	Surface and class, eg first, second, paved, standard/metre gauge
ii.	Names of adjacent towns,
iii.	Angle of crossing,
iv.	Chainage of centre and both sides of the road,
v.	Elevation of pavement and shoulders and ditches,
vi.	If the road is curving additional data to define the curve of the road,
vii.	The location of any mile post or sign board with their description, if located within 100 m of the crossing point.
b.	Pipelines:
i.	Crossing chainage,
ii.	Crossing angle,
iii.	Number and size of pipes, if exposed,
iv.	Trench width, if buried,
v.	Location of any identifiable mark on the pipeline route.
c.	Power and telecommunication lines:
i.	Type of line,
ii.	Voltage,
iii.	Crossing angle,
iv.	Crossing chain age,
v.	distance to the nearest support on either side of crossing, and if one is within 50m of crossing, the support beyond it,
vi.	The ground level and the level of the highest conductor at each of the support position above and the crossing point,
vii.	A pole or a structure number and the line name.
If a road, a pipeline or a power line lies within 100 m of the survey centre line, chainage data and offset measurements shall be made to establish the proximity of the feature.
If a route is located along a street, full details of the street cross section at intervals of not more than 200 m and/or at places of varying street width shall be taken. Such details shall be agreed with KETRACO.
Where KETRACO or the consultant has commissioned a preliminary survey of the line route, either by aerial photography or by land based methods, the resulting data shall be made available to the Contractor.  Tower sites determined by this survey shall be incorporated in the Contractor's survey and line profiles.  It shall remain the responsibility of the Contractor to satisfy himself as to the accuracy and suitability of any preliminary profile so provided.  
Where the line route has been established by KETRACO, the Contractor may expect that at the time of Award of Contract KETRACO will be in a position to indicate to the Contractor sufficient firm details of the location of terminal and angle positions for the Contractor to commence his survey with reasonable continuity of operation in the major sections of the lines.  
After approval of the line route, the contractor shall clearly mark the points of angle points by concrete beacons with the round steel bar in the centre.  The concrete mixture shall be 1:1:4, beacon minimum sizes 200 x 200 x 600 mm and the steel bar 10 mm diameter and 500 mm long.
Intermediate beacons, of the same design, shall be embedded at the intervals of approximately 1.2 km between angle points.
The Contractor shall be responsible for marking in an approved manner any special trees which, in his opinion, require to be felled or lopped in order to carry out a survey.  
Where the route of the line is parallel to an existing line adequate falling clearance is to be provided between adjacent supports and conductors to the approval of the Engineer.  The nominal spacing between the centres of the adjacent parallel transmission lines shall be as given on the bid drawings.  
9.6 [bookmark: _Toc44497994]Profiles Plans
The contractor shall carry out their own survey to determine the line profiles and shall re-confirm the accuracy of any LIDAR or survey data provided during the tower spotting process.
The Contractor shall prepare profile plans with tower locations plotted thereon. All drawings are subject for approval by the Employer/Employer’s Representative. Tower spotting shall be based on the ground profile drawings prepared by him and design data specified.
The following principles and conditions have to be taken into consideration: 
· where ground slope across the line route exceeds 1 in 25, the level of ground left and right of the center line shall be recorded up to a distances of ±5m at tower locations and ±15m in mid-span. These levels shall be indicated on the profile as broken and/ or chain lines and the distances stated. All features such as hedges, fences, graves, ditches, roads, railways, rivers, buildings, canals, telecommunication and all power lines shall be shown. Road numbers or name of roads shall be stated or, if unclassified, destination. For railways the destination are to be given, number of tracks, whether or not electrified and the level at the top of rail stated. The voltage level for power lines shall be indicated
· All buildings or high obstructions within 50 m from the center line shall be shown dotted at their measured height with the distance left or right of line indicated
· Along the bottom of the profile sheet a route map shall be drawn, to the same scale as the horizontal scale of the profile showing all relevant details. within a distance of 50 m each side of the route center line
· Tower spotting shall be performed with PLS-CAD software. The related backup files have to be delivered to the Employer/Employer's representative. 
· Checking shall be performed by conventional methods using sag templates or with the computer program, both to be provided by the Contractor; computer plotted profiles on plain plastic template sheets will be accepted
· Sag templates used shall be suitable for the respective climatic zone and for the ruling span of the section where the plotting is performed.
· Tower numbers, tower types, elevations, level differences, UTM (Universal Transverse Marcator) coordinates.  Horizontal and vertical coordinates of all features affecting the line construction shall be indicated on the profile plan
· For all tower positions the specified maximum wind spans and the specified maximum and minimum weight spans shall be observed; tower lists showing all parameters for each tower has to be provided by adequate tower spotting the lengths of successive spans in one section shall be as close as possible
· the tower spotting shall take into account the utilization chart of the various tower types, and shall use all tower extensions with leg ±0. The available legs  shall be used for adaption of the base to sloped terrain only. In clearance check at max temperature, 50 cm margin shall be taken.
· at each suspension tower location the swinging angle of insulator set shall be verified in the specified condition of temperature and wind pressure, to guarantee the specified swinging angle are not exceeded. Counterweight are allowed, subject to approval of Employer/Employer's representative. 
· tower spotting shall take into consideration the specified minimum ground clearances as well as the minimum distances of the conductors to obstacles to be crossed such as power transmission lines, main roads, houses, etc. as specified in the Data Sheets. The profile plans shall display the bottom conductor catenaries, at 750C, together with the ground or special clearance curves, as well as the minimum temperature catenary; the Contractor has to provide a clearance calculation for all crossings of all classifications of roads, railways, rivers and all power and telecommunication lines in order to evidence that the required clearance is met under the worst conditions. Road crossings shall not be at an angle to the normal greater than 30°
· fruit trees and crops shall not be removed at all during spotting and line clearance shall take consideration of their height during tower distribution
· special attention shall be observed near populated areas or close to the roads where the OHL is to be parallel with existing OHLs. The towers shall be placed as aligned as possible to the existing ones and their positions shall be subject to the Employer’s / Employer’s Representative’s approval; in this respect, the location of the existing OHL towers shall be clearly marked on the drawings
· as a rule, number of suspension towers in a straight line section (between two successive tension towers) shall be limited by the section length which should not exceed 5km. However, sections longer than 5 km may be used based on the Employer/Employer’s Representative approval.
Unless specified to the contrary the scale of the profile shall be:
1:2000 horizontally and 
1:500 vertically.
The profile shall be plotted in such a way that the direction of the line on the profile sheets corresponds to the line route on the route maps. In general, individual profile sheets shall commence and finish at tension supports.
Each section shall normally be started on a new sheet. Where this is not practicable and continuation sheets are found to be necessary in long sections, the ground line is to be drawn so that there is an overlap of at least 300 mm between adjacent sheets.
The last tower of the preceding sheet shall be shown as the first tower on the following sheet. The date of survey of each section shall be added. 
9.7 [bookmark: _Toc44497995]Line schedule
The Contractor has to submit the profile plans, route maps and tower lists to the Employer/Employer’s Representative for approval including calculations to evidence that for all crossings the requirements are met. The detailed tower spotting shall indicate the tower locations exactly in order to identify the concerned landowners easily. 
Additionally, a map showing all access roads necessary for the construction works (existing ones and ones to be constructed) has to be submitted together with the profile plans to the Employer/Employer’s Representative for approval.
The negotiations with the landowners and authorities on the tower locations, the right of way and the compensation for land acquisition, for crops, temporary damages etc. are the responsibility of Employer. 
The negotiations with the landowners and authorities on the access to the line for the construction works, the compensation for damaged crops and temporary damages on the access road are the responsibility of the Contractor.
As soon as the final tower locations are agreed and approved by engineer of KETRACO, the Contractor shall submit a line schedule.  The line schedule shall indicate tower numbers, tower types, body and leg extensions, angles of deviation, insulator types, insulators string types, spans, equivalent spans, section lengths, accumulated spans, sags, foundation details, accumulated chainage and a “remarks” column in which details of crossings, etc. can be entered.  At the completion of foundation works, the foundation types for each tower shall be added to the line schedule.  
9.8 [bookmark: _Toc44497996]Sag templates
The Contractor shall provide three complete sets of sag templates on Perspex or similar material based on a maximum for each construction of three equivalent spans that encompass the range of spans encountered.  The spans selected shall be to approval.  
The templates shall show the line conductor sag in still air at the maximum temperature of line conductor specified in the Technical Schedules and the ground clearance line.  An additional curve shall be marked on the template showing the conductor sag at minimum temperature in still air condition.  Each template shall be clearly endorsed with the design loading conditions, type of conductor, basis of calculations, equivalent span and the scale appropriate to the scale of the relevant profile.  The templates shall include a vertical scale showing the heights of the conductor attachment on the standard and extended towers.  
The scales of the sag templates shall be 1:200 vertically and 1:2000 horizontally or other approved scales to match those used for the profile.  

9.9 [bookmark: _Toc44497997]Route map
During the progress of the work, the Contractor shall record on profiles and on a set of map transparencies to 1:50 000 or other approved scale, such particulars as will allow an accurate reference to be made during construction and afterwards in case of any fault or projected modification to the line.  The plans shall show the exact positions of every tower with approved reference marks so that, in conjunction with line schedules, the types of tower, foundations, insulators, counterpoise and the location of mid-span joints, repair sleeves, etc can be ascertained quickly.  The data included on the plans and schedules shall be to the approval of the Engineer, to whom facilities shall be given for examining the plans during the progress of the work.  The plans and not less than four copies of the schedules shall be the property of KETRACO but will be in the charge of the Contractor until the completion of the particular section of the work to which they refer.  
Important note: Any pertaining information regarding airports or landing strips subject to Kenyan Civil Aviation requirements shall be shown on these maps.
Environmental Protection
An Environmental Impact Assessment Study (EIA) related to the Project will be prepared by KETRACO as per the Kenyan environmental protection legislations. The Study is available and is part of the Contract. 

The Contractor is urged to observe the EIA study requirements but in addition, the Contractor will respect the general requirements stated in this chapter. Moreover, the Contractor shall inform the Employer/ Employer’s Representative about all other environmental impacts caused by the construction works but not mentioned here or in the EIA Study, in order to decide about adequate protection measures.
The Contractor shall take all precautions to avoid damage to public property, crops, etc. and shall ensure that the work is adequately supervised so that damage is avoided.
Where the Contractor considers that damage cannot be avoided, if the work is to proceed normally, he shall notify the Employer/ Employer’s Representative accordingly. If the Employer/ Employer’s Representative confirms that such unavoidable damage will occur, the Employer will be responsible for compensation in respect of the damage and the Contractor shall proceed with the works within the limits indicated by the Employer. This does not apply to the access roads to the line route.
All surplus material shall be removed after erection and the site shall be left in a clean and tidy condition. 
The following rules and procedures shall be adhered to by the Contractor with regard to protection of the environment:
•	The Contractor pledged himself to treat the waste in accordance with the Kenyan Laws.
•	The Contractor pledged himself to the treatment of all hazardous waste, generated by his activities on site in accordance with the current law of environmental regulations of the local Authorities.
•	The Contractor pledged himself to deposit all dismantled equipment containing hazardous substances to the Employer’s places, which are leak proof. 
•	In case, the hazardous substances leak into the surface water or ground water due to the Contractor’s activities, he is responsible and undertakes improvement action. He will ensure on his own costs liquidation of the incurred damages.
Protection of vegetation
The Contractor shall limit the movement of his crews and equipment to the right-of-way and on approved access routes, so as to minimize damage to crops, orchards or property. No movement of machine and vehicles allowed outside approved access roads and construction platforms.
Fruit trees and crops shall not be removed at all. Route clearing shall be executed in accordance with the requirements specified in clause 11 below. No tree may be felled without the express permission of the Employer. Roots and other plants shall not be removed to prevent excessive surface erosion. Wood has to be transported to location as indicated by Employer. Burning on site is strictly prohibited.
Access roads shall be limited to as in clause 9.4. The finger roads are preferable instead of continuous access roads along the line. Access roads shall always run below the platforms for tower locations in order to reduce erosion impact.
Due to the calcareous formation in many parts of the line surface protection and erosion mitigation measures (drainage, small platforms, stone pitching, gabions etc.) are specified in clause 10.2:  Site preparation and erosion protection.
Ruts and scars shall be obliterated; damage to ditches, terraces, roads and other features of the land shall be corrected, and the land shall be restored to its original condition.
The Contractor shall be responsible to the occupants of the land which are crossed by the transmission line for any damage to personal property resulting from his fault or negligence, including damage caused by straying livestock, and he shall make prompt settlement of damages to personal property resulting from his negligence. The Contractor shall be responsible for notifying the Employer in writing of all instances of damage to crops plantation, livestock, etc.
Where the Contractor causes damage beyond the indicated limits within the wayleave or to a degree, which the Employer/ Employer’s Representative considers excessive, the Contractor shall be responsible for reinstatement and/or compensation. 
If, in such circumstances, the Contractor fails to pay compensation to the extent that in the Employer’s/ Employer’s Representative’s opinion, the progress of the works is likely to suffer, the Employer shall negotiate and settle the matter and the cost shall be deducted from monies due to the Contractor.
The Contractor shall use all means necessary to control dust on roads, construction areas and borrow pits. Surfaces shall be regularly watered to prevent dust becoming a nuisance for the public and interfering with the proper execution of the works.
Protection of livestock
Adequate provision shall be made by the Contractor to prevent straying and injury to livestock during the execution of the works and until the permanent reinstatement of fences, walls, hedges, gates and similar is completed.
The Contractor shall not bring any dog on or near the site or suffer or permit any of his employees, representatives or agents or any Subcontractor to bring any dog on or near the site and shall cause the immediate removal of any dog which may be on or near the Site in breach of this provision.
The Contractor shall be liable for any injury to or loss of livestock due in the opinion of the Employer/ Employer’s Representative to failure to comply with the above requirements. Means shall be provided on all lattice steel towers and tower extensions to avoid the risk of livestock being caught between tower members and being injured.



