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Part A 
1.1 Special Specifications

The Contractor’s particular attention is drawn to the special emphasis placed on protection of the environment and labour standards. The following sections set out what measures and actions the Contractors are required to take in this respect.

1.1.1 Equivalency of Standards and Codes

Wherever reference is made in the Contract to specific standards and codes to be met by the goods and materials to be furnished, and work performed or tested, the provisions of the latest current edition or revision of the relevant standards and codes in effect shall apply, unless otherwise expressly stated in the Contract.  Where  such  standards  and  codes  are national, or relate to a particular country or region, other authoritative standards that ensure a substantially equal or higher quality than the standards and codes specified will be accepted subject to the Employer’s prior review and written consent. Differences between the standards specified and the proposed alternative standards shall be fully described in writing by the Contractor and submitted to the Employer at least 28 days prior to the date when the Contractor desires the Employer’s consent. In the event the Employer determines that such proposed deviations do not ensure substantially equal or higher quality, the Contractor shall comply with the standards specified in the documents.

1.1.2 Labour Standards

General

Labour Standards included in this Contract should not be regarded merely as protection for employees but as a way of improving the worker’s welfare and hence their productivity.  Labour Standards are included in the Conditions of Contract Part II, Conditions of Particular Application

The Contractor shall fully comply with the following requirements in respect of Labour Standards the majority of which are already in force and embodied in the labour laws of Ghana. References to various laws, statutes, decrees legal instruments and other ordinances are given for information purposes and the Contractor shall ascertain for himself his obligations in respect thereof including those arising from any subsequent legislation. Compliance with this list of Labour Standards shall in no way absolve the Contractor of any of his obligations in respect of any of the labour laws in force in Ghana.

1.1.3 Freedom of Association and Collective Bargaining:

The Contractor shall adopt a co-operative attitude towards officers and members of registered trades unions in accordance with the provisions of the Industrial Relations Act, 1965.  Section 7 of this Act lends legal force to process of collective bargaining and any collective agreement concluded through that process. The current collective agreement between the Association of Building and Civil Contractors of Ghana (ABCCG) and the Construction and Building Materials Workers Union of TUC (CBMWU) for the period from 1st January 2000 to 31st December 2001 provides for many of the following Labour Standards.

1.1.4 Equality of Treatment:

The Contractor shall comply fully with Legal Instrument 632, Labour Relations, 1969.  Part VIII provides that males and females shall receive equal pay for equal work.  As a requirement of this Contract the Contractor shall afford equal opportunity for women to perform any site task including those of a supervisory nature.

1.1.5 Payment of Remuneration:

N.L.C.D. 157, Labour Decree, 1967, Part VII requires that the whole of worker’s remuneration shall be in legal tender. The minimum rates of remuneration for the various groups recognised by the industry are set out in Section 9.8 of the current collective agreement between ABCCG and CBMWU for the period from 1st January 2000 to 31st December 2001.    However the rates contained therein were only applicable for the year 2000 and the Contractor shall pay any increases to those  minimum  rates  that  may  have  subsequently  been  agreed.    The Contractor shall ensure that prompt and full payment of remuneration shall be made directly to individual workers.

1.1.6 Hours of Work:

Normal working hours as set out in Section 3.3 of the current collective agreement between ABCCG and CBMWU shall not exceed 40 in any week worked from Monday to Friday.  Time worked in excess of the normal working hours shall be paid as overtime in accordance with Section 3.5 of that collective agreement which provides that overtime will be paid at the following rates:

· Monday – Friday

Normal hourly rate x 1.25

· Saturday


Normal hourly rate x 1.50

· Sunday


Normal hourly rate x 2.00

The Labour Regulations, 1969 provide that workers shall be given a rest period of 36 consecutive hours in every 7 days of normal working hours.

Where work is allocated on a task basis, a task should be capable of being completed by an average worker within an 8-hour working day.

1.1.7 Protective Clothing 

The provisions of Act 328, the Factories, Offices and Shops Act, 1970, Section 25 require the Contractor to provide each worker with adequate, free protective clothing and appliances appropriate to their tasks.  Minimum requirements for protective clothing particular to the industry are set out in Section 5.3 of the current collective agreement.

The Contractor shall provide a set of basic protective clothing to all site employees (including supervisors) as follows:

1.1.8 Overalls; Gloves; Wellington boots; Safety Helmets; and Dust masks.

The Contractor shall provide the protective clothing and equipment to his employees as soon as practicable during the mobilisation period, and in any case no later than 42 days from the Project Manager’s instruction to commence the Works.

Section 5.3 of the collective agreement states that it is an infringement of the spirit and letter of that agreement for an employer to fail to provide necessary protective clothing and equipment.  Notwithstanding that similarly it is an infringement of the spirit and letter of that Agreement for an employee having been provided with protective clothing and equipment to fail to use them, the Contractor shall stringently endeavour to ensure that any safety equipment provided for his workforce is effectively utilised

The Contractor’s attention is drawn to the fact that different sizes of clothing will be required to meet individual needs and that non-standard sizes e.g. safety boots for women may need advance ordering from suppliers. Safety:  

The Contractor shall nominate and train one employee per lot as safety officer.  The Contractor shall establish a safety committee during the mobilisation period comprising the Contractor’s Safety Officer, the Project Manager’s Representative and one worker’s representative from each site. The committee shall meet monthly to discuss the promotion of safe working practices, the prevention of accidents and other safety issues and shall report to the monthly progress meetings.

The Contractor shall nominate and train one employee per site to be responsible for first aid. The Contractor shall organise and pay for the first aid training of his nominated employee with the Ghana Red Cross Society 

Pursuant to the Factories, Offices and Shops Act 1970, Section 28, the Contractor shall provide and place under the charge of the person responsible for first aid a first aid kit at each site.  That person shall be responsible for managing the first aid kit and informing the Contractor from time to time of any first aid items that have expired or been consumed. The Contractor shall immediately arrange for the replacement of such items.

The set of first aid kit shall include but not limited to the following must be provide for each site location:

	Bandages
	5 rolls

	Crepe bandage
	5 rolls

	Cotton Wool
	1 roll

	Surgical Blade
	1 pkt

	Surgical Gloves
	1 pkt

	Plaster
	1 roll

	Lint
	1 roll

	Gauze
	1 roll

	Eye Wash
	1 bottle

	Eye Rinsing Bath 
	1no.

	Scissors
	1 no.

	Disinfectant
	1 gal

	Gentian Violet
	5 bottles

	Iodine
	2 bottles

	Hydrogen Peroxide
	2 bottle

	Trisilicate tabs
	5 pkts

	Anti diarrhoea drug
	5 pkts

	Tweezers
	2 no

	Safety Pins
	2 pkts

	Antiseptic Cream
	2 no

	Pain killer
	1 box

	Liniment
	1 bottle


Pursuant to Section 5.4 of the collective agreement the Contractor shall provide free medical attention including drugs to his employees and, up to the agreed limits therein, and their families.

The Contractor shall establish emergency evacuation procedures to enable rapid response to accidents viz establish prior contact with local clinics, health centres and district hospitals, make prior arrangements for transport, etc.

1.1.9 Drinking Water:

The Contractor shall provide, pursuant to the Factories, Offices and Shops Act, 1970, Section 20 an adequate supply of potable water for all employees at each site.  Potable water shall comply with WHO standards. A minimum of 10 litres per employee per day is to be provided and a minimum buffer supply of 250 litres is to be maintained at each site irrespective of the number of employees at the site.

The vessels used to transport and store drinking water shall be manufactured from polythene or similar approved material and shall only be used for those purposes.  Such vessels shall be clearly and legibly marked “Drinking Water Only”.  The Contractor shall take all necessary steps to preserve the water and vessels from contamination and they shall be emptied, cleaned and sterilised with a solution of chlorine powder on a regular basis at intervals not exceeding twice per week.

1.1.10 Water for Other Purposes:

Pursuant to the Factories, Offices and Shops Act, 1970, Section 16, the Contractor shall provide adequate and suitable washing facilities at each site. The design, construction and location of washing facilities shall be subject to the approval of the Project Manager. The Contractor shall provide hand-washing facilities (washing bowl, stand and soap) at each latrine location. The Contractor shall maintain a continual supply of clean water at each washing and hand-washing facility.

1.1.11 Latrines

Pursuant to the Factories, Offices and Shops Act, 1970, Section 19, the Contractor shall construct temporary latrines at each culvert location unless otherwise directed by the Project Manager. Separate facilities shall be provided for male and female workers.

Latrines shall be provided with moveable superstructure which includes privacy screens, screened ventilation pipes, covers and airtight slabs or squatting plates that may be readily cleaned so as to reduce any fly-borne nuisance. In formulating their design for temporary latrines Contractors shall take into consideration the economic need to maximise the re-use of materials and the frequency that such facilities will need to be relocated. Contractors shall submit their proposed designs for approval in respect of temporary latrines within 14 days from the date of the Project Manager’s instruction to commence the Works pursuant to the Clause of the General Conditions of Contract. The location of individual latrine sites shall be as directed by the Project Manager.

Latrines construction shall commence as soon as practicable during the mobilisation period and continue from time to time on an “as needs” basis such that adequate facilities are available to the whole workforce.

The Contractor shall ensure that latrines are continuously maintained in a clean and sanitary condition. The Contractor shall provide and maintain hand- washing facilities including adequate supplies of soap and water for hand washing at all latrine sites.

75% of the cost for providing latrine facilities will become payable upon acceptance and approval by the Project Manager of the provision of the number of facilities provided. The remaining 25% will become payable upon removal and satisfactory backfilling and reinstatement of the final latrine to be last in use.

1.1.12 Record Keeping:

The Contractor shall maintain contemporaneous records of   all employees engaged under the Contract.  Records shall be kept at the site and shall be made available for inspection by the Project Manager or any Labour Officer pursuant to L.I. 632, Labour Relations, 1969, Section 19 at any reasonable time.  Records are to be maintained from the date of the Project Manager’s instruction to commence the Works pursuant to the Clause in the General Conditions of Contract.

 Contractors shall use the standard forms given in Appendix 1 to keep Employment Records, Daily Records of Hours Worked, Monthly Pay Records and Accident Records. 

Contractors shall not engage workers through repeated temporary contracts or apprenticeship schemes to avoid meeting the wages and other benefits given to permanent workers.

The unit of measurement shall be the month of adequate record keeping submitted to the Project Manager. If, in the opinion of the Project Manager, the Contractor has failed to achieve full compliance with the requirements of this Clause, a deduction in the amount for payment will be made against that item in the Bill of Quantities.

The tendered rate shall include for the full costs associated with complying with the requirements of this specification including the provision of stationery, clerical staff and associated office facilities.

1.1.13 Employment of Children 

N.I.C.D. 157, Labour Decree, 1967, Section 44 proscribes child employment. Section 45 defines a child as a person under the apparent age of 15. Section 46 requires the Contractor to keep a register of young persons employed including their dates of birth or, if unknown, their apparent age. Section 45 provides that young persons under the age of 18 should not work at night.

1.1.14 Forced Labour:

In accordance with the provisions of N.I.C.D. 157, Labour Decree, 1967, Part IX the use of forced labour by the Contractor is prohibited. 

Appendix 1
Contractor’s Records

The Contractor shall record the particulars of each employee on an Employee Record Card as follows:

Table 1.1
	EMPLOYEE RECORD CARD

	Employee Name:
	

	Employee’s Trade
	

	Employee Work Reference No.
	

	Date of Birth:
	

	Age:
	

	Sex:
	

	Marital Status:
	

	Social Security Number
	

	Home Town:
	

	Address / House Number
	

	Employee Contact phone
	

	Person to contact in case of emergency 
	

	Previous Employment
	

	Date of Employment
	

	Date of Termination
	

	Membership of Union
	


1.1.15 Daily Record of Hours Worked

Contract Name: 

Name of Contractor: 

Date:

Table 1.2
	Employee’s Name
	Sex
	Casual / Permanent
	Absent / Present
	Reason for Absence
	Start Time
	Close Time
	Overtime Hours
	Work Done
	Remarks

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


1.1.16 Monthly Record of Payment

Contract Name: 

Name of Contractor:

 Month:                           Year:
Table 1.3
	Employee’s Name
	Sex
	Class of Employment
	Basic Pay
	Overtime Pay
	Gross Pay
	Social Security
	Tax
	TUC Dues
	Net Pay
	Signature

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


1.1.17 Accident Record


Contract Name:

 Name of Contractor:

Table 1.4
	Month
	Accident

Number
	Date /

Time
	Name of

Employee
	Accident

Type
	Injuries

Sustained
	Damage to

Property, etc.
	Measures Taken
	Remarks

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Appendix 2
Environmental Legislation In Force In Ghana.

Ghanaian legislation for environmental management is fragmented and it is recommended that relevant authorities are consulted for up to date information pertaining to legal requirements. It should be noted that there are changes being made to Ghanaian legislation and that this list will need to be updated. Lack of knowledge about the law is no defence.

The table below provides information about the authorities involved in environmental management and existing legislative requirements.  Information is also provided about permits or written authority that may be required for the undertaking of work related to road developments.
Table 1.5
	Relevant
Authorities
	Comments

	Environment Protection Agency (EPA)
	Environmental Audit and Assessment (EAA) Department is responsible for ensuring that the environmental assessment process is effectively implemented.  They review Environmental Impact Assessment reports 

The EPA is also responsible for pollution monitoring. They should be contacted for information on their standards for air and water quality 

There are 10 Regional Offices.  Responsible for air and water quality monitoring.  The District Assemblies under the decentralisation programme are required to establish environmental management committees to assist EPA in its duties.

	Forestry

Commission
	The Forestry Commission was established under the enactment of  the  Forestry  Commission  Act,  No  571  of  1999  for  the purposes of bringing the main public bodies and agencies implementing the functions of protection, development, management and regulation of forests and wildlife resources. The Forestry Commission consists of 4 divisions:

     Forest Services Division

     Forest Products Inspection Division

     Timber Export Development Division and

     Wildlife Division

	Water Resources

Commission
	This is the responsible body for the granting of water rights for the use of water for activities other than domestic use and for firefighting purposes. It also carries a responsibility for controlling activities that will pollute water resources or put the public health at risk

	Community Water and Sanitation Agency
	This agency is responsible for facilitating the safe provision of water and related sanitation services in rural communities. One of its defined functions is the facilitation of formal and non-formal education programmes for water related health hazards and sanitation hygiene in conjunction with Ministries of Local Government, Environment, Health and Education.

	District Assemblies
	They may have local by-laws that relate to environmental management, e.g. permits for the extraction of pit sand, borrow material, etc.

	Environmental Protection Agency (EPA) Act, 490 of 1994
	Provides for the establishment of the Environmental Protection Agency which carries legal authority to carry out a number of functions to protect the environment.

	Environmental Assessment Regulations, L.I. 1652 of 1999
	These regulations have been established to ensure that all new investments and developments are undertaken in a manner that reduces any impact on the environment.  The regulations lay down the procedures for obtaining an environmental permit for a new development.

	National Development Planning (System) Act No 480 of 1994
	Under this Act District Planning Authorities and their coordinating units are required to ensure that any planning and development activities are undertaken “in conformity with sound environmental principles” (Section 2(1) (e)).  District Assemblies also carry a responsibility to ensure that any new developments within their area of jurisdiction conform to good environmental practice.

	
Forestry Commission Act, No 571, 1999
	This provides for the establishment of the Forestry Commission that is responsible for directing the management of all forest and savannah woodland reserves.

	Timber Resources Management Act, No 547 of 1997
	This act provides for the granting of timber rights in a manner that secures the sustainable management and utilisation of the timber resources of Ghana and to provide for related purposes. Its main purpose is to manage harvesting of timber as a commercial activity rather than for the felling of trees to clear areas for development.

	Trees and Timber Decree, N.R.C.D 273, 1974 amended in 1994
	This provides for the prevention of the destruction of trees and timber and the control of farming in Protected Timber Lands.

	Forest Protection Decree, N.R.C.D 243, 1974
	Provides for the protection of forest reserves from all forms of encroachment.  This decree restricts entry to a reserve to carry out any activity that may cause injury or removal of any plant or forest produce or obstruct the flow of any river or stream.  It also specifies types of forest offences, penalties and the duties of forest officers relating to the prevention of the commission of offences and the arrest of the offenders.

Permission would be required from an appropriate official for the undertaking of works in a forest reserve.

	
Wild Animals Preservation Act, 1961 Act 43
	This is the framework act and since its enactment a number of subsidiary legislative instruments have been enacted.  The key legislative instruments that may impact on road projects are discussed below.

	Wildlife Conservation Regulations, L.I. 684 of 1971
	Prohibits hunting without a game license

	Wildlife Reserves Conservation Regulations, L.I. 710 of 1971
	Defines the wildlife reserves in Ghana and prohibits entry into them and damage to animals and plants in the reserves without the consent of the Chief Wildlife Officer.

Permissions would be required from an appropriate official for the undertaking of any works in a wildlife reserve.

	Water Resources

Commission

(WRA) Act, No 522 of 1996
	Part III provides for regulation of the use of water resources. Under section 13 (1) no person shall (a) divert, dam, store, abstract or use water resources; or (b) construct or maintain any works for the use of water sources except in accordance with the provision of this Act.

Section 21 allows the commission to convict a person who interferes with or alters the flow or pollutes a water resource beyond standards set by the Environmental Protection Agency.

 An application to the Commission for grant of a water right is required for the use of water under the provisions of this Act.

	Guidelines for effluent discharges into natural water bodies
	Effluent quality guidelines for discharges into natural water bodies have been published by EPA.  These can be obtained from the EPA.

	The Community Water and Sanitation Agency Act, No 564, 1998
	This Act provides for regulations to be made for the setting of standards and guidelines for safe water supply and sanitation services.

	Environmental Quality Guidelines for Ambient Air
	Published by EPA and can be obtained from EPA

	Environmental Quality Guidelines for Ambient Noise Level
	Published by EPA and can be obtained from EPA

	National Museum Decree N.L.C.D.387 of 1969
	Under this decree the Ghana Museum and Monuments boards is to be informed of any discovery of an antiquity and permission to be sought to remove an antiquity, as defined by the decree, from a site.

	Ghana Highways Authority Act, 1997 State Property and Contracts Act, 1960 State Lands Act, 125 of 1962 Lands (Statutory Wayleaves) Act, 186 of 1963
	These pieces of legislation set out the requirements for land acquisition and compensation for road developments.  The recently published National Land Policy by the Ministry of Lands and Forestry, (1999) should also be referred to as it sets out provisions for more equitable land management practices and covers aspects relating to land acquisition and compensation.


Part B
1.2 Building Specifications

1.2.1 Scope Of Contract And Special Requirements

1.2.2 General

1.2.3 Scope

These Specifications apply to the technical requirements for the supply, manufacture/ fabrication, erection/ construction of ALL FACILITIES. The main components of the Works and a detailed description of the said Works are given in the bills of quantities and drawings.
1.2.4 Information To Be Supplied By The Employer To The Contractor

To enable tenderers submit tenders and the Contractor perform the requested Works, the Employer shall provide a complete tender dossier upon request. 
The information supplied by the Employer shall be adhered to as strictly as possible and it shall be the responsibility of the tenderer to check and satisfy himself as to its correctness before submission of tenders and commencing any work.
2.0 DEFINITIONS AND INTERPRETATION

2.1 Definitions

Throughout these Specifications, words and expressions shall have the meanings already assigned to them in the General Conditions of the Contract, Volume 2 of the Tender dossier. The following addition is hereby made.
(1) "Specifications" : these "SPECIFICATIONS FOR THE SUPPLY,MANUFACTURE/FABRICATION, ERECTION/CONSTRUCTION AND FINISHING OF THE WORKS".
2.2 Technical Documents

(1) Technical documents necessary for the implementation of the Work shall comprise these Specifications, the bills of quantities and the Drawings and any other written instructions including answers to enquiries issued by the Project Manager. These technical documents shall have the order of priority as hereunder given:

i)
Written instructions including answers to enquiries issued by the Project Manager.

ii)
These Specifications.
iii)
The bills of quantities and Drawings.
(2) However, for the items which are not described in these Specifications but indicated on the Drawings or the bills of quantities, the bills of quantities and Drawings shall have priority.
2.3 Standards

(1)
In various parts of these Specifications, references have been made to the British Standards (BS) by the British Standards Institution;
(2)
Reference to any such National Standard Specifications or Codes of Practice in the Specifications or Bills of Quantities does not imply any bias in favour of equipment, fittings, finishing etc. but is intended to indicate the standard acceptable to the Project Manager. The Contractor may relate his offer to other National Standards or Codes of Practice but shall explain the system used and provide the Project Manager with all the necessary information and comparisons in English showing that his proposed standards are equivalent to the specified National Standards or Codes of Practice. In cases also where the name of a particular type or make of plant/equipment or material is referred to on the Drawings or elsewhere in these Specifications, this is intended to indicate only the acceptable standard.

(3) The Contractor may offer alternative materials or plant/equipment to those specified and in all such cases the Contractor's offer shall be at least of equal quality. When alternatives are offered the Contractor shall submit to the Project Manager for approval, a statement detailing the alternatives, and shall include full technical descriptions, drawings and specifications, and shall provide such full information as is required to enable the Contractor to demonstrate to the Project Manager that the alternative is equivalent to the item specified. Any further information that the Project Manager may require shall be produced by the Contractor when called for.

(4) No such modification or substitution of materials, or plant/equipment shall lead to an increase in cost and/or extension of time of completion.

2.4 Unit System

Metric system is used to give dimensions, that is, to say measurement, volume, weight, etc., throughout these Specifications. Reference should be made to British Standards Institution publication PD 5686.
2.5 Documents And Articles To Be Furnished During Construction Period

The Contractor shall furnish the following documents and articles during the progress of Works:
2.6 Documents And Articles Necessary For Approval

The items, times for submission and quantity of the documents and the articles necessary for the Employer's or the Project Manager's approval are as tabulated in Table 2.1. This list is by no means exhaustive and could be amended as and when necessary by the Project Manager.
	Items
	Description
	Time for Submission
	Quantity

	(1)
	Implementation Time Schedule.
	Within Fourteen (14) days after execution of the Contract Agreement.
	Three (3)

	(2)
	List of Contractor's Key Personnel.
	 Immediately after execution of the Contract Agreement.
	Three (3)

	(3)
	List of Subcontractors.
	Fourteen (14) days before commencement of the work assigned to

 the subcontractors.
	Three (3)

	(4)
	List of Materials and Machinery-and-Tools.
	At least 14 days before commencement of the Works.
	Three (3)

	(5)
	Test Certificates and Reports.
	Whenever occasion arises but before commencement of the work to which they relate, otherwise as specified. It shall not be less than 14 days or the minimum time the Project Manager will require to study and approve the reports.
	Three (3)

	(6)
	Shop drawings and Manufacturer's drawings
	
	

	(7)
	Samples and Catalogues.
	For samples fourteen (14) days before commencement of the work to which they relate; for catalogues, on completion of the said work. One (1) month before completion of the said facility
	As specified in this Specification.

	(8)
	Forms of Test/inspection on Completion.
	At the time of completion of each building.
	Three (3) 

	(9)
	Reports on the Contractor's Test/Inspection on Any other documents Completion.
	 As specified in this Specification or whenever required by the Project Manager
	Three (3)


TABLE 2.1 DOCUMENTS AND ARTICLES NECESSARY FOR APPROVAL

Outline of the aforesaid documents and articles are as follows:
2.6.1 Time Schedule for Execution or Implementation Time Schedule

The Time Schedule for the execution of the Works shall show intended time sequence and duration of all the units of the Works. Detailed time sequence and duration of individual works such as preparation of the drawings for temporary works, manufacturing, excavations, concrete work, finishing, building equipment works, test and inspection, etc. shall also be stated for each type of the Facilities (buildings, drainage, roads, water supply, sewage and sewerage) for each Site.

2.6.2 List of the Contractor's Key Personnel

All the key personnel who shall be in charge of the Works shall be enumerated. The list shall state their names, status, specialty, qualifications and brief personal history. All the key personnel shall have a good working knowledge of English and relevant qualifications and ample experience in similar construction works.
2.6.3 List of Subcontractors

Main subcontractors who will subcontract with the Contractor for execution of the Works shall be listed. The list shall state the name and address of the subcontractors, name and title of the subcontractors' key personnel and their scope of work. No subcontractor's work shall commence before approval of the list by the Project Manager.

2.6.4 List of Materials and Machinery-And-Tools

Special material and machinery-and-tools which the Contractor intends to use or the Project Manager designates to be used for execution of the Works shall be listed. The list shall state type and model of the materials and the products, name and address of manufacturers and conformity with the Standards, and may be classified into two parts: items to be purchased in Ghana and those in any other countries.  No procurement shall be allowed before approval of the list by the Project Manager.
2.6.5 Test Certificates and Reports

Test Certificates and reports on the tests which have been carried out at factories, laboratories or at the Site shall be submitted by the Contractor at the appropriate times. Not only the tests specified in these Specifications but also other test required by the Project Manager shall be carried out according to his instructions.

2.6.6 Shop Drawings and Manufacturer's Drawings
The drawings specified in these Specifications shall be submitted according to the Time Schedule for Execution (1) above. The Contractor shall submit revised drawings if the Project Manager so requires. No work shall commence before the Contractor has obtained Project Manager's written approval to the detailed and/or relevant shop and manufacturer's drawings.

2.6.7 Samples and Catalogues

Samples and catalogues specified in these Specifications or recommended by manufacturer for the proper maintenance of the Works shall be supplied.

2.6.8 Forms of Test/Inspection on Completion

All the forms of each acceptance test shall be prepared according to the Project Manager's instructions.

2.6.9 Report on the Contractor's Test/Inspection on Completion

After completion of each facility, the Contractor shall carry out the test and inspection by himself using the approved forms for the test and inspection and shall submit the complete set of the test sheets to the Project Manager. These test sheets shall be used for test and inspection to be carried out by the Project Manager.

2.6.10 Any other documents
Any other documents specified in these Specifications or the documents directed by the Project Manager during the progress of the Work.
2.6.11 Monthly Progress Report

(1)
The Contractor shall submit two (2) copies of monthly progress reports to the Project Manager not later than 5th of the month following the month for which the report is due.
The report shall indicate the following:
i) Report of the progress made since submission of the last previous report.
ii) Approximate value of each Unit of Work and parts of the Works completed.
iii) Difference between actual progress and scheduled progress.
iv) Weather records.

v) Any problems which may require the Project Manager's attention.
(2)
Photographs showing the progress of each Unit of Work shall be taken. The photographs shall be attached to the monthly progress report. The locations of photographs to be taken shall not be less than three spots of every field construction every month.  In addition, two standard size prints 175mm x 125mm showing a general view of the progress of the Work, which are to be taken at the same spot every month, shall also be submitted together with the monthly progress report.

2.7 Documents And Articles For Handing Over The Work

For Each Facility

After completion of "Test and Inspection on Completion" for each facility or during the execution of the Works, the Contractor shall submit the following documents and articles for handing over the facility, or for the execution of the works:
(1) Keys and Key Case comprising:
i) Three (3) keys per each cylindrical lock set;
ii) Two (2) Master keys;
iii) One (1) key case including room name plate of each key.
The above requirements shall apply in respect of each of the facilities of the Contract. The material for the key case shall be discussed and agreed with the Project Manager.
2.8 Modification Of Materials And Methods Of Works

Except in cases where the modification of design is required by the Employer or the Project Manager, the Contractor shall strictly comply with this Specification and Drawings.  If, after having submitted a modified design to suit his method of work or equipment to the Employer and which design has been accepted, but the Contractor requires modification of the said design or alternation of materials and methods of works specified in these Specifications, he shall submit a report in which the reasons for the modification and his alternative proposal are clarified comprehensively and concretely.  He shall also submit samples of materials with relevant specification by the manufacturer. No such modified work shall be carried out before the Contractor has obtained the Project Manager's written approval.  The said modification shall not lead to increase in cost and/or extension of time.
2.9 Minor Modifications

With regard to minor modifications, such as partial alteration of materials, sizes, location of installation and methods of installation, etc. arising from necessity and of advantage to the Works, the Works Intended Completion Date and adjustment of the Tender Price shall not be made whether such alteration is required by any of the parties concerned.

2.10 Security Of Sites

 The Contractor shall provide, at all times of the Contract Period, first aid facilities and adequate fire extinguishers. The Contractor shall also employ a responsible watchman or watchmen to guard the Site and premises of the Works at all times except during regular working hours. The watchman's service shall be continuous from the beginning of the Works until completion of the Works.

2.11 Workmanship And Materials In General

All workmanship shall be of the best quality appropriate to each category of work and suitable for tropical conditions. All materials used in the Works shall be of the best quality of their respective kinds as specified or described in the Specifications, Drawings and Bills of Quantities and shall comply wherever possible with the current issue of the appropriate standard published by the approved National Standards Institution, or other equivalent national standard proposed by the Contractor and approved by the Project Manager.

2.12 Materials On And Under The Site:  Ownership

All soil, turf, gravel, stone, timber, or other materials obtained in the excavations, clearing of the Site of the Works and soil stripping, shall belong to the Employer and must not be removed from the Site without the consent of the Project Manager. The Contractor, however, may use for the construction of the Works timber felled on the Site and any of the materials excavated under the Contract which the Project Manager may determine to be fit for such use and shall use such materials if directed by the Project Manager.

3.1 Scope Of The Works, Temporary Works And Control Of The Works And Materials

3.1.1 Scope Of The Works - General

The Specifications of this section cover the Intent of the Plans and Specifications, items of work and other facilities which do not form part of the permanent Works but whose execution is necessary for the successful implementation of the Works. They also cover certain contractual obligations which supplement and amplify the General Conditions of Contract, General Workmanship, Quality Control, Safety Measures and other related matters, all aimed at bringing out clearly the intentions of the Contract with a view to satisfactorily completing the Works. The Contractor shall take due cognisance of these items and make provision for them in his Tender Price.

3.1.2 Authority Of The Project Manager

The Project Manager shall decide all questions which may arise as to:
· the quality or acceptability of materials furnished and work performed and as to the manner of performance and rate of progress of the work;
· all questions which may arise as to the interpretation of the plans and specifications;
· all questions as to the acceptable fulfilment of the Contract on the part of the Contractor;
· and all questions as to compensation.
 His decision, unless the subject matter is referred to the Adjudicator, shall be final and he shall have authority to enforce and make effective such decisions and orders which the Contractor fails to carry out promptly.
3.1.3 Conformity With Contract Documents And Allowable Deviations

Work and materials shall conform to the lines, grades, cross sections, dimensions and material requirements, including tolerances, shown on the plans or indicated in the specifications. Although measurement, sampling and testing may be considered evidence as to such conformity, the Project Manager shall be the sole judge as to whether the work or materials deviate from the plans and specifications, and his decision as to any allowable deviations therefrom shall be final.

3.2 Coordination And Interpretation Of Plans, Standard Specifications, And Special Provisions

(1) These Standard Specifications, the Standard Plans, project plans, special provisions, Contract variation orders, and all supplementary documents are essential parts of the Contract, and a requirement occurring in one is as binding as though occurring in all. They are intended to be complementary, and to describe and provide for a complete work.

(2) Project plans shall govern over Standard Plans; Standard Plans and project plans shall govern over these Standard Specifications; the special provisions shall govern over both these Standard Specifications and the plans. Should it appear that the work to be done or any of the matters relative thereto are not sufficiently detailed or explained in these specifications, the special provisions, or the plans, the Contractor shall apply to the Project Manager for such further explanations as may be necessary and shall conform to them as part of the Contract.  In the event of any doubt or question arising respecting the true meaning of these specifications, the special provisions or the plans, reference shall be made to the Project Manager, whose decision thereon shall be final.

(3) In the event of any discrepancy, between any drawing and the figures written thereon, the figures shall be taken as correct.  Detailed drawings shall prevail over general drawings.

I. Survey And Field Layout

(1)
Survey: Prior to commencement of the Works, sun/eying of the Sites shall be performed by the
Contractor.  He shall establish temporary boundary lines and reference points as directed by the Project Manager.
The Contractor shall, immediately after the survey, submit a report of the results together with his drawings
showing the following items required by the Project Manager:
i) Temporary boundary lines necessary for the construction, reference points and lengths from point to point indicating relation to the original site area;
ii) Existing bench mark if any;

iii) Comparative heights of the ground level at appropriate points in the area where the

iv) Facilities are to be constructed and the surroundings:

v) Any deviations or anomalies encountered.

(2)
Bench Marks and Setting-out:  The Contractor shall set up reference points and datum and indicate exact position of the Facility.  The Contractor may also set up bench marks in addition to the existing bench mark if necessary.  These works shall be carried out in the presence of the Project Manager before commencement of the work.   He shall keep the bench marks, reference points and indicated position of the Facility from disturbance during the Works.

(3)
Field Layout Plan for Construction:  The Contractor shall submit for approval of the Project Manager drawings in duplicate detailing ail proposed temporary roads, access roads, false work, workshops, plants, guard fence (including gates), water and electrical supply etc.  No such work shall commence until the approval is obtained.  Notwithstanding the Project Manager's approval of any submitted drawings, the Contractor shall remain wholly responsible for the security of temporary works and maintenance thereof until removed and he shall reinstate the same at his own cost.

II. Plans And Working Or Shop-Drawings Or Falsework

(1) The Contract plans furnished consist of general and detailed drawings and show such details as are necessary to give a comprehensive idea of the construction contemplated.  All authorised alterations affecting the requirements and information given on the Contract plans shall be in writing.

(2) The Contract plans shall be supplemented by such working drawings prepared by the Contractor as are necessary to adequately control the work.  No change shall be made by the Contractor in any working drawing after it has been approved by the Project Manager, except as otherwise provided.

III. Lines and Grades

(1) Such stakes or marks will be set by the Project Manager as he determines to be necessary to establish the lines and grades required for the completion of the work specified in these specifications, on the plans and in the special provisions.
(2) When the Contractor requires such stakes or marks, he shall notify the Project Manager of his requirements in writing a reasonable length of time in advance of starting operations that require such stakes or marks.  In no event, shall a notice of less than 2 working days be considered a reasonable length of time.

(3) Stakes and marks set by the Project Manager shall be carefully preserved by the Contractor. In case such stakes and marks are destroyed or damaged they will be replaced at the Project Manager's earliest convenience. The Contractor will be charged for the cost of necessary replacement or restoration of stakes and marks which in the judgement of the Project Manager were carelessly or wilfully destroyed or damaged by the Contractor's operations.  This charge will be deducted from any moneys due or to become due to the Contractor.

IV. Project Signs, Etc.

The Contractor shall provide project signs and locate them on the Site where required.   The extent of lettering on signs shall be directed by the Project Manager.   Signs other than the project signs may be installed with the approval of the Project Manager.

V. Contractor's Offices, Etc.

(1) The Employer will provide, free of charge, the areas of land where the Contractor shall establish his office, plant yard/stores etc.

(2) The Contractor shall provide erect, service and maintain all necessary buildings such as offices, or plant yard/stores for himself, his staff and his employees.  These buildings shall, from the time of their erection until the completion of the Contract, be the property of the Employer and the Contractor shall not demolish or remove any buildings or part of any buildings without the written permission of the Project Manager.

(3) The Contractor shall make all necessary arrangements for and pay all costs in connection with the supply of electricity and water and sewage and waste disposal (including the construction of septic tanks).

(4) All buildings shall comply with the appropriate local regulations and the Contractor shall provide the appropriate Authority with sufficient details of his proposal and in timely fashion so that approval of the appropriate Authority can be obtained prior to construction. The Contractor shall also construct and maintain adequate roads or paths to all buildings.

(5) All hutments, buildings, fixtures and fittings provided under this Clause shall be removed and the Site reinstated at the end of the Contract, unless agreed otherwise with the Employer.

VI. Fences And Temporary Enclosure

The Contractor shall erect and maintain suitable and approved temporary fencing to enclose such areas of the Works to be carried out and all areas of land occupied by the Contractor within the Site as may be necessary to implement his obligations under the Conditions of Contract. Where any temporary fence has to be erected alongside a public road, footpath, canal etc. it shall be to the satisfaction of the authority concerned.

VII. Scaffolding, Staging And Safety Device

The Contractor shall provide, erect, maintain and remove all scaffolding, staging, platforms, temporary runways, temporary floorings, guards, railings, stairs, etc. so as to ensure convenience and safety for performing the Works and supervision at the site.  The construction, inspection, and maintenance of above items shall comply with all safety codes and regulations as applicable in the Republic of Ghana.

VIII. Constructional Plant And Tools

The Contractors shall provide constructional plant and tools that best meet the job requirements and maintain the same in good working conditions so as to be used effectively and to prevent accidents.

IX. Detours.

(1)
The Contractor shall be responsible for providing, maintaining and removing adequate diversions to existing roads, and access tracks interfered with during the execution of the Works, together with any additional policing and signposting, and the erection of barriers.
(2) The Contractor shall construct and remove detours and detour structures for the use of public traffic as deemed necessary, or as shown on the plans, or as directed by the Project Manager.