10. [bookmark: _Toc44497998]CIVIL WORKS
10.1 [bookmark: _Toc44497999]Sub-surface investigation and foundation class selection
The Contractor shall be responsible at his own cost for ascertaining that the foundations to be employed are suitable for the sub-surface conditions encountered at each tower site.  For this purpose he will be responsible for classifying these conditions at each tower site at an early stage of the Contract.  Results of any geotechnical investigations already carried out for KETRACO will be provided as reference.
Once the overhead line route has been agreed and angle tower positions established the contractor shall undertake geotechnical investigations in sufficient detail to permit the Contractor to design and install each foundation satisfactorily at every tower location.
Geotechnical investigations shall be in accordance with BS 5930 and generally incorporate field assessments, ground investigations, sampling, and laboratory testing.  Sufficient ground investigation data shall be made available to confirm foundation suitability and constructability.
The Contractor shall obtain information on ground properties of the various underground strata in which to provide sufficient soil, rock, and groundwater data for use in the uplift and compression design and checking of each foundation.  In this respect a sufficient number of angle positions and intermediate tower sites shall be investigated by borehole in soil, or rotary drilling and coring in rock, to confirm or adjust the parameters for standard foundations given for bid purposes in the Schedules.  The number and frequency of boreholes taken may vary along the route, will be determined by the variability or suitability of the soils encountered and will be subject to approval by the Engineer.
In-situ testing in boreholes shall include either Standard Penetration Testing (SPT) or Shear Vane Testing (SVT) as a minimum.  SPT shall be carried out in accordance with ISO 22476.
Laboratory testing shall be carried out on retrieved soil samples in accordance with BS 1377 and shall include one or more of the following methods of testing: -
•	Triaxial shear strength testing (cohesive soils)
•	Direct shear strength testing (granular soils)
•	Soil density
•	Particle Size Distribution (sieve analysis)
•	Moisture content
•	Atterberg limits (plasticity, liquidity, and expansion indices)
Laboratory testing shall be carried out on retrieved rock samples in accordance with ISRM procedures and shall include one or more of the following methods of testing:-
•	Unconfined Compressive Strength (UCS)
•	Point Load Test (PLT)
•	Rock density
Where foundation excavations are to be of the open-cut type, the properties of compacted backfill are also to be examined and tested and related to undisturbed soil properties in accordance with the schedule on foundation tests.
On completion of profiling and tower spotting, in order to provide adequate correlation where boreholes or rotary holes have not been undertaken, the main sites and every tower position shall also be investigated by one or more of the following methods:-
· Dynamic Cone Penetration Testing (DCPT)
· Static or Dutch Cone Penetration Testing (CPT)
· In-situ Plate Bearing Testing (PBT)
DCPT shall be carried out in accordance with ISO 22476.  Soil and/or rock engineering descriptions shall be provided on a log at each probe site.  Rock Quality Designation (RQD) shall also be provided where rock cores are taken.
Ground investigation, in-situ testing, and sampling at each tower site will be by use of an approved type of penetrometer or borer.  The Contractor shall be responsible for any subsidence or failure due, in the opinion of the Engineer, to insufficient care having been taken in his examination of ground conditions or in installation of the foundations.
The ground investigation carried out by the Contractor during survey shall be expected to provide sufficient data to permit the Contractor to design and install each foundation satisfactorily.  Where towers are deemed to require special foundations but do not fall on a scheduled main investigation site, additional ground investigation should be undertaken, subject to the approval of the Engineer, to extend and correlate data.
In the rare case where additional investigations may be required to enable the type and size of a special foundation to be determined, the Engineer may instruct a ‘specialist’ ground investigation to be carried out with a report and recommendation submitted.  Proposals shall initially be submitted for approval.  The report shall, as a minimum, include details of the field work undertaken, field logs, the results of in situ and laboratory testing, interpretation of the results, and recommendations for design and construction. Such ‘specialist’ ground investigations shall also be captured in the price schedules.
Additional probe tests, as well as any other tests the Contractor deems necessary, should be carried out in areas of variable ground condition where the Contractor may wish to propose selective movement of some foundation locations.  Where soil probing indicates the possibility of rock due to ‘refusal’ of the probe test, the Contractor shall confirm by carrying out further probe tests at an adjacent location or by drilling that rock, to confirm that an isolated boulder has not been encountered.  Further tests subject to the approval of the Engineer may be required to determine the rock quality.  Sites with additional tests approved by the Engineer will be paid at the rates stated in the Appendices
Subject to the approval of the Engineer, the parameters obtained from the bore holes and sub-surface probe tests shall be classified into typical groups and employed in the designs of all foundations.  The results of all soil and rock tests shall be submitted to the Engineer, together with any proposals that the Contractor may consider necessary, to ascertain the parameters and dimensions for the standard foundations given in the Schedules or the need for special designs.
Prior to construction the Contractor shall submit for approval his proposals for correlating the results of the detailed ground investigations and the soil and rock tests undertaken at each site with the parameters employed for the foundation design.  These proposals shall also consider visual and manual checks and tests to be made after excavation and will be to the Engineer’s approval.
The Contractor shall prepare and update the Line Schedule for construction purposes that clearly indicates the class of foundation to be installed at each site and records the soil investigation data on which the choice has been made.  The schedule will be subject to approval of the Engineer prior to commencement of foundation construction.
When required by the Engineer, the Contractor will be required to make arrangements for a special comprehensive ground investigation to be carried out at any specified tower site, including deep borings and laboratory analysis of undisturbed soil samples, and for a report and recommendation to be submitted.  The Engineer may require that this work shall be carried out by an approved subcontractor at rates to be agreed.
10.2 [bookmark: _Toc44498000]Site preparation and erosion protection
Prevention and control of soil erosion at sites is of prime importance for the stability of the tower location.
The Contractor shall be required to carry out sufficient studies on the water regime in the project area. These shall include the highest flood level, soil scouring level, maximum water speed and water regime change including historical data on changes in river course.  The steel tower and its foundations shall be protected from adverse effects of any of such studies to the approval of the Engineer. 
Levelling of tower locations shall be minimized in sloped terrain therefore. Leg and concrete extensions adapted to the terrain profile shall have priority instead of extended soil movement and excavation works.
In case of cutting a slope, the upper surface material of the ground shall be protected from sliding. This has to ensured by:
• stone pitching
• gabions
• stone walls (erected without or with mortar)
• concrete retaining walls,
whatever seems to be applicable and required by the Employer/ Employer's Representative.
The bottom edge of the tower site in sloped terrain shall be also reinforced by stone or concrete wall in order to avoid uncontrolled water draining. Drainage ditches shall be provided where necessary and required by the Employer/ Employer's Representative.
The tower sites themselves shall also be sloped as necessary to protect against erosion due to water flow. If there is a natural flow of water across the site, the water flow shall be diverted around the site or the site shall be suitably protected against erosion by grading and/or placing of rip-rap or other erosion barriers, or construction of drainage.
Prior taking over of the transmission line, all tower location susceptible to erosion shall be inspected in presence of the Employer/ Employer's Representative to check the effectiveness of the applied erosion protection.
Indications of erosion have to be rectified by the Contractor and improvements of erosion protection provided as approved with the Employer/ Employer's Representative.
All measures against erosion protection executed in the beginning of works and/ or prior taking over are deemed to be included in the Contract price.
10.3 [bookmark: _Toc44498001]Route clearance
The Contractor shall clear a strip of land through those sections of the route that pass through vegetation.  Clearance shall consist of felling or trimming trees and other vegetation to obtain a clearance of not less than 8 m from the nearest conductors.  All limbs and branches required to be trimmed shall be neatly cut close to the trunk of the trees or to main branches, and cuts more than 40 mm in diameter shall be painted with an approved paint.   In determining the clearance and in estimating the mean height of the vegetation due allowance shall be made for seasonal growth. 
Trees, scrub and undergrowth shall be cleared by felling not more than 150 mm above ground.  Tree stumps are to be burned to prevent regrowth.  All timber and brush shall be removed to the outer limits of the cleared strip and care shall be taken to avoid unnecessary removal of topsoil when clearing the strip.  Before any burning of timber or tree stumps the permission of the police authorities shall be obtained.  The Contractor shall be responsible for compliance with all military and local laws and regulations relative to open fires.
The extent of the land clearance during the construction period shall be determined by the requirements for safe construction and the strip of land to be cleared shall be in a cleared condition at the agreed handing over date for the whole transmission line.  
Clearing operations shall be undertaken in such a way as to prevent damage to existing structures and installations, and to those under construction, as well as to provide for the safety of employees and the public.
Disposal of timber, bush, etc other than as stated above, or any land drainage or bridging or prevention of soil erosion or other special work arising out of the route clearance shall be done by the Contractor at his own cost.  
10.4 [bookmark: _Toc44498002]Installation of foundations
a.	General.  Foundation construction shall always be carried out with all due regard to the mitigation of any damage to the environment and in accordance with the findings of any Environmental Impact Assessments and Management or Monitoring Plans.  
b.	Site levelling.  From consideration of the impact on the environment it is normally preferable not to level sites, but to build the structures into the land form basically as it exists, using suitable steel leg extensions on the towers or concrete extensions on the foundations.  However in exceptional cases, where tower leg foundations are located on the side of a hill or on a slope and it is decided that terracing, or cut and fill, is an option, full proposals for earthworks shall be submitted to the Engineer for approval before any excavation or filling takes place.  Proposals shall show:
i.	how rainwater run-off from the hillside is to be allowed for and diverted around the foundation;
ii.	how the exposed surfaces are to be protected against weathering and the possibility of erosion;
iii.	the full depth and details of the foundation, with particular note of the presence of fill material;
iv.	that the Contractor is aware of the possibility of slippage taking place and has taken precautions to avoid it.  
Preference will be given to proposals that minimize the amount of disturbance to the terrain environment.  Material that is excavated in terracing shall be spread in an appropriate manner in an area near the tower but in such a manner that no instability is caused to the terrain and the spreading causes no environmental distress.  
c.	Foundations. The foundations shall be Special Foundation types consisting of Pile foundations which shall comprise multiple reinforced concrete piles bored or driven to a depth determined by the site soil investigation A record shall be kept of each foundation installed including details of the strata of the ground throughout the depth of excavation, the presence or not of water during construction and liability to seasonal flooding, together with results of tests carried out and all other relevant information.  
Where ground conditions necessitate, the foundation dimensions shall be increased and concrete added and/or reinforced as may be approved by the Engineer.  