(3) When public traffic is routed through the work, provision for a passageway through construction operations will not be considered detour construction or detour maintenance and such work shall be considered as provision of "Public Convenience".  The Contractor is expected to make provision of this "Public Convenience" in his Tender Price.

(4) Detours used exclusively by the Contractor for hauling materials and equipment shall be constructed and maintained by him at his expense.

(5) The failure or refusal of the Contractor to construct and maintain detours at the proper time shall be sufficient cause for closing down the work until such detours are in satisfactory condition for use by public traffic.

(6) Where the Contractor's haulage operations are causing such damage to the detour to the extent that its maintenance in a condition satisfactory for public traffic is made difficult and unusually expensive, the Project Manager shall have authority to regulate the Contractor's hauling over the detour.

(7) Approval of the Contractor's proposals for such diversions must be obtained through the Project Manager's Representative in advance of any work on them being carried out, and any such diversion must satisfy the requirements of the local authority before approval by the Project Manager's Representative who will demand documentary evidence that such local authority's regulations have in fact been satisfied.

X. Trench Excavation Safety

Attention is directed to safety for trench excavation.   Excavation for any trench 1.5m or more in depth shall not begin until the Contractor has received approval, from the Project Manager, of the Contractor's detailed plan for worker protection from the hazards of caving ground during the excavation of such trench.  Such plan shall be submitted at least 5 days before the Contractor's intention to begin excavation for the trench and shall show the details of the design of shoring, bracing, sloping or other provisions to be made for worker protection during such excavation. No such plan shall allow the use of shoring, sloping or protective system less effective than that required by the Construction Safety Orders of the Ministry of Works and Housing or the Ministry of Roads and Highways or any similar regulations of the Government of Ghana and the plan shall be prepared and signed by an Project Manager who is registered as a Civil or Structural Engineer in Ghana.

XI. Order Of Work

(1) When required by the special provisions or plans, the Contractor shall follow the sequence of operations as set forth therein.

(2) Full compensation for conforming to such requirements will be considered as included in the prices paid for the various contract items of work and no additional compensation will be allowed therefore.

XII. Superintendence

(1) The Contractor shall designate in writing before starting work, an authorized representative who shall have the authority to represent and act for the Contractor.

(2) When the Contractor is comprised of 2 or more persons, firms, partnerships, or corporations functioning on a joint venture basis, the said Contractor shall designate in writing before starting work, the name of one authorized representative who shall have the authority to represent and act for the Contractor.

(3) The said authorized representative shall be present at the site of the work at all times while work is actually in progress on the Contract. When work is not in progress and during periods when work is suspended, arrangements acceptable to the Project Manager shall be made for any emergency work which may be required.

(4) Whenever the Contractor or his authorized representative is not present on any particular part of the work where it may be desired to give direction, orders will be given by the Project Manager, which shall be received and obeyed by the superintendent or foreman who may have charge of the particular work in reference to which the orders are given.

(5) Any order given by the Project Manager, not otherwise required by the specifications to be in writing, will on request of the Contractor, be given or confirmed by the Project Manager in writing.

XIII. Inspection

(1)
The Project Manager shall, at all times, have safe access to the Works during its construction, and shall be furnished with every reasonable facility for ascertaining that the materials and the workmanship are in accordance with the requirements and intentions of these specifications, the special provisions, and the plans. All work-done and all materials furnished shall be subject to his inspection.
(2)
The inspection of the work or materials shall not relieve the Contractor of any of his obligations to fulfil his contract as prescribed. Work and materials not meeting such requirements shall be made good and unsuitable work or materials may be rejected, notwithstanding that such work or materials have been previously inspected by the Project Manager or that payment therefore has been included in a progress estimate.

 (3)
Projects financed in whole or in part with public funds shall be subject to inspection at all times by the executing agency involved or a Government representative.

XIV. Plant Inspection

The Project Manager may inspect the production of material, or the manufacture of products at the source of supply.  Plant inspection, however, will not be undertaken until the Project Manager is assured of the cooperation and assistance of both the Contractor and the material producer. The Project Manager or his authorised representative shall have free entry at all times to such parts of the plant as concerns the manufacture or production of the materials.  Adequate facilities shall be furnished free of charge to make the necessary inspection.  The Employer assumes no obligation to inspect materials at the source of supply.

XV.  Certificate Of Compliance

(1) A Certificate of Compliance shall be furnished prior to the use of any materials for which these Specifications or any special provisions require that such a certificate be furnished.  In addition, when so authorised in these Specifications or in any special provisions, the Project Manager may permit the use of certain materials or assemblies prior to sampling and testing if accompanied by a Certificate of Compliance. The certificate shall be signed by the manufacturer of the material or the manufacturer of assembled materials and shall state that the materials involved comply in all respects with the requirements of the Specifications. A Certificate of Compliance shall be furnished with each lot of material delivered to the work and the lot so certified shall be clearly identified in the certificate.

(2) All materials used on the basis of a Certificate of Compliance may be sampled and tested at any time. The fact that material is used on the basis of a Certificate of Compliance shall not relieve the Contractor of responsibility for incorporating material in the work which conforms to the requirements of the plans and Specifications and any such material not conforming to such requirements will be subject to rejection whether in place or not.

(3) The Employer reserves the right to refuse to permit the use of material on the basis of a Certificate of Compliance.

(4) The form of the Certificate of Compliance and its disposition shall be as directed by the Project Manager.

XVI. Removal Of Rejected And Unauthorized Work

(1) All work which has been rejected shall be remedied, or removed and replaced by the Contractor in an acceptable manner and no compensation will be allowed him for such removal, replacement, or remedial work.
(2) Any work done beyond the lines and grades shown on the plans or established by the Project Manager, or any extra work done without written authority will be considered as unauthorised work and will not be paid for.  Upon order of the Project Manager, any unauthorised work shall be remedied, removed or replaced at the Contractor's expense.

(3) Upon failure of the Contractor to comply promptly with any order of the Project Manager made under this Section 2.20, the Employer may cause any rejected or unauthorised work to be remedied, removed or replaced and to deduct the costs from any moneys due or to become due to the Contractor.

XVII. Alterative Methods Of Construction

Whenever the plans or specifications provide that more than one specified method of construction or more than one specified type of material or construction equipment may be used to perform portions of the work and leave the selection of the method of construction or the type of material or equipment to be used up to the Contractor, it is understood that the Employer does not guarantee that every such method of construction or type of material or equipment can be used successfully throughout all or any part of the project.  It shall be the Contractor's responsibility to select and use the alternative or alternatives which will satisfactorily perform the work under the conditions encountered.  In the event some of the alternatives are not feasible or it is necessary to use more than one of the alternatives on any project, full compensation for any additional cost involved shall be considered as included in the contract price paid for the item of work involved and no additional compensation will be allowed therefor.

XVIII. Character Of Workmen

If any sub-contractor or person employed by the Contractor shall appear to the Project Manager to be incompetent or to act in a disorderly or improper manner, he shall be discharged immediately on the request of the Project Manager, and such person shall not again be employed on the work.

XIX. Keeping The Works Free From Water

(1) Except where otherwise specified or allowed by the Project Manager the Contractor shall keep the Site free from water so that the Works may be carried out in the dry. He shall construct any cofferdams, temporary bulkheads, watercourses and other works and supply and work such pumping plant as may be necessary for this purpose.

(2) Notwithstanding any approval by the Project Manager of the arrangements made for the exclusion of water from the Works, the Contractor shall be held responsible for the sufficiency thereof and shall be liable for any loss of production, additional overheads or additional costs of any kind that may result.

XX. Particulars Of Existing Works

The Contractor shall satisfy himself as to the nature and exact location of all existing pipelines and cables which may be affected by the Works and shall take all necessary precautions to safeguard them. In the event of any damage the Contractor shall make good these damages at his own expense.
XXI. Safety Of Adjacent Structures And Works

The Contractor shall at his own expense provide and erect to the approval of the Project Manager such supports as may be required to protect efficiently all structures or works which may be endangered by the execution of the Works and he shall remove such supports on completion of the Works or otherwise take such permanent measures as may be required by the Project Manager to protect the said structures or works.
XXII. Demolition Of Existing Structures

(1) The Contractor shall present a detailed and systematic procedure along which the demolition of existing structures will proceed to the Project Manager for close scrutiny, seven (7) days before any demolition work starts.

(2) The Contractor shall give the Project Manager an explanation of the method and order of demolition and the steps taken to ensure the safety and stability of the remaining structures affected thereby.

(3) Unless the due notice is given the Contractor shall not be entitled to any claim for delay in his construction programme owing to the refusal of permission to demolish the said structures.

(4) Backfill compaction and consolidation of demolished structures shall proceed as mentioned elsewhere in these Specifications, (under Earthworks), and shall not create conditions injurious to existing structures, especially where heavy vibratory compaction equipment is used.

(5) Should the method of demolition as stated above involve the construction of any temporary works the Contractor should include them in his Tender Price.

(6) Approval by the Project Manager shall not relieve the Contractor of his obligations.

XXIII. Abatement Of Nuisance

(1) The Contractor shall adopt such measures as the Project Manager may consider reasonable and necessary to minimise nuisance from dust, noise, or other cause.

(2) The Contractor shall observe all agreements entered into by the Employer with any person or persons relating to occupation of the properties by the Employer and to the execution of the Works thereon. The Contractor will be given on request copies of any agreement or part thereof relating to such matters.

XXIV. Services

The Contractor shall make his own arrangements for the supply of electricity, land line telephone, compressed air and other services to the Permanent Works, temporary works and plant and shall provide and maintain all pipes, cables and fittings which may be necessary to carry such services to his operations.
XXV. Water Supply

(1) The Contractor shall provide an adequate supply of safe drinking water on the Site. The quality, number, capacity and location of the installations shall be to the satisfaction of the Project Manager, and conform with the requirements of the appropriate local authorities.

(2) The Contractor should satisfy himself regarding the adequacy of the existing water supply facilities to the Site and shall provide any additional arrangements necessary to supplement the existing facilities.

(3) The Project Manager may reject any water which in his opinion is not sufficiently clean for the purpose intended.

XXVI. Sanitation

The Contractor shall arrange for a standard of sanitation required by local regulations to be maintained throughout the Works and office and workshop/plant yard areas. He shall construct and maintain at his own cost a system of surface drainage and waste disposal which shall be approved by the Project Manager before any work commences. Sanitary conveniences for the use of persons employed in the Works shall be provided and maintained by the Contractor in accordance with the appropriate Regulations to the extent and in such a manner and at such places as may be approved by the Project Manager, and all persons connected with the . Works shall be obliged to use them.

XXVII. Lighting

Adequate temporary lighting shall be provided to ensure security and safety on Site.
Source Of Supply And Quality Of Materials

(1) The Contractor shall furnish all materials required to complete the work.

(2) Only materials conforming to the requirements of the specifications shall be incorporated in the work.

(3) The materials furnished and used shall be new, except as may be provided elsewhere in these specifications, on the plans or in the special provisions.  The materials shall be manufactured, handled, and used in a workmanlike manner to insure completed work in accordance with the plans and specifications.

(4) Materials to be used in the work will be subject to inspection and tests by the Project Manager or his designated representative.  The Contractor shall furnish without charge such samples as may be required. The Contractor shall furnish the Project Manager a list of his sources of materials and the locations at which such materials will be available for inspection.  The list shall be submitted on an approved form and shall be furnished to the Project Manager in sufficient time to permit inspecting and testing of materials to be furnished from such listed sources in advance of their use.  The Project Manager may inspect, sample or test materials at the source of supply or other locations, but such inspection, sampling or testing will not be undertaken until the Project Manager is assured by the Contractor of the cooperation and assistance of both the Contractor and the supplier of the material. The Contractor shall assure that the Project Manager or his authorized representative has free access at all times to the material to be inspected, sampled or tested. It is understood that such inspections and tests if made at any point other than the point of incorporation in the work in no way shall be considered as a guaranty of acceptance of such material nor of continued acceptance of material presumed to be similar to that upon which inspections and tests have been made, and that inspection and testing performed by the Employer shall not relieve the Contractor or his suppliers of responsibility for quality control.

(5) Manufacturers' warranties, guaranties, instruction sheets and parts lists, which are furnished with certain articles or materials incorporated in the work, shall be delivered to the Project Manager before acceptance of the contract.

(6) Reports and records of inspections made and tests performed, when available at the site of the work, may be examined by the Contractor.

3.2.1 Storage Of Materials

Articles or materials to be incorporated in the work shall be stored in such a manner as to insure the preservation of their quality and fitness for the work, and to facilitate inspection.

3.2.2 Defective Materials

All materials which the Project Manager has determined do not conform to the requirements of the plans and specifications will be rejected whether in place or not.  They shall be removed immediately from the site of the work, unless otherwise permitted by the Project Manager.  No rejected material, the defects of which have been subsequently corrected, shall be used in the work, unless approval in writing has been given by the Project Manager.  Upon failure of the Contractor to comply promptly with any order of the Project Manager made under the provisions in this Section, the Project Manager shall have authority to cause the removal and replacement of rejected material and to deduct the cost thereof from any moneys due or to become due to the Contractor.
3.2.3 Trade Names And Alternatives

For convenience in designation on the plans or in the specifications, certain articles or materials to be incorporated in the work may be designated under a trade name or the name of a manufacturer and his catalogue information. The use of an alternative article or material which is of equal quality and of the required characteristics for the purpose intended will be permitted, subject to the following requirements:
i) The burden of proof as to the quality and suitability of alternatives shall be upon the Contractor and he shall furnish all information necessary as required by the Project Manager. The Project Manager shall be the sole judge as to the quality and suitability of alternative articles or materials and his decision shall be final.
ii) Whenever the specifications permit the substitution of a similar or equivalent material or article, no tests or action relating to the approval of such substitute material will be made until the request for substitution is made in writing by the Contractor accompanied by complete data as to the equality of the material or article proposed.  Such request shall be made in ample time to permit approval without delaying the work.
iii) No such modification or substitution of materials or article shall lead to increase in cost and/or extension of the Time of Completion.
3.2.4 Off-Shore Materials

(1) Materials which are manufactured, produced or fabricated outside Ghana shall be delivered to a distribution point in Ghana, unless other-wise required in these Specifications or any special provisions, where they shall be retained for a sufficient period of time to permit inspection, sampling, and testing.

(2) Attention is directed to the provisions on "Liquidated Damages." The Contractor shall not be entitled to an extension of time for acts or events occurring outside Ghana and it shall be the Contractor's responsibility to deliver materials obtained from outside Ghana to the point of entry in sufficient time to permit timely delivery to the job site.

(3) The Contractor, at no cost to the Employer, shall supply the facilities and arrange for any testing required in Ghana which the Employer is not equipped to perform. All testing by the Contractor shall be subject to witnessing by the Project Manager.

(4) The manufacturer, producer or fabricator of foreign material shall furnish to the Project Manager a Certificate of Compliance in accordance with any provisions in Section 2.19, "Certificate of Compliance."  In addition, certified mill test reports clearly identifiable, to the lot of material shall be furnished where required in these Specifications or otherwise requested by the Project Manager.

(5) If the welding of steel for structural steel members or special members is to be performed outside Ghana, the following requirements shall apply:

a) Such fabrication shall be performed only within the plants and by fabricators who have previously established, to the satisfaction of the Project Manager, that they have the experience, knowledge, trained manpower, quality controls, equipment and other facilities required to produce the quality and quantity of work required. At the option of the Project Manager, prequalification of the plant and fabricator will be established either by the submission of detailed written proof thereof or through in-plant inspection by the Project Manager or his representative or both.

b) The Contractor shall make written application to the Project Manager for approval for such foreign fabrication at the earliest possible time and in no case later than 30 days in advance of the planned start of fabrication. The application shall list the specific units or portion of a work which will be fabricated outside Ghana.

3. The Contractor shall advise the Project Manager, in writing, at least 20 days in advance of the actual start of any such foreign fabrication.

4. All documents pertaining to the Contract, including but not limited to, correspondence, tender dossier, working drawings and data shall be written in the English language and all numerical data shall use the metre-kilogram-second system of units of measurement.

Earthworks

3.2.5 Description And Scope

Earthworks shall consist of performing all operations necessary to excavate earth and rock, regardless of character and sub-surface conditions; to excavate all materials of whatever nature, necessary for the construction of foundations for structures and other aspects of the Works; to excavate drainage channels; to excavate selected materials from the roadway and borrow material for use as specified; to construct embankments including the placing of selected material in connection therewith as specified; to backfill for structures, culverts and other aspects of the Works; to backfill trenches and depressions resulting from the removal of obstructions; to backfill holes, pits and other depressions (within the area of the Works); to remove, dispose and replace unsuitable material; to excavate and grade road approaches; to construct protection cofferdams where necessary; to remove slide material which has slipped from embankments; to prepare basement material for the placing of other material thereon; all labour, materials, tools, equipment, including timbering, pumps, removal of water, fencing, lighting, watching, reinstatement and maintenance of surfaces and every other expenses entailed in complying with the Specifications.

Roads, Pavings And Surfacing

3.2.6 Scope

This Section covers the provision, laying and compacting of natural gravel material for sub-base and base in the pavement.

3.2.7 Definitions

3.2.8 Natural Materials

(1) The term "natural material" includes lateritic gravel, quartzitic gravel, calcareous gravel, soft stone, conglomerate, sand or clayey sand or a combination of any of these materials. A natural material is also referred to as "gravel".
(2) Natural material shall be material which can be extracted from a borrow area or a road cutting by ripping to a depth of 300 mm with a single tine hydraulic ripper acceptable to the Project Manager drawn by a track type crawler tractor in good order complete with all equipment and accessories as supplied and rated at 300 BHP flywheel power and over with an operating weight of not less than 37.2 tonne and being operated in accordance with the manufacturer's recommendations.
(3) The material may require the use of either a grid or sheep foot roller with more than 8000kg mass per metre width of roll to break it down and/or screening to achieve the specified grading.
3.2.9 Sources Of Materials

(1) Natural material for sub-base and base may be obtained from any of the following sources:-
i) Borrow pits
ii) Spoil areas
iii) Excavation in cuttings, widened if necessary.
Material Requirements

3.2.10 Sub-Base (Including Mechanically Stabilised Material).

(1) The grading and other requirements after placing and compaction of the materials shall conform to the following:
Gravels:
· maximum size





75 mm
· Plasticity Index





max 15%

Sands, silty and clayey sands:
· % passing 2 mm sieve 




max 95%

· % passing 0.075 mm sieve 



min 10 - max 30%
· Plasticity Index 





min 5 - max 12%
· Liquid Limit 





max 35%
All materials
· Uniformity Coefficient 




min 5
· Plasticity Modulus





max 250
· CBR at 95% MDD (AASHTO T180) and 4 days soak 
min 40%
· 10% Fines (Wet) 





min 50KN
(2)  The grading of the material after placing and compaction shall be a smooth curve within and approximately parallel to the envelope in Table 3.1
TABLE 3.1
GRADING OF NATURAL GRAVEL

	Sieve Size

mm
	Percentage by weight                  passing

	
	Type 1
	Type 2

	75
	100
	100

	37.5
	80 - 100
	80 - 100

	20
	60 - 85
	75 - 100

	10
	45 - 70
	45 - 90

	5
	30 - 55
	30 - 75

	2
	20 - 45
	20 - 50

	0.425
	 8 - 26
	8 - 33

	0.075
	5 - 15
	4 - 22


3.6.2 Base (Including Mechanically Stabilised Materials)

(1) The requirements after placing and compaction shall comply with the following limits:-
                                                                                            Type 1
              Type 2
· Grading 



Table 12.1 
  
Table 12.1   

· Los Angeles Abrasion 

max 50% 
  
max 50%   

· Aggregate Crushing Value
 
max 35% 

max 35%   

· Plasticity Index 


max 10% 

max 15%   

· Liquid Limit 


max 25% 

max 30%   

· Plasticity Modulus 

max 200 

max 400   

· CBR at 95% MDD (AASHTO T 180)     


and 4 days soak 


min 80% 

min 60%  

· 10% Fines (Wet) 


min 50kN 

min 50kN   

(2) Type 2 is for use with surface dressing only and where traffic levels do not exceed 300 equivalent standard axles (8200 kg) per day.  

3.6.3 Natural Material For Cement Or Lime Improved Sub-Base.

(1) The materials to be treated shall conform to the following requirements:-
Gravels:

· maximum size



      
10 - 50 mm
· % passing 0.075 mm sieve


max 40%
Sands, silty and clayey sands:

· maximum size




0.5-10 mm
· % passing 0.075 mm sieve


max 50%
All materials:

· Plasticity Index




max 30%
· Plasticity Modulus




max 2500
· organic matter




max 2%
Additional requirements for lime treated materials:
· % passing 0.425 mm sieve


min 15%
· Plasticity Index




min 10%
(2) After treatment the material shall have a CBR of at least 60% measured after 7 day cure and 7 day soak on the site mix compacted to 95% MDD (AASHTO T180) and the treated material shall have a Plasticity Index between 5 and 12 and a Plasticity Modules less than 250.
ii) The material passing 38 mm sieve shall have the following characteristics:
(a) Liquid limit not exceeding 25%.
(b) Plasticity Index not exceeding 6%.
(3) The sub-base and base material shall be spread longitudinally in uniform layers not exceeding 200mm loose or 150mm compacted and be compacted to 100% maximum density.

(4) In no circumstance shall sub-base or base material be laid if the previous surface has been affected by rain until it has been made good to the satisfaction of the Project Manager.

(5) The C.B.R. value of the sub-base measured in-saturated conditions shall not be less than 35% and C.B.R. value of the base measured in-situ shall not be less than 80%. When the materials are tested in the laboratory at the maximum dry density these values shall be normally obtained after 24 hours soaking.

3.7 Crushed Stone Sub-Base And Base

(1) Where the base material is crushed rock it shall comply with the conditions. Material for the crushed stone base shall consist of hard, clean, durable crushed rock obtained from sources approved by the Project Manager's Representative. The aggregate shall contain no vegetable matter, earth or other deleterious materials and the particles shall be sound and free from decomposition. The particle size distribution of the crushed stone base materials shall lie within the limits given in Table 3.2.
TABLE 3.2 PARTICLE SIZE DISTRIBUTION: CRUSHED BASE MATERIALS

	B. S. Sieve
	Percentage of Dry                         Material Passing by Weight

	50mm
	100

	38mm
	85  -         100

	20mm
	75  -          90

	10mm
	40  -          70

	5mm
	30  -          60

	No. 7
	20  -          45

	600 microns
	15  -          30

	75 microns
	5  -          20


(2) Not less than 10 percent shall be retained by any pair of successive sieves specified (except the largest pair) and the percentage of material passing by B.S. 600 microns sieve shall not be greater than twice the percentage passing the B.S. 75 microns sieve.
(3) The material passing the B.S. 600 microns sieve shall be non-plastic.
(4) The material shall comply with the physical characteristics given in table 4.3.4.2 below :
TABLE 3.3 PHYSICAL CHARACTERISTICS OF CRUSHED STONE
	 
	BASE
	SUB-BASE

	LAAMAX
	40
	45

	ACVMAX
	30
	32

	SSSMAX
	12
	20

	Fl  MAX
	30
	35

	10% Fines Min.
	110
	50

	(KN)
	(dry)
	(wet)

	Wet/Dry %
	75
	-


(5) The crushed stone base material shall be deposited and spread in a uniform layer without segregation to such a loose depth that after compaction the layer will have the specified thickness. No material shall be hauled over uncompacted crushed stone base material.
(6) Spreading shall proceed from the centre to the sides of a pavement of cambered section and from the high side to the low side of a pavement with a one way crossfall.
(7) The operations of transporting, spreading and compacting the crushed stone base shall be carried out in a manner such as to avoid disturbing the underlying pavement course. Should such disturbance occur the Contractor shall remove the disturbed material and replace with similar acceptable compacted material to the satisfaction of the Project Manager's Representative and at his own expense.
(8) The graded crushed stone base shall be compacted by means of vibrating rollers, smooth wheeled and/or pneumatic tyred rollers, as approved by the Project Manager's Representative.

(9) During compaction the rollers shall follow a regular route such that each track slightly overlaps the adjacent previous track and the entire area is covered.

(10) Compaction shall proceed from the sides to the centre or from one side towards previously compacted material. Compaction shall continue until the base material shows no tendency to creep or settle in from the effect of the rollers.

(11) In areas where compaction plant used generally for compaction cannot operate efficiently or may cause damage to adjacent work, the Contractor shall compact the crushed stone base material with hand operated vibrators and mechanical tampers of types approved by the Project Manager's Representative until the dry density at every level in the crushed stone base in such places is at least equal to that of the compacted crushed stone base generally in the vicinity.

(12) The graded crushed stone base shall be compacted until its dry density at any point throughout the thickness is not less than 98 percent of maximum field trial dry densities.

(13) The crushed stone base shall be kept moist at all times during compaction.

(14) The appearance of the compacted surface of the crushed stone base shall be a mosaic of interlocking stones held firmly in position by successively smaller stones wedged into the intervening voids so that no cavities or holes are apparent.

(15) Any parts of the surface of the crushed stone base which do not comply with the foregoing paragraph shall be corrected by being scarified, reshaped and recompacted with the addition of further fine material or the replacement of crushed stone containing excessive fine material as may be necessary, the whole being done in such a way that no segregation of material occurs, or shall be otherwise treated as the Project Manager's Representative may require. The cost of any such scarifying, reshaping, recompaction and treatment requested shall be deemed to be included in the rate for providing and compacting the crushed stone base.

(16) The Contractor shall obtain the Project Manager's Representative's approval of the compacted crushed stone base before covering the same area with surfacing. Traffic shall not be allowed to run on the completed crushed stone base without the permission of the Project Manager's Representative.

(17) During the construction of crushed stone base the Contractor shall take samples and carry out tests under the supervision of the Project Manager's Representative as follows:

i) At least once for every 500 cubic metres of graded crushed stone base material produced, the Contractor shall take samples of mixed base material from its point of final deposition and shall determine the particle size distribution and flakiness index and the liquid limit and plasticity index.

ii) The Contractor shall measure the in-situ dry density of the compacted crushed stone base material by the method described in B.S. 1377, Test 12 (B) as frequently as the Project Manager's Representative may require and in any case at a rate of not less than one measurement for every 1000 square metres of crushed stone base.

(18) The crushed stone base material shall be spread on a properly constructed sub-base in a loose layer of a thickness such that after compaction the thickness of the layer shall not be less than 150mm. The moisture content of the base material shall be optimum for field compaction. The layer of base material shall be compacted by vibrating rollers, smooth wheeled rollers and pneumatic tyred rollers in such a manner as the Project Manager's Representative may require and to his satisfaction.
(19) On completion of the compaction the Contractor shall determine the dry density achieved in the stone base which shall be measured by the method described in B.S. 1377 Test 12 (B).

(20) The Contractor shall conduct trials to determine the maximum field dry density of crushed stone base material whenever there is a change in the source from which the aggregate for the stone bases are obtained or whenever there is a change of more than one percent in the average apparent specific gravity of the aggregates for the stone base, or otherwise as directed by the Project Manager's Representative.

3.7.1 Prime Coat

(1) The laying of the prime coat shall follow immediately after the base has been compacted as specified and approved by the Project Manager.

(2) If dry the base shall be slightly dampened (not wetted) as directed by the Project Manager. The prime coat shall be M.C.2 Bitumen and spread at the rate of 1 litre per square metre at a temperature of between 80° - 120°C.

(3) After not less than 12 hours it shall be blinded with 6mm chippings or sand at the rate of 1 cubic metre per 75 sq. metre at such rate as may be found necessary to secure adequate coverage. The sand or chippings shall be brushed if necessary to ensure even coverage.

(4) Different sizes of chippings shall be stockpiled separately and shall not at any time be mixed.
(5) The aggregate crushing value of the chippings as determined in accordance with B.S. 862 shall not exceed 30 percent.
(6) The chippings or sand shall be thoroughly rolled with a light roller (4 - 6 tonne) and allowed to stand overnight.  Further rolling shall be carried out the next day.
3.7.2 Wearing Coat

(1) The chippings for surface dressing shall consist of approved clean single-sized crushed rock chippings or crushed river gravel graded into single-sized fractions 20 mm and 14 mm as defined in B.S. 63 "Single Sized Road Stone and Chippings". The screening of the chippings shall be such as to produce single-sized chippings of these normal sizes conforming in all respects to B.S. 63, and in accordance with Table 3.4 
TABLE 3.4 GRADING OF CHIPPINGS FOR SURFACE DRESSING

	B.S. Sieve     Size (mm)
	Percentage Passing Nominal Size

	
	20 mm
	14 mm

	25
	100
	100

	20
	85 - 100
	100

	14
	0-20
	85 -100

	10
	0-10
	0-25

	7
	-
	0-7

	5
	-
	-

	2.36
	0-2
	0-2


(2) First Coat: After a period of not less than 14 days or as long as required by the Project Manager to allow for consolidation the surface shall be swept clean of all loose material. Shelmac S125 or similar approved cut-back bitumen or other similar approved bituminous compound shall be applied at the rate of 2 litres per sq. metre of road surface at a temperature of 132°C to 160°C and blinded immediately with 20 mm chippings applied at the rate of 75 sq. metres per cubic metre or at such other rate as may be found necessary to ensure adequate coverage.
(3) Second Coat: After a period of not less than 14 days or as long as required by the Project Manager, the surface shall be swept clean of loose chippings and other materials. Shelmac S125 of similar viscosity as the first coat shall be applied at the same rate and temperature and blinded immediately with 12 mm chippings applied at the rate of 75 sq. metres per cubic metre or at such other rate as may be found necessary to ensure adequate coverage.
(4) The chippings shall be brushed to ensure even coverage and then thoroughly rolled with a light roller (4-6 tonne) and allowed to stand overnight. Further rolling shall be carried out before the surface is opened to traffic.
3.8 Precast Interlocking Concrete Pavings 

3.8.1 Materials

(1) Concrete for precast interlocking concrete pavings shall have a characteristic compressive strength of not less than 45N/mm2 and maximum aggregate size of 8.0 mm.
(2) Aggregate for the manufacture of pavings passing 5mm sieve should not contain more than 25% by weight of acid soluble compounds in the fraction retained or passing the 600miti sieve.
(3) The paving blocks shall be not less than as specified on the drawing but in no case shall the thickness be less than 80mm. The tolerance of the thickness shall be ±3mm. For the length and width dimensions the tolerance shall be not more than ±2mm.
3.8.2 Placing

(1) Only sound paving blocks devoid of any defects shall be used. Any blocks with edges or corners chipped or damaged shall not be used. Top surface edge chamfers reducing the surface area of the block between 20% - 30% is recommended.
(2) The paving blocks shall be laid on a 50mm sand bedding with grading as shown in Table 3.5 below :
TABLE 3.5 GRADING FOR SAND BEDDING

	Sieve size
	9.52mm
	4.75mm
	2.36mm
	1.18mm
	600pm
	300pm
	150pm
	75pm

	% Passing
	100
	95-100
	80 -100
	50-95
	25-60
	10-30
	5-15
	0-10


(3) The sand bedding shall be on a crush rock base which shall comply with requirements in Section 4 of these Technical Specifications.
(4) The sand bedding shall be laid on crushed rock base which comply with requirements in Section 4.3.4 of these Technical Specifications. The finished surface tolerance for the crushed rock base shall be ±20 of the specified levels on the drawings.

(5) The paving blocks shall be placed together as close as possible in "Herringbone" pattern on similar approved pattern by the Project Manager to form one solid pavement. The spacing between any two adjacent block shall not be more than 3mm.
(6) The edges of any roll of paving blocks transversally shall be on a straight line. The same shall be true of any roll of blocks in the longitudinal direction. These requirements shall be followed unless it is impracticable to do so.
(7) All edges of the paved area shall be restrained with kerbs as detailed on the drawings.
(8) When a reasonable sized area has been laid and edges restrained, the blocks shall be vibrated down to full compaction (approx. 15 - 20 mm ) using a plate vibrator with contact area 0.35 to 0.5m2. Under no circumstances should blocks less than 1m from an unrestrained edge be vibrated.
(9) Sand, preferably dry, with grading shown in Table 3.6 shall be brushed over the entire areas after vibration to completely fill the joints.
TABLE 3.6 GRADING FOR SAND FILLER

	Sieve Size
	2.36mm
	1.18mm
	600pm
	300pm
	150pm
	75pm

	% Passing
	100
	99.8
	98.6
	26.9
	0.6
	0.1


(10) After vibration the finished surface tolerance shall not exceed ±5mm in 3m. For shorter distances the tolerance shall be determined on a proportionate basis. When the end product does not fall within this tolerance, the affected area shall be removed and relayed to acceptable tolerance.
3.9 Application Of Paint
(1) All external paint work shall be executed in dry weather and all surfaces shall be perfectly dry before any paint is applied. No successive coat of paint shall be put on until the Project Manager has given his approval or the Supplier has satisfied himself that the previous paint is thoroughly dry. The interval between the application of each coat of paint shall be as recommended by the paint manufacturer or in the absence of any such information, 4 days.

(2) The paint shall be thoroughly mixed to ensure that all pigment is in suspension and the paint is of proper consistency.  No oil or thinners shall be used except those recommended by the paint manufacturer. Stiff brushes of an approved quality shall be used to give a smooth even surface. As far as practicable, the painted steelwork shall not be handled or stacked until the paint is thoroughly dry and sufficiently hard to avoid being damaged.

(3) Contact surfaces to be bolted together shall be properly cleaned and painted immediately before joining.

4.1.1 Masonry/Blockwork

I. General

The work specified in these Specifications shall apply to sandcrete blockwork for both interior and exterior portion walls of all Buildings. Prior to commencement of work the Contractor shall submit to the Project Manager for approval samples of sandcrete blocks specified for the masonry works.

II. Material

Sandcrete blocks shall be made in the specified proportions from sand and cement mixed with the right amount of water. All blocks, unless otherwise stated, shall be hollow concrete blocks conforming to BS
2028 or equivalent.

	Cement
	:
Cement shall be as specified in Clause 6.2 under "CONCRETE"

	Sand
	:
Sand for mortar shall be as specified under "Fine Aggregates" 
Clauses 6.3.2, 6.3.3    under CONCRETE.

	Water
	:
Water shall be as specified in Clause 6.3.10 under "CONCRETE 
WORKS."

	Steel Reinforcement
	:
Specifications governed by Clauses 7.2, 7.5, 7.6, and 7.7 under
"REINFORCEMENT".


III. Mortar

(1) Cement mortar shall be composed of one part of cement to three parts of sand (1:3).  Mortar may be mixed by hand or mechanically. Hand mixing shall be carried out on a clean water tight platform. The ingredients shall be mixed thoroughly in the required proportions first dry and then with the addition of water until a uniform consistency is obtained. The mortar should be used within one hour of the addition of the mixing water and any mortar not used shall be discarded.

(2) A proper stage shall be provided to receive the mortar when made.

IV. Blocks

(1) The whole of the blocks required shall be made on the site in a Rosacommetta or other approved machine to be provided by the Contractor and shall have minimum crushing strength of 2.5 N/sq. mm of gross area at 28 days. The blocks shall be composed of 1:6 cement and sand measured by volume unless otherwise specified or directed on the site, turned three times dry, until of an even colour and consistency throughout. Water shall then be added gently from a watering can through a hose, the quantity of water added being just sufficient to secure adhesion. After wetting, the mixture shall be turned over three times and placed in the mould well rammed and smoothened off with a steel faced tool. After removal from the machine on pallets the blocks shall be matured under shade in separate rows one block high with a space between each block and the next and for at least 24 hours. They shall then be removed from the pallets but shall not be stacked up or removed from shade for at least a further seven days, then kept well watered all the time.

(2) Alternatively, blocks may be obtained from an approved supplier.  Blocks so obtained shall conform in all respects to above specifications. 

(3) No blocks shall be built into any part of the Building Works until they have been matured for at least fourteen days. The faces of blocks, except where otherwise described, shall be left wrought for plastering or rendering.

(4) The blocks shall be 450mm by 225mm deep and generally be of the hollow type. All shall be cast true to shape, even in size, square and free from flaws or blow holes with clean and sharp arises and equal to a sample approved by the Project Manager. All blocks shall be carefully handled.  Blocks with broken arises shall not be used.

4.1.2 Concrete Filling

4.1.3 Workmanship - Block Laying

(1) The blockwork laying shall be carried out in a uniform manner. No one portion shall be raised more than 900mm above another at any time. The work shall be carried up course by course and the height of four courses when laid shall be 900mm.

(2) All perpends and quoins shall be kept strictly true and square and all work properly bonded together and carefully levelled through every second course. All corners, cross wall junctions and reveals shall be properly bonded. Special care shall be taken that all vertical joints are filled with mortar.

(3) All internal and external faces shall have raked out joints for plaster unless otherwise specified.

(4) All blockwork finished fair faced shall have true and even face and all vertical and horizontal mortar joints shall be finished flush with face of the blockwork.

(5) All blockwork shall be well wetted before being laid or built on.

(6) Any defective blocks found in the work shall be cut out and replaced by sound ones at the Contractor's expense.

4.1.4 Lintels, Ring Beams And Bond Beam

(1) Lintels shall be laid over all openings in sandcrete block walls, unless otherwise indicated. They shall be made from cast-in-place reinforced concrete as typically indicated in the Drawings. Lintels shall be a length which is equal to the width of the opening plus twice the length of adjacent blocks and shall be the same thickness and height of one unit of block, and all hollow parts of units which are located under lintels shall be filled with cement mortar.

(2) Ring beams and bond beams of reinforced concrete shall be provided as indicated in the Drawings. Main steel reinforcement at corners shall be bent horizontally and shall be anchored in intersecting beams. Anchor length shall be not less than 40 times the nominal diameter of bars.

(3) Concrete to be used for lintels, ring and bond beams shall be the same as specified for "CONCRETE" for the Works. Sizes of coarse aggregates shall however be less than 1/5 of the minimum size of the beam or lintel or the same as that specified for the "CONCRETE", whichever is less.

4.1.5 Finishes Of Walls

Unless otherwise indicated, the block walls shall be rendered on both faces with cement mortar. The stone facing for walling, when specified, shall be from approved quarry and shall be hard, durable and without faults.  Random rubble shall be undressed as quarried but shall be laid fair faced on exposed sides. A sample panel shall be submitted to the Project Manager for approval.

4.1.6 Plastering

I. General

The work specified in this section shall apply to cement mortar finish for interior walls and ceilings and for interior porch in all types of buildings and sprayed colour cement finish for exterior walls otherwise known as tyrolean. The Contractor shall submit samples according to instructions for the Project Manager's approval.

II. Plaster Materials

The following materials shall be used:

1) Portland Cement:  See "CONCRETE WORKS".

2) White Portland cement: White Portland cement conforming to appropriate B.S. or the equivalent approved by the Project Manager.

3) Sand:  Refer to the description on natural fine aggregate in "CONCRETE WORKS".
4) Water: See "CONCRETE WORKS".

5) Pigment for sprayed colour cement finish: The colour and the type as approved by the Project Manager.

6) Other Mixing Materials: The following mixing materials may be used after obtaining the Project Manager's approval. They shall comply with BS or other relevant Standards.

a. Hydrated line.

b. Dolomite plaster.

c. Fly-ash

d. Methyicellulosum

e. Waterproof admixture.

4.1.7 Delivery And Protection Of Materials

i. Delivery Of Materials:

 The Contractor shall deliver all manufactured materials in the original packages, containers bundles and bearing the name of manufacturer and the brand.  Except as otherwise specified herein, the mixing, installation and application of manufactured material shall be in strict accordance with the printed directions of the manufacturer.

ii. Protection Of Materials: 

The Contractor shall protect plaster, lath and all cementitous materials against dampness until used.  He shall store materials off the ground, under cover and away from sweating walls and other damp surface. He shall protect metal accessories in such a manner as to prevent rusting. Rusted metal accessories shall not be installed in the Works.

iii. Mixing Proportions And Thickness

· Mixing Proportion:

Mixing proportion of cement mortar plastering and sprayed colour cement plastering shall be determined at the Site after due consideration of local practice and full examination of the mixing. After obtaining relevant mixing proportions for each aforesaid work, the Contractor shall submit a report to the Project Manager for his approval. Rate of waterproof admixture shall be in accordance with the manufacturer's specifications

· Thickness: 

Thickness of cement mortar and waterproof cement mortar shall be as tabulated below in Table 4.1
TABLE 4.1 THICKNESS OF CEMENT MORTAR AND SPRAYED COLOUR CEMENT

	Surface
	Thickness (mm)

	Floor
	30

	Concrete, Exterior walls, columns, etc.
	25

	Concrete Interior Walls, columns, etc.
	20

	Blocks ceiling
	20

	Sprayed Colour Cement Finish
	1 -2


4.1.8 Mixing

Mixing of plaster shall be done in mechanical type mixers, except that hand mixing may be used when approved by the Project Manager.  Measurements shall be by volume or weight as directed by the Project Manager. Any caked or lumpy materials, or material that has partially set shall not be used. Retempered plaster that has partially set shall not be used. The Contractor shall clean the mixer of all set or hardened material before materials for a new batch are loaded.  Mixing tools and equipment shall be kept clean.  Each batch shall be mixed separately. The mixing sequence and cycle of operations and time shall be in accordance with the material manufacturer's direction.

4.1.9 Finishing Methods

Except as otherwise specified or indicated, finishing methods of Portland cement plaster shall be steel trowelled finish.

4.1.10 
Precautions And Preparation For Plaster

i. Curing And Ventilation: 

The Contractor shall protect plaster from uneven or too rapid drying. After plaster has set hard, he shall provide and maintain free circulation of air to prevent sweat-outs.

ii. Concrete Surface: 

Where plaster is applied direct to concrete surfaces, the Contractor shall clean the concrete of all dust, loose particles, grease, oil and efflorescence by wire brushing and washing.

iii. Sandcrete Block Surface: 

Sandcrete block surfaces to be plastered shall be clean and free from loose particles, grease, oil, or similar foreign matters. When necessary, excessive suction of concrete block shall be reduced by wetting the blocks.

iv. Sequence of Operation:

 All plastering in rooms and spaces where false ceiling system is required shall be completed before the system is installed.

v. Protection of Adjacent Surfaces: 

Where finished surface such as tile, terrazzo, stone, metal frames, metal windows and doors, and steel partitions have been installed in rooms or spaces prior to completion of plastering work, the finished surfaces shall be protected from damage during plastering. Protection shall consist of covering with a non-staining craft paper or polyethylene sheet and joints sealed with tape or adhesive. Metal surfaces shall be protected with a removable type of masking tape or an approved type of non-staining petroleum jelly mixed in accordance with manufacturer's directions. Protection shall be maintained in place during plastering and removed when plaster work is completed.

4.1.11 Examination Of Surfaces

Before plaster is applied, the surfaces to be plastered in each room or space shall be carefully examined whether there are any unsatisfactory conditions. Application of plaster shall not proceed until such unsatisfactory conditions have been corrected.

Applications

4.1.12 Scratch Coat:

Cement and sand mortar shall be sufficiently rubbed in with float without leaving any depressions. Scratch coat shall be properly roughened with such tools as metal combs.   Surface shall be cured more than two (2) weeks and the next coating shall be applied after thorough development of cracks over scratch coat surface. Dubbed out surface on concrete wall shall be cured more than one (1) week. Shortening of the curing time caused by weather conditions may be permitted by the Project Manager's approval.

4.1.13 Second Coat: 

Cement and mortar shall be applied by screeding over the reasonable level surface with wood float.

4.1.14 Finish Coat: 

After confirming the preceding coat surface to be reasonably dry, finish coat of cement mortar shall be uniformly applied thereon free from blemishes and irregularities. The work of steel trowel finish shall be started with wood float and finished with steel trowel and the work of brushing finish shall be done by brush after the work of steel trowel finish. Wooden float finishing work shall be done by using only wood float.

4.1.15 Floor Topping Finish (Cement Mortar Finish):

After washing concrete surface, sufficient cement paste shall be applied and uniformly spread with such tools as broom before mortar laying. Cement and sand mortar of stiff consistency with minimum water content shall be applied and finished smooth with steel trowelling. 

Floor

4.1.16 General

All floors shall be true and level except where indicated otherwise in the Drawings.  Slopes shall be left for drainage where indicated on the plans.

4.1.17 Concrete Floors

(1) All filling and hardcore shall be thoroughly compacted and consolidated before concrete floors are constructed.  Compaction shall be carried out by rolling with a 8 tonne roller or mechanical rammer.  Where joints between ground floor slabs and columns, beams and wall are to be free, these shall be 3mm wide joint filled with bitumen or similar approved material.

(2) Concrete for floor indicated as "Concrete Trowelled Finish" shall be compacted well by tampering until water comes up on the surface.  Concrete shall then be screeded accurately to the designed level according to screed rails or grounds provided beforehand.

(3) At the appropriate time in the course of the concrete setting, the surface shall be carefully trowelled completely level and smooth to receive the painting finish.

(4) All floors which are not to be tiled shall be provided with screed 50 mm thick and smooth finished. The mix of the screed should be 50kg of cement to 1 m3 of sand.

4.1.18 Floor Finishes

Floor finishes shall be one or more of the underlisted types or as indicated in the Drawings.

1. Marble

2. Mosaic Tiling

3. Terrazzo Floor Tiling (Precast or In-situ)

4. Plastic Flooring

5. Granolithic

6. Parquet Flooring

7. Cement Screed.

4.1.19 Finish

The finished floor shall be truly horizontal, smooth and clean. Any projecting surfaces shall be cut and brought to the true level. All defective work shall be corrected.  
4.1.20 Terrazzo Finishes

(1) The work specified in this section shall apply to precast and cast-in-situ terrazzo flooring.

(2) The Contractor shall submit two (2) copies of shop drawings to the Project Manager for approval.  Shop drawings shall indicate layout, sections, thickness, dimensions and large scale details of the portions where other works will be affected or directed by the Project Manager.

(3) The sub-contractor that the Contractor intends to engage shall be a reputed first class producer of quality terrazzo.

(4) Prior to manufacture of precast units, factory inspection shall be arranged for the Project Manager's approval of the Sub-contract and selection of acceptable materials and samples. Alternatively the sub​contractor shall be asked to submit for the Project Manager's approval, samples of materials and finished products. Samples prepared at the factory shall show various patterns, colours and textures.

(5) Marble chippings for terrazzo flooring shall be clean, granular and free from dust and of such size as shall pass through a 12 mm mesh. Great care shall be taken in mixing in order to get uniformity and shall be composed of one (1) part of coloured Portland cement to three (3) parts of chippings.

4.1.21 In-Situ Terrazzo

(1) The base shall be sound with clean but rough surfaces to form a good key. The floor shall be divided into panels and terrazzo topping shall be 20 mm thick which shall be laid on a 20 mm layer of 1:3 cement/sand mortar screed over the concrete sub-floor.

(2) Ebonite or other approved jointing strips shall be fixed before the screed is laid. Corridors up to 3 m. wide may not require any longitudinal joints.

(3) The terrazzo shall be tamped to ensure consolidation after it had been laid and the surface lightly trowelled to obtain a flat surface without undue trowelling which brings too much cement to the surface.

(4) After laying, the terrazzo shall be matured under damp conditions. To obtain the specified polish, the first grinding with coarse carborundum brick or disk shall be carried out about three (3) days after laying. A good supply of water shall be used in this grinding. After the grinding the whole area shall be scrubbed with water to remove the slurry caused by grinding.

(5) All pores shall be grouted with a fine mixture of cement of appropriate colour and sand. The second grinding shall be carried out after a further five (5) days with a finer grained stone or disc. The whole shall be washed with hot water and pure soap after the final (3rd) grinding and protected.
(6) Dividing Strips: Ebonite or brass or other approved dividing strips shall be provided at junctions of differing pavings. The strips shall be securely bedded in the screed or floor and shall be finished flush, with the surface of the flooring or paving.

Roofing

4.1.22 General

Roofing shall be either reinforced concrete or in long span aluminium sheets. Reinforced concrete roofs and finishes shall conform to the requirements of Section 6.0 "Concrete Works" and Clause 10.4.6.

4.1.23 Aluminium Sheet Roofing

Aluminium sheets for roofing shall be 22 S.W.G. (equivalent to 0.71 mm thick) corrugated aluminium sheets or type specified in the Drawings.  The sheets shall be in one length except otherwise specified and fixed to hardwood or steel purlins with aluminium drive screws with expansion washers and two and a half corrugation side laps.  The finishing of the ridge and gable flashing and cappings and eaves fillers etc., shall be to the manufacturer's instructions.  All aluminium shall not be in direct contact with concrete.  Where contact is unavoidable, the portion of the aluminium in contact with the concrete shall be painted with two coats of bituminous paint. Aluminium shall be separated from steel with bituminous felt.

4.1.24 Flintkote Roofing

Flintkote Roofing materials shall be applied in strict accordance with the manufacturer's instructions to the following specifications:

(1) Brush all surfaces thoroughly and remove all loose dirt, dust, etc. and apply a priming coat consisting of equal volumes of Flintkote Type 5 Emulsion and Water (3 litres neat emulsion to 9 sq. m).  The priming coat shall be well scrubbed into the surface and allowed to dry.

(2) Apply a heavy brush coat of 'Flintkote' type 5 Emulsion at the rate of 8 litres per 10 sq. metres and allow to dry.

(3) Apply a heavy brush coat of 'Flintkote' Type 5 Emulsion at the rate of 8 litres per 10 sq. metres and immediately embed "Tyglas" or similar open mesh woven glass fibre membrane and brush it well down into the emulsion.  All joints in members shall be lapped not less than 75 mm. Allow to dry.

(4) Apply a trowel coat of 'Flintkote' Type 5 Emulsion at approximately 3mm wet thickness at the rate of 30 litres per 10 sq. metres; apply fine dusting and allow to dry.

(5) Finish surfacing with two coats of 'Flintkote' Decoralt F consisting of two parts Decoralt F to one part of water (1.0 litre of Decoralt F per 10 sq. metres per coat).  The first coat shall be brushed on in one direction and allowed to dry.  The second coat is to be applied at right angles to the first.
4.1.25 Flintkote' For Gutter Beams Only

Prepare and Prime as above with equal volumes of 'Flintkote' Type 5 Emulsion and water. When dry apply one heavy brush coat of Flintkote Type 3 Emulsion.  When dry apply Type 3 Emulsion at 90° to previous coat.

4.1.26 Water Gutters

Water gutters shall be protected with SIKA roofing felt or similar material.

Waterproofing

4.1.27 General

The scope of work covered in this clause covers the methods and procedure to adopt to achieve waterproofing of slabs for the types of buildings, using bituminous membrane.

4.1.28 Samples And Manufacturer's Specifications

The Contractor shall submit different kinds of waterproofing materials and the manufacturer's standard specifications for the Project Manager's approval and selection together with full information on the manufacturer and previous records of his product if demanded by the Project Manager.

4.1.29 Selection Of Materials And Method

Materials and method of the work shall be proposed by the Contractor after due consideration of weather conditions in Ghana and local practice normally followed in the country. Waterproofing work shall, if applicable, comply with the following conditions:

(1) Bituminous solvent to be used shall be manufacturer's stock type and the type which can be applied to the concrete surface directly without resorting to heating.

(2) Materials and the method of application shall be suitable for tropical conditions.

(3) All the work should be completed in the shortest possible time.

4.1.30 Particular Conditions

(1) The waterproofing work shall be performed by a specialist contractor who is usually engaged for this kind of work.

(2) The Contractor shall furnish the Employer a guarantee for a minimum period usually associated with this kind of work and in accordance with the manufacturer's recommendations.

4.1.31 Application

All the process of the work shall be carried out in accordance with the manufacturer's specifications and approved by the Project Manager as satisfying the requirements of the project. The waterproofing around roof drains shall be worked out with utmost carefulness. 

False Ceiling

4.1.32 General

(1) The work specified in this clause shall consist of performing all operations necessary for the installation of ceilings and shall include furnishing all materials, labour, tools, equipment, surface preparation fixing, painting and decoration, protection of the finished product, maintenance and all other works and services incidental to the operations.

(2) Shop Drawings: The Contractor shall submit two (2) copies of shop drawings to the Project Manager for approval. Shop drawings shall indicate layout, sections, thickness, dimensions, method of suspending ceiling and large scale details of the portions where other works have a bearing on the ceiling works. These shall include panels around lamps, ceiling fans and air conditioning grills/outlets, etc. where applicable.

(3) Manufacturer The manufacturer that the Contractor intends to engage for the Works shall be a reputed first class manufacturer familiar with the ceiling works and approved by the Project Manager.

(4) Samples: The Contractor shall submit samples in duplicate of the materials he intends to use or assemblies thereof including fittings and hanging devices to the Project Manager for approval.  No installation or manufacturing shall commence without the prior approval of the Project Manager.

4.1.33 Materials

(1) Hardwood:  Hardwood for ceiling joists/noggings shall be an approved West African Hardwood, properly seasoned and of the best quality such as Odum, Mahogany or other approved variety, free from sap, shakes, lose or dead knots wavy edges, borers, termites and other serious defects.

(2) Unless otherwise specified, ceiling sheets shall be either Straited Asbestos Cement (A.C.) Board, 6 mm thick, 12 mm thick termite proof soft board sheeting plywood boards, hard board tongue and groove strips ceiling or Mineral Acoustic Tiles approved by the Project Manager.

(3) Asbestos Cement Boards: A.C. boards to be used for ceiling shall be flexible boards conforming to the relevant Standards or equivalent and approved by the Project Manager. The boards shall be 6 mm thick and shall be fixed to metal furring or hardwood. Nails or wood screws for fixing shall be either of brass or stainless steel make. The boards shall be cut using electrical tools and all holes shall be drill opened.

(4) Soft board or Blockboard: These shall comply with BS 3444 or equivalent and shall be fixed to
hardwood ceiling noggins laid out on a 600 mm by 600 mm grid. The edges shall be bevelled so that when two sheets meet, they shall form a V-shaped notch. Nails or wood screws for fixing shall be as specified in 13.2(3) above.

(5)  Plywood Sheeting:  Plywood ceiling sheets shall comply with the requirements of BS 1445 or equivalent supplied by an approved manufacturer. Units of plywood ceiling sheetings shall generally, unless otherwise specified, be 600 mm by 600 mm cut from approved standard plywood board and fixed to hardwood noggins or joists laid out on a 600 mm by 600 mm grid. Nails or wood screws for fixing shall be as specified in 13.2(3) above. The edge treatment shall be as specified in 13.2 (3) above.

(6) Tongue and Groove Ceiling: Tongue and Groove Ceiling sheeting shall be composed of strips measuring between 90 mm to 100 mm wide and 10 -12 mm thick with groove 9 mm to 10 mm at one edge. When fixed the assembly shall consist of strips and grooves of a regular pattern. The edge of the units shall be strictly straight so that the assembly shall have no unsightly wavy lines. They shall be fixed to hard timber ceiling noggings spaced at not more than 600 mm centres at right angles to the direction of the strips. The strips shall be fixed to the noggins with nails whose heads shall be clipped off and the space left filled with approved putty whose colour matches the hardwood ceiling. 

(7)  Mineral Acoustic Tiles: Mineral acoustic tiles shall be of approved manufacturer's stock type and shall have fissured surface with white and washable factory applied finish. The size shall be 300 mm by 600 mm and 12 mm in thickness. Edge shall be cut straight to fit suspension system.
4.1.34 Suspension System For False Ceiling

(1) Materials: All materials for ceiling suspension system shall be strictly in accordance with manufacturer's recommendations or as approved by the Project Manager and detailed in the shop drawings and shall be galvanised.

(2) Outline of Suspension System: The suspension system shall have cross furrings and other accessories required.  For acoustic tile ceiling, rail shall be provided, instead of runner channels and cross furrings. Outline of the system shall be as follows:

i) Install metal hanger bolts securely to the structure at 90 mm on centres in both ways (900mm x 900 mm grid) or at intersections of ceiling joists/noggings whichever is less.

ii) Install metal runner channel, if required, with adjustable hanger to a levelling tolerance of 3mm in each 1 m. each way.

iii) Provide reinforcement around openings for electrical lighting, air-conditioning grills/diffusers and access panels as indicated in the drawings.

iv)
Provide anti-corrosive paint at welded points.
Finishing:  Painting And Decoration

Asbestos cement boards shall be painted with synthetic resin emulsion paint.  For acoustic tile ceiling and other ceiling systems refer to "PAINTING", Section 17.

Construction And Workmanship

(1) All ceilings shall be truly horizontal without undulations of any type and constructed to the levels indicated in the Drawings. The Contractor shall arrange the ceiling panels to take account of lamps, extraction and ventilation fans, air-condition grills/diffusers and other obstructions.

(2) All joinery work shall be wrought and finished even, clean and smooth surfaced and shall be sand papered for painting, vanishing, polishing or natural finish. Three (3) mm will be allowed to each wrought surface off the sizes specified, except where described as finished sizes. The work shall be properly executed and shall include all necessary jointing operations. All glued joints shall be cross-tongued. All arises where not moulded shall be slightly rounded. 

Carpentry And Joinery

4.1.35 Timber General

All timber shall be of the best quality.   Odum, Mahogany or other approved variety, free from sap, shakes, loose or dead knots, wavy edges borers, termites and other serious defects, and properly seasoned shall be used. Unwrought timber shall be left free from the saw and shall be full to the dimensions stated except that occasionally slight variation in sawing is permissible.

4.1.36 Preservative Treatment

All structural timber and other timbers coming in contact with blockwork or concrete or exposed to weather shall be treated with an approved preservative.

4.1.37 Timber To Blockwork And Concrete

The fitting of timber to blockwork and concrete shall be by means of plugs or dovetailed fixing blocks.

4.1.38 Roofing Timbers

All ridges, rafters, hips, purlins, etc. shall have the minimum of scarf joints. The length of the joint shall be at least three times the depth of the member and the joint shall be properly bolted and secured or as
detailed in the Drawings.
4.1.39 Joinery

Refer to 13.5 (2) for specifications on "Construction and Workmanship".

4.1.40 Built In Joinery

The Contractor shall provide all built in furniture as shown in the Drawings. Where joinery works are to be built-in or erected in position before the surrounding or enclosing works or main building carcass have been carried out, the Contractor shall ensure that joinery works are set plumb and true, accurately and firmly secured temporarily in its correct position and adequately braced and protected as necessary to prevent damage or disturbance throughout subsequent building operations.

4.1.41 Hardwood

Hardwood shall be an approved West African Hardwood.

4.1.42 Plywood

Plywood shall comply with B.S. 1455 or equivalent.

4.1.43 Blockboard

Blockboard shall comply with B.S. 3444 or equivalent.
Samples

Samples of timber used in Carpentry and Joinery shall be approved by the Project Manager before any is delivered to site.

4.1.44 Testing Of Materials

Allowance must be made for testing of the moisture content as required by the Project Manager.

4.1.45 Softboard Timber

Suspended soft board ceilings are to be provided with wooden or metal hangers on battens as shown in the Drawings.

4.1.46 Skirting

Timber skirting comprising 25mm by 75mm splayed hardboard fixed to grounds shall be used unless otherwise specified.

4.1.47 Scantlings

Scantlings of all timber shall be sawn die-square with sharp angles and shall hold the full sizes figured in the Drawings or as specified, except that, for finished joiner's work, 3mm will be allowed off all specified sizes for each wrought face.

4.1.48 Preparation And Storage

Joiner's work shall be prepared as soon as practicable or reasonable, well exposed to the air and kept in a dry place under cover.

4.1.49 Priming

All woodwork to be painted shall be primed with one coat before fixing.

4.1.50 External Work 

External Joiner's work shall be put together sufficiently pegged at all joints but not glued.

4.1.51 Wrought Woodwork 

Wrought woodwork shall be finished by hand.

4.1.52 Defects

If any joinery splits, warps or shrinks due to unsatisfactory seasoning, inadequate protection or bad workmanship, it shall be removed and replaced and any consequential damage made good at the Contractor's own expense.

4.1.53 Preparation Of Surface Of Woodwork
(1) The knots in all wood work shall be knotted with shellack, but black or projecting knots shall be cut out and the hole filled in with hard stopping or dry white lead or similar approved material. The woodwork shall be well pumiced down and brought to a smooth surface.

(2) The knotting shall be the best shellac knotting.

(3) White lead for stopping etc. shall be of the best quality delivered to the Site in the manufacturer's original containers unopened.

(4) Priming of woodwork before delivery to the Site shall not be carried out until after the Project Manager's inspection and approval.

(5)  All hidden portions of woodwork, including backs of door frames, shall be primed before glazing and front putties primed before painting.
3.1 Doors And Windows

3.2 General

(1) Approved Manufacturers: All doors and windows, finishing hardware and accessories shall be the products of manufacturers approved by the Project Manager.

(2) Hardware Schedule: The Contractor shall submit three (3) copies of complete schedule of finish hardwares to the Project Manager for approval. Schedules for each item of hardware for all types of equipment shall be provided. The schedule shall include list of hardware item, number, manufacturer's number or symbol, and finish.

(3) Hardware Manufacturer's Date: The Contractor shall submit complete specifications and installation data on lock sets, hinges and closers used for all the doors and windows.

(4) Samples:  The Contractor shall submit samples in duplicate of the following to the Project Manager for approval. Approval shall be obtained prior to fabrication or purchasing:

i) Typical corner sections of windows, doors and their frames, required by the Project Manager.
ii) Sealant
iii) Clear sheet glass
iv) Patterned glass.
v) Glazing materials.
vi) Lock sets.
vii) Hinges
viii) Door stops.
ix) Locking devices for windows
The timber for door and window frames shall conform to the requirements of "CARPENTRY AND JOINERY".
(5)  Inspection: After completion of each work specified in this section, operation test and inspection shall be carried out as directed by the Project Manager. Any defects, damage or poor workmanship shall be immediately corrected, repaired or replaced as instructed by the Project Manager at the Contractor's expense. 
(6) Protection: Care shall be taken in handling doors and windows during transportation to and storage at the Site.  Doors and windows shall be stored upright on pieces of lumber in a dry location, and under cover. After installation, doors and windows shall be protected from damage during subsequent construction activities. Damaged work will be rejected and shall be replaced with new work at the Contractor's expense.

(7) Cleaning: Metal surfaces of doors and windows shall be cleaned on both the inside and outside faces of all mortar, paint and other foreign matter to present a neat appearance and prevent fouling of weathering surfaces, weather-stripping or the operation of hardware. In addition, aluminium windows shall be washed off with a stiff fibre brush, using clean and clear water. Where steel door surfaces are abraded from handling, the area shall be wire brushed or cleaned with steel wool as required, and touched up with a primer before finish painting. Where aluminium windows have become stained or discoloured they shall be cleaned or have finish restored.

3.3 Glass And Glazing

i. Type And Quality Of Glass

(1) Clear Sheet Glass: Clear sheet glass to be used for fanlight of internal steel doors shall meet the requirements of the B.S. 925 or any equivalent approved by the Project Manager or any approved manufacture and shall be free from all defects.
(2) Patent Glass:  Patent glass to be used for aluminium windows and internal doors, etc. shall meet the requirements of the relevant Standard or equivalent approved by the Project Manager.

(3) Louvre Blades: The glass for louvre blades shall be 160 mm or 225 mm wide and 3 mm less in length than the distance between the clips and shall be pinhead or other approved obscure glass for the toilets, changing rooms and WC's and 10 mm or 6 mm clear polished plate glass for all other areas. The long edge of the blades shall be arised and polished.

(4) Application and Thickness:  Locations where each type of glass is applied and thickness of glass shall be as indicated in the Drawings.
3.3.1 Glazing Materials

Glazing materials for all the aluminium doors and windows, and for all glazed steel doors shall be glazing beads or channel conforming to the relevant Standard or equivalents approved by the Project Manager.

3.3.2 Glass Manufacturer's Labels

Labels showing glass manufacturer's identity, type of glass, thickness and quality shall be required on each piece of glass. Label shall remain on glass until it has been set and inspected.
3.3.3 Sizes, Delivery And Storage

(1) The sizes of glass indicated in the Drawings are approximate only. Actual sizes required shall be determined by measuring frames to receive the glass at the Site, or guaranteed dimensions provided by the frame manufacturer.  Dimensions for glass and glass holding surrounds shall be coordinated to provide the following minimum clearances. At perimeter edge of glass on all four sides, back side space not less than 5 mm and more than 1.5 times the glass thickness in width shall be provided.

(2) Glass shall be delivered to the Site in suitable containers to protect them from breakage. They shall carefully be stored in a safe place where breakage can be reduced to a minimum. Sufficient glass shall be delivered to allow for quick replacement in case of damage or loss before handing over. All broken and cracked panes shall be replaced and the whole of the glass left clean and perfect to the satisfaction of the Project Manager.
3.3.4 Installation Of Glass

(1) Frame Preparation and Acceptance: All frames, ventilators, and surrounds shall be inspected and any defects, improper materials or workmanship or other conditions which will affect satisfactory installation of glass shall be brought to the notice of the Project Manager. Glazing shall not be proceeded with until such conditions have been corrected. Before starting glazing work, the Contractor shall verify compliance with the following requirements:

i)
that frames are firmly anchored in proper position, plumb and square within ±2 mm of dimensions in approved shop drawings.
ii)
that all rivets, screws, bolts or nail heads, welding fillets and other projections are removed from glazing rebates to provide the specified clearances.

iii)
that all corners and fabricated intersections are sealed and frames are watertight.

iv)
that rebates at sills shall slope outside and all rebates are of sufficient depth and width to receive the glass and provide the required overlap of glass as specified hereinbefore.

(2) Installation: Installation shall be carried out with putties or channels.  Glass shall be back and front puttied at the same time.  Putties shall be full to sight lines of glazing bars and neatly trimmed and cleaned off. Glazing channel shall first be fixed to glass to be installed to doors or frames altogether. The joints shall also be maintained at the centre of head of glass.
(3) All glass broken after fixing during the progress of the Works shall be replaced by the Contractor at his own expense. Glass fixed with beads shall be well bedded in putty.

(4) Glass in wood doors and fanlights shall be fixed with beaded wood beads and bedded in black ribbon velvet.

(5) All glazing rebates shall be primed before glazing.
3.4 Aluminium Windows 

3.4.1 Materials

(1) Aluminium Alloys: All the materials of aluminium alloys, such as extruded shapes, sheets, rivets, wires and rods shall be of uniform quality and free from defects impairing strength and durability, and shall meet the requirements of B.S. 1161 or the equivalent approved by the Project Manager.

(2) Reinforcing Members: Where wrought steel or stainless steel is used as reinforcing sub-members, these shall also meet the requirements of the relevant Standard or the equivalent approved by the Project Manager.

(3) Louvred Frames:  Louvred frames shall be "Naco" extruded aluminium anodised louvre carriers or similar approved carriers. Weather strips shall be "Naco" Type S.I or similar approved.

(4) Awning Window Frames: Awning window frames shall be extruded aluminium sections supplied by approved manufacturer and fixed according to the manufacturer's instructions.

(5) Aluminium Doors:  Sliding and folding doors shall be "Henderson Shutter" doors or similar approved and fixed according to the manufacturer's instructions.

(6) Aluminium Flashing: Aluminium flashing shall be aluminium sheets of corrugation matching that of the roof or any exposed aluminium sheeting.
3.4.2 Finishes For Aluminium

(1) Pre-treatments: Surfaces shall have a natural as-fabricated mill finish. In addition, exposed surfaces shall be reasonably uniform in colour, smooth and free from serious tool marks and cuts.
(2) Anodic Oxidation Coating: Anodic oxidation coating for all aluminium windows shall be provided. The coating shall meet the requirements of the relevant Standard B.S. or equivalent on Anodic Oxidation Coatings on Aluminium and Aluminium Alloys or the equivalent. Thickness of the coating and grade on corrosive resistance shall be at least nine (9) micron, and applied in a factory or workshop equipped to carry out this type of work. Finish Coating: After anodic oxidation coating, acrylic or urethane clear painting finish coat at least twelve (12) micro thick shall be provided.
3.4.3 Protection Of Aluminium

(1) Protective Coating: After cleaning and finishing, a clear non-yellowing colourness coating shall be applied to all surfaces of aluminium. The coating as applied shall be of sufficient thickness to resist damage from alkaline mortar and plaster. Before application, all fabrication and finishing compounds, moisture, dirt accumulations or steel wool fibres shall be removed from aluminium surfaces.

(2) Protection from Dissimilar Materials: In addition to the protective coating specified hereinbefore, aluminium surfaces shall be prevented from direct contact with dissimilar materials as follows:

(a) Dissimilar metals, except stainless steel, white bronze, and solid zinc shall be painted with a heavy brush or spray coat of zinc-chromate primer and one coat of aluminium paint; or shall be painted with one heavy brush coat of alkali-resistant bituminous paint; or shall be separated from the aluminium by a heavy coat of mastic caulking compound, or by a non-absorptive tape or gasket.

(b) Dissimilar metals used in locations where drainage from them passes over aluminium shall be painted to prevent staining of aluminium.

(c) Aluminium surfaces in contact with mortar, concrete or other masonry materials, shall be given one heavy brush coat of bituminous paint.

(d) Aluminium surfaces in contact with wood or other similar absorptive materials which may become repeatedly wet shall be given one heavy brush coat of bituminous paint.

3.4.4 General Requirements

(1) Construction and Workmanship: Construction of windows shall be such as to produce results
specified and to ensure neat appearance. Permanent joints shall be made by welding or by mechanical
fastenings. Joints shall be of such strength as not to impair the structural strength of members connected.
Welded joints shall be solid, with excess metal removed and dressed smooth on exposed and contact
surfaces. The dressing shall be done so that no discoloration or roughness will show after finishing. When welding flux is used, it shall be completely removed immediately after the welding is completed. Joints formed with mechanical fastening shall be closely fitted, sealed with mastic and made permanently watertight.
(2) Accessories:  All necessary fastenings, clips, fins, anchors and other appurtenances necessary for complete installation of windows shall be furnished. Anchors and fastening shall be aluminium or non​magnetic stainless steel. Steel anchors may be used, provided that they are either phosphate treated and given two shop coats of paint or electrogalvanized after fabrication and coated as specified.

(3) Provisions for Hardware: All necessary provisions shall be made for hardware. Reinforcing plate for hardware shall be provided as required.

(4) Weather-stripping: Weather-stripping for windows shall be provided. Weather-stripping shall be from manufacturer's stock type, easily replaceable and of a material that is compatible with the metal to which it will be in contact.
(5) Screen Mesh screens shall be provided to keep insects out as indicated in the Drawings. Frame of screen shall be anodized as specified hereinbefore. Screen shall be of stainless steel or plastic coated wires conforming to relevant standards.

3.4.5 Installation

(1) Aluminium windows shall be installed and adjusted by experienced and qualified erectors and using only skilled labour and shall be in accordance with manufacturer's instructions and the approved shop drawings. Windows shall be set at the proper elevation and location, plumb, level and alignment. Aluminium shall be protected from dissimilar materials as hereinbefore specified.
(2) Sealing: All exterior joints between frames and adjacent walls shall be sealed by silicon sealant 
(3) Anchors and Fastenings: Window units shall be anchored to adjoining or adjacent construction as shown in approved shop drawings. Anchors and fastenings shall be built into, anchored, or bolted to the heads, jambs, and sills of openings and shall be fastened securely to the frames. Unless otherwise detailed, anchors shall be spaced not more than 45 cm apart and on heads, jambs, and sills. All anchors shall have sufficient strength to hold the member firmly in position.

(4) Adjustment: After installation, all windows and their hardware shall be adjusted to operate smoothly and to be weather tight when ventilators are closed and locked. Hardware and parts shall be lubricated as necessary. Adjustment shall be made before or after glazing as recommended by the manufacturer
3.5 Timber Doors And Frames

3.5.1 Type And Materials

Type: All the timber doors shall be hollow-cored flush door or solid cored panel doors.
Materials:  Materials to be used for timber doors and frames shall meet the requirements of Section 14 in addition to the following requirement
Table 5.1
	(1)
	Door Frames:
	Hard wood, first class.

	(2)
	Face Panels:
	Plywood, first class, without any knots.

	(3)
	Edge Strips:
	Hard wood, first class.

	(4)
	Stiles and Rails:
	Hard wood or glued laminated lumber.

	(5)
	Core Materials:
	Approved Timber.

	(6)
	Louvre Beads:
	Same as edge strips.

	(7)
	Nails and Wood Screws:
	Brass or stainless steel

	(8)
	Adhesive:
	Urear resin or phenol resin or polyvinyl acetate emulsion adhesive or their admixture.


3.5.2 Standard Method Of Work

(1) Stiles and rails shall be all glued laminated lumber and be connected to face panel with adhesive. All rails and stiles shall be connected to each other with corrugated metal fastener or staple.

(2) Core materials shall be timber of around 30 x 25 mm to be assembled to a grid construction and shall follow the local practice. The spacing of grid shall be approx. 250 cm2.

(3) Plywood to be used for face panels shall be a minimum of 4 mm thick and be connected to structural members with adhesive. For the rooms where the door is likely to be wet, such as lavatories, pantries, shower rooms, etc. panel doors shall preferably be used. Hollow-cored flush doors may be used if waterproof type plywood is adopted.

(4) Additional splice wood shall be provided for reinforcement at the location where hardware is to be fixed. They shall be glued laminated lumber as well as stiles and rails and shall have ample sizes to receive hardware. Edge strips shall be provided around the frame. They shall be of 5 mm thickness.

(5) Glazing for timber doors shall be made with glass putty with wood stops or with flush wood glazing beads. Wood stops and beads shall be hard wood and the putty, if used, shall be approved by the Project Manager.

(6) Meeting stile of double swinging timber door shall be "astragal" type.
3.5.3 Painting

See "PAINTING AND DECORATION", section 71.in this Specification.
3.6 Hardware And Iron Mongery 

3.6.1 Materials

3.6.2 
General

(1) As much hardware as possible shall be of the same manufacturer to maintain uniformity of finish and style and to minimise cost of and simplify maintenance and replacement.