Where ground conditions are unsuitable for the installation of any standard or modified standard class of foundation the Contractor will be required to make arrangements to provide a piled or other special foundation as may be approved.  The Engineer may require that such specialist foundation work shall be carried out by an approved subcontractor.  
In ground which may be flooded at any time of the year and where the soil is such that enlarged pad or raft foundations may be employed economically the excavated subsoil remaining after backfilling shall be formed into a flat topped mound approximately 0.75 m high extending approximately 1 m beyond all sides of the tower base.  The sides of the mound shall be battered to minimize the effects of erosion.  The mass of the mound shall not be considered in the uplift capacity of the foundations.  The foundation stubs shall be extended to allow for the change in ground level such that the encasing concrete extends to 300 mm above the level of the top of the mound.  The cost of forming the mounds will be included in the total cost of the foundations.  
In areas where black cotton is encountered the contractor shall make provision for importing backfill material.
d.	Excavation.  During excavation, the Contractor shall take adequate precautions to prevent earth disturbances that might affect the safety of personnel, property and the Site Works.  
Before excavations are commenced the Contractor shall submit his proposals with regard thereto for the Engineer's approval.  Excavations shall be close timbered or sheeted, planked and strutted as and when necessary and kept free of water by pumping or other means during the course of the work and shall ensure the safety of personnel working within them.  The sides of excavations shall normally be vertical unless otherwise specifically agreed with the Engineer.  
Should dewatering be necessary during excavation and concreting works due consideration shall be taken to ensure there will be no adverse influence on adjacent structures as a result of the lowered ground water table.  
Written approval shall be obtained from the Engineer before explosives are used for excavating foundations in rock.  The Contractor shall be responsible for complying with local regulations concerning the use of explosives and for the safekeeping and handling of explosives.  Proper warning shall be given of all blasting operations.  During operations involving the handling or use of explosives, the Contractor shall be responsible for the safety of personnel, Site Works and people or properties in the vicinity of the Site.  The Contractor shall make good at his own expense any damage caused by the use or mishandling of explosives.  No blasting is permitted near permanent work or dwellings.  
Blinding concrete shall be provided under all concrete foundations at the base of the excavation for a thickness of at least 75 mm and shall be deemed to be included in the price of the foundations.  In cohesive material the final 150 mm of ground above formation level shall only be removed immediately prior to placing the blinding concrete.  
e.	Stub setting.  Stubs for tower foundations shall be carefully adjusted to an approved template and shall be held in the correct position while the concrete for the foundation structure is placed.  The templates shall not be struck until at least 24 hours after foundations have been completed nor before the completion of backfilling activities.  The spacing and levels of the stubs after the templates have been struck shall be such as to ensure correct alignment of the towers without forcing of members during erection and shall comply with the construction tolerances stated under sub clause j.  
f.	Formworks.  Formers shall normally be employed to produce the correct foundation shape and ensure no loss of aggregate or cement.  All formers shall be sufficiently strong to withstand the pressure arising from the concrete during compaction and shall be capable of removal without undue disturbance to the concrete.  
Formers may consist either of steel, timber or plywood elements.  
The faces of the formers that are in contact with the concrete shall be cleaned and oiled or coated to prevent any concrete adherence to them and to facilitate their removal.  
Formers shall not be removed before sufficient hardening of the cast-in concrete has taken place and in no case less than 24 hours after the concrete has been placed.  Any concrete that has been damaged during formwork removal or is honeycombed must be removed by chipping to sound concrete and then repaired at the Contractor’s expense and to the Engineer’s approval.  
g.	Reinforcement.  All steel rod reinforcement shall be clean and free from loose mill scale, loose rust, oil and grease or other harmful matter and except at bends shall be truly straight before being surrounded with concrete.  Evidence of steel quality, which shall be to an approved Standard such as BS 4449, shall be provided.  The numbers, lengths, diameters, forms and positions of all reinforcing bars shall be in accordance with approved drawings.  
The steel reinforcement shall be so connected as to form a rigid cage or mat.  To prevent displacement before or during concreting, the bars shall be secured one to the other with 18-gauge soft iron wire.  Sufficient precast rings or distance blocks shall be used between the reinforcement and the bottom and sides of the excavations to ensure the correct cover of concrete around the bars.  The distance blocks shall be made of concrete of not less strength than that of the concrete in which they occur.  The foundation reinforcement shall be bonded to the tower stub with 7/4 mm galvanized steel wire strand before concreting.  
Steel rod reinforcement shall be bent cold in a manner that will not injure the material.  Bending hot at a cherry red heat (ie not exceeding 840°C) may be allowed except for bars that depend for their strength on cold working.  Bars bent hot shall not be cooled by quenching.  
Bends, cranks or other operations on reinforcing bars shall be in accordance with approved drawings.  Where splices or overlapping in reinforcement are required the bars shall unless otherwise approved have an overlap as specified in BS 8110.  
h.	Concrete.  Unless otherwise approved, concrete for foundations and for encasing concrete shall be to Design Mix Grade C25 to BS 5328 (BS EN 206-1 and BS 8500) with minimum cement content of 300 kg/m3 concrete, maximum water cement ratio of 0.6 and maximum slump of 75 mm. The concrete mix is to be designed by the Contractor and submitted to the Engineer for approval in sufficient time to permit the necessary tests on compressive strength to be carried out prior to construction commencing.  
Ordinary Portland cement (CEM I) is to be used or other approved composition in case of a normal soil. Blended cements which offer resistance to chemical attack will be required if the soil contains active chemicals that affect Portland cement. Any other different type of cement used is subject to approval of the client and must meet requirements of KS EAS 18-1:2001, (BS EN 197-1) BS 12 or any other approved cement standard 
Cement shall be stored in an approved manner.  
All aggregates shall be obtained from sources approved by the Engineer and shall be clean and free of clay, earth, organic matter, salt or other impurities.  The aggregate shall comply generally with the requirements of BS 882.  
Coarse aggregate shall be gravel or broken stone of angular or rounded shape, of approved grading and shall pass a mesh not more than 20 mm square for foundation concrete and for encasing concrete.  
Fine aggregate shall, unless otherwise approved by the Engineer, be sand, well graded from 4 mm gauge downwards.  No seashore sand shall be used, and. unwashed pit or river sand shall not be used unless approved by the Engineer.  
Water shall be obtained only from sources approved by the Engineer.  It shall be clean, free from deleterious materials and chemically neutral.  
Cement shall be measured by weight, either by use of one or more complete bags or by weighing on site.  Other ingredients shall be measured by weight or by volume, and concrete shall be mixed in batches using one or more complete bags of cement.  Only in exceptional circumstances shall a bag of cement be divided.  When mixing by volume is adopted, suitable batch boxes of approved dimensions shall be made and used for the measurement of coarse and fine aggregates.  A calibrated container for the measurement of water shall also be used.  
All concrete shall be thoroughly mixed by machine, with only sufficient water to ensure a workable mix.  Consistency tests shall be made when required by the Engineer by checking the maximum slump in a truncated cone 300mm high and of standard dimensions.  No concrete shall be mixed or placed when the temperature of the air or the ingredients is less than 2°C nor shall concrete be placed when its temperature is greater than 32°C.  In hot conditions the initial temperature of the mix should be kept as low as possible, by shading the materials against the sun. Retarding admixtures may be used subject to the Engineer’s approval.  Freshly placed concrete shall be properly protected against the weather.  
Test cubes of 150 mm face in accordance with BS 1881 shall be made during the progress of the works, comprising a minimum of one set of four cubes per tower or per day, or one set of four cubes for each 6 m3 of concrete placed if greater.  
Cubes shall be tested in accordance with BS 1881 and Clause 16 of this Technical Specification.  
Contractors shall submit plans showing where the concrete will be mixed for each tower site and how they propose to transport the concrete to the foundation location.  If the concrete is being made “off-site” and transported in “ready-mix” trucks, then the journey time must be noted and approved by the Engineer.  Transportation shall be such as to avoid segregation of the concrete constituents.  
The concrete shall be vibrated or thoroughly rammed during placing to ensure that it is homogeneous and free from voids.  Excessive vibration shall be avoided.  
The upper surface of the concrete for all types of foundations shall be made by a continuous pour of foundation concrete and shall be sloped in an approved manner to prevent accumulation of water.  
Unless otherwise approved, there shall be no joints in the concrete foundation.  Where the construction of the foundation is such that joints are unavoidable adequate bond between the old and new concrete shall be ensured by chipping the old concrete to a rough, clean surface free from loose particles.  Immediately before placing the new concrete, this cleaned surface shall be primed with a layer approximately 15 mm thick of a wet mix of cement and fine sand in equal proportions.  
Particular attention shall be paid to the need to ensure complete curing of all concrete and the Contractor shall supply information in his method statement relating to his proposed methods for curing and for protecting the concrete.  Curing and protection shall start immediately after the compaction of the concrete and shall ensure adequate protection from:
· premature drying out, particularly by solar radiation and wind
· leaching out by rain and flowing water
· rapid cooling during the first few days after placing
· high internal thermal gradients
· low temperature or frost
· vibration and impact which could disrupt the concrete and interfere with its bond to the reinforcement.  
i.	Backfill.  Proper precautions shall be taken to ensure that all backfilling and compaction of earth is done thoroughly and evenly round all parts of each separate foundation block or structure.  The backfill shall be placed in layers not exceeding 150 mm compacted thickness and shall be compacted to achieve the bulk density assumed in the design using a method of compaction included in the Contractor’s method statement and approved by the Engineer.  Backfilling only from one side or corner of an excavation hole shall not be allowed.  In wet or flooded situations adequate provision shall be made to ensure the excavation is kept free from water whilst work is carried out.  Stub setting templates shall not be removed before completion of backfilling.  
Organic matter and silt shall not be used as backfill material.  All temporary timbering, shuttering, etc and all decomposable or perishable material shall be removed from the excavations prior to backfilling.  
Black cotton soil or peat soil shall not be used for backfilling and it is categorised as unsuitable material. Contractor shall import suitable soil for backfilling.
j.	Construction tolerances.  Foundation setting tolerances shall be in accordance with the requirements stated below.  
The difference in elevation between the tops of any two stub angles shall not exceed 1/1000 of the horizontal distance between the stubs.  The actual elevation of any stub angle shall not differ from the computed elevation by more than 1/100 of the foundation depth.  
Stub rake shall be within 1 per cent of the required hip or face rake.  
Back-to-back dimensions at top of stubs shall be within 10 mm on the face or within 15 mm on the diagonal.  
The twist of any stub in plan shall be less than 1° about the longitudinal axis.  
Tolerances for the position of the tower and excavations in relation to the tower position given on the profile shall be:
Table 6: Tolerances for the position of the tower and excavations 
Table 8
	