(2) All fastenings with exposed surfaces matching finish of adjacent metal parts of hardware shall be included.

(3) Hardware to template and with proper fastening for use with metal frames, and hollow metal doors, shall be furnished.

(4) Box type strike plates on metal frames shall be used.

(5) Screws used in the work covered by this Section shall comply with manufacturer's recommendation.

(6) General requirements for lock sets

i)
The lock case shall be of steel or equally strong and durable metal so as to withstand with a reasonable factor of safety, the stresses and effect of tear and wear for extended periods of service.  Mechanical parts shall be of such materials and design that they also meet the same criteria and are capable of withstanding normal rough usage for extended periods of service

ii)
Lock sets shall be mortise cylinder lock sets equipped with both latch bolt and deadbolt (except dead locks). All the handles shall be of knob type.

iii) 
When installed in hollow metal door, the lock set shall be capable of being equipped with an extension brace type device to prevent the lock from vibrating or wobbling. This shall be in addition to the mounting screws in the face plate.

iv)
Cylinder lock set shall be capable of withstanding 100,000 repeated openings and closings without visible or detectable change in the operation or function of the lock set.

(7) Hardware for aluminium windows shall be furnished by aluminium window manufacturer with his standard subject to compliance with specification requirements.
3.6.3 Finishes

Finishes of lock and latch sets, hinges for doors, overhead door closers, and all other hardware shall be in accordance with the manufacturer's direction.

3.6.4 Lock And Latch Sets

Mortise cylinder lock sets for ordinary swinging doors shall be furnished unless otherwise specified. Operation of the dead bolt shall be by key from outside and by thumb turn from inside for internal doors. For ail external doors, key operation shall be from both inside and outside.

3.6.5 Hinges

Hinges shall be durable enough for door weight and its repeated operation and according to the manufacturer's specifications. All the hinges shall be fully mortise template type.

3.6.6 Closers

Overhead door closers shall be provided for doors so indicated in the Drawings.  Door surface mounted type parallel arm model shall be used. Holding down devises and closers shall have holding device which can be set to hold the door open at any point between 90 and 135 degrees. Holding device shall be automatically engaged and released when pressure is applied to the door. Closing mechanism shall be equipped with key-operated valves to control back check as well as closing and latching speed. For all the exterior doors with the closers, parallel arm models shall be applied as shown in the Drawings.

3.6.7 Flush Bolts

Flush bolts shall be furnished by door manufacturer with all accessories and standard instructions.  In case that flush bolts are used for the door without saddle, proper metal sockets shall be provided for floor to receive bolts. For double leaf doors, the bolts shall be on the side without handles or locks and on top and bottom.

3.6.8 Door Stops

Door stops shall be furnished by door manufacturer with all accessories and standard instructions. For all doors without closers, wall type door stops shall be furnished. Fastening device appropriate for receiving surface shall be included.  Floor type door stops shall be used when wall type door stops are not suitable.

3.7 Hardware For Aluminium Windows

Pull handles, locking handles and all other necessary devices shall be furnished for all aluminium windows.

3.8 Keying

(1) The Contractor shall furnish three (3) keys each for all lock sets and three (3) master keys for all the doors in each building together with their key cabinet as specified herein below. They shall be handed over to the GPT on completion of each Building as specified in Section 1 of these SPECIFICATIONS. All keys shall have their own numbers and a tag on which the room name is indicated.

(2) Key cabinet shall be steel with clear glass front and of sufficient capacity to accommodate all key units plus additional space for 25% more keys and shall have room name indications for clear identification.

3.9 Packaging And Identification

(1) The Contractor shall package each item of hardware separately in individual containers, complete with screws, keys, special wrenches, instructions and installation templates necessary for accurately locating, setting, adjusting, and attaching hardware.

(2) He shall mark each container with number of door or window to which hardware item is to be applied, and item number corresponding with hardware item number shall be listed in the Contractor's hardware schedule.

3.10 Receiving And Storage

(1) The Contractor shall provide adequately locked storage space with necessary open shelves, bins, and counters for assembling and grouping hardware before distributing and installation.

(2) He shall properly tag, index, and file all keys in key cabinet as directed.

(3) Hardware shall be checked after delivery to the Site before it is installed. Any item damage shall be replaced by the Contractor at his own expense.

3.11 Location

(1) Before installation of any hardware, the Contractor shall obtain the Project Manager's verification of the positioning of each type of assembly. This shall include the exact location of each element of hardware such as lock sets, deadbolt pull bars, closers and hinges.

(2) Distance from the floor to centre line to each hardware item shall be as tabulated below unless indicated or specified otherwise:

i) Lock sets:  1,000 mm from finish floor to centre of strike.

ii) Top hinges: according to manufacturer's standard, but not greater than 250 mm from head of frame to centre of hinge.

iii)  Bottom hinges: According to manufacturer's standard, but not greater than 300 mm from finish floor to centre line of hinge.

iv) Intermediate hinges:  Equally spread between top and bottom hinge. The space should not be more than 900 mm on centre.

v) Hardware for window:  Location of hardware shall be to manufacturer's standard.

3.12 Installation

(1) The Contractor shall install hardware accurately fitted, securely applied, and carefully adjusted. Installation shall be in accordance with manufacturer's instructions. Full care shall be taken not to injure other completed work during installation.

(2) He shall provide and use boring jigs, mortising tools and other special equipment and appliances as required for proper installation of hardware items.

(3) When required, he may remove and replace doors so that door bottoms and tops may be painted.

(4) He shall cover visible hardware with masking tape or heavy cloth until painting is completed.

3.13 Concrete Works

3.13.1 General

(1) This section covers the supply by the Contractor of all the materials, labour and equipment necessary for the construction of all works in concrete: unreinforced, reinforced and precast. The reinforced concrete shall comply with the requirements of the British Standard Code of Practice {C.P. 8110) or equivalent standard.
(2) Concrete shall consist of cement, graded aggregate and water thoroughly mixed, placed and compacted as specified in the following clauses.
3.14 Cement 

3.14.1 General

(1) The cement used shall be Portland cement or Portland Blast-Furnace Cement of approved manufacture.  Portland cement shall comply with the requirement of B.S 12 or equivalent standard for 'Ordinary Portland and Rapid-Hardening Portland Cement'. Portland-Blast-Furnace Cement shall comply with the requirements of B.S. 146 for Portland-Blast-Furnace Cement not exceeding 65 percent blast furnace slag. Manufacturer’s certificates of test will in general be accepted as proof of soundness, but the Project Manager may require additional test to be carried out on any cement which appears to him to have deteriorated through age, damage to containers, improper storage or for any other reason. The Project Manager may without tests being made, order that any bag of cement, a portion of the contents of which has hardened, or which appears to be defective in any other way, be removed from the Site forthwith. The Contractor may elect to use either ordinary Portland, Portland-Blast-Furnace or Rapid-Hardening cement, but no extra amount will be paid on account of using a cement priced higher than the price entered for normal Portland Cement in the Schedule of Rates under the Contract, unless work using such cement is ordered in writing by the Project Manager.
(2) The cement shall be transported to the site in covered vehicles adequately protected against water. It shall be stored in a weatherproof cement store to the approval of the Project Manager and shall be taken for use in the Works in the order of its delivery into the store. Cement required for use within 24 hours may be stored in the open on a floor raised 30 cm. above ground if covered by tarpaulins.
3.14.2 Cement Testing
(1) All cement shall be certified by the manufacturers as complying with the requirements of the appropriate Specification.  Before orders are placed the Contractor shall submit details on the proposed supplier(s) together with such information that the Project Manager may need to satisfy himself that the quantity and quality required can be supplied and maintained throughout the construction period. Where necessary the Project Manager may require further representative samples of the proposed cement to be taken and forwarded to a nominated laboratory for analysis and testing before the source is approved.

(2) Having obtained the Project Manager's approval of the source(s) of supply, transport, storage and certification of the cement, the Contractor shall not modify or change the agreed arrangements without first having obtained the Project Manager's permission.
(3) In addition to routine test certificates which are to be supplied by the manufacturer to show the average results of sample tests made on batches of cement produced at the Works, the Project Manager may also make further tests which he shall consider necessary or advisable to satisfy himself that the cement on Site complies with the Specification and has not suffered deterioration in any manner during transit or storage.
(4) The Contractor shall ensure that the arrangements for the storage of the cement on Site as hereinafter specified are sufficient for the segregation and identification of each consignment until the results of the sampling and testing referred to in sub-clause (3) above are available.
(5) No cement shall be used in the Works until it has been passed as satisfactory by the Project Manager.
3.14.3 Storage Of Cement
(1) The cement shall be delivered to the site of the Works in bulk or in sound and properly sealed bags and while being loaded or unloaded and during transit to the concrete mixer whether conveyed in vehicles or by mechanical means, must be protected from the weather by effective coverings. Where directed by the Project Manager the Contractor shall supply and erect efficient screens at his own expense to prevent wastage of cement during strong winds.
(2) If the cement is delivered in bulk, the Contractor shall provide at his own cost approved silos of adequate size and numbers to store sufficient cement to ensure continuity of work and the cement shall be placed in these silos immediately it has been delivered on the Site. Approved precautions must be taken during unloading to ensure that the resulting dust does not constitute a nuisance.
(3) If the cement is delivered in bags, the Contractor shall provide at his own cost perfectly weatherproof and well-ventilated sheds having a floor of wood or concrete raised at least 500 mm above the ground.  The sheds shall be large enough to store sufficient cement to ensure continuity of work and each consignment must be stacked separately therein to permit easy access for inspection, testing and approval. On delivery at the Site the cement shall at once be placed in these sheds and shall be used in the order in which it has been delivered.
(4) Cement which has been damaged in transit to the Site or has become stale or otherwise unsuitable, and hardened lumps or cakes of cement which cannot be crumbled into fine powder in the hand shall not be used in the Permanent Works expect with the specific approval of the Project Manager.
3.15 Aggregates General

3.15.1 General

The fine and coarse aggregates shall be naturally occurring sand, gravel or stone, crushed or uncrushed, and shall comply with the requirements of BS 882 'Concrete Aggregate From Natural Source'. They shall be obtained from a source approved by the Project Manager, and shall be hard, strong, durable, clean and free from adherent coatings, or harmful organic impurities and shall not contain any harmful material in such a form or sufficient quantity as to affect adversely the strength, durability or permeability of the concrete or to attack the steel reinforcement.  They shall not contain water-soluble sulphur trioxide (So3) in excess of 0.1 percent.

3.15.2 Fine Aggregate

(1) The fine aggregate shall not contain silt or other fine material exceeding 6 percent by volume when tested according to the Standard Method given in B.S. 812 Clause 15; neither shall it contain organic material in sufficient quantity to show a darker colour than the Standard Depth of colour No. 3 when tested according to the method in B.S. 812 Clause 28 'Organic Impurities'.
(2) Fine aggregate shall be clean sand complying with B.S. 882 "Aggregates from natural sources for concrete". The sand shall be from approved sources and sand which in the opinion of the Project Manager is not clean shall be washed before use.
(3) Crushed sand up to a maximum of 50% may be added to natural sand in order to achieve the required grading. Crushed sand alone may only be used with approval of the Project Manager.
(4) Sand for use in mortar and rendering shall conform in all respects with B.S. 1198-1200, "Building sands from natural sources".
(5) Fine aggregate subjected to five cycles of the soundness test, specified in ASTM C88 shall not show a loss exceeding 10% when magnesium sulphate solution is used where otherwise approved.
3.15.3 Grading Of Fine Aggregates

The grading of fine aggregate shall be within the limits given in the following Table 6-1.
TABLE 6.1 GRADING OF FINE AGGREGATES

	B. S. Sieve
	Percentage by Weight Passing B.S. Sieve

	
	Natural Sand or Crushed Gravel
	Crushed Stone Sand

	5 mm 
No. 7 

No. 14 

No. 25 

No. 52 

No. 1000
	95 - 100 70 -  95 

45 -  85 

25 - 60 

5 - 30 

0 -  10
	90 - 100 60 -  90 

40 -  80 

20 -  50 

5  -  30 

0  -  15


3.15.4 Coarse Aggregate
(1) The coarse aggregate shall be granite or other hard stone from a source approved by the Project Manager. The aggregate shall not contain clay lumps exceeding 1% by weight. A representative dry sample shall not show an increase in weight exceeding 8% after immersion in water when tested as laid down in B.S. 812 Clause 19-21.  It shall be well shaped and not flaky. The nominal size of coarse aggregate shall be as stipulated below.
(2) Coarse aggregate shall comply with B.S. 882 "Aggregates from natural sources for concrete". Subject to sub-clause (4) hereof it may be either natural gravel crushed or part crushed gravel or crushed rock and shall be obtained from quarries, pits or other sources approved by the Project Manager.
(3) Gravel or ballast shall be free from clay, earth, loam or other organic or similar material and shall be approved by the Project Manager. Gravel or ballast which in the opinion of the Project Manager is not clean shall be thoroughly washed before use.
(4) The grading of coarse aggregate by analysis shall be within the limits laid down in B.S. 882. Table 4, "Coarse Aggregate". The material shall when mixed with sand produce a well graded mixture from the largest to the smallest size specified to ensure that concrete of high density shall be produced.
(5) The "flakiness index" for coarse aggregate as determined by the sieve method described in B.S. 812 "Methods for sampling and testing of mineral aggregates, sands and fillers", shall not exceed 40 for 40 mm aggregate nor 35 for 20 mm and 10 mm aggregate.
(6) The "elongation index" for coarse aggregate determined in accordance with BS 812 shall not exceed 36.
(7) The coarse aggregate shall have a "ten per cent fines" value of not less than 100 kN. The value shall be determined as described in BS 812.
(8) Coarse aggregate subjected to five cycles of the soundness test, specified in ASTM C88 shall not show a loss exceeding 10% when magnesium sulphate is used except where otherwise approved.
(9) Coarse aggregate shall be tested for drying shrinkage characteristics in accordance with BRE digest No. 36.
3.15.5 Grading Of Coarse Aggregate
The grading of coarse aggregate shall be within the limits given in the following Table 6.2.
TABLE 6.2 GRADING OF COARSE AGGREGATES

	BS Sieve
	Percentage by Weight Passing B.S. Sieve

	
	Nominal Size of Graded Aggregate

	
	38mm to 5mm
	1.9mm to 5mm

	75 mm   
	100
	-

	38 mm
	95   -  100
	-

	19 mm
	30  -  70
	95  -  100

	10 mm
	10  -  35 
	25 -   35

	5 mm
	0  -  5
	0  -    10


3.15.6 Alkali Aggregate Reactivity
Aggregate shall not contain any matter which in the opinion of the Project Manager is likely to undergo disruptive expansive reactions with alkali in the concrete mix or which is likely to otherwise affect the long-term durability of the concrete.

3.15.7 Acceptability

Notwithstanding that the coarse and fine aggregates may each separately comply with the requirements stated above, they will not be accepted unless when mixed together in suitable proportions the combined aggregates produce uniformly graded and compacted dense concrete of the strength required with adequate workability for the position.

3.15.8 Samples Of Aggregates

Samples of the fine and coarse aggregates approved by the Project Manager shall be kept on Site, and shall give a fair indication of the general quality of the aggregates for comparison with the aggregates delivered during the course of the work. Tests shall be carried out on samples of the latter taken at intervals as required by the Project Manager. The method of sampling and the amount of aggregates to be provided for the tests hall be in accordance with BS 812 Section One "Sampling and Aggregates". The tests shall be those laid down in BS 812 Sections Two to Six inclusive. The tests will be carried out by the Project Manager or his representative. Should a sample fail to comply with any of the tests, the Project Manager may, at his discretion, either reject the batch from which the sample was taken, order it to be washed and/or screened or permit it to be used with variations in proportions of the concrete mixes specified. Any batch of aggregates rejected by the Project Manager shall be removed from the Works site forthwith.

3.15.9 Storage Of Aggregates
1) The fine and coarse aggregates shall be stored in properly constructed open bins with hard, clean drained floors or in such a manner that they shall not become contaminated with any deleterious and extraneous matter.
2) All sand and coarse aggregate for concrete shall be stored in close fitting timber, steel or concrete stages of approved design with drainage slopes or in bins of substantial construction in such a manner as to prevent segregation of sizes and to avoid the inclusion of dirt and other foreign materials in the concrete. All such bins shall be emptied and cleaned at intervals as instructed by the Project Manager. Each size of aggregate shall be stored separately unless otherwise approved by the Project Manager. When aggregates of different gradings are stockpiled close together, the stockpiles shall be separated by bulkheads.

3.15.10 Water

The water shall be clean and free from harmful matter and shall be from a source approved by the Project Manager.  The Contractor shall make adequate arrangements to deliver and store sufficient water at the Works Site for use in mixing and curing the concrete.  Water shall comply with the requirements of the latest edition of BS 3148 or equivalent standard.

3.16 Concrete Trial Mixes 

3.16.1 General

(1) The concrete for structural works shall be designated mixes which will comply with the minimum requirements specified. The Contractor shall design the mixes to comply with the Specifications and shall submit to the Project Manager or his representative his proposed designs for provisional agreement. Following tentative approval of the mix design of each class of concrete by the Project Manager, the Contractor shall prepare a trial mix of each class of concrete in the presence of the Project Manager's Representative. The preliminary or trial mixes should generally give a strength 25% higher than the specified "Works" strength.  Each trial mix shall comprise not less than half a cubic metre of concrete and shall be mixed in a mechanical mixer of a type approved by the Project Manager or his representative.

(2) The quantities of all the ingredients of each trial mix including water shall be carefully determined by weight according to the approved mix design and sieve analysis and shall be made by the method described in BS 812.

(3) Six 150 mm test cubes shall be made by the Contractor in the presence of the Project Manager's Representative from each trial mix. The cubes shall be made, cured, stored and tested for their compressive strength three at 7 days and the other three at 28 days after manufacture, all according to the method described in BS 1881. The Contractor shall redesign the mix and make a further trial mix and test cubes:

(a) if the value of the ultimate compressive strengths of any of the cubes is less than the appropriate design strength, or

(b) if the difference between the greatest and least compressive strengths of any of the six cubes of a set is greater than 15% of the average compressive strength of the six cubes.
(4) The Contractor shall allow ample time in his programme for designing and making trial mixes and the preparation and testing of compressive strength test cubes obtained therefrom.

(5) The batches are to be gauged appropriately to obtain the strengths specified in the table below:
TABLE 6.3MINIMUM REQUIRED STRENGTH OF TRIAL CONCRETE MIXES

	
	Maximum
	
	
	
	
	

	
	Permissible
	
	Cube Strength N/sq. mm
	
	

	Concrete
	Size of Aggregates
	
	
	
	
	Maximum Permissible
-

	
	
	
	
	
	
	

	Class
	(mm)
	7 days after mixing
	
	28 days after mixing
	
	Slump
(mm)

	
	
	Minimum
	Preliminary
	Specified
	Prelim.
	

	
	
	Expected
	Cube
	Works Cube
	Cube
	

	
	
	Works
	Strength
	Strength
	Strength
	

	
	
	Strength
	
	
	
	

	40/10
	10
	32
	40
	40
	50
	25

	40/20
	20
	32
	40
	40
	50
	25

	35/10
	10
	28
	35
	35
	44
	25

	35/20
	20
	28
	35
	35
	44
	25

	30/10
	10
	24
	30
	30
	38
	25

	
	
	
	
	
	
	

	30/20
	20
	24
	30
	30
	38
	25

	25/20
	20
	20
	25
	25
	32
	25

	25/40
	38
	20
	25
	25
	32
	40

	10/40
	38
	8
	10
	10
	12.5
	75


(6) The Project Manager may require allowance to be made in the gauging of the aggregate to counteract the increase in volume (often termed "bulking") due to moisture content.
(7) The Classes of concrete to be used in the Works shall be as shown on the Drawings, Bills of Quantities or as directed by the Project Manager.  For each class of concrete the characteristic 28-day crushing strengths are obtained when tested in accordance with the following clauses.

(8) The term characteristic strength means the value of the strength of concrete below which not more than 5 percent of the test results fall.

(9) The characteristic strengths specified above are for concrete cured at a mean temperature between 25°C and 30°C and at relative humidities of 70% to 90%.  Should the curing temperature and humidity be less than or higher than the above ranges, the acceptable cube strength shall be modified by an amount acceptable to the Project Manager.

(10) Concrete for paving or precast units shall be tested in accordance with BS 1881 Part 4 and shall have a minimum flexural beam strength of 3.5 N/mm2 at 28 days. Where concrete has a specified characteristic strength of 40 N/mm2 or greater, then the minimum flexural strength shall be 4 N/mm2.

(11) The actual cement contents and aggregate/cement ratios will depend on the closeness of control which the Contractor is prepared to exercise in production and upon the quality of materials used. Where necessary the Project Manager may impose an upper or lower aggregate/cement ratio which shall not be exceeded for any class of concrete.

(12) Before any concrete is placed in the Works the Contractor shall submit to the Project Manager for his approval full details of the mixes he proposed to use for each class of concrete together with their expected average strengths. These mixes shall be based on the results of trial mixes as specified hereafter.

3.17 Additional Cube Tests

In addition to the Works test cubes described above the Project Manager may order additional cubes to be made for the following purposes:- to determine the strength of concrete at the time of stripping moulds; to determine the duration of curing or to check testing errors.

3.18 Test Failure

(1) If three or more results in forty are below the characteristic strength or where one result in forty is less than 85% of the characteristic strength an immediate examination shall be made to find the cause of the failure and a report sent to the Project Manager's Representative who will take suitable action which may be one of the following:
i) The adjustment of the mix and/or improvement to the standard of quality control.
ii) The concrete corresponding to the cubes be cut out and replaced.
iii) The affected structural member be load tested in accordance with his instructions.  If cracking or any other sign of failure appears, the concrete shall be cut out to the extent ordered by the Project Manager and replaced with sound material.  Otherwise the member may be accepted as satisfactory.
iv) When the failure, in the opinion of the Project Manager's Representative, is slight and occurs in a continuing concreting operation for a large mass of concrete, the next Works test result may be awaited and, if the failure then persists, the Project Manager's Representative may order that concreting shall cease forthwith and not be resumed until further preliminary tests indicate that the mix has been corrected. Otherwise the concreting may be allowed to continue with the same mix.
v) When the failure is serious and relates to a concrete mass which lends itself to it, the Project Manager's Representative may order one or more test cylinders to be drilled out and tested in accordance with B.S. 1881 as modified by the general recommendations of the Concrete Society Report TRII. According to the result of these tests the Project Manager may order the suspect concrete to be cut out and replaced.
(2) If the range of individual cube strengths made from the same sample exceeds 15% of the mean then the method of making, curing and testing cubes shall be thoroughly examined.  In the event of a result having a range exceeding 20% the result shall be unacceptable and the Project Manager may order any of the actions outlined in Sub clauses (a) and (e) above.
3.19 Cost Of Testing

Prices for concrete are to include for supplying all test cubes, slump, cones and for carrying out all the tests specified as and when required to the satisfaction of the Project Manager and for making curing and sending test cubes carriage paid to the Nominated Testing Authority and for the cost of the testing of unsatisfactory cubes and specimens, etc. The cost of Laboratory Testing satisfactory cubes and specimens shall be allowed by Contractor in his pricing.

3.20 Testing Of Works Concrete

(1) The consistency of the Works concrete shall be determined at all times by means of the standard slump test.  For normal concrete, the slump shall not exceed 75 mm; for mechanically vibrated concrete, the slump shall not exceed 25 mm.

(2) The strength of the Works concrete shall be determined by the testing of 150 mm specimen test cubes taken from the concrete at random during the progress of the work.  Six such cubes shall be taken from each day's concreting or for each 15 m3 of concrete placed, whichever is less. Three cubes shall be tested at 7 days age and three at 28 days age. The method of making, marking, recording, curing and testing the cubes is to be agreed with the Project Manager before commencement of concreting work.
(3) The test cubes referred to above, made, cured and tested in accordance with the foregoing provisions, shall show, to the satisfaction of the Project Manager, that the concrete complies with the following minimum requirements. The Slump and Cube tests shall be carried out in accordance with B.S. 1881.
TABLE 6-4 REQUIREMENTS OF WORKS CONCRETE MIXES

	
	Maximum
	
	
	
	
	

	
	Permissible
	
	Cube Strength N/sq. mm
	
	

	Concrete
	Size of Aggregates
	
	
	
	
	Maximum Permissible
-

	
	
	
	
	
	
	

	Class
	(mm)
	7 days after mixing
	
	28 days after mixing
	
	Slump
(mm)

	
	
	Minimum
	Preliminary
	Specified
	Prelim.
	

	
	
	Expected
	Cube
	Works Cube
	Cube
	

	
	
	Works
	Strength
	Strength
	Strength
	

	
	
	Strength
	
	
	
	

	40/10
	10
	32
	40
	40
	50
	25

	40/20
	20
	32
	40
	40
	50
	25

	35/10
	10
	28
	35
	35
	44
	25

	35/20
	20
	28
	35
	35
	44     •
	25

	30/10
	10
	24
	30
	30
	38
	25

	30/20
	20
	24
	30
	30
	38
	25

	30/40
	40
	24
	30
	30
	38
	25

	25/20
	20
	20
	25
	25
	32
	25

	25/40
	40
	20
	25
	25
	32
	40

	20/40
	40
	16
	20
	20
	25
	40

	16/40
	40
	13
	16
	16
	20
	40


3.21 Water/Cement Ratio

(1) The Maximum Water/ Cement Ratio for all the concrete mixes unless otherwise specified shall be 0.45 except for Concrete Classes 20/40 and 16/40 which shall be 0.50 and 0.60 respectively. They shall be determined by the trial mixes and shall not exceed the values given above.
(2) Efficient means shall be provided for determining the moisture content and absorption values of the sand and coarse aggregate at all times.
(3) The Contractor shall be required to have a fairly accurate knowledge of the moisture content of all sand and coarse aggregate as they reach the mixer and he shall make such adjustments to the mix as are necessitated by change in the moisture content of all aggregates.
3.22 Workability

(1) The concrete shall be of such consistency and composition that when vibration is used the surface of the wet concrete should shimmer, the concrete sliding about, engulfing bars, wrapping them without difficulty and yet at the same time the mix should appear to hang together and no watery scum appear on the surface. When rodding or spading is used, the workability should be such that it is quite easy to produce a full flush surface against the sides of the forms, which when stripped, shows a clean surface, formed almost entirely of fine aggregate and cement with only sprinkling of air holes visible.
(2) Where concrete starts jamming between reinforcement or between reinforcement and shuttering great care shall be taken to ensure that these lumps are dislodged and a more workable and flowing mixture introduced.
(3) A special care needs to be taken in the concreting of columns, where stirrups may easily hang up the concrete preventing it from flowing under the stirrup and around the face of the shuttering. The water/cement ratio must be kept minimum compatible with strength and workability. 
3.23 Defective Concrete

(1) Should cubes fail before the specified strength is obtained, the Contractor shall, if so ordered by the Project Manager, cut out and replace at his own expense all the work represented by these cubes.
(2) Wherever practicable, concrete for test cubes shall be taken immediately after it had been deposited in the Works. Where this is not practicable, samples shall be taken as the concrete is being delivered at the point of deposit.

3.24 Mixing And Placing Of Concrete

3.24.1 General

(1) The aggregate are to be measured by weight; the weight of aggregates per batch must be accurately determined and agreed with the Project Manager.
(2) The quantity of cement in a concrete mix is always to be measured by weight and the mixer is to be of sufficient size to ensure that a batch of the specified mix may be made using whole bags of cement to achieve this. The 50 Kg. bag is to be considered to be of a volume of 0.4 m3 in calculating volumetric proportions. The amount of water used is to be the minimum consistent with practical workability and is to be varied as required to suit the moisture content of the aggregates.
(3) When the amount of water per batch has been determined by trial, the water is to be measured at this fixed amount throughout the concreting by means of the water gauge on the batch mixer or by a marked measuring can.  In no circumstances is water to be added to the mix after it has left the batch mixer.
(4) All concrete is to be mechanically mixed in batch mixer of approved type.  The dry concrete materials are to be mixed for at least three turns in the mixer, after which the gauge amount of water is to be generally added while the mixer is turning. When the water has been added, the concrete is to be mixed for two minutes in the mixer and such further time as may be necessary to achieve a uniform mix. On the cessation of work, the mixer and all handling plant are to be washed.
3.24.2 Consistency
The Contractor shall carry out slump, compaction factor or other workability tests as required during concreting of permanent works in order to relate the degree of workability of the mix with the numerical value obtained during the trial mixes.

3.24.3 Concrete Return And Records

(1) The Contractor shall send weekly to the Project Manager a return showing the quantities of cement and the number of mixings of each class of concrete used in each section of the Works.
(2) Records shall be kept by the Contractor of the positions in the works of all batches of concrete, of their class and of all test cubes or other specimens taken from them.  Copies of these records shall be supplied to the Project Manager.
3.24.4 Transport Of Concrete
The concrete shall be discharged from the mixers and transported to the Works by means which shall be approved by the Project Manager and which shall prevent contamination, (by dust, rain or other causes) segregation or loss of ingredients. The means of transportation shall ensure that the concrete is of the required workability at the point and time of placing.

3.24.5 Inspection Before Placing Of Concrete

At the end of each day the Contractor shall give the Project Manager's Representative a realistic concreting programme for the next day. Also notice shall be given to the Project Manager's Representative when formwork and reinforcement are complete and ready for inspection to receive concrete at least 24 hours before concrete is to be placed.

3.24.6 Depositing Concrete Under Water

(1) The arrangements for placing concrete under water are to be such that there shall at all times be a minimum of disturbance of the water.  Running water crossing or entering areas where concrete is to be deposited must be brought under control before concreting commences.  Protection against possible wave wash must be provided. The concrete to be deposited under water shall be grade 40/20 as specified in the Table of Concrete Mixes. The concrete mix design shall be such that the concrete shall be sufficiently fluid to flow freely. Concrete shall be deposited under water by means of tremie pipes or bottom dump skips, or other method approved by the Project Manager. The method and rate of deposition shall ensure that no segregation shall occur. Concreting shall be carried out in sections previously ordered or approved by the Project Manager and shall proceed continuously in each section until completed.
(2) If concreting under water is done by tremie pipe, the bottom of the tremie pipe must always be buried in the concrete and care must be taken not to allow the pipe to be emptied as it is moved over the area.  If concreting under water is carried out by bottom dump skip, canvas or other approved covering shall be used to cover the surface of the concrete in the skip before it is lowered into the water. The doors of the skip shall only be opened when the skip is resting on the bottom with tension in the support cable. After opening the skip shall be lifted gradually so that the concrete flows out steadily.
3.24.7 No Partially Set Material to Be Used
All concrete and mortar must be placed and compacted within 30 minutes of water being added to the mix unless admixtures are in use.  If a plasticiser/admixture is used, tests shall be carried out to determine the initial setting time. No partially set material shall be used in the Works.

3.24.8 Concreting in Adverse Weather

No concreting will be allowed to take place in the open during storms or heavy rains. Where strong winds are likely to be experienced additional precautions to ensure protection from driving rain and dust shall also be taken. The Project Manager may withhold approval of commencement of concreting until he is satisfied that full and adequate arrangements have been made.

3.24.9 Concreting at Night Or In The Dark

Where approval has been given to carry out concreting operations at night or in places where day-light is excluded, the Contractor is to provide adequate lighting at all points where mixing, transportation and placing of concrete are in progress.

3.25 Construction Joints

(1) Construction joints shall be located in the position directed by the Project Manager, and as shown in the Drawings.  Such joints shall be in a plane at a right angle to the axis of the member concerned or, when forming the upper surface of lifts in curtain walls or beams, shall be horizontal. At joints other than those occurring in a horizontal plane the concrete shall be prevented from flowing laterally by the use of rigid stopping-off forms to produce rebates in the face of the joints; these rebates shall be formed centrally in the case of piers and slabs and shall run the full length of the joint.

(2) Horizontal joints shall have all excess water and laitance removed from the surface after the concrete has been compacted and before it has set.
(3) Construction joints in floors shall be located near the middle of spans of slabs, beams or girders, unless a beam intersects a girder at the middle location, in which case joints in girders shall be offset a distance equal to twice the width of the beam or with the approval of the Project Manager. Provision shall be made for transfer of shear and other forces through construction joints.

(4) Beams, girders or slabs supported by columns or walls shall not be cast or erected until concrete in the vertical support members is no longer plastic.

(5) Beams, girders, column capitals and haunches shall be considered as part of a slab system and shall be placed monolithically therewith.

(6) Before concreting is resumed, the face of the joint already formed shall have all laitance removed, shall be well roughened, scrubbed clean and thoroughly saturated with water. The face shall then be rendered with a 12 mm thick layer of mortar composed of equal parts of Portland Cement and sand against which the freshly mixed concrete shall be immediately deposited and thoroughly tamped into the cement mortar

3.26 Expansion Joints

Expansion Joints shall be formed where indicated on the Drawings. The Contractor shall ensure that any space designed to be filled with a compressible material, or which is shown on the Drawings as a void, is kept clean of any rubbish or other material likely to impair the efficiency of the joint, and shall provide such means as is approved by the Project Manager of sealing the joint until such time as a permanent seal can be made.

3.27 Curing And Protection Of Concrete

(1) Exposed surfaces, immediately after final set, shall be protected from the sun in a manner approved by the Project Manager. All concrete shall be well watered after it has set and shall be kept continuously damp until thoroughly cured. Provision shall be made for adequate water distribution to all parts of the Work, so that, if required this treatment can be continued efficiently throughout the whole period of construction.  In order to keep the concrete continuously damp, all exposed surfaces shall be covered with continuously damped gunny sacks or shall have water impounded on them, for the full period of curing, which shall not be less than 10 days.
(2) All work shall be protected from damage by shock, overloading, etc.
3.28 Surface Treatment

(1) As soon as the formwork has been removed and after inspection by the Project Manager, honey-combing or small holes in surfaces shall be cut out to a depth and shape required by the Project Manager and made up with fine concrete of equal quality. Where the honey combing, in the opinion of the Project Manager, is of such an extent or character as to affect the strength of the structure materially or to endanger the life of the steel reinforcement, he may declare the concrete defective and require the removal and replacement of the portions of the structure affected.  No further treatment shall be given to concealed surfaces. Permanently visible surfaces shall be then treated as follows:
(2) All projecting imperfections shall be rubbed down with carborundum stone or other means approved by the Project Manager, the grit or dirt therefrom, thoroughly washed off with clean water.
(3) As a separate operation, after completion as described above, surfaces shall be brushed over with a coating of Portland cement wash which shall be rubbed into the pores and smoothed off with carborundum blocks. The finish surfaces shall be protected against drying too rapidly by use of damp sacking or other approved means.
(4) Top surfaces of slabs and other surfaces for which formwork is not provided shall be floated to a smooth finish with a wooden float after compaction of the concrete.
(5) The concrete surface finish on upward facing horizontal or sloping faces shall be, except for blinding concrete or otherwise stated on the Drawings, a "fair" surface. A "fair" surface shall be obtained by screeding and trowelling with a wood float.
(6) Screeding shall be carried out, following compaction of the concrete, by the slicing and tamping action of a screed board running on the top edges of the formwork or screeding guides to give a dense concrete skin true to line and level.
(7) Wood float trowelling shall be carried out after the concrete has stiffened and the film moisture has disappeared. Working should be kept to a minimum compatible with a good finish and the surface shall be true to the required profile to fine tolerance. Whenever necessary the Contractor shall provide and erect other head covers to prevent the finished surface from being marred by raindrops or dripping water.
(8) The surface of blinding concrete shall be that obtained by screeding as described above.

(9) Where a "fine" surface is indicated upon the Drawings this shall be obtained in a similar manner to "fair" surface save that a steel float shall be used in lieu of the wood float.

3.29 Additives

The use of additives in the concrete, for the purpose of promoting rapid hardening, for water-proofing, for increasing workability of for other reasons, may be permitted in special circumstances. Such additives shall be of a brand and type approved in writing by the Project Manager and shall be used strictly in accordance with the maker's instructions, and to be used only subject to such preliminary tests as the Project Manager may require before permission is given to use the additives, in any part of the structure.

3.30 Precast Concrete

3.30.1 General

(1) Concrete members specified to be fabricated as precast concrete units shall be fabricated with concrete of the specified class placed into a grout-tight mould.  If so required the mould shall be laid on a vibrating table and vibrating applied while the concrete is placed.

(2) Permanently exposed surfaces shall have a finish obtained by casting the unit in properly designed moulds of closely-jointed wrought boards or steel or other suitable material. The surface shall be improved by carefully removing all fine and other projections, thoroughly washing down and filling the most noticeable surface blemishes with cement and fine aggregate paste matching the colour of the concrete.

(3) Surfaces which will subsequently receive grout or concrete to complete a structural connection or other composite structural component of which the precast unit forms a part, shall be as early as possible after casting. This preparation shall be carried out preferably when the concrete has set but not hardened by jetting with a fine spray of water or brushing with a steel brush, just sufficient to remove the outer mortar skin and to expose the larger aggregate without its being disturbed. Where this treatment is impracticable, sand blasting or a needle gun should be used to remove the surface skin and laitance.  Hacking is to be avoided.

(4) With the approval of the Project Manager the Contractor may be permitted to precast members which were specified to be constructed insitu; in such cases the Contractor shall carry out the work as described above but payment shall be made in the manner appropriate to the method of construction originally specified. Generally members which are structurally dependent on a rigid fixing with the adjoining structures will not be permitted to be constructed by precasting.
3.30.2 Supply Of Precast Concrete Units
The Contractor will be permitted to obtain precast concrete units from outside suppliers provided that they comply with the Specification and that the Contractor obtains the Project Manager's approval to each supplier.

3.30.3 Handling And Stacking Of Precast Units
The Contractor shall give the Project Manager full details of his proposed methods of handling and stacking precast concrete beams and units. The Project Manager will examine these details and will either approve the methods or order modifications designed to ensure that no excessive stresses are set up in the beams or units. The finally approved methods shall be adhered to at all time and the Contractor shall be deemed to have included in his rates for all measures required to handle and stack beams and units safely and without undue stressing.

3.30.4 Placing Of Precast Units

Precasting units shall be jointed with cement mortar as specified in Clause 6.16 hereof or other cement-sand proportions as shown on the Drawings, or as may be directed by the Project Manager, but mixed as dry as possible so that it is only "earth moist". The mortar shall be packed in layers between the units with steel tools until the whole of the joint is solidly filled and the exposed surfaces of the joint shall be raked out to a depth of 5 mm. and flush pointed with similar mortar but of pointing consistency.

3.30.5 Tolerances
The acceptable tolerances of concrete surfaces shall be in accordance with the following:
(1) Precast Concrete Members BS 8110 Part 1 Clause 6.11.3

(2) Foundations and other cast insitu buried concrete British Standard Institute Document PD 6440, Clause 4.6.3.1, Grade II.
(3)
Exposed Concrete (including internal surfaces of sewer culverts) 
British Standard 5606 Code of Practice for accuracy in Building.

3.31 Payment For Precast Concrete
(1) The contract unit price paid for precast concrete members shall include full compensation for furnishing all labour, materials, tools, equipment, and incidentals for the fabrication and for doing all the work involved in transportation and erecting precast members in place as shown on the plans and as specified in these Specifications and the special provisions and as directed by the Project Manager.

(2) Diaphragm dowels or bolts, whether or not embedded in the precast member, shall be paid for as bar reinforcing steel.

3.32 Cement Grout
Cement grout for general purposes shall consist of Portland cement and water mixed in the proportion of one part by volume of cement and one and a half parts by volume of water. The grout shall be used within one hour of mixing.

3.33 Cement Mortar

Cement mortar shall, unless otherwise specified, consist of three parts of sand to one part of Ordinary Portland cement mixed and thoroughly incorporated together. Cement lime mortar shall, unless otherwise specified, consist of three parts of sand to one part of a mixture comprising one part of cement to one part of hydrated lime. In each mortar just enough water shall be added to give a workability appropriate to its use. The above proportions are by volume. Mortar shall be used whilst freshly mixed and no softening shall be allowed.

3.34 Dry Mix Concrete

Should the Contractor wish to use dry mix concrete for any sections of the work, he shall submit his proposals to the Project Manager for his approval. The Contractor must satisfy the Project Manager that the method he proposes to use will produce a finished concrete of the specified strength and density.

3.35 Granolithic Concrete

(1) Granolithic concrete shall consist of 1 part of Portland cement to 2 and a half parts of combined aggregate by volume and is to be mixed with the minimum amount of clean water necessary to permit satisfactory spreading and compacting. The fine and coarse aggregates shall comply with Clauses 6.3.2 and 6.3.3 and shall be combined to produce a workable grading falling between the following limits as detailed in Table 6-5.
TABLE 6-5 GRADING OF COMBINED GRADING OF AGGREGATES

	B.S. Sieve
	Percentage Passing

	14 mm
	100

	10 mm
	90 -100

	5 mm
	30  -45

	2.35 mm
	20  -35

	1.18 mm
	15 -25

	0.6 mm
	10  -20

	0.3 mm
	5  - 10

	0.15 mm
	0 - 5


(2) Granolithic concrete shall be laid while the base concrete is till unset.  Before it is laid the base concrete shall be thoroughly compacted and roughly screeded. After placing the granolithic concrete shall be compacted and worked to the correct levels. The surface shall be floated with a steel float after the concrete has hardened sufficiently for all water sheen to have disappeared from the surface. No dry cement or mixture of cement and sand is to' be sprinkled direct on to the surface.
(3) Where so directed by the Project Manager, the Contractor shall add approved compounds to the concrete materials before mixing to give concrete with improved dust-proof and oil proof qualities. Such compounds shall be added in accordance with the instructions of the manufacturer.
(4) Granolithic concrete in paving shall be placed in panels not exceeding 3 m x 3 m. Contraction joints shall be provided around the perimeter of each panel and are to be of an approved manufacture.
3.36 Breaking Out Of Existing Concrete For Repair Works
(1) Where existing concrete is to be broken out prior to carrying out repair works the precise extent of such breaking out shall be agreed by the Project Manager's Representative.

(2) The edge of broken out sections shall be formed square to provide a neat finish.
(3) Concrete shall be broken back carefully to expose a sound surface.
(4) Where existing steel reinforcement is to be retained breaking out of concrete shall be carried out carefully to cause no damage to reinforcement.
7.1 Painting And Decoration

7.1.1 General

(1) Samples and Colours: The Contractor shall submit a set of colour charts showing all colour range of paints and shall make, under the direction of the Project Manager, a schedule showing where the various colours as selected by the Project Manager shall be used. The Contractor shall then prepare 15 cm x 30 cm samples in duplicate of each colour and finish on hardboard and/or metal plate as required until the colour and textures are satisfactory. These samples must be approved by the Project Manager prior to delivery of paint to the Site.

(2) Handling: All the paints shall be delivered to the Site in the manufacturer's original containers unopened. Name of paints, manufacturer, type and number of the Standard and date of manufacture shall be clearly marked or indicated on the packages for approval of the Project Manager.

(3) Storage: All the paints including those being used shall be securely stored in warehouse with fire protection facilities.
7.1.2 Materials

All painting materials listed below shall meet the requirements of the relevant Standard or equivalents approved by the Project Manager:

1. Synthetic Resin Oil Paint (OP) 
2. Synthetic Resin Emulsion Paint (EP) 
3. Vinyl Chloride Resin Enamel (VE) 
4. Anti-Acid Paint (AAP) 
5. Anti-Oil Paint (AOP) 
6. Anti-Corrosive Paints:
(a) Lead Sub oxide Anticorrosive Paint

(b) Lead Cyanamide Anticorrosive Paint

(c) Red-Lead Zinc Chromate Anticorrosive Paint. 

7. Etching Primer

8. White Wood Primer
9. Other Materials: Putty, Clear, Sealer and Varnish as specified hereinafter.
7.1.3 General Requirements

(1) Before starting any work, the Contractor shall inspect all surfaces to be painted or finished.
All spaces shall be broom cleaned before painting is started.
i) All surfaces shall be dry.
ii) All surfaces shall be free of foreign matter before applying paint finish.
iii) Surfaces shall be smooth, even, and true to plane.
(2) No work shall be done under conditions which are unsuitable for the production of good results. Exterior paint shall not be applied in damp or rainy weather.

(3) The Contractor shall remove and protect hardware, accessories, device plates, lighting fixtures, factory finished work, and similar items; or provide ample in-place protection. Upon completion of each space, he shall carefully replace all removed items. Skilled labour shall be used for removal, replacement and protection.
7.1.4 Cement Mortar Surface

Portland cement plaster surface shall be buff ground by hand, using carborundum stone, sandpaper to smoothen and even the surface, then vacuumed off. Putty shall be applied to obtain smooth and even surface to the satisfaction of the Project Manager.

7.1.5 Ferrous Metal 

The Contractor shall
i) Remove rust, mill scale, and defective paint down to sound surface or bare metal, using scraper, sandpaper, or wire brush as necessary. Grinding, if necessary, may be used to remove shoulders at edge of sound paint.

ii) Dirt and grease shall be removed with mineral spirits.

iii) All spots and damaged shop coats should be touched up with specified rust inhibitive primer.

7.1.6 Wood

The Contractor shall:
i)
Remove dirt and adhesive with caution.
ii)
Scrape resin off and remove oils with solvent.
iii)
Sandpaper to remove splits against grain.
iv)
Apply two brushings of shellac varnish to kill knots.
v)
Putty up all holes, cracks and openings.
vi)
Sandpaper to achieve smooth and even surface and vacuum off.

7.1.7 Plywood

The Contractor shall:
i)
Drive protruding head of nails and screws into plywood.
ii)        Apply similar methods of surface preparation as for Wood.

7.1.8 Asbestos Cement Boards

The Contractor shall:

i)
Drive protruding head of nails into boards and supporting members.
ii)
Remove dirt with caution. (Any oil on the surface shall be removed with solvents.)

7.1.9 Colours

Colours shall match control samples submitted by the Contractor.

7.1.10 Application And Schedule

For application and schedule, the Contractor is referred to the following:

i)  Synthetic Resin Oil Paint (OP) on Ferrous Metals: See TABLE 7.1.

ii) Synthetic Resin Oil Paint (OP) on Steel Doors and Frames: See TABLE 7.2

iii) Synthetic Resin Oil Paint (OP) on Wood and Plywood: See TABLE 7.3.

iv) Synthetic Resin Emulsion Paint (EP) on Concrete Surface, Cement Mortar Surface and Asbestos Cement Sheets: See TABLE 7.4.

v) Vinyl Chloride Resin Enamel (VE) on Cement Mortar Surface and Asbestos Cement Sheets: See TABLE 7.5.

vi) Anti-Acid Paint (AAP) on Concrete Surface and Cement Mortar Surface:  Epoxy resin paint of 2 packed type of the relevant Standard shall be applied according to the instructions by manufacturer and the Project Manager.
vii) Anti-Oil Paint (AOP) on Concrete Surface and Cement Mortar Surface: The same as in 17.10 (VI) above.
TABLE 7.1
PROCESS OF SYNTHETIC RESIN OIL PAINTING (OP) ON FERROUS METALS

	Process/Step
	Paint and Other Materials
	Quantity (kg/sq.m)
	Time Interval (hour)

	1. Preparation
	See 17.5 in these Specifications
	-
	-

	2. Pre-treatment
	Etching Primer
	0.08
	between 3 to 10

	3. 1st Mending Coat
	Lead Sub oxide Anticorrosive Paint
or
Lead Cyanamide Anticorrosive Paint
Synthetic Resin Oil Paint
	-
	-

	4.1st Undercoat
	
	0.11
	more than 48

	5. 2nd Mending Coat
	
	-
	-

	6. 2nd Undercoat
	
	0.11
	more than 48

	7. Brown Coat
	
	0.08
	more than 24 (48)

	8. Sandpapering
	
	-
	-

	9. Finish Coat
	Synthetic Resin Oil Paint
	0.08
	-


*Remarks:
1.
Processes 1 to 4 shall be carried out at factory, if required.

2.
For the portions of ferrous metal that will be concealed in plaster on concrete material etc., above factory painting shall be carried out to Process 6.

3.
Process (8) shall be carried out if found necessary.  In this case, time interval between processes 7 and 9 shall be at least 48 hours.

4.
Time interval is the minimum time that should elapse after the last process before application of the next 
TABLE 7.2 
SYNTHETIC RESIN OIL PAINTING (OP) ON STEEL DOORS AND FRAMES

	Process
	Paints and Other Materials
	Quantity (kg/sq.m)
	Time Interval (hour)

	1. Preparation
	See 17.5 in these Specifications
	-
	-

	2. Pre-treatment
	Etching Primer
	0.08
	between 3 to 10

	3. 1st Mending Coat
	
	-
	-

	4.  1st Undercoat
	Red-Lead Zinc Chromate Anticorrosive Paint
	0.10
	more than 8

	5. 2nd Undercoat
	
	0.10
	more than 8

	6. 2nd Mending coat
	
	-
	-

	7.  Puttying
	Putty for Puttying
	-
	-

	8. Sandpapering
	
	-
	-

	9.  Brown Coat
	Synthetic Resin Oil Paint
	0.08
	more than 48

	10. Sandpapering
	
	-
	-

	11. Finish Coat
	Synthetic Resin Oil Paint
	0.08
	-


TABLE 7.3 
SYNTHETIC RESIN OIL PAINTING (OP) WOOD AND POLYWOOD

	Process
	Paints and Other Materials
	Quantity (kg/sq.m)
	Time Interval (hour)

	1. Preparation
	See 17.6 and  17.7 in this Specification
	-
	-

	2. Undercoat
	White Wood Primer
	0.09
	more than 24

	3. Wood Filling
	Synthetic Resin Emulsion Putty
	-
	more than 24

	4. Puttying
	Putty for Puttying
	-
	-

	5. Sandpapering
	
	-
	-

	6. Brown Coat
	Synthetic Resin Oil Paint
	0.08
	more than 24

	7. Sandpapering
	
	-
	-

	8. Finish Coat
	Synthetic Resin Oil Paint
	0.58
	-


*Remarks:
Wood filling shall be made where cellular wood is used.
 TABLE 7.4
SYNTHETIC RESIN EMULSION PAINTING (EP) ON CONCRETE SURFACE, CEMENT MORTAR SURFACE AND ASBESTOS CEMENT SHEETS
	Process
	Paints and Other Materials
	Quantity (kg/sq.m)
	Time Interval (hour)

	1. Preparation
	See 17.4 and 17.8 in these Specifications
	-
	-

	2. Pre-treatment
	Synthetic Resin Emulsion Clear or Sealer for Wall
	
	more than 5

	3. Putty
	-
	-
	-

	4. Sandpapering
	-
	-
	-

	5. Undercoat
	Synthetic Resin Emulsion Paint
	0.10
	more than 5

	6. Sandpapering
	-
	-
	-

	7. Brown Coat
	Synthetic Resin Emulsion Paint
	0.10
	more than 5

	8. Sandpapering
	-
	-
	-

	9. Finish Coat
	Synthetic Resin Emulsion Paint
	0.10
	-


*Remarks:


1.
Putty used in Process 3 shall be Portland cement paste mixed with synthetic resin emulsion, synthetic resin emulsion putty, vinyl chloride putty or epoxy resin putty and shall be in accordance with manufacturer's recommendations.
2.
Synthetic resin emulsion putty shall not be used for exterior painting.

3.
Synthetic resin emulsion clear or sealer for wall in Process 2 shall be in accordance with manufacturer's recommendations.

T ABLE 7.5 
VINYL CHLORIDE RESIN ENAMEL (VE) ON CEMENT MORTAR SURFACE AND ASBESTOS CEMENT SHEETS
	Process
	Paints and Other Materials
	Quantity (kg/sq.m)
	Time Interval (hour)

	1. Preparation
	See 17.4 and 17.8 in these Specifications
	-
	-

	2. Pre-treatment
	Vinyl Chloride Varnish or Sealer for Wall
	
	more than 5

	3. Undercoat
	Vinyl Chloride Resin Enamel
	0.12
	more than 6

	4. Sandpapering
	-
	-
	-

	5. Puttying
	Vinyl Chloride Putty
	-
	-

	6. Sandpapering
	-
	-
	-

	7. Brown Coat
	Vinyl Chloride Resin Enamel
	0.12
	more than 6

	8. Sandpapering
	-
	-
	-

	9. Finish Coat
	Vinyl Chloride Resin Enamel
	0.12
	-


General Requirements

(1) All work shall be brush painted except as specifically scheduled or except as approved by the Project Manager.

(2) Each coat shall be brushed on wall and worked out evenly to leave no brush marks.

(3) Each coat shall be flowed on smoothly and free from sags and runs.

(4) Rate of application shall not exceed average rate of coverage recommended by paint manufacturer.

(5) Minimum dry film thickness per coat shall be not less than thickness recommended by the paint manufacturer.

(6) Surface shall be free of skips in any coat, voids, pinholes, etc.

(7) Packaged paint may be thinned immediately prior to application in accordance with the manufacturer's direction.

(8) Additional coats of paint or finish as required shall be applied to completely cover surfaces which are painted or finished to provide uniform colour and appearance.

(9) A whole wall shall be refinished rather than spot finishing where a portion of the finish has been damaged or is unsatisfactory.

(10) Minimum drying time shall comply with that recommended by the paint manufacturer. Each coat shall be thoroughly dry before application of succeeding coats.

(11) Edges of paint adjoining other materials or colours shall be made sharp and clean, and without overlapping.

Protection and Cleaning
(1) Other works shall be protected against damage, injury, or soiling from materials, tools, or equipment used.

(2) Furniture and other movable objects, equipment, fittings, and accessories shall be moved, protected, and replaced upon completion of a space or provided adequate covers in-place.

(3) Cleaning up: Upon completion, all paint spilled, splashed, or spattered on surfaces, including fixtures, glass, furniture, fittings, hardware, etc. shall be removed.  It shall be removed without marring the finished surface of the item being cleaned.

7.2 Internal Plumbing

7.2.1 General Requirements

The Contractor's responsibilities shall include the supply, delivery to sites, erection and commission of all materials and equipment required in accordance with these Specifications.

All internal plumbing works shall be carried out in accordance with British Standard Code of Practice CP 306 and 310.

7.2.2 Materials And Equipment

All materials and equipment shall comply in all respects with the relevant British Standards (BS). Other international standard specifications may be acceptable if they are approved by the Project Manager.

Materials used for the Works are those specified in detail on the Contract Drawings or in these Specifications.  In the absence of any such specifications the British Standard Specifications listed below or their equivalent shall be adopted. 

TABLE 7.6
	C.I. Pipes and Fittings
	B.S. 416

	Copper Pipes and Fittings
	B.S. 659

	
	864

	
	3931

	
	1386

	Asbestos Cement Pipes & Fittings
	B.S.  582

	Pitch Fibre Pipes & Fittings
	B.S. 3760

	PVC Water Pipes & Fittings
	B.S. 3505/6

	Galvanised Pipe & Fittings
	B.S. 1387

	
	143

	Pipe Brackets
	B.S. 3974

	Traps
	B.S. 1184

	Cisterns
	B.S. 2777

	
	417

	Cylinders Copper
	B.S. 1564

	
	1567

	Valves Ball
	B.S. 1212

	C.I. Gate
	3464

	Copper Gate
	1592

	Stop Cocks
	1010

	Drain Cocks
	2879

	Sluice
	1218


All materials and equipment shall be the best of their respective kinds and shall be approved by the Project Manager before use. All samples requested by the Project Manager shall be properly tagged and submitted to him for approval.

7.2.3 Scope Of Works

All internal plumbing works shall be earned out in accordance with British Standard Code of Practice CP 304 and CP 310.

All plumbing work shall comply with all by-laws which may be in force. Unless otherwise specified, the work under the Contract shall consist of supplying all labour, materials, equipment and appliances for the complete execution of all plumbing and related works as required by the Contract.

All plumbing works covered by these specifications shall include the following:

i)
Water supply system including tanks and pumps;

ii)
The soil and waste drainage system;

iii)
Plumbing fixtures and toilet accessories.

7.2.4 Rules And Regulations

The Contractor shall comply with all Rules and Regulations as specified elsewhere in these specifications. In addition, the installation shall be in accordance with the regulations of Ghana Water & Sewerage Corporation.  In cases where these are found to be at variance with any clause in these specifications, immediate notice shall be given to the Project Manager.

7.2.5 Drawings

The Project Manager shall provide schematic drawings showing the layout of the complete installation. The drawings shall be schematic and do not indicate all offset and fittings which may be required. The Contractor shall investigate the structural conditions and installation of other trades and arrange his work accordingly supplying such off-sets and equipment as may be necessary all to the Project Manager's approval.

7.3 Water Supply

7.3.1 General

Connections to fixtures and equipment shall conform to local requirements relating to submerged inlets to prevent contamination of the pure water supply.

All piping shall be examined for defects. Any defective piece discovered after installation and test shall be removed and replaced by the Contractor at no expense to the Client.

System shall be inspected and joints approved before any backfilling is placed over pipes.

All pipe and fittings shall be kept clean until final acceptance of work. The exposed ends of all uncompleted lines shall be closed with plugs adequately secured at all times.  All piping shall be installed on a good foundation and adequate means taken to prevent settlement.

All exposed pipes especially on roof shall be of copper pipe fittings to BS 659, BS 3931 and BS 864.

7.3.2 Water Supply Pump Unit

Water Supply Pump for buildings shall be installed as shown on the Drawings. This shall comprise a water supply pump, pressure tank, etc.
i)
Pumps for buildings shall be electric pumps and automatically operated.

ii)
The discharge pipe from each pump shall be provided with an anti-shock valve and a gate valve.

7.3.3 Water Storage Tank And Elevated Water Storage Tank.

The storage tank shall be provided in the sizes and in the positions shown on the Drawings complete with all connections.

The tank shall be rigidly constructed from Glass Reinforced Plastic (GRP) Sectional panels, and shall have the sizes as shown on the Drawings.

GRP sectional panels shall be produced using the Hot Pressed machine moulding method and not the
Contract Moulding (the hand lay-up) method.

Panels shall be of one metre square sizes. Tanks over two metres high shall be internally reinforced with stainless steel tie rods to provide strength and stability.

Tank Materials

Materials for the construction of panels shall be unsaturated polyester resin to conform to BS3532:1962
and the glass fibre used shall be non-alkali type conforming to an appropriate BS 3396 and BS 3749. The glass content - more than 30%. Manufacturing process of panel shall be the Hot Press moulding system with Sheet Mould Compound (SMC) suitable for potable water and approved by the Water Research Centre, United Kingdom.

Panels and covers shall be designed and manufactured either ivory colour in accordance to Munsells value 2.5Y9/2 or grey colour in accordance to Munsells Value N-7.0.

Fabrication
1. GRP panels shall be manufactured with the single flange at right angles (90 degree) to all the sides of each panel.

2. Thickness of flange for roof panels shall not be less than 6mm, other panels flange shall not be less than 10mm and the landed width of all flanges shall not be less than 55mm.

3. Holes for the bolts shall have a clearance of 1.5 to 2.0mm in diameter.

4. Tank shall be externally flanged.

Bolts and Nuts

1. Bolts, nuts and washers for immersed internal fixing shall be stainless steel grade A2 - 70 to BS 6105:1981

2. All other tank fixing bolts shall be grade 8.8 to BS 3692, galvanised finish to BS 729: 1971

3. Diameter of tank fixing bolts shall not be less than 12mm.

Jointing Materials
The materials used for sealing where in contact with water shall be non-toxic ribbed synthetic rubber and/or plastics.  Materials must be approved by Water Research Centre, United Kingdom.

Supplier/Manufacturer of water tanks shall be required to submit a true copy of the certificate from the Water Byelaws Advisory Service. Furthermore, the date of issue must be within the last 3 years.

Tank Supports

Externally flanged tanks shall be supported on dwarf walls in concrete to be built in one direction only beneath each seam of the tank. Dwarf walls shall exceed the length or width of the tank by 300mm.

Test of the tank for water tightness, plug opening shall be executed by filling water to the top of the tank.

The following connections shall be provided to the storage tank:

i) Filling inlet pipes from main supply pipe shall be located not less than 10 cm above overflow to provide an air gap;

ii) Overflow pipes shall be extended and the open end screened against entry of insects.

Gate valves 75 mm and smaller in size shall be bronze in accordance with BS 1952.

Check valves 75 mm and smaller in size shall be in accordance with BS 1953.

Valve Boxes
i) Valve boxes shall be installed on valves fitted underground water main and branch pipes at a point as shown on the Drawings;

ii) Valve boxes shall be tar-coated cast-iron;

iii) All valve boxes shall be so installed as to prevent any damage to the underground piping.

Float Controlled Valves Float controlled valves shall be installed in the water receiving storage tank;

i) Body shall be made of bronze and ball shall be made of copper sheet.

7.3.4 Pipe Supports

All piping shall be supported by means of approved supports.  Piping shall be supported to maintain required grading and pitching of lines, to prevent vibration and to secure piping in place. It shall be so arranged as to provide for expansion and contraction.

Horizontal overhead pipes shall be supported with single or multiple type hangers consisting of inserts, clevis, clevises rods, turn-buckles with locknuts and lamps or other methods of suspension.

Supports to be constructed in accordance with BS 3974. Straight Pipework is to be supported at centres not more than those given in Table below. At changes of direction, valves or similar pipelines equipment supplementary supports are to be provided.

TABLE 7.7 PIPE SUPPORTS

	SIZES
	CENTRES OF BRACKET

	
	
	Vertical
	Horizontal

	
	
	(Metres)
	(Meters)

	Steel
	Up to 25mm
	3.0
	2.4

	
	32mm - 50mm
	3.0
	3.0

	
	63mm - 100mm
	4.5
	3.6

	Copper
	Up to 2.5mm
	2.4
	1.8

	
	32mm - 50mm
	3.0
	2.4

	
	63mm - 100mm
	3.6
	3.0

	P.V.C
	Up to 32mm
	1.47
	0.99

	
	15mm - 50mm
	1.98
	1.4

	
	75mm - 100mm
	2.46
	1.98

	
	125mm & Over
	2.94
	2.46

	Polythene
	Up to 25mm
	24 times the OD
	12 times the OD

	
	32mm & Over
	
	8 times the OD cont's


7.3.5 Jointing

All joints shall be made watertight under pressures required for this services. The ends of all pipes shall be reamed free from burrs and threads shall be clean cut and tapered. Piping shall be kept free from scale and dirt.  Pipe shall not be split, bent, flattened nor otherwise injured either before or during the installation.

No bend or curve shall be made in any pipe which will diminish the waterway or later the internal diameter of the pipe in any part.

All cutting shall be square to the pipe axis by approved means and all burrs removed. The use of pipe cutting machines which diminish the bore of the pipe shall not be permitted.

All pipes shall be free from butts, dents or other surface damage and damaged pipes shall be removed and replaced with new pipes.

Joints between pipes and fitting shall be properly made. All joints in threaded pipe shall be made up with red lead or approved pipe-joint compound.

7.5.6 Water Supply Piping

Protection of pipe from blockage during installation shall be as follows:

i) Ends of pipes shall be kept plugged to prevent dirt accumulation or stoppage of the pipes of fixtures;

ii) Where openings are left on foundation walls for admission of plumbing pipes, spaces between the openings around these pipes shall be closed with brick or concrete as approved by the Project Manager and made watertight;

iii) The Contractor shall make good at his own cost any blockage in pipes during inspection and tests.

Water supply piping shall, without restricting the general piping requirement of the foregoing, be installed as follows:

i) Water supply piping shall be complete from service connection to all fixtures, equipment, outlets, etc. Schedule of pipe sizes for water supply connections fixtures shall be as follows:

TABLE 7.8 PLUMBING PIPE SIZES

	Fixture
	Pipe size (mm)

	Water Closet
	13

	Urinal (stop valves)
	13

	Lavatory basin
	13

	Kitchen sink
	13

	Sill cock
	13


ii) The piping installation shall be arranged so that the entire system can be drained through accessible valves at low points.

iii) No service pipe or distributing pipe shall be so laid so as to pass into or through any sewer, drain or through any manhole.

7.5.7 Identification Of Pipes

All exposed piping shall be identified at 5 metres intervals by standard colour markers with legend and flow arrow for easy identification "SETON" pipe markers or approved equal where required. Colour identification code shall be as follows:
TABLE 7.9
	Cold Water
	-
Azure Blue

	Hot Water
	-
Red

	Compressed Air
	-
White

	Fuel Oil
	-
Green

	Treated Water for Machines
	-
Sky Blue


7.5.8 Painting Of Exposed Galvanised Piping, Metal Supports And Machinery

Every possible precaution shall be taken by the Contractor to keep down dust during the painting process or preparation therefore. All surfaces shall be free from loose matter, efflorescence, dust, etc., before the application of each coat and all paint shall not be applied to damp or wet surfaces.

All pumps, motors and other machinery shall have a priming coat of red lead oxide, a suitable filler or under coat, and two finish coats of machinery enamel.  If a priming coat has been applied in the shop, it may be omitted from the field painting. If two or more coats have been applied in the shop, only one finish coat of enamel shall be required, unless additional coats are needed in the opinion of the Project Manager to cover properly a contrasting shop colour.

All exposed piping and metal shall be painted as follows:

i) All exposed ferrous metal piping and iron exposed, such as pipe hangers, etc., shall be thoroughly cleaned to remove grease and dirt and wire brushed and scraped to remove scale and rust. A minimum of two coats of primer shall then be applied by brushing well into the surface. Each coat shall be allowed to dry and harden thoroughly before the next coat is applied. Then, one or more coats of undercoat paint shall be applied and a minimum two coats of finishing coloured paint shall be given until sufficient cover is obtained to the satisfaction of the Project Manager;

ii) All exposed galvanized pipes and fittings shall be cleaned thoroughly by swabbing with thinners or solvents and any rust removed as for ferrous metal above. Two coats of primer which provide a bond for the paint shall then be brushed on. Under-coating and finishing shall be as for ferrous metal above.

7.5.9 Excavation And Backfilling Work For Pipe Laying

The laying of pipe underground will require trimming and grading of trench bottoms for pipe and will require backfilling with approved materials and tamping around all pipe to centre line of pipe, as the pipe laying progresses to provide protection and stabilization of the piping.

Pipe laying work shall be conducted so that trenching operations are not advanced too far ahead of pipe laying operations resulting in excessive length of open trench.

The Contractor shall trim the bottom of ail trenches to receive pipe and shall provide finished grade by hand methods. The bottoms of all trenches shall be rounded so that insofar as practical at least one-third of the circumference of the pipe will rest firmly on 20 cm undisturbed clean coarse sand.

Bell holes where required shall be dug to ensure pipe resting for its entire length upon the bottom of the trench. Trenches shall not be excavated below grade by machine.

After pipes have been tested and approved, backfilling and tamping in layers of 150mm shall be continued until a depth of 300m has been placed over the pipe. Backfill around the pipes to a depth of 150mm over the pipes, shall be bank run sand.

No backfill shall be placed in a manner such as to cause injury to the pipe. Where pipe crossings occur, the lower pipe shall be laid first and the backfill thoroughly compacted to the level of the higher pipe before higher pipe is laid.  Backfill materials under such conditions shall be earth, approved gravel or concrete as directed.

8.1 Drainage

8.1.1 General

The drainage work shall be carried out to the satisfaction of and in accordance with the regulations of Ghana Water Company Ltd.

Drainage pipes shall be laid out so that the stacks are vertical.  Horizontal pipes shall be laid on slopes just steep enough to have self-cleansing velocities.

Drainage pipes shall take waste water from its plumbing fixtures and deliver into the sewer or some other outlet.

8.1.2 Drainage Pipe Material

Materials for the drainage system should be selected for strength and durability and to resist the corrosive action of wastes discharged into them.

Where pipes and fittings of the diameters shown on the Drawings are not manufactured, the nearest available diameter above the diameter required together with reduced pieces may be supplied, subject to the approval of the Project Manager.  Unplasticised polyvinyl chloride (uPVC) pipes shall comply with BS 3505.

Soil Drain shall be uPVC pipes and fittings BS 4514 1979 or the latest edition.

8.1.3 Floor Drains
Floor drains shall be made from cast-iron bodies and slotted strainer of chromium plated material.

8.1.4 Gullies

Gullies and gully assemblies shall be provided and set as indicated on the drawings.

All gullies shall be provided with suitable extension, bell-mouths, positions of back and side inlets shall be required. Grilles or seal covers with greased flat washers and gun metal screws shall be supplied. All trapped gullies shall be provided so far as possible with high invert traps to give maximum seal obtainable. All gullies shall be placed in such a way that they adequately drain the adjacent floor area without leaving an undue gradient on the floor surface.

8.1.5 Septic Tank And Soakaway

All drains from drainage points, water closets, sinks, shower and urinals in uPVC pipes shall discharge into septic tanks, drains or soakaways as shown on the drawings.

All fixtures requiring venting shall be vented through the roof in a stack of proper size.

8.2 Sewage Disposal

Waste Water and sewage from the buildings shall be connected to septic tanks.

8.3 Ventilation Pipes And Fittings

The sewer pipes above the highest branch is to be continued upwards of the full diameter above eaves and to such a height and in such a position as to afford a safe outlet for foul air. 

8.4 Cleanouts And Traps

Cleanouts shall be fitted on drainage lines in the positions shown on the Drawings. Cleanouts shall be installed at each change of direction of the drains greater than 45 degrees.

Each vertical soil, waste and vent pipe which connects to horizontal drain piping shall be fitted with a clean out. Where accessible space is available, the cleanout may be installed in the horizontal pipe at the base of the vertical pipe.

Where cleanouts occur on concealed pipes in finished rooms, each of them shall be provided with brass cover plates of sufficient diameter to cover the opening in the finished wall slab or partition. Cleanout cover plates may be painted to match adjacent slab or finish in lieu of being plated or polished. Cleanout plugs-on shall be the same size as the pipe. 

8.5 Pipe Sleeves, Escutcheons And Flashings

Pipe sleeves, escutcheons and flashings shall be as specified as "WATER SUPPLY" in this Part.

8.6 Pipes And Fittings

All pipes shall be neatly run in a proper workmanlike fashion and secured to walls with approved clips, brackets or holder bats. Where plugging is required Phil plug or similar approved plugs shall be used.

All made bends shall be formed by approved mechanical means without diminishing the internal diameter of the pipe or causing fracture or weakness to the tube walls. All joints to sanitary fittings, cylinders, tanks machinery etc. shall have disconnecting union to facilitate easy removal of fittings without undue disturbance.

8.7 Pit

Pit shall have 15cm wall thickness for poured in place concrete walls. Pit walls shall be constructed of reinforced concrete to the required depth. Top section must be tapered in to suit elevation and accommodate size of pit frame and cover.

Pit floor shall be of reinforced concrete and inverts shaped with cement sand mortar to size and shape of pit.  Inverts shall have a cross section of the exact shape of the sewers which are connected and changes in size shall be made gradually and evenly, unless otherwise specifically directed.  Half pipe inverts may be used in straight through pit.

All pipes or castings to be embedded in the pit walls shall be accurately set, and if so required, headers shall be laid around the casting so embedded. Spurs or stubs for branch sewers shall be built in the pit where shown on the Drawings or otherwise required by the Project Manager. They shall be closed with vitrified plugs or with brick cemented in place.

All works must be carried on in a manner so as to ensure watertight work, and any leaks shall be checked, repaired, or the entire work shall be removed and rebuilt. Attention is particularly called to the necessity of keeping the water level below all parts of the foundation and walls until the cement has obtained adequate set.

8.8 Piping Installations

General piping shall be carried out as the building works proceed so as to minimize the amount of cutting away and repairing.

The soil and waste sanitary system shall be provided with a system of vent piping which will permit the admission of air so that under normal and intended use, the seal of any fixture trap shall not be subjected to a pressure differential of more than 25mm of water column.

The vent piping shall, without excluding general piping requirement described before, be installed as shown on the drawing and specified in the following:

i) Top of vent pipes shall project through wall or roof to vent into the air at the point shown on the Drawings. The vent pipes shall be fitted with a galvanized gooseneck or wall grate at the top;

ii) No vent terminal from a drainage system shall be directly beneath any door, window or other

ventilating opening of the building or of an adjacent building, nor shall any such vent terminal be within 3m horizontally of such an opening unless it is at least 600mm above the top of such opening;

iii) All vent and branch-vent pipes shall be so graded and connected as to drip water back to the soil or waste pipe by gravity;

iv) Where vent pipes connect to a horizontal soil or waste pipe, the vent shall be taken off above the centre line of the soil pipe. The vent pipe shall rise vertically, or at an angle not more than 45 degrees from the vertical;

v) The connecting to the branch vent or offsetting horizontally vent shall be made at least 150mm above the flood-level of the fixture;

vi) A connection between a vent pipe and vent stack shall be made at least 150mm above the flood-level rim of the highest fixture served by the vent;

vii) Horizontal vent pipes forming branch vents, relief vents, or loop vents shall be at least 150mm above the flood-level rim of the highest fixture served;

Excavation and backfilling work for drainage pipe laying shall be as specified in "WATER SUPPLY".

8.9 Plumbing Fixtures

8.9.1 General

Plumbing fixtures shall be the best on the market. Any inferior quality fixture shall be replaced by the Contractor at his own expense.

Traps shall be installed on all wash-hand basins, sinks, showers and urinals. Generally, the requirements shall be as follows:

	Wash-hand basin
	-
32mm - 75mm   seal bottle trap;

	Sinks and showers
	-
38mm - 75mm   seal tubular trap;

	Urinals
	-
32mm - 75mm   seal tubular trap.


8.9.2 Water Closet

Water closet shall be approximately 400mm x 720mm in size and siphonic type having integral trap with 75mm or more bore outlet. The cisterns for the water closets shall be 15 litre capacity high level vitreous china clay flushing cistern fixed to the wall with cantilever brackets or concealed fixing, 32mm flush pipe, 13mm ball valve with copper float, 13mm overflow, pull and chain and necessary union for connection with inlet and outlet pipes and overflow.  It shall be of valveless syphon type. All visible metal parts shall be chromium plated. In a position adjacent to each water closet a suitable water draw-off point shall be provided.