	Out of alignment
	From centre line of route
	From transverse centre line of tower

	Suspension tower
	0.25°
	25 mm
	250 mm

	Tension tower
	0.25°
	25 mm
	25 mm



k.	Site clearance.  As soon as practicable at each tower site, backfilling shall be completed, surplus soil removed and the site cleared.  Final site clearance will normally be carried out at the same time as fitting of anti-climbing devices and tower plates, and shall be undertaken without delay.  
l.	Protection of tower footings.  At locations where water due to flood or tidal water may affect the foundations or cause erosion of the ground near the tower foundations, protection to the foundations and to the ground surrounding them shall be provided by the Contractor. Methods include stone revetment, concrete placement, gabion structures or reinforcement of ground surfaces as well as drainage schemes as necessary.  Other methods, where more suitable, are not precluded and the Contractor shall furnish recommendations for the provision of protection at such locations.  

11. [bookmark: _Toc44498003]ERECTION
11.1 [bookmark: _Toc44498004]Storage and erection of steelwork
a.	General.  All transmission tower steelwork stored at site shall be kept clear of the ground.  Contact with brackish water or other substances likely to attack galvanizing shall be avoided and all tower members shall be kept in a clean and tidy condition.  
b.	Assembly and erection.  The Contractor shall erect the towers for the transmission line in accordance with the erection diagrams, construction lists and other drawings and instructions.  
Unless otherwise approved, towers with concrete foundations shall not be erected until the concrete has had 14 days in which to cure, or such longer or shorter time as may be approved, depending on the type of cement used and on local conditions.  
The method of assembling and erecting a tower shall be such that during erection no member shall be subjected to any stress in excess of that for which it was designed.  
Misalignment or misfit of adjacent sections or members attributable to the adopted method of erection shall be corrected by changing erection methods as necessary to eliminate the trouble.  
All members shall have their joints cleaned when bolted up.  As far as possible bolt heads, rather than nuts, shall be on the outer or upper faces of tower joints.  
All towers assembled on the ground shall be kept off the ground with wood so as to be free of dirt, mud and other foreign materials that tend to adhere to the structure.  
If erected by assembling in sections, the initial tightening of bolts shall be adequate for dead load, live load and direction stresses, but shall not be so strong as to prevent aligning and fitting adjacent sections or members.  The assembled sections shall be adequately supported during erection.  
Spanners used during erection shall be well shaped and shall fit closely onto the hexagon to avoid damage to nut and bolt heads.  The use of any wrench that may deform the nut or cut or flake the galvanizing will not be allowed.  During assembly, punching, reaming or drilling for correction of mismatched holes shall not be permitted without the authorization of the Engineer in writing.  
Proper precautions shall be taken to ensure that towers are not strained or damaged in any way during erection.  Suitable ladders shall be used, whenever necessary, during erection of towers.  All ladders and removable step bolts shall be removed when erection work is not in progress.  
If any shop errors in the steel are discovered, the Contractor shall notify the Engineer who will decide whether the error shall be corrected on site or the members shall be replaced.  
All exposed steel surfaces around the holes or on cuts on which such corrective work is permitted shall be given sufficient coats of a zinc rich paint to provide sufficient protection to the steel and shall be to the approval of the Engineer.  
All towers shall be vertical under the stresses set up by the overhead line after conductor erection.  A tolerance of 25 mm for every 10 m height may be allowed.  
After erection each tower shall be thoroughly inspected by a special crew to check the condition of the section surfaces and the correct tightness of the nuts on the bolts.  The final tightening of the nuts shall be carried out using torque wrenches and the nuts shall be torqued to the values proposed by the Contractor and approved by the Engineer.  
On each tower the Contractor shall install the relevant danger and identification plates as indicated in the erection drawing.  
In order to prevent pilfering, all bolts and nuts from ground to two metres above of the anti-climbing device shall be secured by means of specifically designed anti-theft type bolts and nuts to the approval of the engineer on each tower.
All foreign matter and surplus materials shall be removed from the towers and from the site upon completion of erection. 
c.	earthing and resistance measurements. 
The Contractor shall install and test the structure grounding in accordance with Clause 11.2 of this Technical Specification.  
 
11.2 [bookmark: _Toc44498005]Earthing
The Contractor shall undertake preliminary soil resistivity measurements along each line route as soon as possible after Award of the Contract.  The number and location of test points as well as method of testing shall be agreed with the Engineer.
In the presence of the Engineer, the Contractor shall measure the electrical footing resistance to earth of each tower before the earth conductors are erected.  These measurements shall be recorded by the Contractor in the form of a tower footing earth resistance profile of an approved type.  
The following materials or their equivalents shall be used:
•	Earthing rods shall be made of galvanised steel, with a minimum diameter of 20mm and minimum length of 3m.  There shall be provision for coupling rods to extend their length if necessary.  A bronze or brass bolted clamp shall be provided for connection of earthing cables to the earthing rods;
•	Earthing cables (counterpoise) shall be of galvanised steel wire with 11.5mm diameter.
•	Connection of the counterpoise to the tower steelwork shall be by means of a compressed lug and two galvanized bolts and nuts, washers and spring washer on the tower stub at least 500 mm above the foundation surface.  The minimum diameter of the bolts shall be 12 mm.  The holes in the leg/stub steelwork shall be factory drilled prior to galvanizing.
•	The earthing counterpoise shall pass through the concrete chimney via an encased, flexible PVC pipe and exit from the chimney at the required depth.  On completion of the earthing installation the PVC pipe shall be filled with a cement mortar mix.
The depths of the upper ends of earthing rods and the depth of burial of earthing cables shall not be less than the following values:
•	Cultivated (soft) soil		800 mm
•	Normal soil			500 mm
•	Rocky ground			150 mm
•	Where required drilling or augering methods shall be used for installing the earth rods.  The holes shall be filled with bentonite and the earthing rod pushed into the prepared holes. 
Type A:  Every tower shall be fitted with compulsory earthing on two diagonally opposed legs.  The earthing rods, one per leg, shall be driven vertically into the ground to a depth of 3m at a distance of 5m from the footing and shall be connected to the tower legs by earthing counterpoise cable. 
Where the measured tower footing resistance is greater than 10 ohms the earthing shall be enhanced using one of the systems detailed below.
Type B:  Installation of earthing rods as described in type A above but with one 3m rod and earthing counterpoise cable connected to each tower leg.  
This type of earthing system shall be used in cultivated (soft) soil where type A earthing does not provide adequate earthing.
Type C:  Installation of earthing rods as described in type B but with each rod being extended to 6m long and earthing counterpoise cable connected to each tower leg.  
This earthing system shall generally be used where the ground conditions are not favourable, but not rocky.
Alternatively, an additional 3m earthing rod shall be connected to each previously installed rod via an additional 5m of counterpoise cable. 
Type D:  Any special measures and methods (deep grounding, counterpoise connection to the adjacent tower, earth conductivity improving chemicals etc.), subject to approval of the Engineer, which shall be used in specific soils where type C earthing cannot provide sufficient reduction in resistance.
For all types of earthing system, each section of earthing cable shall be separately bolted to the tower in order that it can, if required, be disconnected for the purpose of earth resistance measurements.  
At each tower connected to an earthing system the Contractor shall measure the electrical footing resistance to earth with the system connected.  The measurements shall also be recorded by the Contractor on the tower footing earth resistance profile to be provided as a final record.  
The terminal towers shall be connected to the substation earthing grid.  
Type and thickness of galvanizing shall provide sufficient protection of steel for 20 years service and shall not be less than 610g/mm2.   
Metal roofs of existing buildings constructed within 30 m of the centre of the transmission line shall be securely earthed.  A minimum of two earth connections shall be made to opposite sides of the roofs by means of earthing (counterpoise) cable, which shall be led down the sides of the building to earth.  The earthing cable shall be securely fixed in cleats to the sides of the buildings and not less than 2 m of the cable shall be buried in the ground at a depth of at least 800 mm. 
All metallic fences both new and existing, which cross under, or which are located near and parallel to the transmission line shall be earthed as follows:
•	One earthing rod shall be used to ground each 100 m of fence that is parallel to and within 50 m of the centre line of the transmission line.  One earthing rod shall be used on each side of the right of way to earth fences crossing under the line.
•	Earthing rods, to which the fence wires shall be bonded, shall be driven to a depth of not less than 1.5 m.  All metallic fence gates within the right of way shall be electrically bonded to the fences.
11.3 [bookmark: _Toc44498006]Erection of insulators
Insulators and insulator fittings shall be assembled and installed by the Contractor as shown on the drawings, and in accordance with the recommendations of the manufacturers.  
All insulators shall be handled carefully during transportation, assembly and installation on the tower to avoid damage and shall be cleaned when installed using techniques which cause no damage to the surface of the insulator.  
Proper precautions shall be taken to ensure that insulators and fittings are not strained or damaged during erection of the insulator sets, and during the pulling out and erection of conductors.  
The Contractor shall take adequate precautions to ensure that dust and dirt is excluded from insulator ball and socket joints.  
11.4 [bookmark: _Toc44498007]Crossing of public services
At crossings of roads, railway lines, buildings, waterways, telegraph and telephone lines, over or under other power lines, the provisions of any Regulations to which KETRACO is subject shall be complied with.  No additional payment will be made for any temporary guarding or scaffolding required for erection of the conductors at crossings.  
When the Contractor is about to carry out erection of the conductors along or across power lines or telecommunication circuits, public roads, waterways, he shall be responsible for giving advance notice to the appropriate authorities of the date and time at which he proposes to carry out the work.  Where authorities, or public undertakings deem it necessary for the protection of their employees or property, or of the public, or for the regulation of traffic, to provide flagmen or watchmen, the cost of such provision shall be borne by the Contractor. 
11.5 [bookmark: _Toc44498008]Erection sags and tensions
The line and earth conductors shall be erected so that the tensions at “everyday temperature” in still air shall be the figures stated in the Technical Schedules and shall be equal in all spans, except for sections with spans differing considerably from the basic span where compliance with the specified tensions under the assumed maximum loading conditions may necessitate a lower figure for the “everyday temperature” still air tension.  
At “everyday temperature” in still air, in any span, the earth conductor sag shall be approximately 10 per cent less than the line conductor sag.  
In calculating the initial sags and tensions, allowance shall be made for the elasticity and coefficient of expansion of the conductor materials.  
The "equivalent span" method shall be used, in which the tension in any section length is that which would apply to a single span equal to the square root of the figure arrived at by dividing the sum of the cubes of the individual span lengths, in the section considered, by their sum.  Unless otherwise approved, the sag of any one conductor should not differ from the correct sag by more than 3 per cent and, in any one span, the maximum permissible difference in sag between conductors of different phases shall not exceed 150 mm.  
The sag of the subconductors of any one phase shall not differ by more than 50 mm.  
Employing the approved design sags and tensions as the basis the Contractor shall submit, for approval, calculations for the initial sags and tensions to be employed during stringing activities.  These calculations shall take into consideration the effects of creep for each of the phase and earth conductors and also that, for instance, Aircraft Warning Markers will not be installed at the time of sagging.  For sections where Aircraft Warning Markers are to be installed additional initial sag and tension data shall be provided.  
11.6 [bookmark: _Toc44498009]Erection of line and Aluminium Steel-Clad earth conductors
At least 3 months prior to the commencement of stringing activities the Contractor shall submit his stringing schedule identifying the stringing sections, locations of tensioner and puller, the proposed position of mid-span joints, drum identification numbers, sagging spans and, where appropriate, check sagging spans.  The sagging span shall normally be the longest span within the section but consideration shall be given to establishing a line-of-sight to the puller station.  In addition, details of temporary staying of towers, joints of control and other relevant information shall be submitted.  
The fullest use possible shall be made of the maximum lengths of line and earth conductor in order to reduce to a minimum the number of joints.    The number and span location of tension joints shall be approved.  Unless otherwise approved there shall be no tension joints in adjacent spans or in sections, between tension towers, of less than three spans; there shall be no joints in spans crossing roads, navigable waterways or buildings or in the spans immediately adjacent thereto.  All joints shall be at least 30 m away from structures.  
The conductors, joints and clamps shall be assembled using the approved tools and shall be erected in such a manner that no bird-caging, over-tensioning of individual wires or layers, or other deformation or damage to the conductors shall occur.  Running out blocks shall be of an appropriate diameter to avoid the formation of permanent "sets" in the conductor and shall be to approval.  The use of midspan compression joints for the purpose of pulling out conductors during erection and the use of insulators and line materials in general for erection purposes will not be allowed.  Auxiliary erection clamps, or hauling devices shall be of approved design, and shall under erection conditions, allow no relative movement of strands or layers of the conductors.  If required by the Engineer, this property shall be demonstrated by actual test.  Cutting of layers of ACSR or ACS conductors shall be carried out with tools designed not to damage underlying strands.  Cropping or shearing of complete conductors shall not be permitted.  The cut ends of the conductors and the joints, clamps and fittings attached to the conductor themselves shall be treated in an approved manner to prevent ingress of moisture.  
The Contractor shall measure, by means of approved micro-ohm meter equipment in accordance with the Tests section of this Technical Specification, the electrical resistance of all joints after completion and before erection.  The resistance of the joint shall be in accordance with the requirements of the Specification and shall in no case be greater than 75 per cent of the resistance of the equivalent length of conductor.  The values of resistance measured shall be recorded on a schedule that shall be submitted to the Engineer as part of the final records.  Any faulty joint shall be cut out and replaced at the Contractor’s expense.  
All current carrying surfaces of bolted connections shall be coated, prior to erection, with an approved conducting compound in an approved manner.  
In case of local damage to isolated strands of a conductor during erection the use of repair sleeves of approved type may, in exceptional circumstances, be permitted upon application to and at the discretion of the Engineer who will regard repair sleeves as joints in respect of permitted locations.  Any use of repair sleeves shall not incur additional cost to KETRACO.
The Contractor shall at his own expense make suitable arrangements for temporary guying of towers, where necessary.  Suitable plates (detachable or otherwise) shall be provided on the towers for the attachment of any temporary guys.  The additional loads imposed on specific towers during erection by the use of temporary guys shall be calculated and approved.  Attachment of the guys to the tower shall be accomplished so as not to cause damage to steelwork or the galvanized coating.  
The line and earth conductors shall be erected employing tension stringing methods and equipment and shall not at any time during erection come into contact with the ground or any obstacle, such as walls, fences or buildings, except when the conductors are at rest.  Approved means shall be provided to prevent any damage to conductors where these are run over temporary supports.  
Conductor running-out blocks shall be free running and of approved materials and dimensions.  
Conductors shall be clamped in, vibration dampers and spacers shall be erected, as soon as practicable but in any case within 72 hours after having been tensioned to the correct sag.  
The Contractor shall make any necessary special arrangements for running out and sagging the conductors where the route crosses buildings, orchards, plantations, gardens, or other ground over which erection cannot be carried out in the normal manner.  No extra charge for man-handling of material or for any special precautions or methods necessary at such positions shall be allowed.  
The Contractor shall also make such special arrangements as the Engineer may approve where power lines are to be crossed.  Where the conductors have to be erected whilst the power line to be crossed is energized, no additional payment to the prices stated in Volume 1 shall be made for any special scaffolding or equipment required.  
Where required by the Engineer, prior to the issue of the Operational Acceptance Certificate, the Contractor shall be responsible for checking that the relative sags of the conductors are within the specified tolerance.  Such checks shall be carried out at selected points along the route as required by the Engineer.  
At the end of the maintenance period stated in the Conditions of Contract, the line conductor sag adjusting devices for bundled sub-conductors shall be finally not more than 50 mm plus or minus, from their median position, unless otherwise approved.  
The Contractor shall provide suitable dynamometers, thermometers, sighting rods and other approved apparatus necessary for the proper checking of the work.  Dynamometers, if used, shall read in kilograms or Newtons and, where required by the Engineer, shall be tested and, if necessary, recalibrated.  
The Contractor shall keep a record of the particulars of the sagging of conductors in each section of the route showing the mean actual sag of the line conductors and date of stringing as well as the ambient and conductor temperature.  The data shall be handed to the Engineer at the conclusion of erection work.  
Clearances between phase conductors and ground and between jumpers and structures shall be checked during erection and before handing over the line.  
The Contractor shall submit his proposals for a test regime to the Engineer for approval prior to fieldwork commencing.  
11.7 [bookmark: _Toc44498010]Erection of Optical Fibre Ground Wire (OPGW) 
The fullest use shall be made of the maximum lengths of conductor to reduce the number of joints to a minimum.  The locations for joints shall be approved by the Engineer.  
The conductors and clamps shall be assembled using approved tools and shall be erected in such a manner that no bird-caging, over-tensioning of individual wires or layers, over-tensioning or stressing of optical fibre elements, or any other deformation or damage to the conductors shall occur.  
The conductors shall not at any time during erection come into contact with the ground or with any obstacle, including walls, fences and buildings.  
The relevant clauses related to erection of line conductors shall apply also for OPGW earth conductors.  
The erection of OPGW is to be effected in such a manner that neither torsion nor bending stresses on the conductor during erection, sagging, jointing or landing shall cause any damage or deterioration to the optical fibre system.  Suitable precautions shall be taken, using for example torsionally stable pulling ropes, suitable running-boards, counterweights and running blocks.  Special attention shall be paid to ensure that the conductor at no time is subjected to bending in excess of that permitted by the minimum bending radius specified by the manufacturer. Running-out blocks shall be sized to conform to the minimum bending radius specified by the OPGW manufacturer. 
The Contractor shall carry out tests to confirm the satisfactory condition of optical fibres prior to erection.  
Once installation of OPGW earth conductor is complete a series of tests to be agreed with the Engineer shall be carried out to ensure the satisfactory operation of the cable.  The tests shall be carried out in both directions.  
The tests shall include but not be limited to:
•	Optical attenuation on OPGW earth conductor terminated with connectors carried out in both directions at 1550 nm and 1625nm.
•	Loss distribution to measure the uniformity of loss in the optical fibres and joint losses in the OPGW earth conductor using an optical time domain reflectometer (OTDR).  
On completion of the tests three hard copies as well as one soft copy of the test report shall be supplied to the Engineer.  
Optical attenuation of the OPGW earth conductor terminated with connectors shall be measured and recorded at the end of the guarantee period and it shall not be more than 102 per cent of the reading at commissioning.  
The contractor shall submit his proposals for erection and test regimes to the Engineer for approval prior to fieldwork commencing.
11.8 [bookmark: _Toc44498011]Work at ends of the line
The location and orientation of towers at the ends of the line are to be studied with extreme care and Method statements and drawings with sufficient detail are to be provided prior to outages being granted.   Outage dates and outage durations are to be requested 6 weeks in advance to allow KETRACO sufficient time to arrange these outages.
11.9 [bookmark: _Toc44498012]Final inspection
Upon the notification by the Contractor that the work is finished on a completed section of line, the Engineer, prior to issuing the Operational Acceptance Certificate, will inspect the completed Works, in order to ascertain that they have all been carried out in accordance with the Specification and to the Engineer’s satisfaction.  
In particular, it will be ascertained that at least:
At tower positions, 
· backfilling of the excavations, ramming, levelling around foundations, draining of higher footings on sloping ground, dispersal of excess earth etc, is complete.  
· Concrete protruding above ground is correctly shaped, finished and sealed. Counterpoise earthing is installed where required. 
· Silicone, epoxy or other approved painting has been correctly applied.  Steel sections are straight and not damaged.  Bolts and nuts are correctly fitted with washers and are properly tightened and locked.  
· The line and earth conductor fittings are erected in accordance with the drawings and are complete.  The line and earth conductors are correctly clamped. Electrical clearances from jumpers to tower steelwork are adequate. 
· All tower steelwork, bolts, nuts, lock nuts, cotter pins, washers and split pins on all fittings are properly fitted.  The tower steelwork is free of all foreign matter.  
· Anti-climbing devices, danger and identification plates are complete and correctly fitted.  
Along the transmission line.  
· The conductors and earthwire are clean, without strand damage and free of mud, foliage, loose wires, etc.  The sags of all conductors and earthwire are in accordance with sagging documents and clearances are correct.  
· All packing and surplus materials have been removed from the site.  The cutting and removal of trees and all route clearing is in accordance with the Specification.  
· All access and inspection tracks are completed and in good condition.  
12. [bookmark: _Toc44498013]SPECIAL TOOLS AND EQUIPMENT
General requirements for mandatory and recommended special tools and equipment are stated in Appendices.
13. [bookmark: _Toc44498014]SPECIAL TOOLS AND EQUIPMENT

The quantities of spare parts are specified in Appendices.  All specified spare parts shall comply with the requirements stated in the relevant Technical Schedules given in Volume 2 and this Specification.
14. [bookmark: _Toc44498015]REMEASURED WORK
14.1 [bookmark: _Toc44498016]Measurements of work
All measurements of length for the purpose of payments shall be to the nearest metre, and shall be made, after erection, along the centre line of the transmission line without allowance for sag or slope.  
All measurements of mass for the purpose of payments shall be to the nearest kilogramme, and shall be calculated from the approved working drawings, steel being assumed to have a density of 7850 kg/m3.  
All measurement of the cleared strip shall be based on the prices stated in Volume 1 which shall be deemed to be the average for the total line route irrespective of the varying density of the vegetation or the nature of the terrain.  
All measurements for the purpose of payments shall be made jointly by representatives of the Contractor and the Engineer.  
14.2 [bookmark: _Toc44498017]Towers and foundations
The rates given in Appendices  for the standard types of towers, standard foundations, and earthing and for excavation, concrete, steelwork and reinforcement for foundations of special towers shall include all work which the Contractor may have to do when installing the standard towers, foundations, special foundations and earthing, regardless of the nature of the ground, the presence of water, the slope or irregularity of the ground surface or other local conditions, except that where sloping ground necessitates the use of individual tower leg extensions, these extensions will be paid for at the appropriate rates given in the Appendices.  The foundation rates are deemed to include for any additional work that may be required to secure foundations against the effects of soil erosion.  
If a combined-use tower is proposed and different prices have been entered in Volume 1 for the individual tower types, it shall be noted that payment shall only be made for the tower type that was necessary at the location; for instance an M/H tower at a location with say 25° deviation will only be paid at the scheduled rate for an M tower.  
The rates for modified standard foundations shall be made up from the rates in Volume 1 or shall be otherwise approved.  
Single leg extensions for standard and extended towers shall be paid for at the rate stated in the Volume 1.  
Steelwork additional to an otherwise standard tower, such as additional brackets, etc shall be paid for at the special steelwork rate stated in Volume 1.  Where a standard tower is erected on special foundations or on a special extension the standard tower shall be paid for at the rate stated in Volume 1 and the special extension and the foundations shall be paid for at the appropriate rates stated in Volume 1.  Special towers, or standard towers with radical modifications to the main structure, and the special foundations shall be paid for at the appropriate rates stated in Volume 1.  
14.3 [bookmark: _Toc44498018]Tests
The Employers/Engineer has the right to inspect materials and equipment, and witness factory tests of any plant and equipment included in this Contract. The cost of a satisfactory and approved type test shall be paid for at the rates stated in Volume 1.  Prices for tests shall include manufacture, supply, erection and dismantling of all materials and provision of all test facilities.  The Contractor shall also include in the price for the attendance by the Engineer, if Any, and two KETRACO Engineers to witness the tests, that is, 3 Engineers for each trip.
The price shall include food, accommodation, daily allowance, round trip air fare between Nairobi and/or the Engineer’s home office and any other countries where equipment are to tested and any internal transportation within the country of the test.  
Each consignment of material shall be inspected and tested in the presence or representatives of the Employers and the Engineer.
For each inspection, the following are to be provided for each representative:
1.	Economy class returns air ticket (from Nairobi or the Engineer’s home office to Places of Test and/or Inspection).
2.		Visa expenses, airport taxes and other incidental travel expenses as required.
3. Full board accommodation in a minimum 4-star hotel including laundry services, International calls expenses, FAT documentation and daily incidental stipend allowance for each of the KETRACO’s representatives for the total duration of FAT which shall be USD 250 per KETRACO Engineer per day.
4. Local transportation to the contractor’s home office.

At least 6 weeks’ notice of the date, time and place of all tests shall be given to the Employers so that arrangements can be made to have the test witnessed. 
Prior to the tests, the Contractor shall submit an outline of the manufacturing and test procedures in its plans to demonstrate fulfilment of the requirements specified in the subsequent sections of the detailed technical specifications.
Any costs incurred by KETRACO and/or Engineer in attending a repeat type test brought about as a result of a failure of the subject under test and postponement of the test programme shall be to the account of the Contractor.  
Type tests necessary for proving compliance with the Specification and not specifically mentioned in the Schedules shall be undertaken at no extra cost to KETRACO.  
Uplift and compression tests on special foundations, including tests on piles, or other additional tests including bore holes and specialist soil tests, when instructed by the Engineer, shall be paid for at the rates stated in Price Schedules.
The cost of all routine or sample tests on materials and/or analyses shall be borne by the Contractor.  
The cost of additional tests and/or analyses required by the Engineer and effected elsewhere than at the works of the Contractor or a subcontractor or on the Site will be borne by KETRACO should such tests prove satisfactory, but the Contractor will be called upon to pay all expenses incurred by KETRACO and/or Engineer in respect of any work or material found to be defective, of inferior quality, adulterated or otherwise unacceptable.  
15. [bookmark: _Toc44498019]TESTS
15.1 [bookmark: _Toc44498020]General
The following tests shall be carried out in order to determine whether the materials and apparatus comply with the Specification.  
Not less than six weeks’ notice of all tests shall be given to the Engineer.  As many tests as in the opinion of the Engineer are possible shall be arranged together.  Four hard copies as well as one soft copy of the records of all tests shall be furnished to the Engineer.  
All instruments shall be approved and shall, if required by the Engineer, be calibrated at the expense of the Contractor by an approved authority.  
With the exception of the manufacturers' routine and sample tests, all type tests may, at the option of the Engineer, be waived providing satisfactory previous type testing records, issued by an approved internationally acknowledged reputable independent testing laboratory, are available and are approved by the Engineer.  
15.2 [bookmark: _Toc44498021]Summary of tests 
 The following tests shall be carried out in accordance with the details as specified.  
Tests to be carried out at the manufacturer's works (unless otherwise specified or approved):-
1.	Line and earth conductors – type, routine and sample tests.  
2.	OPGW earth conductors –qualification, field routine acceptance, sample tests.  
3.	Towers and metal fittings for towers including bolts and nuts – type test, factory acceptance tests for sample material, routine tests.  
4.	Insulators, insulator fittings and conductor mechanical protective fittings - type, routine and sample tests.  
5.	 Tension and suspension clamps and joints - type and sample tests.  
6.	Zinc coating - sample tests.  