8.9.3 Urinal

Urinals shall be wall hung urinals with extended shields and have integral trap;

Urinals shall be complete with the 50mm wall flange with pipe connection, approved fixing bolts and chrome plated stop valve of 13mm.

8.9.4 Lavatory Basin

Lavatory basin and pedestal shall comply with BS 1188, type A (2) or the equivalent approved by the Project Manager.

Lavatory basin shall be complete with chrome plated faucet with plug and chain waste, chrome plated 32mm S-trap with extension piece and wall escutcheon and enamelled cast iron wall hangers.

8.9.5 Service Sink

Sink shall be complete with the 38mm chrome plated waste outlet and strainer, 38mm plastic coated cast iron P-trap, chrome plated wall faucet and hanger.

8.9.6 Taps And Faucets

Sill cocks shall be 13mm rough brass with T outlet threaded for 13mm hose coupling and loose key handle. Shut off valves and drain valves shall be provided in each sill cock line. The sill cocks shall be installed in tar-coated cast iron box with hinged lids, square in pattern with bottom flanged plate.

The faucet for water closet shall be chrome plated.

Chrome plated swing faucet shall be installed for kitchen sink.

8.9.7 Toilet Accessories

All water closets shall be provided with toilet paper holders. The paper holders shall be flush, fixed in position by means of chromium plated screw and wooden cleat embedded in the wall;

Mirrors shall be highly polished mirrors, quality plate glass, 45cm by 45cm by 5mm and fixed in position by means of 4 chromium plated brass screws and washers over rubber washers driven into lead or approved type plugs firmly embedded in the wall.  Backside of the mirror shall be undergone anti-acid treatment.

8.9.8 Fixture Setting

Fixtures shall be set in a neat, finished and uniform manner making the connections to all fixtures at right angles to the wall, unless otherwise directed by the Project Manager. Roughing for this work must be accurately laid out so as to conform with finished wall material.  Fixtures are not to be set until so directed by the Project Manager.

All plumbing fixtures installation shall be in accordance with manufacturer's printed instructions for conditions indicated and as required to obtain a rigid installation. The location of each fixture and the fixing method of vitreous china fixtures shall be as shown on the Drawings or as directed by the Project Manager.

The height of fixtures above the finished floor shall be as follows:

TABLE 8.1
	Urinal
	53cm to top surface of lowest from lip;

	Lavatory Basin   
	80cm to top of rim;

	Service Sink
	68cm to top of rim.


The Contractor shall be responsible for protecting against injury from building materials, acids, tools and equipment all plumbing fixtures included in these Specifications.

After all fixtures have been mounted and are ready for use and before leaving the job, thoroughly clean all fixtures supplied and mounted under this contract, removing all plaster, stickers, rust stains and other foreign matter or discolorations on fixtures, leaving every part in perfect condition and ready for use.

8.10 Testing

8.10.1 General

The Contractor shall carry out any tests that the Project Manager may require before connections to the plumbing installation are made. The cost of such tests should be allowed for by the Contractor. The Contractor shall rectify any faulty installations or poor workmanship at his own expense if tests required by the Project Manager should fail. Subsequent retesting shall be at the expense of the Contractor.

8.10.2 Pipe Testing

All piping systems shall be tested at 25kg/cm2 except where the Project Manager has specified otherwise. All joints and stuffing boxes shall be tightened under the test pressure. The piping system shall be blown free of all accumulation of dirt or foreign matter before and after test.

Before handing the system over to the owner, the stuffing boxes of all valves shall be repacked and all parts of the system shall be put in good working order.

Caulking will not be permitted on any screwed pipe. Piping shall be proved free of air during hydrostatic test by observing the rate at which pressure drops when the pressure on the system is relieved.

9.1 Power Supply And Distribution
9.1.1 General

The Contractor shall supply, install and commission both the High Tension (HT) and Low Tension (IT) switchgear and the connection equipment required to supply electric power from existing 11kV underground cable on the site to various transformer substations.

A 4-Way Ring Main Unit (RMU) shall be inserted in the existing 11kV underground cable to supply power to the existing 500kVA transformer substation for the Laboratory, the new 500kVA transformer substation for the Warehouses and the new 300kVA transformer substation for the Office Block.
Ground mounted substation shall be provided. All connections between the RMU and sub-station shall be via direct buried underground cable.
The main incoming LT power supply cables from transformer shall be supplied, installed and connected. The Contractor shall provide all the necessary openings, sleeves and supports required for the installation of the cables within the building and shall construct the manholes and the buried conduits for the installation of the LV cables, as indicated and detailed on the Drawings.
The equipment shall include all the necessary accessories for a complete and operable system whether so indicated in the Specifications and the Drawings or not.
The make, design, and arrangement details of the equipment shall be subject to the prior approval of the Project Manager.
The Contractor shall at an early stage provide the Project Manager with all the necessary manufacturer's details and shop drawings concerning the equipment.  He shall indicate the loads, overall dimensions, the number, position and size of all grouting, cable holes and trenches, the ventilation openings and ducts required for cooling.

Ring Main Unit (Rmu)

The RMU shall consist of switch-fuse and oil-switch units, suitable for outdoor use, which can be arranged in combination to form ring-main switchboards to suit the requirements of the project.
The RMU shall be rigidly fixed on plinths of reinforced concrete to approved dimensions.

Transformer Substation

The Ground Mounted 11 kV/LV substation shall be the open type package transformer and shall be either looped or tail fed.

Lv. Main Switchboard

9.1.2 General

The LV Main Switchboard shall be of the totally enclosed, indoor type, of size, rating and arrangement as indicated on the Drawings. The complete assembly shall be wall or floor mounted, matching cases, to form a continuous integral structure 

The L.V. Main Switchboard shall be completely wired and tested.
A structural steel base shall be provided for securing the entire L.V. Main Switchboard to the floor or wall.

9.2 L.V. Main Switchboard Construction

The L.V. Main Switchboard shall consist of the required number of formed and welded sheet steel enclosures to mount the specified equipment and all the required accessories.

All fastenings between the various individual structures shall be bolted or welded, to provide flexibility during installation.

The arrangement of the equipment within the assemblies shall be such as to afford maximum accessibility to all parts, incoming and outgoing wires and cables.

Switchboard shall be completely enclosed on front, sides and top with removable steel plates of not less than 1.6mm thickness.
The arrangement shall permit cables to enter bottom or top of the enclosure as indicated on the drawings and connect at their respective terminals without interference.
Structure and buses shall be arranged to permit future sections to be added. Suitable cover plate shall be provided for temporary protection.
Switchboard shall be dust, vermin and rodent proof.
All compartments shall be suitably ventilated where required.

Wires And Cables

9.2.1 General

All wires and cables shall comply in all respects with the current British Standards or equivalent covering Polyvinyl Chloride Insulated cables, and sheathed PVC Insulated cables, as a minimum.
All cables shall be new and shall have size, grade of insulation, voltage and manufacturer's name permanently marked on the outer covering at regular intervals and shall be delivered in complete coils or reels with identifying size and insulation tags.
Cables shall be suitably protected from weather and damage during storage and handling. Sizes shall be as specified in this Specification and/or indicated on the drawings. Conductors shall be annealed copper with insulation and outer covering as noted. No cable with a conductor smaller than 1.5mm2 shall be used in any circuit except extra low voltage circuit.
Single conductor wires for conduit wiring shall have high conductivity copper conductors, with P.V.C. insulation, for a rated voltage of 600 volts and shall conform with BS.6346 (PVC-insulated Cables for Electricity Supply), including latest amendments, or equivalent.
Multi-conductor cables shall have high conductivity copper conductors with P.V.C. insulation and P.V.C. bedding and P.V.C. extruded sheath. Cable shall be rated for a nominal voltage of volts and shall conform with BS. 6346 (PVC-insulated Cables for Electricity Supply), including latest amendments, or equivalent.
Conductor sizes shall be metric as shown on the drawings. Conductors with cross-sectional areas smaller than specified will not be accepted.
 The current carrying capacity of the conductors has been determined in accordance with the Regulations for the specified type of insulation and the expected conditions of installation.  No change will be accepted in the specified type of insulation, unless warranted by special conditions and approved by the Project Manager.

The insulation of each conductor shall be colour coded or otherwise identified by means of lapping PVC adhesive tapes or covering PVC tubes of the proper colour on the insulation of the conductor at each wire termination as approved by the Project Manager.
9.2.2 Feeders

Feeders and sub-feeders to distribution and panel-boards and to motor control panels shall be either single conductor wires pulled inside conduits or multi-conductor cables run exposed, as indicated on the Drawings.
Exposed cables shall be run inside cable shafts, above false ceiling, in trenches, in service spaces or building equipment room.
Where exposed cables are liable to mechanical damage or if running through locations with flammable material, they shall be pulled inside conduits or otherwise installed in enclosed trenches as may be required or instructed by the Project Managers.
Single cables shall be fixed directly to walls or ceilings. Where two or more cables are run in parallel, they shall be fixed on galvanised steel perforated trays or on other approved special cable supporting and protecting arrangement.
Cables shall be fixed to the supporting structures with approved galvanised cast steel clamps at distances not exceeding 200 mm.
Installation of exposed feeder cables shall provide adequate ventilation around the cable, to ensure that the current carrying capacity, as determined in the design, is assured.
No joints or splices shall be accepted on main and sub-feeders.
In no case shall the cables be directly buried in the concrete or in the screed under the floor tiles.
Wires and cables shall be routed in such a way that they are not exposed to excessive heat or to corrosive agents. If such a condition is unavoidable the wires and cables shall be of a special type designed for the particular condition.
Cables buried directly in the ground shall be armoured, whether so indicated or not, and laid as shown on the drawings. Asbestos cement pipes shall be provided for passage of each of these cables at each road crossing, under pipe bank or trenches and inside the buildings.

9.2.3 Branch-Circuits

Final branch-circuit work originating from panel-boards, shall be arranged as shown on the Drawings.

Unless otherwise specified or shown on the drawings, all final branch circuits for lighting shall be single conductor P.V.C. insulated cables run inside conduits or multi-conductor P.V.C. insulated and P.V.C. sheathed cables run concealed above false ceiling. All final branch circuits for socket-outlets shall be single conductor P.V.C. insulated cables run inside conduits or multi-conductor cables and shall be run as indicated on the Drawings.
Emergency circuits shall be run in separate conduits, wire ways or gutters

Home runs indicated on the drawings for the final branch-circuits shall be kept in a separate conduit up to, the panel-board.  No other wiring shall be bunched in the same conduit.
At least 15 cm of free conductor shall be left in each outlet, switch point, and pull box for the making up of joints, or the connection of fixtures or devices, except where conductors are intended to loop without joints through lamp holders, receptacles and similar device boxes.
Branch-circuits to air-conditioners and other motor operated appliances shall be either single conductor wires pulled inside conduits and/or wire ways, or multi-conductor cables run exposed as indicated on the Drawings.
9.3 Connections

Joints or taps in wires and cables shall be permanently accessible, and, if permitted, shall be made only in tap boxes or cabinet gutters.
i) T-taps sand splices or terminations on conductors 10 mm2 or smaller shall be of the pressure indent type connecting sleeves and/or terminals. Connecting sleeves and terminals shall be pressed non-ferrous material, non-insulated and clamp-style.
ii) Wire and cable connection for making T-taps and splices or terminations on conductors 16 mm2 and larger shall be of the pressure indent type or shall be of the bolted pressure type. Bolted pressure type connectors shall be of cast non-ferrous material, applied to the conductor by clamping with a bolt and where practical, provided with a phenolic insulating cover.

Insulating covers shall be applied so that the bare wire or cable will not be exposed. The insulating cover shall provide a minimum insulation level equal to that of the conductor.

9.4 Light And Power Panelboards

9.4.1 General

Panel boards shall be manufactured in line with British Standard Practice or equivalent.  Branch Circuit references are accordingly indicated on the Drawings. (Example: branch circuits marked 1, 3, 5 (or 2, 4, 6) in 3-phase, 4-wire systems are connected to red, yellow and blue phases respectively.)
Panel boards for 415/240 volts, 3-phase, 4-wire service and 415 volt, 3-phase, 3-wire service shall be 460 volt class construction.
Four wire panel boards shall have full size neutrals.
Panel board shall have main isolating circuit breakers and branch circuit breakers as shown on the Drawings.
The Contractor shall check, and make sure that clearances and spaces for the installation of the equipment are sufficient. 

Panel board circuit breakers shall be co-ordinated with main switchboard circuit breakers for a selective
arrangement. Arrangement shall be submitted to the Project Manager for approval.
All unused openings in panel board cabinets shall be properly closed.
Connecting conduits shall not be used to support the panel boards.
Trim shall be installed plumb and square.
9.4.2  Cabinets For Panel Board
Panel board cabinets shall be of the general purpose type for flush or surface wall mounting as indicated on the Drawings and shall consist of a box and trim.

Box shall be fabricated from hot rolled steel plates, sheets and strips stove enamelled and in no case shall the material be lighter than 1.6 mm thickness.  Box shall be of sufficient size so that gutter spaces shall not be less than 10 cm on all sides.

Trim or panel board front shall be made of hot rolled sheet steel and shall not be less than 2.3 mm thickness.

i) Trim shall have doors with concealed hinges and have flush type combination lock and catch or a multiple point contact with vault type handle for doors over 1.2 m high. Each lock shall be provided with two (2) milles type keys. All panel boards shall be keyed alike. Panel boards shall be without doors where so indicated on the Drawings.
ii) Directories covered by transport plastic sheet shall be provided on doors.  Directories shall be typed to identify panel boards and indicate clearly circuit number and description of the associated branch circuit and shall have at least three (3) lines for each circuit on power panel boards. If trim without doors is requested, nameplates shall be mounted as directed by the Project Manager.
iii) Trim shall be so constructed as to cover all terminals and form a dead front panel.
iv) Trim shall be given a coat of zinc chromate primer and one (1) coat of grey enamel
v) Trim shall be given a coat of zinc chromate primer and one (1) coat of grey enamel.
9.4.3 Interior Of Panel Boards

The interior of panel boards consisting of branches mounted on buses and a back pan, shall be assembled as a complete unit to fit its cabinet.
Buses shall be 98% pure electrolytic copper and be based on a total temperature rise of 55°C and a maximum of 2.0 amperes per mm2 of cross-sectional area with a clamped contact surface of not more than 0.4 amperes per mm2

i) Buses shall be rigidly supported and insulated and be so designed that branch circuits can be removed without disturbing adjacent units or changed without additional machining, drilling or tapping.
ii) Necessary busing, drilling and blank plates shall be provided for installation of future circuits where so indicated on the Drawings.

iii) All screws and bolts used for making copper connections shall be equipped with lock washers. Riveted bus connections will not be acceptable.
iv) Mains shall be equipped with solderless pressure type connectors and have means to prevent swivelling of connectors.
v) Aluminium shall not be used for any interior panel board parts.
All panel boards shall be provided with a ground connector welded to the cabinet.
9.4.4 Nameplates For Panel Boards

All panel boards shall have an identifying nameplate mounted on the outside of the trim or the inside of the door as directed by the Project Manager 

Nameplate shall be laminated phenolic with black engraved letters on a white background.  Nomenclature shall be as instructed or agreed upon with the Project Manager.

9.4.5 Circuit Breakers

The circuit breakers shall be thermal-magnetic of the manually operated, moulded case type, rated as shown on the Drawings and shall conform to British Standards, including latest amendments or equivalent.
Circuit breakers shall be rated as follows:
i) The circuit breakers shall have the following interrupting ratings based on Standard test procedures at 460 volts, 50 hertz.
TABLE 9.1
	Frame Size
	Rapturing Capacity (Asymmetrical)

	100 Amp.-460 Volts 225 Amp. - 460 Volts
	10,000 Amp. 25,000 Amp.


Main breaker shall be 100 Amp frame size or larger as shown on the Drawings.
Breakers shall provide positive trip-free operation on abnormal over-loads with quick-make and quick-break contacts under both manual and automatic operation. Stationary and movable contacts shall be of non-welding silver alloy and shall be adequately protected with effective and rapid arc interruption.  Each pole of the breaker shall be equipped with an inverse time delay thermal over-current trip element, and magnetic instantaneous over-current trip elements, for simultaneous tripping of all poles for multiple pole breakers.
Multiple pole breakers shall have a single handle mechanism.

9.5 Grounding System

9.5.1 General

The grounding systems shall be in full compliance with the requirements of the Electricity Corporation of Ghana.
Unless otherwise specified all equipment used for grounding shall be of copper or approved copper alloys material, and shall be specially manufactured for the purpose. 

The grounding conductors shall have minimum current carrying capacity in accordance with the Specification.
The complete grounding system shall be mechanically and electrically connected to provide an independent return path to the grounding source.
Where indicated on the Drawings or where non-metallic or flexible conduits or wiremold are used for all or part of a run, a green and yellow colour coded conductor shall accompany the circuit wiring. This conductor shall connect the ground bus or ground terminal in panel boards to the outlet or device grounding lugs.

The ground copper sheets shall be directly buried in the ground at a minimum of 1200 mm depth from the ground level and interconnected by a grounding cable, as may be required to obtain the ground resistance as shown on the Drawings.

9.5.2 Grounding Of Motors

Motors shall be grounded by connecting a green and yellow covered conductor from a ground conductor in the starter to the motor frame. The conductor shall be run together with the circuit wiring and terminated in the motor connection box provided the latter is mechanically connected to the frame.  If this is not feasible, the grounding conductor shall be extended through an insulated bushed opening in the connection box and is connected to the motor base.

9.5.3 Grounding Of Panel Boards

Panel boards shall be grounded by connecting a ground conductor from the equipment ground to a ground lug welded to the cabinet and to the incoming and outgoing feeder conduits.
Panel boards which are interconnected by conduits shall be grounded by connecting the ground connector welded to the cabinet to grounding bushings on the incoming and outgoing feeder conduits.

9.5.4 Electrodes

The grounding electrodes shall consist of a not less than 1.5mm thick 900 x 900 mm square copperplate. Each grounding electrode shall be provided complete with approved nonferrous plugs or clamps for connection to the earth continuity conductors
The copper plates shall be buried vertically with the centre of not less than 1.5 metres deep under the base of building, connecting the necessary numbers of plates, where possible into undisturbed soil.
Distance between the grounding electrodes shall be not less than 2 metres.  Distance between the grounding electrodes of one grounding system and another grounding system shall be not less than 5 metres. 

Where the nature of the sub-strata makes burying into undisturbed soil impossible, the Contractor shall arrange for holes to be excavated deeper than the specified depth and install the plates, and fill with soil, or shall increase the number of plates And the Contractor shall perform the grounding to obtain the specified earth resistance, in any soil conditions.

9.5.5 Exothermic Welding Process

General: The exothermic welding process is a method of welding copper to copper, or copper to steel without equipment and material that require outside source of heat.

Permanent grounding connections shall be made by the exothermic process, unless otherwise herein noted or indicated on the Drawings.
Equipment and Materials: All required moulds, tools and cartridges shall be provided
All equipment required in making welds shall be used in strict accordance with manufacturer's instructions.

The specific type of mould shall be used for each welding position encountered.

9.5.6 Ground Connectors

Ground connectors for connecting cables shall be split coupling bolted pressure type.
Body of clamp shall be cast of a high copper alloy, provided with brass oval shank-bolt nut and lock washers for connection. Cable shall be fastened to connector with nut and U-bolt as shown on the Drawings.

9.6 Underground Cable Network

9.6.1 General Description Of Network

This section specifies the requirements for design, construction, installation, protection and testing of cable installations.

All cables and accessories shall be suitable for operation at the guaranteed maximum sustained rating throughout all the seasons of the year. They shall also be satisfactory in operation under the atmospheric variations of current, voltage and frequency as may be met under fault and surge conditions on the system.
The Contract involves the installation of:
· 3 x 15mm2 Aluminium 11kV cable.
· 3 x 95mm2 Aluminium 11kV cable.

· 4 x 15mm2 Aluminium LV cable. 

· 4 x 95mm2 Aluminium LV cable.

All cables shall comply with the British Standards.

Cables shall be laid directly in trenches, except at roads and railways, where the cables shall be ducted.

9.7 Cable Network Design

9.7.1 Cable Route

Cable routes shall be as short as practicable, bearing in mind the requirement to maintain long straight lengths with as few bends as possible.
Conflicts with obstructions such as building foundations, electrical circuits, telephone circuits, water and sewerage mains shall be avoided wherever possible.

The Contractor shall complete a detailed survey of the streets or other areas in which it is proposed to make an underground installation, to obtain accurate data on the location of the gutter drains, manholes for sewers and other utilities, fire hydrants, shut off valves for water, utility poles, trees and any other obstructions which may be visible on the surface. This data shall be supplemented by other information as available from Tema Development Corporation and public utility records on construction and routing, depth, size and description of all underground installations.

9.7.2 Road And Railway Conflicts

Where road or railway crossings are required, the Contractor shall install the cable(s) in continuous duct(s) of an approved standard, and of appropriate dimensions, under the road or railway.
The crossing route shall be as short as practicable with ducts laid at approximately 90° to the road/rail route.
The ducts may be installed by either direct trench excavation or horizontal thrust boring under the route. Where direct trenching is used ducts shall be installed in a concrete duct bank of approved dimensions. Where horizontal thrust boring is employed the bore hole shall be lined with a tight fitting continuous steel pipe sleeve(s) into which the required PVC duct(s) are inserted.

Duct internal diameter shall be at least 1.5 times the maximum cable outer diameter where one cable is installed per duct. Where more than one cable is installed per duct (e.g. 3 x single core cables) the duct internal diameter shall be at least 2 times the maximum diameter of a circle circumscribing the cables.

Ducts under roads or railways shall be installed at a minimum depth of 1m and shall extend beyond the extremities of the road carriageway or railway bed by a minimum distance of 1m. Where it is necessary for a cable route to parallel a railway line the cable trench shall be excavated at such a distance from the railway edge as to avoid any possible structural or mechanical damage to the railway.  However, under no circumstances shall the near edge of the cable trench be within 1m of the railway bed.
At least one spare duct shall be installed at each ducting location.
The Contractor shall at all times comply with the conditions and restrictions stipulated by the responsible authorities.

9.7.3 Service And Utility Conflicts

Where conflict with other services is unavoidable the Contractor shall endeavour to avoid paralleling existing installations where possible.  Moreover the Contractor shall ensure that the minimum clearances tabulated below are attained in all situations and that any cable ratings are not decreased by paralleling.

TABLE 9.2
	New Cable Existing  Cable
	11kV
	LV
	Telephone
	Water
	Sewage

	11kV
	260mm
	260mm
	300mm
	230mm
	230mm

	LV
	260mm
	150mm
	200mm
	230mm
	230mm


Where, due to congestion of underground services, it is difficult to attain the required clearances the Contractor may reduce the minimum clearances under the following conditions:
i)
The Project Manager and all utilities concerned are contacted and their written approval received.
ii)
The critical length is minimised.
iii)
The cable to be installed is adequately protected by a duct of approved type over the critical length.
9.7.4 Single Core Cable Circuits

Where single core cables are used they shall be installed in close trefoil formation. This formation shall be maintained by binding of the three cores together at intervals of 2m by suitable cable ties.

Cable ties shall be:

i) non-ferrous/non-magnetic.

ii) of a material which is chemically non-reactive with the cable sheath.
iii) a minimum of 15mm wide.
iv) of length capable of surrounding the 3 cores and maintaining a slack of 15mm for thermal expansion.
v) mechanically strong enough to resist handling forces;
vi) have rounded/chamfered edges.
vii) have a ratchet type locking mechanism.

9.7.5 Cable Installation Depth

Trenches shall be excavated to such dimensions as may be required to achieve the standard cable installation depth wherever possible. Where it is not possible to achieve the standard installation depth the Contractor shall ensure that minimum installation depths are achieved in all circumstances.
Installation of cables at depths greater than standard shall only be permitted at road and railway crossings or at conflict locations, subject to the general approval of the Project Manager. The Contractor shall take such measures as may be necessary to ensure that the cable current rating is not seriously affected by variation in installation depth.

TABLE 9.3
	Voltage Level
	Installation Depth

	
	Standard
	Minimum

	11kV
	900mm
	800mm

	L.V.
	600mm
	500mm


9.7.6 Preliminary Works

Before any civil works are undertaken the Contractor shall give due notice in writing to all utilities whose services may be in conflict with the proposed cable route, e.g. telephone, water, sewage, road and railway, etc.
Where cables are to be installed in roads, footpaths or streets the Contractor shall liaise closely with the roads authority and police to ensure that all necessary measures are taken to minimise the hazards and disruptive effects of installation works.

9.7.7 Safety

The Contractor shall provide such working signs, bollards, danger tapes, light and watchmen as may be necessary to ensure ample advance warning of, and restrict public access to, the works area.
Warning lights and signs shall be displayed along pits and trenches, on both sides. Steel plate or wooden planks shall be provided across the trench at entrances to residences.

9.7.8 Transportation And Handling Of Cable

Cable drums, reels, lagging battens, and end caps shall be thoroughly checked for any damage before transporting cable to the work site.  If a reel it found damaged or cable end not properly sealed, the cable condition shall be checked. If water has penetrated into the conductors, the cable shall be rejected.

Drums shall be handled carefully during loading and unloading. The Contractor shall ensure that adequate lifting and handling facilities are provided to avoid damage to the cable drum or cable during lifting operations. Furthermore, the Contractor shall ensure that good lifting practices are employed during all drum handling activities.

Drums shall not be dropped on the ground.  Drums shall be unloaded as near as possible to the location where they will be supported during cable pulling.  Drum rolling distances shall be kept to a minimum. Drums shall only be rolled in the direction of the arrows inscribed on the drum flange.

During cable pulling the drum shall be so arranged as to reel the cable from the top of the drum wherever possible.

9.8 Excavation Of Trenches

Trenches shall be kept as straight as possible and shall be excavated to approved formations and dimensions. Trenches shall have vertical sides and shall be timbered and sheeted where necessary to prevent subsidence.

At bends in the cable route, the trench shall be dug with a radius not less than the minimum bending radius for the cable. However, it is recommended that the trench be dug with a longer radius if the cable is to be laid by pulling over rollers in the trench.

Asphalt, concrete or other surfacing materials shall be cut by a motor driven saw. Manual digging shall be used where existing underground facilities are encountered. Existing facilities uncovered during excavation shall be protected, shored, braced, and supported, as necessary. All protective covers, warning tapes, position markers, etc., pertaining to existing underground facilities shall be preserved during excavation and restored during backfilling.

At intersections with other utility lines, the trench may be sloped on both sides of the crossing point to maintain required clearance. However, minimum burial depths for the cable must be maintained. The slope of the trench shall not exceed 1:10 to avoid sharp bends in the cable.

All excavations exceeding 1.5 metre depth shall be properly sheeted and braced.  Excavations shall not be extended below the elevation of adjacent existing foundations unless the foundations are properly underpinned and shored. The trench bottom shall be smooth and free from stones and rubble. The trench shall be dewatered before laying the cable.

Cable jointing pits shall be excavated to such dimensions as may be required to provide adequate room for cable jointing to be completed without excessively stressing the cable, its components or inhibiting ease of operation by jointers.

9.8.1 Spoil Handling

i)
Excavated surface materials (including base foundations for roadways) should be stacked separately from sub-soils so that correct compaction and reinstatement can be obtained when backfilling.

ii)
All excavated materials shall be cleared from the edge of the trench so that rolling back into the trench does not occur and to avoid the possibility of trench collapse.  In general, excavated materials may not be stacked within a distance equivalent to the trench depth of the trench edge.

iii)
Where excavated materials are deemed to represent a hazard, to the public or the operatives, it shall be removed to an appropriate storage location for future use.

9.8.2 Trench Preparation

i) Before any cables are laid, the bottom of the trench shall be lined with unwashed river sand, of favourable grain distribution, and well compacted to a minimum depth of 
100mm.

ii) Ducts shall be cleaned and fitted with a bell mouth at entry point and at exit point.

iii) Where the end of a duct is level with the trench bed a depression shall be made immediately before the duct entry to prevent stones or coarse soil from entering the duct during cable pulling.

iv) The Contractor shall provide an adequate number of cable rollers and skids as may be required to ensure that the cable is adequately supported, does not touch the trench surface and does not exceed its minimum bending radius during pulling. Cable rollers shall not be installed more than 2 metres apart under any circumstances. All cable rollers shall be smooth surfaced and free rolling. All cable skids shall be smooth surfaced. Defective cable rollers or skids shall not be used.

9.8.3 Cable Installation

Cables shall be installed in maximum possible lengths and straight through jointing between shorter lengths will not be permitted without the prior written authority of the Project Manager.
Cables shall be installed in a single, continuous, smooth, non-jerky movement by an approved pulling technique such as bond pulling, cable stocking pulling or other technique acceptable to the Project Manager.
The Contractor shall ensure that the cable is not abraded by the trench surface, duct end, cable rollers or cable skids during installation. 

Under no circumstances shall the cable be subjected to a pulling tension in excess of the manufacturer's maximum permitted cable pulling tension. Cable lubricants may be employed where pulling is difficult at bends or ducts. Only lubricants that are compatible with the jacket compounds shall be used. Petroleum based lubricants shall not be used.
The cable shall be removed from the cable rollers and placed on the trench bed in such a way as to form a slightly wavy line in order that its length is approximately 1% greater than the true route length. This length is necessary to avoid longitudinal stress due to soil settlement and thermal cycling.
Following completion of each cable pull the section of cable damaged by the cable pulling mechanism shall be cut from the cable and scrapped. The damaged section shall be deemed to extend beyond the actual pulling mechanism bearing area and shall be at least 1.5m long.
Where cable joints or splices are to be made the ends of the cables shall be overlapped by 1.5m to 2m to provide adequate slack for jointing.
Where equipment terminations are to be made a 1.5 to 2 metre loop of spare cable shall be provided for terminating purposes.
Where a cable is cut, the ends shall be sealed from moisture entry with an approved cable end cap unless a joint or termination is to be undertaken immediately.
Cable ends shall remain properly sealed until splices or terminations are to be made.

9.8.4 Inspection And As-Built Records

Following completion of each cable pull the cable shall be inspected over its entire length, for evidence of mechanical damage, before removal from the cable rollers. Damage to the cable sheath shall be repaired immediately with an approved repair sleeve.
The Contractor shall ensure that the required minimum clearances from other underground facilities are achieved at all conflict situations.
The Contractor shall ensure that the single core cable circuits are adequately bound in trefoil formation.
The cable route shall be inspected by the Project Manager and the route length of the cable shall be measured and recorded (to the nearest 0.5 metre) for payment and recording purposes. Details regarding the number and type of joints and repairs, their location and the name of the jointer shall be recorded and marked on a copy of the construction drawings. These drawings shall be certified by the Project Manager.

9.8.5 Sand Cover And Protection

Following completion of data recording and inspection any loose stones or sharp objects that may have fallen into the trench during installation and inspection shall be removed.
The cables shall be covered by a layer of unwashed river sand, of favourable grain distribution, compacted manually to a depth of 100mm. The sand shall be applied by hand tools, spreading the sand along the length of the cable route to avoid dislodging the cable(s).
In the case of 11kV cables protective concrete cable covers shall be laid in close fitting formation directly above the cable(s) on the compacted sand cover. 

9.8.6 Backfilling

After all cables and protective covers have been laid, the trench shall be refilled in 150mm layers of well compacted material.
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Backfilling shall generally be in the reverse order from excavation, i.e. subsoils first followed by top soils. However, where the backfill material is not of suitable composition, e.g. gravel, wet clay, etc., the Contractor shall import as necessary a suitable volume of appropriate material to provide adequate backfill.
Cable warning tape of an approved type shall be laid above the cable in the backfill material.
The spacing between the cable tiles and warning tape shall be as large as site conditions permit up to a maximum of 500mm.

10.0 Reinstatement

The Contractor shall reinstate or provide temporary reinstatement of roads and pathways in compliance with the stipulation of the relevant authority.  In any event during temporary or permanent reinstatement of roads the Contractor shall ensure that:

i) Water from any source shall be drained from excavation site.
ii) While reinstating, longitudinal and transversal slopes of the street shall be taken into consideration.
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iii) Road markings which are obliterated as a result of the removal of the surface shall be restored in the same manner as they were marked before excavation.
iv) The newly reinstated portion should match very well with the old surface. The level of the new surface after compaction should not deviate from that of the old surface by more than 10mm or as required by the concerned authority.
tm
Material and layer compaction testing shall be carried out in accordance with the specification of the concerned authority.
Reinstatement of grassed areas shall be completed to provide a profile matching the existing surface following consolidation. The surface shall be of soil quality similar to that of the surrounding area. The Contractor shall replant such shrubs, trees or plants as may have been uprooted.
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11.0 Splices And Terminations

Cable joints shall be of such construction as to maintain the electrical structure of the cable. Cable core screens shall be isolated from steel wire armour which shall, in turn, be adequately sheathed and protected from the surrounding soil.

Only joints, splices and terminations of an approved nature may be used.
Splices and terminations shall be made in accordance with the instructions provided by the manufacturer. These instructions shall be included with each splice and termination kit.
Terminations shall be so constructed as to provide a complete moisture seal, including the crotch area of multi-core cables and complete rejacketing of the individual cores.
 L.V. Cable terminations shall be so constructed as to provide adequate loops of cable to ensure the necessary flexibility at joint and to prevent moisture ingress to the cable cores.  Each joint shall be moisture sealed by tape or other approved method.
Care shall be taken in every step from start to finish to keep the cable splice or termination free from moisture, dirt, particles of metal and air pockets. To accomplish this, hands, tools, containers and supplies shall be kept clean, dry and free from foreign matter at all times. After the cable insulation has been exposed by removal of any section of the outer covering, operations shall be continued without interruption until the cable termination or splice is completed.
Care must be taken that no sharp bends or twists are made in the cable or cores, even temporarily, while installing a splice or termination. Bending of cable at a short radius may permanently damage the insulation, shielding or jacket.

12.0 Bonding and Earthing

Cable core screens and steel wire armour shall be bonded together and solidly earthed at each cable termination position.

Bonding and earthing techniques shall comply with those recommended by the respective termination manufacturers and shall be in compliance with local practices.

13.0 Lightning Arresters

Lightning arrestors shall be installed at every point where 11kV cables are connected to the overhead network.

14.0 Table End Pole Construction

· Where cables are terminated on line structures, the cable shall be protected for a distance of at least 2.5m above ground level, by a rigid pipe, firmly fixed to one of the structure support members. The pipe shall be continued below ground level for a distance of at least 300mm.
· The cable termination shall be rigidly held, and if on a "H" structure, shall be centrally situated between the poles, mounted on a standard structure.

· The section of cable between the protective pipe and the termination shall be so fixed as to restrict free movement. The minimum bending radius of the cable shall in no case be exceeded.
· Cable terminations shall be mounted at a minimum height of 4m above ground level.
· On 11kV lines, cable terminations shall be protected by surge arresters, mounted between them and the overhead line.
· The cable(s) shall not be allowed to bend sharply or kink where it emerges from the protective pipe.
· The cable protective pipe shall be of such material as to be non-injurious to the cable and shall provide a preformed bend in the ground and a bell mouth at the pole where the cable(s) emerges.

15.0 Cable Testing

The Contractor shall implement such tests as may be required to prove the electrical integrity of the installed cables to the complete satisfaction of the Project Manager. Moreover, the Contractor shall be solely responsible for any damages or injury to personnel, livestock or plant as may result from the operation of damaged or incorrectly installed cables.
All cables to be tested shall be dressed and terminated and prepared for final connection to overhead network or other plant as appropriate.
The Contractor shall ensure that access to the cable ends or test area is inhibited by the provision of barricades, bollards, warning tapes, signs and watchmen as may be

The Contractor shall, at a minimum, implement the following tests:

· Conductor Continuity Test
· Sheath Continuity Test (where required)
· Armour Continuity Test
· Phase Identification
· Phase to Phase Insulation Resistance
· Phase to Earth Insulation Resistance
· Oversheath Insulation Resistance (Armour to Earth).
The above to be completed by using an approved insulation resistance measuring device.
All cables shall be subjected to a High Voltage D.C. test for 15 min. as outlined in IEC 502. The DC test voltage shall be 4Uo, where Uo is the RMS phase to earth voltage of the cable.
All tests shall be witnessed and certified by the Project Manager.
Test results shall be tabulated and forwarded to the Project Manager in an approved format.

16.0 Terminations To Equipment

Only terminations of an approved nature may be used.

Terminations shall be made to substations equipment in accordance with the instructions provided by the manufacturer. These instructions shall be included with each termination kit.

17.0 Ground Mounted Substations

This Section specifies the requirements for design, construction, installation, protection and testing of ground mounted 11 kV/LV substation installations.

All substations, accessories and required materials shall be suitable for operation at the guaranteed maximum sustained rating throughout all the seasons of the year. They shall also be satisfactory in operation under the atmospheric variation of current, voltage and frequency as may be met under fault and surge conditions on the system.