Tests to be carried out on the Site:-
7.	Tests on cement and concrete - type and sample tests.  
8.	Tests on foundations - type tests. 
9.	Tower footing resistances - routine tests.  
10.	OPGW earth conductors - routine tests.  
11.	Tests on conductor joints and clamps - routine tests.  
12.	Line insulation and conductivity - routine tests.
13.	Material tests on steel – routine tests.
14.	Confirmation of as-built line parameters (line impedance)
15.	Such tests as are required by the Engineer to prove compliance with the Specification independently of any tests that may have already been carried out at the Manufacturer's Works, or elsewhere.  
15.3 [bookmark: _Toc44498022]Details of tests
15.3.1 [bookmark: _Toc44498023]Line and earth conductors
Type tests
Conductor or earthwire shall be type tested in accordance with IEC 61089. Used grease shall be tested in accordance with Table 1 of BS EN 50326 to determine the characteristics of the grease, including the drop point as stated in the Technical Schedules and to confirm the absence of corrosive substances. Type test records and certificates for identical type of conductor may be accepted provided that those records and certificates are not older than five years and tests were carried in accredited laboratory.
Sample tests
Sample from 10% of lengths of finished line or earth conductor shall be taken and subjected to the tests stated in IEC 61089.  In the event of the sample from any length not passing these tests a second and third sample shall be taken from the same length and if one of these also fails under test the length from which it has been taken shall be rejected.
Routine tests 
Routine tests in accordance with IEC 61089 shall be carried out during the production on the complete conductor to prove compliance with the details in the Technical Schedules.
15.3.2 [bookmark: _Toc44498024]OPGW earth conductors
Qualification tests
Tests on complete composite fibre optic earth conductor shall be carried out in general accordance with the IEEE 1138/2009 and referenced standards. Lightning arc test shall be carried out for Class 2. Any deviation from these methods or any alternative methods proposed must have prior approval from the Engineer.  
Field routine acceptance tests
The Contractor shall carry out attenuation tests to confirm the satisfactory condition of the optical fibres prior to erection.  These will be compared against the values obtained prior to shipment.  
Once installation of the fibre optic cable is complete a series of tests to be agreed with the Engineer shall be carried out to ensure the satisfactory operation of the cable.  The tests shall be carried out in both directions.  
The tests, using an optical time domain reflectometer (OTDR), shall include but not be limited to:
a.	Optical attenuation on the terminated cable in both directions carried out at the wavelengths given in the GTP.  
b.	Loss distribution to measure the uniformity of loss in the fibre and joint losses.  
c.	End to end attenuation tests including connectors at terminal stations prior to commissioning.  
d.	Bit Error Rate (BER) test shall be carried out and the error rate shall not exceed 10-9.  
On completion of the tests three hard copies as well as one soft copy of the test reports shall be supplied to the Engineer.  
At the end of the guarantee period the optical attenuation of the cable between terminal stations complete with end connectors shall be remeasured and recorded and it shall not be more than 102 per cent of the readings obtained at commissioning.  BER tests shall also be repeated.  


Sample tests
Sample from 10% of lengths of finished OPGW shall be taken, metallic fibres subjected to tests stated in IEC 61089 and optical fibres subjected to attenuation and disperse tests in accordance with IEC.  In the event of the sample from any length not passing these tests a second and third sample shall be taken from the same length and if one of these also fails under test the length from which it has been taken shall be rejected.
15.3.3 [bookmark: _Toc44498025]Tension and suspension clamps and joints
Testing shall be in accordance with IEC 61284.  Tests on fittings for OPGW shall in addition comply with the recommendations given in the CIGRE Report ‘Guide to fittings for optical cables on transmission lines: Part 2A Testing procedures - optical groundwire fittings and optical phase conductor fittings’ ELECTRA No.188 February 2000.  The following additions shall apply.  
Type tests
All joints and clamps shall be submitted for examination before test and all assembly, cutting off of conductor, compound filling (where applicable) and insertion of a plug in a centralizing hole and any other work whatsoever necessary for the assembly of the clamps and joints shall be carried out in the presence of the Engineer with the erection methods and tools proposed for field use.  
Approval of such methods and tools will be subject to inspection at the time of the tests.  The Contractor shall ensure that a reasonable number of his supervising staff shall be present at the type tests or, alternatively, ensure the correct jointing techniques are demonstrated to his linesmen in the presence of the Engineer.  



Mechanical type tests
The following tensile tests shall be carried out on tension clamps and tension joints:-
a.	Two tension clamps shall be fitted to the ends of a length of conductor not less than 6 m long.  
A tension joint shall be fitted in the centre of a 6 m length of conductor, each end of which shall be held in an anchor clamp.  
For both tests a. and b. a tensile load of about 50 per cent of the ultimate strength of the conductor calculated in accordance with IEC 61089 shall be applied and the conductor shall be marked in such a way that movement relative to the fitting can easily be detected.  Without any subsequent adjustment of the fitting, the load shall be steadily increased to 95 per cent of the ultimate strength and then reduced to 90 per cent of the ultimate strength and maintained for one minute.  There shall be no movement of the conductor relative to the fitting due to slip during this one-minute period and no failure of the fitting.  
Non-tension joints and clamps and non-tension parts of tension clamps shall be similarly tested to show compliance with the provisions of the Specification.  
Slip tests shall be carried out on suspension clamps to demonstrate compliance with the Specification and to establish the torque to be applied to the clamp bolt nuts.  
Electrical type test
Electrical type tests, including resistance and heating-cycle tests on tension joints and heating-cycle tests on non-tension joints, shall be made on one sample of each type of midspan joint, dead-end jumper lug and repair sleeve.  The tests shall be carried out in accordance with IEC 61284 and the samples shall meet the requirements of the Standard with the following exceptions.  For the heating cycle test the ambient temperature shall not be greater than 25°C and the test current shall be that current which raises the conductor to the maximum operating temperature specified.  In addition the heating cycle test shall be carried out with a tensile load equal to approximately 20 per cent of the breaking load of the conductor and shall be recorded.  
The corona type test specified under "Insulator units, insulator sets, insulator fittings and conductor mechanical protective devices", shall be applied to all conductor fittings, including dampers and these tests may be carried out simultaneously with the insulator set tests if this is found to be convenient.  
Sample tests
Sample clamps and joints shall be submitted to such tests as the Engineer may require in order to demonstrate compliance with this Specification.  
15.4 [bookmark: _Toc44498026]Insulator units, insulator sets, insulator fittings and conductor mechanical protective devices
Testing shall be in accordance with the relevant clauses of the latest editions of IEC 60383-1, IEC 60383-2, IEC 60437, IEC 60797, BS 5049: Part 2, IEC 61109, IEC 61284, IEC 61466, IEC 61854 and IEC 61897, ANSI C29-11, ANSI/IEEE Std 989 and CIGRE Report ELECTRA No.188 February 2000 for OPGW fittings, with the following additions.  
15.4.1 [bookmark: _Toc44498027]Insulator Units
Type tests of insulator units
The type tests are as follows:
•	verification of the dimensions
•	dry lightning impulse withstand and flashover voltage test
•	wet power frequency withstand voltage and flashover tests
•	electromechanical failing load test or mechanical failing load test, as applicable
•	thermal-mechanical performance test.  
•	all other composite insulator type tests as required by IEC 61109
Routine tests of insulator units
Routine tests shall be carried out in accordance with IEC 60383-1.
Sample tests of insulator units
Sample tests shall be carried out in accordance with IEC 60383-1.  
15.4.2 [bookmark: _Toc44498028]Insulator sets
Type test of complete insulator set
•	50 per cent dry lightning impulse flashover voltage test
•	wet power frequency withstands voltage test
•	wet switching impulse withstand voltage test
•	corona test
•	radio interference test.
Routine test of insulator set fittings
All castings and fittings in which a weld is subject to a tensile load in service (including arcing horns) shall comply with the routine load test requirements of 50% of the specified minimum failing load to IEC 61284 “Overhead lines – Requirements and tests for fittings”.
Fault current tests on spacers
Each type of spacer or spacer-damper must be tested to examine the effects of short duration fault currents on the mechanical strength of the spacers.  For the tests the spacers must be clamped to the centre of an 80 m span of conductor that will be supported under the 'everyday' still air tension given in the Technical Schedules.  The spacers must withstand without damage or distortion the forces developed on the spacers by the conductors when the fault current is carried by the conductors.  The spacers must withstand the effects of 5 fault currents of 40 kA symmetrical current, with a first peak of 100 kA and of a total duration of 5 cycles.  
Mechanical tests on spacers
To supplement the claimed performance of spacers and spacer-dampers, the engineer may require certain mechanical and fatigue tests to be carried out to substantiate the claimed service performance data.  


15.5 [bookmark: _Toc44498029]Towers and metal fittings for towers
15.5.1 [bookmark: _Toc44498030]Material Sample Tests
Samples of the material for the towers and fittings shall be tested in accordance with BS EN 10025 as modified by this Specification.  Bolts and nuts shall be tested in accordance with the requirements of BS 4190 and EN 20898-1.
15.5.2 [bookmark: _Toc44498031]Assembly test
In order to check the workmanship (detailing and fabrication) one tower of each standard type and any special tower, inclusive of all body and leg extensions shall be subject to a check assembly.  The members employed for the check assembly shall be selected at random by the Engineer, and assembled to form complete towers, in the presence of the Engineer, at the manufacturer's works. 
Check assembly should include anti-climbing devices, bird guards and anti-theft bolts to check the suitability. 


15.5.3 [bookmark: _Toc44498032]Type test
As required by the Engineer, one tower of each standard type shall be assembled at the Manufacturer's Works or other approved place and shall be tested on a rigid foundation in accordance with IEC 60652 test procedure.  
If the Contractor, in carrying out erection of steel towers on the site, proposes to assemble the towers on the ground subsequently raising them to the vertical position, the sample towers submitted for test shall be so assembled and raised to the vertical position on the test foundation in the presence of the Engineer.  
Each tower shall then be tested in accordance with IEC 60652 and subjected to such test loads as the Engineer may specify in order to prove compliance with the ultimate loading conditions including the overload factor stated in the Technical Schedules, applied in an approved manner without showing signs of failure or permanent distortion in any part.  
Tests to destruction shall then be carried out in an approved manner on suspension type towers only.  No tower or parts of any tower submitted for destruction test shall be used on the contract Works, and steel members shall be destroyed or marked in an approved manner.  
Tests to ultimate loading shall be carried out in an approved manner on tension tower types.  Where tower tests are satisfactorily completed (and not taken to destruction), the tower shall be carefully inspected after dismantling to ensure that no parts are damaged.  The tower may be re-used on the contract at an approved position (of light loading) provided any members showing signs of deformation are replaced.  Before delivery to site all parts of the tower shall be clearly marked to enable identification from routine deliveries.  New bolts are to be provided for erection of tested towers at site.  
Steel towers submitted for test shall be galvanized unless specific approval is obtained.  All tower tests for which the results are approved will be paid for at the rates stated in Volume 1. Towers shall be provided with anti-climbing devices on at least 1 leg to facilitate inspection of the proposed devices.
15.5.4 [bookmark: _Toc44498033]Zinc coatings
Sample tests
Samples, selected by the Engineer, of all zinc coated material shall, unless otherwise approved, be subject to the following tests:-
For material other than wires, the tests specified in BS EN 1461 and BS 7371 Pt 6.  
For wires, the tests specified in BS EN 10244 Part 2.  


15.5.5 [bookmark: _Toc44498034]Tests on foundations
General
Type testing and proof testing of foundations shall be carried out in accordance with IEC 61773.  The total number of each type of test may vary but it is generally considered that where foundation designs are more conservative less testing will be required and where foundation designs are more efficient greater testing will be required.
The location for each test and choice of foundation to be subjected to test shall be to the Engineer's approval.  Method Statements, Testing Proposals, and Calibration Certificates, shall be submitted in advance to the Engineer for approval and shall include details of the following:-
•	Relevant ground investigation data
•	Foundation type and installation procedure
•	Proposed type and set-up of testing equipment
•	Unique reference numbers of calibrated instruments and equipment
•	Foundation testing procedure and test record sheets to be completed on site (record sheets should clearly include proposed loading/unloading targets and minimum monitoring periods)
•	Proposed testing schedule and programme for contract
Additional foundation testing may be requested by the Engineer at his discretion.  Any foundation tests requested by the Engineer for which the results are approved will be paid for at the rates stated in Volume 1.
Type tests (Design)
Type tests, or design tests, shall consist of site trials of sacrificial foundations installed to the same methodology as that intended for the working foundations.  Design tests shall involve uplift and compression tests to ultimate design loadings or to destruction and shall be carried out on each class of standard foundation given in the Technical Schedules, or to the approval of the Engineer.  Standard foundation classes shall include each soil and rock type expected along the line route.  Tests will be such to verify that the selected design parameters for foundations are suitable for the relevant range of ground conditions.
The results of each foundation test are to be correlated to soil properties at the same location to establish a routine procedure for ground testing and correlation of ground parameters to the foundation class for each tower site on the line route.  The soil properties at each test site shall be determined primarily by Standard Penetration Tests (SPT) and triaxial compression tests on undisturbed samples taken from at least three different depths within the sphere of influence of the foundation.  Special consideration shall be given to the correlation of disturbed backfill soil properties with the cohesion and/or internal friction of surrounding undisturbed soil.
Each foundation shall be subjected to test loads in order to prove compliance with the ultimate loading conditions stated in the Technical Schedules.  Test loads may be specified by the Engineer.  The maximum displacements for settlement and uplift shall be consistent with the type of structure to be supported and comply with the maximum allowable differential movement under simultaneous ultimate loadings given in the Technical Schedules.
The type testing schedule of any foundation design shall be completed in advance of any permanent works utilising that design and shall be used in the verification process of the Contractor’s design.  For this purpose he will be responsible for carrying out type testing or design testing in the most common ground conditions at an early stage of the Contract.
Proof tests
Proof tests shall be conducted on working foundations and individual rock anchors to verify performance for in-service working conditions and as a quality control check on construction.  Test loads for proof testing shall be 60 % of the design load (approximately equivalent to 150 % of working load).  Routine proof testing will not generally be carried out in compression or on gravity based foundation designs.
15.5.6 [bookmark: _Toc44498035]Tests on cement and concrete
Type tests
Samples from the cement to be used on site are to be taken to a laboratory or testing station approved by the Engineer to demonstrate compliance with BS 12 (BS EN 197-1) or BS 915 or BS 4027 as applicable.
Mix design for the concrete shall be proved by carrying out standard 28 day compressive strength testing to confirm the required characteristic strength of concrete can be obtained.  When required by the Engineer, test results to confirm both the cement content and the dry density of the concrete shall be presented.
Sample tests
Tests on the concrete shall be made during the construction of foundations, to demonstrate compliance with this Specification, as required by the Engineer.  Such tests shall include sampling the concrete and preparation and handling of specimens.  The Contractor shall provide cube moulds and slump cones as necessary.  Curing of test cubes shall be made under laboratory conditions and tests shall be performed 28 days after sampling.  The Engineer may specify tests at 7 days after sampling if the relation between these tests and the 28 day tests has been established.



15.5.7 [bookmark: _Toc44498036]Tower footing resistances
Routine tests
The resistance to earth of each tower shall be measured and recorded in an approved manner.  Following the installation of an earthing system to any tower the new resistance to earth of the tower shall be measured, prior to the erection of all the earth conductors.  
15.5.8 [bookmark: _Toc44498037]Tests on conductor joints and clamps
Routine tests
The electrical resistance of all joints and clamps shall be measured accurately by the Contractor.  Measurements shall normally be made before erection of the conductors but where the joint consists of several parts bolted together, such as a dead-end anchor with a jumper terminal, the resistance to be measured is that of the complete assembly.  The resistance of all joints shall be recorded and compared to the resistance of an equivalent length of conductor measured adjacent to the fitting.  Joints with unacceptable resistances greater than 75 per cent of the resistances of the equivalent length of conductor shall be cut out and remade.  
The Contractor shall provide a micro ohmmeter, preferably a digital model for making the above tests, and shall submit details of the proposed instruments to the Engineer for approval.  Suitable clamps are to be supplied for connecting the current leads of the measuring instrument to the test sample to provide adequate surface contract at the interfaces.  Test probes as used for potential contacts are unsuitable for current connections.  Stringing of line and earth conductors shall not commence until the instruments are on site and ready for use.  
15.5.9 [bookmark: _Toc44498038]Line insulation and conductivity
Routine tests
Tests shall be made on all lines after erection to establish continuity and absence of accidental earth connections.   





16. [bookmark: _Toc44498039]DRAWINGS, DOCUMENTATION AND SAMPLES

16.1 [bookmark: _Toc44498040]Drawings and documentation
16.1.1 [bookmark: _Toc44498041]General
All drawings shall be to scale and comply in full with the Technical Specification and be fully detailed.  Drawings shall not exceed 1189 x 841 mm (ISO A0 size) and shall bear approved Contract references.  
16.1.2 [bookmark: _Toc44498042]Submittals to be attached to the Bid
Drawings
The following are the drawings to be submitted with the Bid.  
a.	Tower outlines with clearance diagrams for all the tower types listed in the Technical Schedules.
Each tower outline drawing shall show a route for the step bolts, position of anti-climbing guard, bird guards and notice plates for all standard towers and extensions.  
b.	Diagram of external loads:
	-	Suspension towers
	-	Tension towers
c.	General arrangement of:
	-	Suspension insulator sets and fittings
	-	Tension insulator sets and fittings
d.	Detailed drawings of: -
	-	Insulator unit
	-	Line conductor tension anchor clamp and midspan joint
	-	Line conductor suspension clamp
	-	Cross-section of the complete OPGW including the aluminium tube and fibre cable indicating the dimensions of each element, the design and make-up of the cable.
	-	Earth conductor tension clamps and midspan joints
	-	Earth conductor suspension clamps
	-	Line conductor non-tension joint
	-	Line conductor vibration damper
	-	Line conductor spacer
	-	Earth conductor vibration dampers
e.	Foundation outlines for all standard designs.
f.	Shoring design for all class of foundation
g. 	Testing arrangements (foundation test, pile test, tower test etc)
h. 	Layouts with proposals of line entries at the respective substations
Documentation with bid
The following is a list of documentation to be submitted with the Bid.
a.	Programme of anticipated works, to conform with completion times required in the Special Conditions of Contract.  
b.	Details of the method of working to demonstrate that the specified Quality Assurance requirements will be complied with.  
c.	Record of previous service experience of the fibre-optic earth wire offered.  
d.	Documentary evidence of the successful service history of the proposed aviation warning lights and the proposed damping system for line and earth conductors in environments at least as hostile as that for the present project.  
e.	Documentary evidence of satisfactory service history of the polymeric insulators.
f.	Other supporting documentation considered appropriate by the Bidder.  

16.1.3 [bookmark: _Toc44498043]Submittals during contract period
Programme of submittals
The Contractor shall arrange his design and drawing programme so that the works can be properly co-ordinated by the Engineer.  He shall provide the documentation as specified below within 28 days of the Contract effectiveness, together with any drawings and information considered necessary by the Contractor or Engineer.  
a.	Confirmation of contract documentation
b.	A detailed schedule of all plant to be supplied under the Contract.  This schedule shall have space for the following information as a minimum requirement in respect of each item: -
i	Manufacturer
ii	Country of origin
iii	Planned FOB delivery date
iv	Planned date of arrival on site
v	Sub-order number (as applicable)
vi	Allocated drawing numbers
c.	A preliminary schedule of drawings to be submitted to the Engineer for approval in respect of all items of equipment to be supplied under the Contract.  The schedule shall include a programme for submittal of all drawings required by the Specification.  The schedule shall have space for at least the following information to be added at a later date:-
i	Drawing number
ii	Drawing title
iii	Proposed date of submission
iv	Actual date of submission
v	Resubmissions
vi	Revision numbers
vii	Date of approval
viii	Release as a working drawing
ix	Date to site
x	Date to Engineer
xi	Date of as-built drawing


Drawing numbers
The Contractor will apply drawing numbers to all drawings, including those from sub-contractors and those issued for information before they are submitted to the Engineer.  The Contractor’s drawing office will be expected to issue the numbers in batches that will cover broad subject areas.  For instance the Contractor might propose batches for towers, foundations, insulators, conductors, profiles, etc.  The Contractor shall submit to the Engineer for approval the subject areas he proposes to use prior to the issue of any drawing.  The Contractor shall each month issue an up-to-date drawing list to the Engineer.
Drawings and documents to be submitted during the contract period.
The following is a list of drawings and documents to be submitted by the Contractor, for approval: 
a.	Detailed project programme:
To cover all aspects of the Contract: design, procurement, manufacture, testing, shipment and transport, delivery to site, all site operations related to construction, erection and installation, testing at site, commissioning and completion of the transmission line project.
This detailed programme shall be submitted within 28 days from the Contract effectiveness.
b.	Design drawings and documents detailing:
· Calculations giving the design basis to be employed for the sags and tensions for the line and earth conductors for both final and erection conditions and calculations providing data for the manufacture of the sag templates.  
· Derivation of applied loads for all towers including wind on structure.  
· Detailed live metal or wire clearance diagrams for each type of tower.  
· Basis to be employed for the design of structures.  
· Analysis of maximum member and connection loads and capacities for all members in standard towers, body and leg extensions. 
· Structure foundation loads for all loading cases demonstrating that the critical condition for any combination of body and leg extension has been considered.  
· Foundation designs for all standard classes, including stub and cleat designs.  
· Concrete mix design.  
These shall be submitted within 2 months from the Contract effectiveness or such later date as may be approved.  
c.	Arrangement drawings of:
· Each type of standard tower, body and leg extension showing connection to foundations, insulator and earth conductor attachments and complete with all necessary erection information and part list including weight. 
· Stubs, foundations (including details of reinforcement, excavation, stub setting).  
· Special towers, extensions and foundations (as required).  
These shall be submitted within 2 months from the Contract effectiveness or such later date as may be approved.
d.	Detail drawings of:
· Suspension and tension insulator sets, with all fittings and securing devices.  
· Insulator units, showing cross section and details of securing device.  
· Line conductor tension clamps and joints.  
· Tension make-offs and suspension clamps for earth conductors.  
· Vibration dampers for line and earth conductors including calculations to demonstrate the efficacy of the proposed system.  
· All OPGW ancillary equipment.
· Tower earthing arrangements.  
· Tower obstruction lighting and marking.
· Proposed live-line maintenance equipment.  
· Danger and property, route and tower number, circuit colour, phase and aerial number plates.  
· Curves showing the initial and final sags and tensions of the line and earth conductors at different spans and temperatures, all in accordance with the Specification.  
· Route plans, schedules and profile drawings all in accordance with the Specification.  
These shall be submitted within 2 months from the Contract effectiveness or such later date as may be approved.
16.1.4 [bookmark: _Toc44498044]Final records
“Records” shall include calculations, drawings, commissioning and pre-commissioning procedures, manuals, and other design documents. 
After completion of work on Site all Contract records shall be revised where necessary to incorporate changes made at site and submitted for review. A complete set of the contract records shall be provided for review comprising, one full size reproducible copy and one full size print.  After review, the contract records shall be endorsed “As Built” and shall be correctly titled and carry the Project Manager’s review number, Contractor’s drawing number and where appropriate KETRACO’s number allocated to the item.  
After final review of the “As Built” record drawings the Contractor shall submit three (3) complete sets of electronic editable records on external hard disks and three (3) full size print versions.  Electronic copies of the drawings shall be in editable electronic format suitable for reproduction on paper using preferred software packages to be approved by KETRACO.  Each hard disk shall provide a comprehensive drawing list containing the drawing number, sheet, revision and title of every drawing. Each single file drawing record shall be self-supporting without referencing other files.  If compression techniques are applied to files, then any software necessary to decompress the files shall be included on the disks.  The Contractor shall ensure that all information contained on the disks has been checked for virus contamination.  Each hard disk shall be supplied suitably encased and accompanied with printed documentation describing the contents. 
Final record copies shall be handed over before the issue of the Operational Acceptance Certificate.  
The list of drawings required for final record purposes is given below (not limited to):
-	Tower and foundation designs and calculations
-	Tower and foundation details including all types of extensions
-	Insulator sets plus component parts
-	Earth conductor suspension and tension sets plus component parts
-	All types of connectors, dampers and joints
-	Earthing details
-	Line conductor and earth conductor initial/final sag-tension charts
-	Sag templates
-	Wire clearance diagrams
-	Material lists for each tower
-	Stub setting templates
-	Foundation installation details
-	Foundation setting level diagrams
-	Profiles and strip plans
-	Route maps
-	Line schedules
-	Tower footing resistance chart
-	Tower notice plates and accessories.
16.1.5 [bookmark: _Toc44498045]Installation and maintenance instructions
The Contract Price shall be deemed to include illustrated installation and maintenance instructions written in English.  
[bookmark: _3yqobt7]Before commencement of conductor stringing the Contractor shall submit to the Engineer for review fully detailed operating and maintenance instructions for compressors and any other working equipment.  Also to be included are instructions on the method of making compression joints and the methods to be used for the erection of all fittings on the line together with the necessary tests and checks to ensure fitting has been successfully effected.  The instructions are to be as simple and clear as possible, fully illustrated with drawings and diagrams as necessary and detailed with part numbers for ordering of replacements. 
Three (3) hard copies of ALL the installation and maintenance instructions are to be reproduced as a book or books of approximately A4 size and bound into strong black durable imitation leather covers inscribed upon the front generally in the form of the title page to this document except that the references to Specification, Conditions of Contract, drawings, etc., will be replaced by “Installation and Maintenance Instructions”.  
The name of the main Contractor, but not that of any subcontractor, may also be inscribed upon the cover after the description of the plant.  The name of KETRACO shall be inscribed upon the spine.  
The finished books are to be handed to the KETRACO not later than 1 month before the Operational Acceptance Certificate is issued.  
17. [bookmark: _Toc44498046]SAMPLES

17.1.1 [bookmark: _Toc44498047]General
The Contractor shall submit samples of material as required from time to time by the Engineer.  
 