Ground mounted substations may be fenced transformer type or package type.

Fenced type substations shall be tail fed via an 11kV cable from an adjacent 11kV overhead line or Ring Main Unit (R.M.U.). The LV Distribution Panel may be located within the fenced enclosure or elsewhere.

Package substations shall be either looped or tail fed.

Transformer capacities shall be 200, 315, 500, 800 or 1,000 kVA

17.1 Design

17.1.1 General
i) Ground mounted 11 kV/LV substations shall be used for all substation installations exceeding 200 kVA capacity.  100 kVA and 200 kVA substation may, in certain circumstances, be installed as ground mounted units. The choice of substation mounting shall be at the Project Manager's discretion who will furnish the Contractor with full details of location, rating and mounting method.

ii) The Contractor shall ensure that all substations are installed at the location stipulated by the Project Manager. The Contractor may, with the Project Manager's written agreement, make such minor adjustments to the stipulated location as may be necessary to facilitate ease of cable entry, site access and equipment handling.

iii) All ground mounted substations shall be rigidly fixed on plinths of reinforced concrete to approved dimensions, form and structural integrity

17.1.2 Network Connections

All connections between the network and substation shall be via direct buried underground cable. The following cables shall be used:
	3 x 15/25 XLPE)
	HT connections to network.

	3 x 95/16 XLPE )
	

	3 x 15 XLPE)   
	HT connections o network.

	4 x 95 XLPE )
	


Where the distribution panel is separate from the transformer, they shall be connected using single core, PVC/PVC, copper cable of 15mm2 or 500mm2.
17.1.3 Non-Package Type Outdoor Substation

i) Where non-package type substations are installed as ground mounted units, the Contractor shall provide such HT conversion plates as necessary to form a suitable cable termination, fully insulated, stress relieved and enclosed.

ii) Further, the Contractor shall erect an unclimbable chain linked fence with appropriate gates to inhibit access to the substations. The enclosed compound shall be a minimum of 5m x5m.

iii) Where the substation is supplied from an overhead network, the Contractor shall install pole mounted expulsion fuse gear, fuses, lightning arrestors, cable terminations and associated metalwork to provide adequate protection and switching facilities for the substation.

17.2 Construction

17.2.1 Outdoor Substation Plinths

i) Ground mounted substation plinths shall be site cast in reinforced concrete to such dimensions as may be required to ensure a 150mm wide ledge of exposed plinth extending beyond the substation unit extremities. 

ii) The plinth shall be so constructed as to permit excavation of a cabling trench under the cable window to allow cable installation without undermining the plinth foundation or plinth integrity.

iii) Cable windows shall be of smooth formation with rounded comers and of adequate dimensions to permit easy installation of cables.

iv) Reinforcing bars shall be a minimum of 6mm steel and shall be so installed as to provide adequate reinforcement to the entire plinth structure while maintaining an adequate cover of concrete.

v) Concrete shall be thoroughly vibrated and given adequate time to cure before imposing any surface loading.

vi) The plinth surface shall be smooth and level and of uniformed finish, plinth comers and edges shall be so chamfered or rounded as to inhibit cracking or flaking through accidental impact, compact, etc.

vii) Substation fixing bolts, etc., shall be fitted before the concrete is poured.

17.2.1 Fencing And Gates (For Non-Package Type Outdoor Substations)

i) Where non-package type substations are installed the Contractor shall erect such fencing and gates as may be required to inhibit access to the substation.

ii) The fencing shall be unclimbable chainlink type, topped with three strands of barbed wire on outrigger posts.

a) The height from the concrete sill to the top strand of barbed wire shall be 2.6m minimum.

b) The chain-link shall be 50mm mesh x 10 SWG galvanised steel core, PVC covered.

17.2.2 Posts

The posts shall be 80 x 80 x 10mm galvanised angle iron or equivalent strength reinforced concrete. All posts are spaced at 2.5m centres and set vertically in concrete, true to line at the correct depth.

17.2.3 Foundations

i) Foundation shall be designed to suit the ground conditions. Normally, in good ground, the holes to receive the fence posts and gate posts are 600mm and 900mm deep, respectively. All posts are set in concrete.

ii) A continuous concrete sill shall be provided under the line of the chainlink, cast in situ with the top at 75mm above finished ground level.

17.2.4 Straining

i)
Straining posts are set at all ends, changes of direction and adjacent to the gate posts. 

These posts are braced in the direction of the strain using struts which are set in concrete.

Four rows of 8 SWG galvanised steel straining wire shall be used to support the chainlink and shall be tensioned to at least 50% ultimate tensile strength.

ii)
Hookbolts and eyebolts used for straining shall be located on the inside of the fence, so that they do not constitute a climbing aid from the outside. All projecting bolt ends shall be cut off and treated with cold galvanising.

17.2.5 Gates

i)
Gates shall be fitted with spikes or suitable means to hinder access and shall be comparable in quality and security to the adjacent fence. Gates shall be fitted with strong lock bolts having eye padlock attachments and tower fixing bolts. The locking arrangement shall not provide a climbing aid or vantage point for intruders.

ii)
Gates and gate posts shall be galvanised after fabrication. Gates shall open inwards through a minimum of 90° and shall have a total minimum opening of 2.5m width.

17.3 Bonding And Earthing

17.3.1 Bonding
i) Substation metalwork earth shall be kept separate from the associated LV neutral earth.

ii) All metalwork shall be bonded together and to the substation metalwork grounding system.

iii) Each continuous piece of metal which could form part of the path of a ground fault current shall be bonded to its neighbours so that the continuity of the grounding circuit does not depend upon mechanical connections between components.

iv) The bonding conductor shall be 35mm2 bare copper in all cases.

v) The metalwork earth shall consist of a minimum of 30m of 35mm2 bare copper in a

vi) 600mm deep trench or five earth electrodes, each driven 1.8m into the ground and spaced four metres apart, interconnected by 35mm2 bare copper.

vii) In non-package type substations with a fence provided the metal parts and gates shall be bonded to the earth grid with 35mm2 copper.

17.3.2 Lv. Network Earth

i) LV. network earth shall be kept separate from the substation metalwork earth and shall be installed at the first distribution point on the network or at the first pole. Should this prove impossible the Contractor will be permitted with the Project Manager's approval, to install the network earth at the substation provided that at least 4m of separation is maintained between the metalwork earth and network earth. This may be provided by the use of 12.5mm PVC piping as an insulating medium to provide the required separation.

ii) The network earth characteristics shall be at least equal to the substation metalwork earth characteristics.

17.3.3 Earth Mat

An earth mat of 35mm2 bare copper shall be installed not more than 300mm below ground level in front of each substation door, extending in a loop around the substation and bonded to the metalwork and metalwork earth. The earth mat shall comprise a square grid of at least 900mm side containing at least four equally spaced parallel conductors

17.3.4 Termination Of Equipment

Only terminations of an approved nature may be used.

Terminations shall be made to substations equipment in accordance with the instructions provided by the manufacturer. These instructions shall be included with each termination kit.

17.3.5 Short Circuit Capability

In order to prevent deformation when subjected to short circuit forces, solid block end insulation, backed up by substantial supporting frames shall be used. The axial end thrust under fault conditions shall be minimised by the suitable distribution of the ampere turns over the length of the windings.

The transformer shall be capable of withstanding the effect of short circuit testing as set out in EC and VDE 0414/12.70 and BS 171/1978.

18.0 Tappings

Tappings shall be provided on the H.V. windings for variation of ±5%, tap selection shall be by
means of an off-circuit tapping switch, operated by means of an external handle. The tapping leads shall be brought away from the coils by means of paper insulated conductors and they shall be arranged in such a manner that the ampere turn balance shall be maintained throughout the tapping range.

19.0 Tank Construction

The tank shall be made from mild steel with cooling effected either by plate radiators or by means of corrugated tank sides. The tank shall be electrically welded then after priming the interior, shall be tested for leaks.

Cooling radiators shall be of pressed steel, electrically welded and independently pressure tested

Tanks with corrugated steel sides shall have strengthening bars to provide rigidity and mechanical strength.

20.0 Tank Finish

The tank shall be shot blasted to remove mill and welding scale and then a priming coat of paint shall be immediately applied to the exterior so that there shall be the least opportunity of rust formation.

After priming the tank shall receive a coat of intermediate paint after oil testing and shall be given a final coat of high gloss paint. Paint shall be applied by either flooding or spray to give the most satisfactory coverage to combat corrosion in inaccessible places.

21.0 Standard Fittings

The transformer shall possess the following standard fittings:

· Diagram and Rating Plate.

· Off-circuit Tapping Switch.

· Lifting Lugs.

· Jacking Lugs.

· Earthing Terminal.

· Oil. Filler Hole and Plug.

· Oil Level Indicator.

· Drain Valve.

· Thermometer Pocket.

· Oil Temperature Indicator.

· Winding Temperature Indicator

22.0 Termination

The termination shall be Raychem termination system of heat shrinkable tubing.

22.1 Metering:

· Voltmeter with selector switch

· Frequency meter

· Three Ammeters

· Running Hours Recorder

· Battery Voltmeter

22.1.1 Pushbuttons/Switches:

a) "On Load" Pushbutton (Self illuminated)

b) "Off Load" Pushbutton (Self illuminated)

c) Voltmeter Switch

d) Voltage adjust Rheostat

e) Key-operated Engine start-Switch

f) D. C Control Circuit Miniature Circuit Breaker

g) Automatic start-stop with single cranking cycle.

22.1.2 Alarm Indicators

a) Engine pre-heat

b) Charging alternator failure

c) Over load

d) Coolant Temperature High

e) Coil Pressure Low

f) Engine Over speed.

22.1.3 Mounted Internally:

a) Plant Contractor

b) Electric Start control Unit

c) Cover load Relay

d) Governor Control Unit

e) Current Transformer

f) Pre-heat relay and timer

g) All necessary fuses and terminals, etc.

23.1 Electrical Installation Within Buildings

23.1.1 General Requirements

The electrical installations shall be carried out in accordance with the latest edition (and current amendments) of the Wiring Regulations issued by the Institution of Electrical Engineers and the Electricity Corporation of Ghana.

All materials, equipment and accessories used, whether or not specified, shall be new and comply with the British Standard or equivalent where relevant. The Contractor shall note that to comply with the aforementioned regulations of the Specification, only workmanship of the highest standard will be accepted and materials must be suitable for local environmental conditions.

23.1.2 Power Supplies To Buildings

Dependent upon the area under consideration power supplies to buildings shall be generally of buried cable entry into distribution board/consumer unit - the cable may originate either as a direct connection to the main electrical service cable or be an interconnection from a nearby distribution board.

23.1.3 Cabling Within Buildings

Buildings shall have concealed cable runs in conduit, or surface trunking.

The layout of the area is shown on the Tender Drawings and the buildings have been specifically identified or given a type indication.  Individual drawings relating to the installation requirements are provided for each building.
The electrical installation works comprise the provision of lighting and small power equipment and wiring as indicated in the Drawings for the buildings.
Distribution boards/consumer units are to be provided for each building.
In the event of conflict between the Drawings and the specification, the Project Manager's attention shall be drawn for clarification.

23.1.4 Consumer Control Units

All consumer control units shall be totally enclosed sheet steel, flush mounted, and comply with BS 5486. They shall be complete with phase, neutral and earth terminal bars. The latter shall each provide the same number of ways as MCBs to enable each final sub-circuit to have its own neutral and earth wires. Borrowing of neutrals shall not be allowed.
The consumer unit shall be complete with a double pole earth leakage (30 mA sensitivity) circuit breaker and also with miniature circuit breakers of the correct rating for the circuits to be protected. Consumer units shall have a minimum of two spare ways.
23.1.5 Miniature Circuit Brakers (Mcbs)

Miniature circuit breakers shall comply with BS 3871: Part 1, and shall be of the thermal-magnetic current limiting type. The MCBs shall be from manufacturers' current standard ranges with a duty category appropriate to the prospective fault at the point of installation, and shall be continuously rated. MCBs shall have trip free mechanisms, and shall be ruggedly constructed in non-hygroscopic case and shall have substantial terminal screws.

23.1.6 Earth Leakage Circuit Breakers (Elcbs)

Earth leakage circuit breakers shall comply with BS 4293 and shall be the high sensitivity differential current operated type. They shall have a double pole switch suitable for isolating the consumer unit and shall also be fitted with a test button. The earth loop impedance for such devices shall not exceed 1 333 ohms.

23.1.7 Cables – General

All cables used shall be PVC insulated and sheathed and comply with BS 6004. All cables between initial and final termination points shall be in one length:  no joints will be allowed.

23.1.8 Cables - Colours

Cable colours shall be as follows: 

Single phase ac circuits:

	Live
	:                                 red

	Neutral
	:                                 black

	Earth core
	:                                 green and yellow.


23.1.9 Cable Installation

Cables shall be run concealed in the ceiling, and roof space wherever possible, and installed in accordance with paragraphs 523-2/21, 527-1/5 and 529-1 of the IEE Regulations, 15th Edition and amendments.
When required the cables shall be fixed externally to the walls and ceiling.
Where cables run in the ceiling/roof space they shall be fixed to purlins with buckle clips no more than 250 mm apart. Where run parallel to purlins the cables shall be fastened to their sides. When run at right angles to purlins, they shall be passed through holes drilled in the neutral axis.
Where cables enter any consumer unit, switch or socket outlet box, etc. they shall be protected by a grommet or bush securely fixed to the box. Where cables pass through interior walls they shall be protected by a metal or PVC sleeve firmly embedded in the structure. The length of the sleeve shall not be less than the thickness of the wall and each end shall be sealed, after installation.
Lighting cables shall be installed on the loop-in system. Power cables for socket outlets and spur boxes shall be installed on the ring main principle using cables incorporating an earth continuity conductor.
Cable for lighting shall be 1.5 mm2 and cable for socket outlets shall be 2.5 mm2.

24.1 Luminaires

24.1.1 Fluorescent Luminaires

The luminaires shall be manufactured from high grade steel and finished ultra white stove enamelled to give a smooth easy clean surface. Fixing centres for 1 500 mm luminaires shall be at 600 mm spacing with 20 mm diameter knockouts at each end and at the top centre of the spine.
The control circuits shall be arranged for switchless start and fitted with an external fuse for each lampway provided in the supply terminal block attached to each luminaire. Each fuse shall be rated at 1 A and be to BS 1362. 
Power factor correction capacitors to BS 4017 shall be provided having PVC sealed-in cable tails or alternatively a terminal block suitably shrouded to prevent live parts being exposed. The capacitance shall be such that the power factor of the lighting unit measured at the incoming cable terminals during starting or running does not fall below 0.9 lagging at the input voltage.
The wiring from the control gear to the lamp holders shall be heat resisting PVC insulated and shall be adequately cleated. The terminals shall be of a type which provides positive locking against vibration.
Each incoming cable terminal block shall be suitable for accommodating up to three 1.5 mm2 single core PVC insulated cables.
The luminaires shall comply fully with BS 4533 for Class 1 ordinary, indoor, normal atmospheres and Class IIA for chemically corrosive atmospheres, where appropriate.

24.1.2 Fluorescent Lamps

Fluorescent lamps shall comply with BS 1853.  Unless otherwise specified, lamps shall be coloured 'white'.

Lamp caps shall be of the bi-pin type. Where available, cathode shields shall be incorporated.
Fluorescent lamps shall be of the 26 mm diameter, 40W energy saving type suitable for type of starting specified for the luminaire.

24.1.3 Bulkheads

Bulkheads shall have folded steel or die cast aluminium body and vandal-proof polycarbonate or toughened glass diffuser. Bulkheads shall be weatherproofed and shall have a degree of protection of IP 54.

24.1.4 Conduit

Conduits shall be galvanised heavy gauge solid drawn or welded screwed steel type, and be in accordance with BS 4568. Accessories shall either be malleable cast iron screwed type or pressed steel.
A space factor of 40% will not be exceeded, but in any case conduit of less than 20 mm diameter will not be permitted. The tubing is to be perfectly smooth inside and out and free from flaws and imperfections of any kind. Both ends of every length of tubing shall be properly reamed with all sharp edges removed before erection.

Where a number of conduits converge, malleable cast iron or heavy gauge sheet steel adaptable boxes shall be employed in order to avoid crossings. Conduits shall be connected by means of male brass bushes and couplings. Where conduits are greater than 25 mm, straight through joint boxes shall be of the trough type. Where conduit and/or fittings are attached to equipment casings, the material or case of the casing shall be tapped for a depth of not less than 10 mm or male bushes and flanged couplings shall be used.
Heavy hexagonal lock nuts shall be used at all positions where running joints are required and great care shall be taken to ensure that they seat firmly and evenly on to the mating faces of coupling or other adjacent accessories. All junction boxes, draw-in boxes, and inspection fittings, shall be so placed that the cables can be inspected and, if necessary, withdrawn and re-wired throughout the life of the installation.
Generally, not more than two bends or offsets or one coupling will be permitted without a suitable inspection accessory. Fish wires shall not be left in conduits during erection. The whole of the installation shall be arranged for a loop-in type of system with joints being carried out at switches, isolators, etc.  Intermediate joints in the cable will only be allowed by arrangement with the Project Manager. Where terminal blocks are necessary, they shall be of the porcelain type with brass pinching screws.

Ends of conduits which are liable to be left open for any length of time during building operations shall be plugged to prevent the ingress of dirt, cement, etc. and covers either temporary or permanent, shall be fitted on all boxes.
Generally, conduits shall not cross expansion joints of buildings, but where they cannot be installed in any other manner, then a galvanised flexible conduit shall be used across the expansion joint. A total of 150 mm movement shall be allowed.

24.1.5 Surface Installation

Surface conduits shall be secured and fixed by means of distance spacing saddles or approved purpose-made clips which allow the conduits to be taken directly into accessories without sets or bends. Conduits shall be run in a square and symmetrical manner. An efficient means shall be adopted to provide for the drainage of condensation and the runs shall be properly ventilated. All surface conduit runs shall be marked out for approval by the Project Manager before the installation is carried out. Where large multiple parallel conduit runs would occur, use may be made of galvanised cable trunking.
Conduits installed on structural steelwork shall be secured at spacings not exceeding those for surface conduit by girder clips, otherwise fixing shall be as for surface conduits on walls, drilled and tapped to the metalwork. Power driven fixings shall only be used with the express permission of the Project Manager. Any drilling or access which is required through any structural member of the building shall be agreed with the Project Manager before carrying out the work.
Exposed threads and plates where galvanising has been damaged shall be cleaned and then painted with two coats of an approved metallic zinc based paint. This treatment shall be applied as the work proceeds.

24.1.6 Concealed Installation

Concealed conduits shall be securely fixed to prevent movement before laying of screeds, floating of plaster, casting of columns or other building operations necessary after the conduit installation. Crampets or similar fixings shall be used for attaching the conduit to blockwork, etc. Building nails will not be accepted.

At least 15 mm shall be allowed for finishes over the conduit. Where this cover cannot be maintained then expanded metal shall be fitted over the conduit. Conduit cast into reinforced concrete floors shall be fixed to the steel reinforcing with binding wire and the conduit boxes filled with expanded polystyrene or enclosed in a plastic bag to prevent the ingress of concrete when poured. Where possible, the conduit boxes shall be fixed to shuttering to give a flush finish.
Conduit installed in voids, false ceilings, and other concealed routes shall be installed as specified for surface conduits.  Draw-in wires shall not be pulled into the conduits during erection. Wiring shall be carried out after the false ceiling or permanent ducts have been completed. Conduit installed in floors shall be sealed against ingress of moisture.
The conduit installation shall be inspected by the Project Manager before the building operation conceals the work.

24.1.7 Flexible Conduit

Flexible conduit shall be of the waterproof galvanised type or PVC wire-wound type with cadmium plated mild steel couplings.  Lengths of flexible conduit shall be sufficient to permit withdrawal, adjustment or movement of the equipment to which it is attached and shall have a minimum length of 300 mm. Flexible conduit shall not be used as a means of providing earth continuity. A single earth conductor of adequate size shall be installed external to the conduit complete with earth terminations.
Where conversion from rigid conduit to flexible metallic conduit is to be made, the rigid conduit shall terminate in a through type box and the flexible conduit shall extend from this box to the equipment, the earth continuity cable shall be secured to the box and to the piece of equipment by properly designed earthing screws. The use of lid facing screws, etc. will not be permitted. Adaptors shall incorporate a grub screw or a gland to prevent the flexible conduit becoming loose.
Where galvanised conduit is liable to corrosion, PVC conduit shall be installed.
PVC conduit shall be of the oval or round high impact type as specified and self-extinguishing, to BS 4607 with PVC conduit boxes. Surface and concealed installations shall be generally as described for steel conduit.
PVC conduit and conduit fittings shall all be of the same colour and unless specified, it shall be white.
Jointing shall be carried out using a PVC solvent and socketed accessories. Expansion couplers shall be fitted in straight surface rings every 12 m. The free end shall be sealed with non-setting mastic to form a waterproof seal.
Purpose-made bends may be used providing the normal bending radius is not reduced. Where cold bending of rigid straight conduit is to be carried out, purpose-made bending springs or a bending machine shall be used. Cracked or crinkled conduit will be rejected.
The conduit shall be suitable for use in ambient temperatures of between 5°C and 60°C and shall not be installed in areas that receive direct sunlight. A separate protective conductor (earth continuity conductor) shall be installed.
Adaptable boxes and boxes for accessories shall be made from insulating material resistant to heat. The minimum wall thickness of boxes having a nominal internal depth of 16 mm or less shall be 1.5 mm. For deeper boxes the minimum wall thickness shall be 2 mm. All boxes which are intended to support luminaires or other heat sources shall have either external fixing lugs riveted to the metal fixing inserts or utilise steel insert clips.

24.2 Cable Trunking - Metal

Cable trunking shall be manufactured from mild steel of not less than 1.25 mm and shall be hot dipped galvanised. The Contractor shall ensure that the size of the trunking is adequate for the number of cables to be installed together with 50% spare capacity and shall in any case be 50 mm x 50 mm minimum size.
Segregation of cables shall be carried out using continuous sheet steel barriers with the bottom edge welded to the trunking 
The trunking shall have two return flanges for rigidity. Where necessary, additional strengthening straps shall be fitted internally. The cover shall overlap the trunking and be made of the same gauge. Fixing screws for covers shall be recessed and be of the self-retaining 'quick fix' type. All bends, tees and intersections shall be of the gusset type and shall, wherever possible, be purpose made by the manufacturer and of a matching design to the main trunking.
Cables shall be retained in the trunking when the cover is removed by means of straps. Internal connecting sleeves shall be fitted across joints in the trunking and where earth continuity is required in the trunking, each section shall be separately bonded to a continuous earth wire.

Non-flammable fire barriers shall be inserted where the trunking passes through walls or floors. Conduit connections to trunking shall be made by flanged couplings and male bushes.
Trunking shall be supported at intervals not greater than 2 m horizontally or 2.5 m vertically.
Crossings over expansion joints shall be made in flexible conduit.
Should it be necessary to cut or drill a section of trunking or a trunking fitting the bared ends shall immediately be given a coat of zinc-rich cold galvanising paint.

24.2.1 Accessories

All accessories used on the electrical installation shall be of one manufacture and comply fully with the relevant British Standard unless otherwise specified.

All socket outlets and switches shall be flush mounted. Socket outlets shall have shuttered live and neutral sockets operated by the earth pin. The socket outlet and plate switches shall have earthed cover plates, and steel boxes shall be fitted with an earthing terminal.

The Contractor shall fix switch boxes and socket outlet boxes so that they shall, when the installation is completed, be level and in the exact position relative to the finished plaster work.
Unless otherwise stated, the Contractor shall allow for the provision of one 13A plug top with every socket outlet. All plug tops shall be fused and shall be of the same manufacture and finish as the socket outlet. The Contractor shall hand over the requisite number of plug tops to the Project Manager at completion.
Where the Contractor is required to fit a plug top to any item of equipment, he shall supply, connect and test the plug top to the said equipment. The Contractor shall ensure that the fuse in the plug top is of the correct rating to match the loading of the equipment.

24.3 Mounting Heights And Position Of Apparatus

The Drawings show the approximate position of all fittings, switches, distribution boards, socket outlets, etc. and are sufficiently accurate for the Contractor to complete his tender, but it must be clearly understood that the final position of all such items will be indicated by the Project Manager to the Contractor on Site.
The Contractor shall, during the course of the work, refer to the Drawings in order to determine the exact locations of accessories with respect to built-in furniture, ceiling panels, etc.

Mounting heights for various switches, socket outlets, etc. shall be as detailed below (unless otherwise specified): 
TABLE 24.1
	Item
	Height above floor(mm)

	Lighting switches
	1 350

	Socket outlets (kitchen)
	200 above worktop

	Socket outlets (others)
	200

	Consumer units
	1 800


All heights shall be measured from the finished floor level to the bottom line of each item.
24.4 Earthing

The earthing of the installation shall be earned out in accordance with the current edition of the Wiring Regulations issued by the Institution of Electrical Engineers.
Where point switches, socket outlets, spur outlets, etc. are terminated in metal boxes on a metal conduit system, the earth connections shall be made with PVC cable of the correct size and the metal boxes shall be complete with suitable brass earth terminal lugs securely fixed in the back of the boxes. Short isolated lengths of surface conduit must be earthed.
The earth wire shall be a green/yellow PVC single core cable to BS 6004 and shall be not less than 2.5 mm2 for power services. Power circuits shall also have a separate earth wire for each circuit, except where there is more than one 30 A ring in a room, then the same earth continuity conductor may be used for a number of circuits, but care shall be taken to ensure that maintenance of a circuit does not break the earth continuity to any other.
The main earth terminal of each installation shall be connected to an approved external earth electrode by means of a copper earthing conductor which shall have a minimum cross-sectional area not less than 16 mm2. The earth electrodes shall comprise copper clad steel rods driven into the ground.
The incoming neutral conductor shall be solidly connected to the main earth terminal at the intake position of each installation by means of a conductor not less than 16 mm2.
All baths, sinks, and other extraneous fixed metalwork shall be bonded to the electrical earthing system by a green-with-yellow PVC conductor of not less than 6 mm2 size. All points are to be available for inspection by the Project Manager.

24.5 Plug And Bolts

The Contractor shall supply and fix all necessary plugs in walls, ceilings, floors, etc. where required to fasten conduit, saddles, cable cleats and other fitments securely in position.
He shall supply and fix bolts to fasten switchboards, etc., securely in position.  Such plugs and bolts shall be of a type, make and pattern approved by the Project Manager, who shall also approve the method of fixing. 

24.6 Lightning Protection System

24.6.1 General

Lightning protection shall be provided to the building in accordance with the Drawings and/or the following specifications.
The lightning protection system shall consist of air terminals, down run conductor, test clamp and with grounding terminal system.

24.6.2 Lightning Arrester Terminals

They shall be mounted as shown on the Drawings, extend 40 cm above the roof and be made out of
copper.

24.6.3 Down Conductors

They shall be high conductivity copper tape. The cross sectional area of the tape shall not be smaller than 120 mm2.

24.6.4 Test Clamp

The Test Clamp shall be installed at a position 450 mm from the ground. The down run lightning conductor shall be terminated at the test clamp, and the earthing conductor shall be terminated at the other end leading to the Earth/Ground terminal.
The width of the Test Clamp shall be a minimum of the width of the down run lightning conductor.

24.6.5 Ground Terminals

Each down conductor shall terminate at an accessible box as shown on the Drawings.
Each ground terminal shall consist of a not less than 1.5 mm thick, 900 mm x 900 mm square copper plate. Each earth electrode shall be provided complete with approved non-ferrous plugs of clamps for connection to the earth continuity conductors.
The copper plates shall be buried vertically with the centre of not less than 1.5 metres deep under the base of building connecting the necessary number of plates where possible into undisturbed soil.
Distance between the earth electrodes shall be not less than 2 metres. Distance between the earth electrodes of one earthing system and another earthing system shall be not less than 5 metres.
Where the nature of the sub-strata makes burying into undisturbed soil impossible, the Contractor shall arrange for holes to be excavated deeper than the specified depth and install the plates and fill with soil or shall increase the number of plates. The Contractor shall perform the earthing to obtain the specified earth resistance in any soil conditions.

24.6.6 Tests

The Contractor shall carry out tests as the installation proceeds, for insulation resistance, continuity of conduits, etc. earth connections and the ability to withdraw and replace any single cable.
Full particulars of these tests shall be recorded and submitted, in duplicate, to the Project Manager with the weekly report

At the completion of the work, the Contractor shall carry out the following tests on all circuits and electrical equipment:
i)  Verification of polarity.
ii) Impedance of earth continuity conductors.
iii) Insulation resistance between wires to earth.
iv) Ring circuit continuity.
v) Live-earth and neutral-earth loop impedance.
vi) Proving of circuits.
The Contractor shall give the Project Manager at least 7 days' advance notice of any tests that are to be carried
out. All tests shall comply in all respects with Part 6 of the IEE Wiring Regulations and the Contractor shall submit test certificates to the Project Manager not later than 10 days after the tests are carried out.

25.1 Fire Alarm System

25.1.1 General

Fire alarm system shall consist of equipment, conduits and wiring required for a complete installation as herein specified.
All components of the system shall be approved by the Project Manager unless manufacturer's catalogue numbers are specifically stated.
Equipment and accessories shall be the standard product of a single manufacturer and shall be factory wired and tested.
The system shall be capable of expansion without rendering obsolete any of the original equipment.

25.1.2 Scope Of Operation

Fire alarm shall consist of zone non-coded, closed circuit, supervised system.
Manual and automatic alarm stations shall be grouped in zones as shown on the Drawings. Operation of any manual or automatic alarm station of a given zone shall cause the continuous sounding of the control panel indicating devices.  Each zone shall be represented by a lamp on the control panel. When an alarm is originated from any station in a particular zone, the lamp representing the zone and an alarm lamp common to all zones shall be lighted.
The system shall be electrically supervised against open circuits and grounds on the wiring to the alarm stations and indicating devices.  In case of fault, a trouble bell shall sound continuously until the system is restored to normal or until the bell is silenced by a cut-off switch.  In this case, a red pilot light shall be illuminated to show that the trouble bell is cut-off. When the system is restored to normal, the trouble bell shall sound again until the silencing switch is back to normal, thus, extinguishing the pilot light. Open circuits or grounds on the wiring shall not sound a false alarm.
The fire alarm system shall operate at 240V 50Hz from a 415/240V, 3-phase, 4 wire service. Manual and automatic stations shall operate from a low voltage D.C. supply to be provided within the control panel.

25.1.3 Control Panel

Control panel shall be provided with all the necessary relays, resistors, fuses, terminals, switches, milliammeters, pilot lamps, alarm bells, battery and chargers with all other components required to assure full and proper functioning of the system.
Control panel shall be mounted in an approved colour finished, surface mounted, wall type sheet steel cabinet equipped with a hinged door secured by a lock. A smaller lockable door will be provided in the main door for access to the operating switches. Opening the main door shall expose all the components for inspection and adjustments without further dismantling.
Power failure or component failure shall result in a trouble signal at the central fire alarm panel but not a false alarm.

25.1.4 Manual Fire Alarm Stations

Stations shall be flush or surface mounted 
Stations shall have a break glass feature.
Exposed parts shall be finished bright red.

25.1.5 Automatic Fire Alarm Stations

Stations shall be Smoke Detectors of the ionization type, solid state actuated with integrating amplifier for product detection and shall be thermal detectors of the rate of rise temperature type.
Each Smoke Detector shall contain an alarm indicating light.
Stations shall be suitable for surface mounting.
The Rate-of-Rise Heat Detector shall consist of an air chamber which has approximately half of its external surface exposed as a heat collecting surface and coupled to this chamber is a diaphragm to air pressure in the chamber increases and causes the diaphragm to deflect and make contact.

26.1 Alarm Bells

Bells shall be vibrating type, undertone with heavy duty contact mechanism for use at a low voltage D.C. Diameter of bell shall be 15 cm. Bells shall be finished bright red.

26.1.1 Wiring

Contractor shall submit for final approval by the Project Manager, a complete wiring diagram and layout of the fire alarm system and shall be guided by the zoning arrangement shown on the fire alarm riser diagram.
Cables and wires shall be in accordance with the requirements of the sub-section 19.5 "Wires and Cables" of these Specifications.
The wiring system shall be in accordance with the requirements of the sub-sections "Conduits, Conduit Fittings and Boxes" and "Wiring Accessories".
If low tension D.C. wiring are run together with A.C. circuits, the D.C. wiring shall have the same insulation grade as the A.C. wiring.
Conductors for fire alarm system shall not be less than 1.0 mm2.

26.1.2 Training

Full training shall be arranged for staff of the user client. This should be arranged so as to have the client’s staff be part of the installation process to afford maximum familiarity with the system as installed. The Contractor shall train operator console attendants and all users of telephone extensions in the operation procedures in order to realize the full benefits of the system.

26.1.3 After-Sales Maintenance Agreement

The Contractor shall guarantee to supply the same type of spares or the equivalent for operation and maintenance for the life time of the PABX facilities. 

Contractor should quote for an economical service contract for a period of two years after the guarantee period.
26.1.4 Warranty

The Contractor shall provide a one-year warranty covering all equipment supplied and installed. The warranty period shall start from the date of commissioning.

The Contractor shall warrant to repair, free of charge, all genuine defects on the equipment that arise within the warranty period of twelve (12) months after the date of commissioning.

All necessary hook-up and installation shall be by a manufacturer-approved representative.

26.1.5 Acceptance Test

Contractor shall undertake installation, testing and commissioning of equipment to the satisfaction of the Project Manager.

Provisional acceptance tests shall be conducted after completion of installation. The Project Manager, on successful completion of Acceptance Tests, shall issue a provisional acceptance certificate.

On successful completion of acceptance test, the equipment shall be commissioned. 

The Project Manager shall issue a final acceptance certificate at the end of the warranty period provided all defects have been rectified.

The contractor shall provide three sets of the following data: installation wiring diagrams, complete manuals, Schematic Drawings, and service instructions. One additional set shall be on compact disk.

26.1.6 Compliance

The system shall comply with all local and international standards (ISO) as well as standards and regulation for the construction and installation of electronic/telecommunications equipment.

Compliance

The system shall conform to all relevant local and international standards including EIA/TIA568, 569 and all ISO standards for the design, construction and installation of structured cabling.

27.1 Internet Connectivity

27.1.1 Introduction

This section outlines the functional requirements for the proposed INTERNET GATEWAY required for the various buildings. 

27.1.2 Scope

The intent of this specification is to provide a complete and unhindered Internet Access for the building.

The system shall be designed to facilitate future expansion.

All equipment and installation material required to fulfill the above shall be furnished whether or not specifically stated or on the drawings.

Full training covering operation and basic or first line servicing shall be arranged for the staff. This should be arranged so as to have the client’s staff be part of the installation process to afford maximum familiarity with the system as installed.

The Contractor shall provide four (4) sets (one of which shall be electronic) of the following data: installation wiring diagrams, complete operation and maintenance manuals, Schematic Drawings, and service instructions.  

The system shall be guaranteed for a period of one (1) year from the date of acceptance or first beneficial use, whichever is first, against defective materials, design, workmanship, and improper adjustment.

All switches, connectors, outlets, etc., shall be clearly, logically, and permanently marked during installation.

27.1.3 Fibre Optic Cable 

Tenderers shall provide technical and financial proposals for fibre optic cable connectivity for voice and data services to the  building. 

The fibre optic cable shall be connected to an access node provided by the client’s nominated Service Provider.

The contractor shall provide all hardware and software required for linking up the system to the Service Provider access node. 

27.1.4 Secure And Reliable Wireless Internet Access

Appropriate Layer 2 and 3 switches and access Points shall be provided to provide a secure WiFi Hotspot capability for the entire building.

28.1 Automatic Voltage Regulator

28.1.1 General
These specifications describe requirements for an Automatic Voltage Regulator (AVR)/ Power Conditioner supplying conditioned power to sensitive loads through a series regulation transformer with no active electronics in the primary power path. The specified system shall provide regulation and control of AC Power with isolation, noise and transient suppression.  It shall include all equipment to properly interface the AC power source to the intended load.

28.1.2 Standards

The specified system shall be designed, manufactured, tested, and installed in compliance with:

· American National Standards Institute (ANSI)

· Institute of Electrical and Electronics Engineers (IEEE) 

· International Standards Organization Quality Standard ISO 9001

· National Electrical Code (NEC - NFPA 70)

· National Electrical Manufacturers Association (NEMA)

· National Fire Protection Association (NFPA 75)

28.1.3 Documentation

I. Equipment Manual 

The manufacturer shall furnish an installation manual with installation, start-up, wiring diagrams and product one-line drawings for the specified system.

II. Warranty

The manufacturer shall provide a warranty against defects in material and workmanship for three years after initial start-up, not more than 42 months after ship date, whichever occurs first (refer to the Warranty Statement for details).