18. [bookmark: _Toc44498048]TRAINING

The Contractor shall provide on-site training to KETRACO staff during all stages of the installation works.
In addition, the Contractor shall provide specific training to four members of KETRACO staff.  Training shall be specific to the Project and shall include, but not limited to, Foundation design, Tower design and detailing, the use of PLS Tower or similar tower design software and the use of the PLS CADD or similar profiling software, both of which shall be provided as part of the Contract.  Each KETRACO Engineer will be required to spend a minimum of 3 weeks at the training facility for training purposes.
The Contractor shall provide for each KETRACO Engineer, the following:
· Travel tickets (from Nairobi or the Engineer’s home office to Place of Training).
· Other incidental travel expenses as required.
· Full board accommodation in a minimum 4-star hotel including laundry services, meals, internet and printing services and daily incidental stipend allowance for each of the KETRACO’s representatives of USD 150 per day for the total duration.
At least 14 days’ prior notice of the curriculum, date, time and place of all training shall be given to the Employer so that arrangements can be made. The training curriculum shall be approved by the employer before training.

19. Project Management Transport and Communications Equipment
The Contractor shall provide, for the use of the Project Manager, on a 24 hour basis, the vehicles specified and shall provide the services of one driver mechanic per vehicle; maintain in efficient working condition, repair, replace defective parts and tyres and provide fuel and oil and other consumable stores, documentation in accordance with Kenya Law, including radio telephone licences, and full comprehensive insurance cover at all times for all vehicles and all drivers for unlimited Third Party claims, at the rates stated in Part 1 and 3, lnsurance Requirements.
The vehicles provided under the contract for use by the Employer/Project Manager are to be available for use by the Employer/Project Manager's site supervisors (including reasonable personal use) within the general area of the project and be available for their use 24 hours per day, seven days per week.
Although the maintenance, condition and roadworthiness of the vehicles are the responsibility of the Contractor, the movements of the vehicles will be entirely under the control of the Employer/Project Manager's site supervisors.
The vehicles shall be new, purchased locally and shall be approved by the Project Manager before purchase. Each vehicle shall comply with all relevant road traffic laws and be right hand drive. The Contractor will be required to make the vehicles available at all times during the Contract Period and
until completion of the specified maintenance period and to provide replacement vehicles when the servicing or repair time (including accidents) exceeds a period of 24 hours. The provision of such replacement vehicles will not be subject to additional payment.
All vehicles shall be provided prior to mobilisation.
On completion of the Conlract the vehicles and all equipment shall remain the property of the Employer (KETRACO).
The types of vehicle shall be as follows but alternative vehicles to a similar specification will be considered:-
Vehicle Type 1:
SUV type, 3 litre turbo diesel engine, Toyota Fortuner or equivalent.
The vehicles, shall be 4 wheel drive with additional low ratio gears for cross-country work and each vehicle shall be fitted with the following standard equipment: alternator, ammeter, oil pressure gauge, water temperature gauge, speedometer (kph) with trip, ash tray, fire extinguisher (including fixing bracket and screws), exterior sun visors, external wing-mirrors, windscreen wiper unit (passenger side), rubber pads for clutch and brake pedals, spare wheel carrier on dished deluxe bonnet with provision for lock, bonnet lock, lock for spare wheel on bonnet, lock for fuel filler, locking doors and windows, radio interference suppressors, towing pintle, steering damper, front axle with reinforced casing, radiator chaff guard and cross-country tyres. Each vehicle shall be supplied with the basic a maintenance tools together with spare belts (fan, cam serpentine and power steering), top and bottom radiator hoses, 6 fuses, a high lift jack, felling axe, cutlass, trenching tool, 15m of 0.75 tonne fibre rope, inspection lamp and 5m of 2 core cable.
lf required, the vehicles shall be equipped with a hydraulic winch.
The Contractor will ensure that two spare tyres are available for each vehicle throughout the duration of the contract. All tyres will be of a roadworthy condition and comply fully with Kenyan Law.
Mobile Phones:
Mobile telephones are to be provided for use by each of the Employer/Project Manager's site supervisors with all usage charges relevant to the transmission project paid for by the Contractor.
Type and specification:
6no. Iphone 14 Pro Max 256gb ROM, 6gb RAM or equivalent
Monthly Mobile telephone usage charges of Ksh 3,000 per phone  is to be provided for the length of the contract by a major Kenyan mobile telephone service provider which provides coverage across the country.
















APPENDIX A - LOADING CONDITIONS
Working loads to be applied at each phase attachment and at each earth conductor attachment, (factors of safety to be applied: see the Technical Schedules).
	Tower type
	Load
case
	Transverse
(as defined in Clause 5.7a)
	Vertical
(as defined in Clause 5.7b)
	Longitudinal
(as defined in Clause 5.7c)

	Straight line
	1
	Normal
	Normal
	-

	(suspension
	2
	Wind at 45°
	Normal
	-

	insulators)
	3
	Normal
	Minimum
	-

	
	4
	Wind at 45°
	Minimum
	-

	Angle
	1
	Normal
	Normal
	Section

	(tension insulators)
	2
	Wind at 45°
	Normal
	Section

	
	3
	Wind perpendicular
	Normal
	Section

	
	4
	90° Reversed wind
	Normal
	Section

	
	5
	Normal
	Uplift
	Section

	
	6
	Wind at 45°
	Uplift
	Section

	
	7
	Wind perpendicular
	Uplift
	Section

	
	8
	90° Reversed wind
	Uplift
	Section

	
	
	
	
	

	Terminal
	1
	Normal
	Normal
	Normal

	(tension insulators)
	2
	Wind at 45°
	Normal
	Normal

	
	3
	Wind perpendicular
	Normal
	Normal

	
	4
	90° Reversed wind
	Normal
	Normal

	
	5
	Normal
	Uplift
	Normal

	
	6
	Wind at 45°
	Uplift
	Normal

	
	7
	Wind perpendicular
	Uplift
	Normal

	
	8
	90° Reversed wind
	Uplift
	Normal

	
	
	
	
	









APPENDIX B - SIMULTANEOUS UNBALANCED LOADING CONDITIONS

(Factors of safety to be applied: see the Technical Schedules).
	TOWER TYPE
Unbalanced conditions in any one span
(ie in same direction)
	TRANSVERSE
(as percentage of conditions specified in Clause 5.7)
	VERTICAL
(as percentage of conditions specified in Clause 5.7)
	LONGITUDINAL

	
	Due to  wind
	Due to angle of deviation
	
	

	Straight line(suspension insulators) at any one attachment,
	
	
	
	

	 phase:
	75%
	-
	75%
	70% of EDT

	 earth:
	75%
	-
	75%
	EDT

	Cascade collapse conditions at all attachments,
	
	
	
	

	  phase:
	15%
	-
	66.7%
	70% of EDT

	  earth:
	15%
	-
	66.7%
	EDT

	Angle (tension insulators) at any two attachments,
	
	
	
	

	  either phase,
	75%
	50%
	75%
	EDT

	  or earth:
	75%
	50%
	75%
	EDT

	Cascade collapse conditions at all attachments,
	
	
	
	

	  phase:
	15%
	*
	66.7%
	EDT

	  earth :
	15%
	*
	66.7%
	EDT

	Terminal (tension insulators) at any two attachments,
	
	
	
	

	  phase
	15%
	0%
	0%
	EDT

	  earth
	15%
	0%
	0%
	EDT



EDT = Every Day Tension = 20% ultimate tensile strength (UTS)
*	The transverse component of the longitudinal load at any line deviation between minimum and maximum.
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APPENDIX C - APPLIED LOADS: CONSTRUCTION AND MAINTENANCE LOADING CONDITIONS
(Factors of safety to be applied).
	Tower Type
	Loads At Phase And Earth Conductor Attachment Points (N)

	
	Transverse
	Vertical
	Longitudinal

	Straight line (suspension insulators)

Maintenance condition
Phase
Earth

	



-
-
	



2 x normal
2 x normal
	



-
-

	Angle and terminal tower
(tension insulators)

Temporary terminal condition
Phase
Earth
Maintenance condition
Phase
Earth

	




*
*


-
-
	




Normal
Normal


2 x normal
2 x normal
	




EDT
EDT

-
-


*	The transverse and longitudinal components of the conductor tension at any line deviation between minimum and maximum.
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Appendix C – Applied Loads: Section Towers
APPENDIX D - FOUNDATION DESIGN PARTICULARS
	Foundation Class
	1
	2
	3
	4
	4W
	5
	5W
	6

	Foundation types
	Rock anchor
	Concrete pad and chimney
	Concrete pad and chimney
	Concrete pad and chimney
	Concrete pad and chimney
	Concrete pad and chimney
	Concrete pad and chimney
	Special: Piling, raft, enlarged concrete pad and chimney

	Approximate soil description
	Homogeneous rock
	Fractured rock/hard clay/ very dense sand
	Stiff clay/ dense sand
	Firm clay/ medium dense sand
	Firm clay/ medium dense sand
	Soft clay/ silt/ loose sand
	Soft clay/ silt/ loose sand
	Subject to detailed soil investigation

	Nett allowable design bearing capacity under ultimate load (kN/m2)

	>750
	>400
	>250
	>150
	>100
	>50
	>50
	Subject to detailed soil investigation

	Design uplift frustum angle
	30°
	25°
	20°
	15°
	10°
	10°
	0°
	As above

	Approximate sub-soil
	
	
	
	
	
	
	
	

	investigation parameters:#
	
	
	
	
	
	
	
	

	  Cohesive soil,N   (blows/300mm)
  Cohesive soil, qc (kg/cm2)
	-
-
	>30
>80
	>19
>50
	>12
>30
	>8
>20
	>4
>10
	>4
>10
	As above

	  Frictional soil, N (blows/300mm)
  Frictional soil, qc kg/cm2)
	-
-
	>40
>160
	>25
>100
	>17
>60
	>12
>40
	>7
>20
	>7
>20
	As above

	Allowable lateral earth pressure # to (kN/m2)
	
	
	
	
	
	
	
	

	  Backfilled/disturbed soil:
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	Nil
	As above

	  Undisturbed soil:
	400
	50 + 50H
	50 + 25H
	Nil
	Nil
	Nil
	Nil
	As above

	Water table level
	>0.5 m below
	>0.5 m below
	>0.5 m below
	>0.5 m below
	Grd level to
	>0.5 m below
	Grd level to
	As above

	
	Fdn level
	Fdn level
	Fdn level
	Fdn level
	<0.5 m below Fdn level
	Fdn level
	<0.5 m below Fdn level
	

	Concrete density kg/m3
	2240
	2240
	2240
	2240
	2240/1200*
	2240
	2240/1200*
	As above

	Undisturbed Soil density kg/m3
	>2000
	>1800
	>1600
	>1500
	>1500/1000*
	>1400
	>1400/960*
	As above

	Backfill Soil Density kg/m3
	>1600
	>1600
	>1500
	>1400
	>1400/960*
	>1400
	>1400/960*
	As above


*  Submerged density is subject to verification by foundation test


Notes:
1.	 The prices to be given in the Schedule of Prices are for standard and special foundations based on the assumed parameters listed above.
2. 	Allowable toe pressures for concrete monoblock foundations may be 25 per cent higher than the specified bearing pressures shown.
3. 	Sub-soil investigation limits based upon results of Standard Penetration Test or Dutch Cone penetrometer tests use correlations between N (blows/300mm) or cone resistance qc(kg/cm2) and allowable bearing capacity generally accepted for most soils.
4.	Lateral earth pressure to be considered ignoring first 1.0 m below ground level.    H = depth below ground level.
	5.	Fdn: Foundation.  Grd: Ground.
	6.	For augered shaft foundations the maximum ultimate friction/adhesion stress assumed between concrete and soil, averaged over the depth of the foundation, shall be 60 kN/m2.
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