III. Quality Assurance

The specified system shall be factory-tested before shipment. Testing shall include, but shall not be limited to: Quality Control Checks, “Hi-Pot” Test (two times rated voltage plus 1000 volts, per UL requirements), Load Tests, and Metering Calibration Tests. The system shall be designed and manufactured according to world-class quality standards. The manufacturer shall be ISO 9001 certified.

28.2 System Description (Basic Avr Configuration)

28.2.1 Performance Characteristics

I. Kva Rating

The Voltage Regulator shall be available in standard and custom ratings from 2.5 to 1,000 KVA. 

II. Input Voltage

The Voltage Regulator shall be available in any nominal domestic, international or optional, custom rating, 100Vac - 600Vac.

III. Output Voltage

The Voltage Regulator shall be available in any domestic, international or optional, custom rating, 100Vac - 600Vac.


IV. Input Voltage Range/Regulation

+20% to -20%

V. Regulation Response Rate

<2 cycle

VI. Correction Time

29V/sec. at 480Vac 3-phase, 48V/sec at 240Vac single-phase typical.

VII. Frequency Range

50Hz nominal (47-53Hz)

VIII. Output Impedance

Less than 1%

IX. Unbalanced Load

At nominal input voltage, and with 100% load imbalance, output voltage shall be within +1% and –1%.

X. Overload Regulation

At nominal input voltage, while increasing the load from no load to 100% of full load, the output voltage shall be –1% of nominal or better. 

XI. Overload Capacity

33% for 2 hours

50% for 1 hour

100% for 15 minutes

1000% for 30 cycles

28.2.2 Harmonic Distortion (No Load To Full Load)

The Regulator shall add no voltage total harmonic distortion (THD) to the output.

28.2.3 Efficiency

The efficiency of the system shall typically be 98% at any load condition.

28.2.4 Power Factor

Any power factor shall be supported from 0 lagging to 0 leading. 

28.2.5 Reliability

The Voltage Regulator shall have a mean-time-between-failure (MTBF) of not less than 200,000 hours.  At no time shall there be semiconductor switching devices in the primary power path.

28.2.6 Cooling

The Voltage Regulator shall be convection cooled. 

28.2.7 Manual (Redundant) Regulation Control

The Voltage Regulator shall be equipped with a manual regulation switch for troubleshooting and for operation in the event the automatic controller is not available. 

28.2.8 Single-Point Ground

A computer-grade, single-point ground shall be provided in accordance with IEEE Std. 1100, and the requirements of the NEC. The output neutral shall be solidly grounded in accordance with NEC article 250-26.

28.2.9 Output Power Connections

The specified unit shall contain power terminals for connection of the output AC power.  All output power terminals shall be designed to accept wire sizes commensurate with the system rating.

28.2.10 Environmental Requirements

Audible Noise




<45 dB @ 5’

Ambient Operating Temperature

0oC to +50oC

Ambient Storage Temperature


-55oC to +85oC

Relative Operating Humidity


95% without condensation

Operating Altitude



Up to 10,000 feet

29.1 Transformer Construction

29.1.1 Variable Transformers

All variable transformers shall be constructed using a grain-oriented, laminated steel core surrounded by a solid copper wire conductor.  All conductive surfaces will be gold electroplated.   

29.1.2 Series Regulation Transformers

The series regulation shall be constructed using grain-oriented, laminated steel. All windings shall be copper. The transformer shall be dry-type, common-core, convection air-cooled. The transformer shall conform to UL1561, with 125°C maximum temperature rise. 

29.1.3 Enclosure

Units shall be provided in a standard NEMA 1 enclosure.

The enclosure shall be designed so that the unit can be moved by forklift equipment. A tool shall be required to remove the panels that access the hazardous voltage area of the unit.  

All service shall be accessible from the front of the unit with the additional ability for all front, side, rear and top panel to be removed. 

Unit shall be designed to accept either side or rear input and output wiring access.
30.1 Main Components

30.1.1 Advanced Communications & Control (Mp Controller)

The specified system shall be equipped with a microprocessor-based controller and power monitor Panel. The control and monitor panel shall gather and process information from electrical sensors. The monitored parameters shall be displayed on the unit monitor panel, and shall also be available for communication using low-voltage signal circuit using RS-232 or RS-422 format.

30.1.2 Control And Display

All monitored parameters shall be displayed on a 1 X 16 character, high visibility liquid crystal display (LCD) located on the front of the unit along with all control functions.  A 10-digit control panel will be provided for accessing monitoring and control function.

30.1.3 Remote Monitoring And Control (Mp Controller)

The controller shall be capable of separate and remote installation from the regulator.  This feature shall allow for the remote installation of the regulator while maintaining a local installation of all monitoring and control circuits and functions.

30.1.4 Full Function Metering

All voltage and current parameters shall be monitored using true RMS measurements for accurate representation of non-sinusoidal waveforms typical of computers and other sensitive loads.

The monitoring system shall monitor and display all of the following parameters:

· Input Voltages, Line-to-Line for all three-phases

· Output Voltages, Line-to-Line and line-to-neutral for all three-phases

· Output Current for all three phases, neutral and ground

· Output Frequency

· Output kVA and kW

· Output Power Factor

30.1.5 Transient Voltage Surge Suppression  

No power disturbances shall be evident on the output when high-energy ringing transients are impressed on the input lines. The specified system shall protect against surges as defined by ANSI/IEEE Standards C62.41 and C62.45. 

30.1.6 Output Isolation Transformer

The output isolation transformer shall be a wye/wye type to provide 120dB Common Mode, 60dB Transverse Mode isolation and voltage step-down (if required). The transformer capacity shall be the same as the system capacity. The transformer shall be a dry-type, common-core, double-shielded, convection air-cooled transformer. The transformer shall conform to UL1561, with 125°C maximum temperature rise. All transformer windings shall be copper. The transformer shall have less than 2.0% impedance and a full load efficiency of 97% typical. The transformer shall be enclosed in the same cabinet as the voltage regulator (NEMA 1).

30.1.7 Individual Phase Control

Individual phase control shall regulate each phase independently and maintain the phase to neutral output voltage to +/-1% or better for each phase. Individual phase control will not affect phase angle separation.

Extended Voltage/Frequency Range
Input regulation window shall be ±20% with ± 2 to 5% adjustable regulation output. The frequency range shall be 47-53 Hz.

30.1.8 External Bypass Switch

The unit shall be equipped with an external bypass circuit for manually removing Voltage Regulator from the power path. The bypass circuit shall include all connections required for a manually operated break-before-make switch.  

The switch shall be rated for 600 VAC and sized for 100% or greater of the bypass circuit full load. The bypass switch shall be a UL recognized double-throw, break-before-make switch rated for industrial use. The bypass switch shall switch the output phases and neutral simultaneously.

30.1.9 Main Input Circuit Breaker 

The specified unit shall be equipped with a main input circuit breaker to provide overcurrent protection and a means for disconnecting power to the unit. The main input circuit breaker shall be of molded case design sized for at least 125% of the specified full load input current and rated for 600 VAC. The minimum UL-listed interrupting rating for the main input circuit breaker shall be 25kAIC or better.

30.1.10 Main Output Breaker

The specified unit shall have a main output circuit breaker for overcurrent protection and a means for disconnecting power to the load. The main output circuit breaker shall be of molded case design sized for at least 125% of the specified full load output current and rated for 600 VAC. The minimum UL-listed interrupting rating for the main output circuit breaker shall be 25kAIC or better.

30.1.11 Main Output Contactor (Requires Mp Controller)

The specified unit shall have a main output contactor as a means for disconnecting power to the load. The contactor shall be capable of disconnecting the load upon a user-selectable, voltage out-of-band condition.  The load shall be automatically reconnected when the input voltage is within the specified tolerance.

31.1 Remote Emergency Power Off (Repo)

Pressing the customer supplied REPO switch shall immediately shut down the system by activating the shunt trip of the main input circuit breaker (input circuit breaker required). 

31.1.1 Nema 3r Enclosure

The Voltage Regulator shall be provided with a NEMA 3R enclosure upon request.

31.1.2 Execution

Factory start-up, preventive maintenance, and full service for the specified system shall be available and included upon request. 

32.1 Fire Fighting

32.1.1 General

Provision for Fire Fighting for the Project shall be a combination of both water to extinguish fires and portable fire extinguishers.

Water to extinguish fires shall be supplied through pipes with hose connections, storage tanks and pumps.

All fire fighting equipment shall comply fully with all laws which may be in force and installed on the position as shown on the Drawings.

After completion of the work, all fire fighting equipment installed shall be inspected to the entire satisfaction of the Project Manager.

32.1.2 Pipeline Material

The requirements of this Section shall apply to pipes, fittings, valves and other such materials required for pipelines, mains and pipework at reservoirs and external to buildings and structures at pumping stations and treatment works.

Pipes, fittings and valves shall be suitable for water works purposes for the conveyance of potable water (treated water) in the tropical conditions prevailing in Ghana and in particular at the location of the works.

All materials shall comply with the latest revisions of the standards quoted herein or an approved equivalent.

All valves and fittings shall be supplied to suit the dimensions shown on the drawings. The Contractor may supply valves and fittings to other dimensions subject to the approval of the Project Manager, however, the Contractor will be responsible for any redesign or extra design work and construction resulting from the use of fittings and valves to such dimensions.

Where pipes and fittings of the diameters shown on the Drawings are not manufactured the nearest available diameter above the diameter required together with reducer pieces may be supplied, subject to the approval of the Project Manager.

Valves weighing more than 100 Kilograms shall be supplied with two or three lifting eyes fitted in such positions that the valves hang with their major axes vertical or horizontal as is required when suspended from the lifting eyes.

32.1.3 Unplasticised Polyvinyl Chloride Pipes And Fittings

Unplasticised polyvinyl chloride (u-PVC) pipes shall comply with BS 3505:

i) All u-PVC pipes and fittings shall be of Class C (9 bar) pressure rating. Each pipe and fitting shall be clearly marked with its diameter and pressure rating;

ii) The standard effective length of each pipe shall be 6 metres;

iii) Spigot and socket joints for DN50 (2) pipes and above shall be of the push-fit type using either an integral socket or a double u-PVC coupling and fulfilling the requirements of BS 4346 Part 2. Joint gaskets shall be of ethylene propylene rubber (EPDM);

iv) Spigot and socket joints which require a solvent cement to form them will not be accepted;

v) Fittings shall either be manufactured out of u-PVC in accordance with BS 4346 or shall be manufactured out of ductile iron in accordance with the appropriate British Standard.

vi) All fittings shall incorporate push-fit joints compatible with the u-PVC pipe supplied without additional adaptation;

vii) Fittings manufactured from ductile iron shall be factory coated with an epoxy or nylon coating;

viii) Hydrant tees shall be off ductile iron;

ix) Fittings manufactured from u-PVC shall be of the same material as the pipes;

x) Each flange on the fittings made from u-PVC shall incorporate a metal backing ring;

xi) In addition to the tolerances on outside diameters and thickness given in Table 1 of BS 3505, an out of roundness tolerance of +/- 0.5% on the mean outside diameter will be permitted;

xii) For quality control during manufacture sampling and testing shall be carried out as recommended in BS 3505.  In addition 5% of all pipes (jointed in pairs) and fittings shall be pressure tested following the procedure laid down in Appendix H of BS 3505:  1972 amendment N° 1 - Sort-Term Hydrostatic Test.

32.1.4 Flanges

Flanges shall conform with the dimensions specified in BS 4504 for a nominal pressure of 16 bar.  Flanges shall be supplied complete with the required number of studs or bolts, nuts, washers and gaskets. Bolts and nuts shall not be inferior to BS 4505 Clause 5, and no bolt shall project more than two full treads beyond its nut after tightening, in no circumstances shall the shortening of excessively long bolts by cutting be allowed. Gaskets shall be of the inside bolt circle type.

32.1.5 Mechanical Couplings

Mechanical couplings shall be of the Dresser, Viking Johnson or similar type, without centre register, to the approval of the Project Manager. The middle ring (sleeve) and the follower rings (flanges) shall be of such materials and dimensions that they are not stressed beyond half the yield stress of the material when the pipes connected by them are subjected to a hydrostatic test pressure of 25 bar.

Joint rings and gaskets shall be manufactured from EPDM or the material to the approval of the Project Manager,

Flange adaptors for jointing flanged fittings to plain ended pipes shall conform where applicable to the above sub clauses.

All mechanical couplings and flange adaptors including nuts, bolts and washers shall be supplied with a nylon coating applied by a dip process to give a minimum thickness of 250 microns or an electrostatic spray process with a minimum thickness of 150 microns.

32.1.6 Gate Valves

Valve shall be double flanged wedge gate valves for manual operation suitable for waterworks purposes generally complying with the requirements of BS 5163.

Valves up to and including DN300 shall be of the resilient seal type and valves larger than DN300 shall have metal seals.

Spindles shall be of the non-rising type, and screwed so as to close the valves when rotated in the clockwise direction. The direction of closing shall be clearly cast on the valve cap or hand wheel as appropriate.

The valves shall be constructed of the following materials:

Body


-
cast iron

Spindle


-
forged bronze or stainless

Metal faces and seat
-
gunmetal
The valves shall be suitable for the pressure rating and unbalanced head stated in the Bill of Quantities.

Suitable anti-friction devices such as ball bearing thrust collars shall be provided as necessary to enable opening or closing by manual operation at the maximum pressures stated using an effort no greater than 26 kg on the tee key or hand wheel supplied.

All gate valves to be used for washouts and isolating air valves shall have screwed seats.

Extension spindles shall be galvanized or stainless steel adequately supported with cast iron brackets, and of sufficient diameter to prevent any whiplash effect through twisting when being used to operate the valves. The spindles shall be capped for key operation.

Valves caps shall be fitted with hexagonal set screws.

The valves shall be open and tested in accordance with BS 5163 and pressure and materials test certificates shall be submitted to the Project Manager for approval.

The valves shall be coated with cold applied bitumen conforming to the requirements of BS 3416 (material Type 11).

Keys for valve operation shall be of sufficient length so that the valves can be operated by a man standing, but shall not exceed 1200mm in length, and shall have detachable cross bars.

32.1.7 Butterfly Valves

Butterfly valves shall conform to BS 5155/3952 for working pressures up to 16 bar. 

Butterfly valves for flow regulation purposes shall have cast iron body and be resilient coated internally and stainless steel disc. Isolating butterfly valves shall have resilient disc seatings and shall be drop tight.

The valves shall be fitted with hand wheel actuators incorporating any necessary gearing to allow
opening and closing without undue effort against the unbalanced head stated in the Bill of
Quantities. 

Actuators shall be designed so as to close the valves when the hand wheel is turned in
a clockwise direction the direction of closing shall be clearly cast on the hand wheel. Position
indicators shall be fitted to all actuators.
Actuators for flow control valves shall be fitted with suitable low gearing to allow precise control.
Pressure and materials test certificates shall be submitted to .the Project Manager for approval.
32.1.8 Air Valves

Air Valves shall be of two types:

Single (small) orifice valves for the discharge of air during normal working conditions;

Double orifice valves, consisting of a large and a small orifice. These shall permit the bulk discharge or air from the main during filling and air inflow when emptying in addition to the discharge of small quantities of air under normal operating conditions.

Air Valves shall be suitable for operation at 16 bar nominal pressure.

Single air valves and the small orifice of double air valves shall be rated for 0.2 cu m/min of airflow at 0.3 bar pressure.

Large orifice shall be rated as follows:

Pipeline Diameter


Discharge Rating

not exceeding DN400

20 cu m/min at 0.3 bar

exceeding DN400 and

not exceeding DN600

40 cu m/min at 0.3 bar

exceeding DN600


80 cu m/min at 0.3 bar

All air valves shall be supplied with an independent isolating valve or cock which permits the removal of the air valve from the main without affecting the flow of water in the main.

Single (small) orifice air valves shall be supplied complete with an inlet isolating cock screwed to a NP 16 flange.

Double orifice air valves shall be supplied complete with a double flanged isolating gate valve with bevel gearing and suitable for tee key operation.

All air valves shall be suitable for connection to a flange on the pipeline.

All air valves shall operate automatically and shall be constructed so that the operating mechanism will not jam in either the open or closed positions.

At the connection between the air valve and its isolating valve a 75mm BSP tapping shall be made suitable for fitting of a pressure gauge. All tapping shall be sealed by a brass plug and copper compression ring gasket.

32.1.9 Hydrants

Hydrants shall be of the screw-down type and shall comply with BS 750 (Type 2) and have an outlet integral with the body. The outlet shall be screwed 635mm dia.  BS round thread and have a polypropylene protecting cap.
32.1.10 Float Valves

Float valves shall be to the sizes and suitable for the operating requirements shown on the Drawings and described in the Bill of Quantities.

Float valves shall be Glenfield and Kennedy Type 1042 double beat balanced design right-angled pattern or equivalent and suitable for a maximum working pressure of 7 bar. The valves shall pass the stated maximum flow rate when the valve is fully open with a head loss not exceeding 0.2 bar.

Valves shall have a stilling downpipe 1 m long bolted to the outlet flange.

Valves shall be coated with cold applied bitumen conforming to the requirements of BS 3416 (Type 11 material).

The valves shall be subjected to pressure and performance testing at place of manufacturer.

33.1 Surface Boxes And Chamber Covers

Surface boxes and chamber covers shall be either cast iron or ductile iron and coated with a black bituminous solution.

Surface boxes over gate valves shall be hinged and chained and shall generally comply with BS 5834.

a) In roads, tracks, verges: Heavy duty with 150 x 150mm nominal clear opening.

b) In fields and areas subjected to light wheeled or pedestrian traffic: Medium duty with 150 x 150mm nominal clear opening.

Surface boxes for hydrant chambers shall have a 380 x 230 clear opening and shall comply with BS 750 and shall be suitable for heavy traffic loading.

Cover to air valve, water meter and other chambers shall be to the dimensions and loading requirements shown on the drawings or as stated in the Bill of Quantities. Covers shall be suitable for the following maximum safe centre static loads:

a) Light duty
-
250 kg

b) Medium duty
-
1500 kg

c) Heavy duty
-
5000 kg

Where applicable, covers shall comply with BS 497 or other appropriate British Standard. Covers shall be not inferior in quality to those manufactured by Breaches Boards International Limited, Dudley Road West, Tipton, West Midlands BY7 7XD, England.

Lifting keys shall be provided for each type of surface box or cover supplied. One set of keys shall be provided for every ten surface boxes or covers subject to minimum of ten sets of keys or the actual number of covers if less than ten.

33.1.1 Drawings And Manufacture

Drawings of all items including flanges and couplings, etc, shall be submitted to the Project Manager within thirty days of the award of Contract and will be returned either approved or with comments within a further fifteen days from receipt by the Project Manager.

The Contractor shall not commence manufacture or fabrication of any item until receipt by him from the Project Manager of the necessary approved drawings or other approval.

33.1.2 Materials For The Assembly Of Flexible Joints

The Contractor shall supply all the lubricants necessary for assembling spigot and socket joints. The lubricants shall be of a kind not conducive to the growth of bacteria and shall be to the approval of the Project Manager.

33.1.3 Inspection And Testing

During manufacture and before dispatch from the place of manufacture the Contractor shall allow inspection of all pipes, fittings, valves, etc., by an inspector appointed by the Project Manager. The inspection will include attendance at all pressure, performance and material tests, execution of dimensional checks, inspection of the workmanship and standard of manufacture with scrutiny of evidence of the materials used in the fabrication of the items.

The Contractor shall arrange for such testing as may be required to be carried out at the place of manufacture according to this Specification.  If there are no facilities at the place of manufacture for making the prescribed tests the Contractor shall bear the cost of carrying out the tests elsewhere.

The Contractor shall supply, furnish and prepare the necessary test pieces and sample and shall supply and provide all test rigs, equipment, appliances, labour and any other facilities required for inspection and testing.

The Project Manager and his inspector shall be allowed full access to all areas at the place of manufacture or elsewhere where testing, furnishing or preparation of materials for the performance and testing of work under this Specification is taking place.

The Contractor shall furnish the Project Manager with reasonable facilities and space (without charge) for the inspection, testing and obtaining of such information as he desires respecting the character of materials in use and progress and manner of the work.

33.1.4 Manufacturer's Certificate

The Contractor shall furnish the Project Manager with a manufacturer's certificate in respect of every consignment of material confirming that all items comprising the consignment comply in all respects with the requirements of the specified Standard and to this Specification.

The original and one copy of such manufacturer's certificate shall be delivered to the Project Manager not later than 7 days prior to the intended date of delivery to Ghana.

33.1.5 Packing And Protection

All items shall be adequately crated or packaged to withstand damage and deterioration due to shipping, handling and storage. Protection shall be provided to prevent ingress of foreign matter. The methods of protection and shipping shall be to the approval of the Project Manager.

Bolts of the same length and size (and their accompanying nuts and washers) shall be packed together in boxes not exceeding 100 kg gross weight.

Joint rings and gaskets shall be packed in boxes and separate package shall be provided for each size and description of ring of gasket.

All fittings shall be packed in open sided crates.

The Contractor shall supply at his own cost all necessary materials and equipment for making good, where, approved by the Project Manager, any damage to pipes, fittings or valves suffered during delivery.

33.1.6 Marking

All items shall be marked in accordance with Clause 5 of BS 4772 and Clause 37 of BS 5163.

Before shipping, all items shall be clearly marked. All crates or packages, except for single pipes, shall be marked on two sides with indelible paint with the name of the project, the Employer and the Contract number and shall also bear marks indicating the contents.

33.1.7 Handling

The Project Manager will reject any pipes, fittings, or valves which have been damaged. The Contractor shall comply with the following requirements:

a) Pipes should not be stacked more than four tiers high unless otherwise approved by the Project Manager.

b) Pipes, fittings and valves shall not be dropped, or allowed to land on sharp or other object which will cause bends, or dents, or damage to the coating.

c) When lifting pipes and fittings, special lifting hooks with curved saddles to fit the curvature of the pipes or fitting shall be used. Alternative types of lifting hooks, clamps or slings, may be used subject to the Project Manager's approval.

d) Suitable pillows shall be used to protect pipes and fittings under securing chains or other lashings when loads are being transported.

34.1 Pipeline Construction

34.1.1 General

The requirement of this Section shall apply to the construction of pipelines and mains, and
pipework at reservoirs and pipework external to buildings and structures at pumping stations and treatment works.

34.1.2 Setting Out

The Contractor shall, in the presence of the Project Manager's Representative set out the pipeline alignments in accordance with the Drawings making any changes the Project Manager's Representative, may deem necessary, confirming also, the exact locations of all valves, washouts, hydrants, etc.

The Contractor shall then submit to the Project Manager at an approved scale, a profile of ground levels after the initial clearing of the wayleave, easement or other right of way showing the proposed invert levels, and the precise chainages of all the valves, washouts and hydrants, etc. for the Project Manager's approval.

The Contractor shall then supply to the Project Manager two further copies of the approved profile, incorporating all amendments required by the Project Manager, before excavation of the particular pipeline commences.

34.1.3 Handling Pipes

Pipes shall be handled using ropes, slings, skids and fenders of a type approved by the Project Manager. Particular care shall be taken during unloading and in subsequent storing and handling to avoid distortion, flattening, denting scarring or any other damage of the pipes, fittings, etc.

34.1.4 Stockpiling And Storage Of Pipes And Fittings

When stockpiled, pipes shall not be stacked more than four tiers high without the Project Manager's prior approval. The pipes shall be stacked clear of the ground on timbers of adequate dimensions with wooden wedges nailed to the end of these timbers to prevent the pipes from rolling.

Fittings shall not be stacked more than one tier high and shall similarly be supported clear of the ground on timbers.

Pipe end covers, wooden discs and other transit protections fixed by the pipe and other manufacturers shall be retained in place until the pipes, etc. are inspected. After inspection the protective devices shall be replaced until shortly before the pipes are laid.

Pipes and fittings trug adjacent to the pipe trench prior to laying shall be supported clear of the ground to prevent damage to the pipes and the external protection.

Valves, rubber joint rings, gaskets, bolts and similar fittings and materials shall be kept in approved locked premises and such fittings and materials shall not be distributed to the trench side or installation point until immediately prior to laying, fixing, jointing or assembly thereof. All rubber joint rings and gaskets must be stored in the shade under cover and protected from the weather to the satisfaction of the Project Manager's Representative.

U-PVC pipes shall be continuously supported over the full length of the pipe barrel with the joint socket left free.  Pipes and fittings of u-PVC shall be stored by the Contractor at the places of delivery under shade erected by the Contractor and approved by the Project Manager's Representative to prevent deterioration of the pipework.  Pipes and fittings of u-PVC which have not been properly stored will be rejected by the Project Manager.

34.1.5 Examination Of Pipes Prior To Laying

Shortly before laying of fixing any valve, pipe or fitting, the Contractor shall in the presence of the Project Manager's Representative carefully examine each valve, pipe and fitting for damage or defect. All damage and all defects revealed by this examination shall be repaired and remedied to the satisfaction of the Project Manager's Representative.

The ends of ductile iron pipes and fittings shall be examined for circularity. Any distorted ends shall be corrected by an approved method to within the tolerances required by the mechanical couplings or other joints by which the pipes or fittings are to be jointed.

All pipes and fittings which are dented or damaged shall be discarded unless in the opinion of the Project Manager's Representative a portion of such pipe or fitting may usefully be salvaged in which case the Contractor may cut off and discard the damaged portion only.

After examination and any necessary repairs all pipes, fittings, etc. shall be cleaned internally.

34.1.6 Cutting Pipes

Ductile iron pipes shall be cut with an approved mechanical pipe cutter and in conformity with the pipe manufacturer's recommendations.

The edges of the cut shall be clean, true and square. The use of an oxyacetylene flame cutter will not be permitted under any circumstances. The edges of the cut together with those parts of pipes from which the coating has been removed shall be given two coats of bituminous paint and other internal lining repaired, if damaged, to the approval of the Project Manager. When the veiled for 10mm at 30 degrees to the pipe axis to remove sharp or rough edges.

U-PVC pipes shall be cut with an approved fine toothed saw in conformity with the pipe manufacturer's instructions. Spigot ends shall be cut truly square and shall be re-chamfered to half pipe thickness with a coarse file or dressing tool before jointing.

35.1 Fire Hose Reel

35.1.1 General

Fire Hose Reels should be simple to operate, and require the minimum of maintenance. Hose Reel should be able to run out quickly and easily in any direction.

As the water flows through the hose while it is still on the reel, only sufficient hose reaching the fire need be unwound.

Hose Reels should generally comply with BS 5274 and be compatible with BS 5306 Pt. 1.

35.1.2 Swinging Recess Hose Reel

Hose Reels shall be of the swinging recess type with automatic operated valves, extended hose capacity and left or right-hand pivot depending on location.

The swinging arm should allow the hose to be pulled of simply and easily through 180 degree of movement.

The overall depth of reel should be kept to an absolute minimum so as to allow the recess to be covered with a door and architrave.

35.1.3 Specification

Hose Reels shall have the following specification.   Hose must comply with BS 3169 Type A

Bore:

25mm

Hose Length:
30

Nozzle:

Jet/spray/shut off high impact nylon

Pressure:
Operating 10 bar Test pressure 20 bar

Finish:

Red Epoxy Polyester Powder Coated

35.1.4 Options

The following optional extras shall be provided:

· Mounting Block Packs; Pedestal Mounting Kits;

· Lockable Valves;

· Wall Mounting Instruction Plates;

· Chrome Plated, Level Operated, Gunmetal Nozzles Chrome Plated Side plate

35.1.5 Portable Fire Extinguishers

Portable fire extinguishers shall be provided where specified and where so indicated on the Drawings.

Portable fire extinguishers shall be of two types. One shall be the dry chemical type and the other shall be halon 1301 type. Discharge shall be operated by squeezing the control lever.

The available dry chemical agents shall be the following 3 (three) kinds: Ammonium Phosphate Monobasic (Mono-ammonium Phosphate) base dry chemical agents for ordinary, oil and electric fire. 

The available halon 1301 agent shall be Bromo-tri Fluoro-Methene and be for oil and electric fires.

The portable extinguishers shall be completely equipped with valve, nozzle and necessary accessories.

36.1 Ventilation And Airconditioning

36.1.1 General Description

The Contractor's responsibilities for the works covered by this part shall include the supply, delivery to site, erection and commissioning of all materials and equipment required in accordance with these Specifications.

36.1.2 Scope Of Work

The works covered under this part of the Specifications shall include not only the mechanical services for ventilation and air-conditioning but also all necessary associated services.

36.1.3 Work Not Included

The following items of related works are not included herein and specified in other paragraphs of these specifications:

(1) Electrical work including conduiting and wiring work;

(2) Louvres on external wall;

(3) Making holes on structure and reinforcement for them;

(4) Reinforcement for opening on suspended ceiling;

(5) Concrete base for equipment.

36.1.4 Materials And Equipment

All materials and equipment shall be new, rust proof and adequately protected against the prevailing weather conditions in Ghana.

Each major component of equipment shall have the manufacturer's name, date of manufacturing, address and catalogue number on a plate securely attached to the item of equipment.

All samples requested by the Project Manager shall be promptly submitted.

36.1.5 External Design Conditions

External design conditions for the site are as follows:

TABLE 36.1
	
	DRY BULB        
	WET BULB        
	SPECIFIC HUMIDITY
	RELATIVE HUMIDITY

	Outdoor 

Temperature
	 33°C                   
	27°C                 
	144%
	64.4%


36.1.6 Internal Design Conditions

Internal design conditions are as follows:

                           TABLE 36.2


	
	DRY BULB        
	WET BULB        
	SPECIFIC HUMIDITY
	RELATIVE HUMIDITY

	Outdoor 

Temperature
	 24°C                   
	17°C                 
	68%
	52%


Outside air temperature may occasionally rise up to 35°C. The Contractor shall offer equipment which is capable of operating at this temperature without any mechanical failure. The Contractor may be required to offer equipment which is capable of operating above 35oC especially in Northern Ghana.
37.1 Fans

37.1.1 General

All fans shall be guaranteed to deliver the specified air quantities at the specified static pressures when tested in accordance with the authorized test code approved by the Project Manager.

All fans shall be accurately balanced both statically and dynamically and shall be free from objectionable vibration or noise when in operation. All fans shall operate at their maximum efficiency.

The Contractor shall submit to the Project Manager for approval, a dimensioned drawing of each fan as prepared by the fan manufacturer. The Contractor shall also submit performance data showing indispensable mounting dimensions, sheave diameters, drive centres/motor type and size, type and quantity of belts and decibel rating, for the Project Manager's notice.

Fan wheels and housing interiors and exteriors shall be well protected against corrosion with corrosion resistant paint at factory.

37.1.2 Centrifugal Fans

Unless otherwise specified, centrifugal fans shall be fully housed, single inlet type with forward curved, multi-blade type wheels.

Performance curves shall be submitted for each centrifugal type, propeller type fan to be installed. Fan curves shall show brake horsepower, static pressure and static efficiency plotter against air volume.

Housing for fans having wheels smaller than 30 centimetres in diameter shall be made of cast iron or steel and housings for fans having wheel 30 centimetres or more in diameter shall be made of steel. Flat portions of housings shall be heavily braced so as to prevent vibration and provide adequate support for the bearings. Inlet rings shall form smooth curves to reduce turbulence.

Centrifugal fans shall be connected to the driving motor by means of an approved multiple V-belt drive. Belts shall be matched type and a removable painted black steel sheet bald guard shall be furnished for each unit.

Fan motor sheaves shall be adjustable to permit regulation of the fan speed when necessary.

Vibration isolating bases shall ensure permanent alignment between the motor and fan by means of structural steel members and isolating elements shall be suited to the loads and type of installation involved.

Motors shall be drip proof type and shall be equipped with adjustable bases or with rails. The motors shall be designed to suit the characteristics of the available electric service.

37.1.3 Propeller Fans

Propeller fans shall be the direct connected, motor driven type. Wheels shall have steel or aluminium blades with heavy hubs. Fans shall be quiet in operation and shall be dynamically balanced. Fans and motors shall be supported on heavy metal frames designed for the required mounting and shall be mounted on resilient supports. The motor speed for direct-driven fans with capacities of 100 mm3 or more shall not exceed 100 rpm.

Motors shall be designed to suit the characteristic of the available electric service. Generals, the motors shall be the totally enclosed type and the motor for battery room exhaust fans shall be explosion proof type. Air stream operated shutters of approved type shall be installed on each exhaust fan as indicated on the Drawings.

38.1 Window Type Room Airconditioners

(1) Room window air conditioner type shall be encased and designed as a unit for mounting in a window or through a wall. The unit shall deliver free conditioned air to an enclosed space without ducts. Air conditioners shall have the functions of filtering, cooling, dehumidifying and circulating the room air and shall provide ventilation by introducing filtered outdoor air into the room or exhausting room air to the outside.

(2) Window type room air conditioner shall be designed to operate on single phase 240V 50Hz power source.

Room air conditioners shall consist of enclosed casing, conditioned air distributing grilles and room air intake registers, outdoor air inlet and outlet, air filters, hermetic compressor, direct expansion type cooling coil, air cooled condensing coil, room air and condensing air circulating fans, fan motor, refrigerant piping and necessary accessories safety devices, control panel and starter switches.

The refrigerant shall be mono-chloro-di-fluoro-methane (R-22) or as recommended by the equipment manufacturer.

Window type air conditioners shall be tested at the factory to demonstrate their capacities and general operating characteristics. The certificate of factory test shall be forwarded to the Project Manager. Window type air conditioners shall be installed in accordance with the recommendation of the manufacturer.

39.1 Mini Split Airconditioner

39.1.1 General

The Mini Split System Air conditioner shall comprise condensing unit which will be outdoor mounted and an evaporator which will be indoor mounted. The Mini Split Air conditioner shall be designed to operate on single phase 240V 50Hz power source or as recommended by the equipment manufacturer.

39.1.2 Condensing Unit

The Condensing Unit shall be of the reciprocating or rotary type and welded shell construction.

The condenser shall be of the air cooled fin-tube type suitable for drawing of dusty outside air. The expansion device shall be capillary tube, constant pressure valve or thermostatic expansive valves.

39.1.3 Evaporator

The evaporator shall be encased assembly of cooling coils, a fan and a pre-wired control panel which has a thermostat setting dial. The cooling coils shall be direct-expansion fin-tube type evaporators with ample cooling surface.

39.1.4 Fans

Fans for both the condenser and the evaporator shall be centrifugal or propeller type and the fan motor shall be either equipped individually or directly mounted on an extended shaft of one motor.

39.1.5 Refrigerant

The refrigerant for the system shall be R-22 or as recommended by the equipment manufacturer. The entire refrigerant circuit shall be dehydrated, purged and charged with refrigerant and oil at the factory.

39.1.6 Air Filters

Filters shall be suitable for the space available and shall be installed without damage to the filter.

Filters shall be fabricated and installed so as to prevent the passage of unfiltered air.  Felt, rubber or neoprene gaskets shall be provided between filter frames and unit casings, etc.

All steel filter parts shall be protected against corrosion by a baked enamel, epoxy resin, zinc-coating, cadmium plating, two coats of oil paint or two costs of lacquer.
Filter elements and media shall be adequately protected against dirt during construction and shall not be operated until ductwork is thoroughly cleaned.
Filters must be put in regular operating condition before the fans to which they connect are operated for any purpose, such as temporary ventilation or adjusting. After all adjustments, etc., are complete and before the filters are accepted for regular operation, they shall be cleaned and provided with additional new media.

Unless otherwise specified, air filter shall be tested before installation to demonstrate its resistance to air flow, dust holding capacity and dust removing efficiency when operating at its specified capacity. The entire cost of all tests shall be borne by the Contractor.
Air filters shall be of the sectional, replaceable, dry media type.  Filter shall be provided with a factory made sectional supporting frame of aluminium constructed not less than 1.0 millimetre thick.
The filtering media shall be washable metallic material. The media shall be supported by wire mesh or expanded metal screens arranged so that air is distributed evenly to all surfaces.
Supporting screens shall be secured to heavy frames constructed in such a way that they can be separated and reassembled easily to permit removal and renewal of the filtering media.  Each filter section shall be provided with felt gaskets and latches to secure it in the frame.
Joints in the frame section shall be welded or riveted, and individual frames shall be bolted together to form the whole frame assembly.

The dust removal efficiency of the air filters shall be between 80% to 85% depending upon operating resistance and air velocity.
39.1.7 Casing

Casing for both condensing unit and evaporator shall be fabricated with heavy gauge galvanized or bonderized steel. The appearance shall be suitable to the location where installed. All outside air intake shall be provided with metallic fixed louvres and steel wire screen.

40.1 Pipe Works

40.1.1 General

Refrigerant and drain piping shall be installed as indicated on the Drawings and/or as approved by the Project Manager.

Pipes shall be cut accurately to measurements established at the building, shall be worked into place without springing or forcing, and shall properly clear windows, doors and other opening. Excessive cutting or other weakening of the building structure to facilitate piping installation will not be permitted.

Pipes shall have burrs removed by reaming and shall be installed so as to permit free expansion and contraction without causing damage. Changes in direction shall be made with fittings. Piping connection to equipment shall be in accordance with details shown on the drawings, as recommended by the equipment manufacturer's instructions and approved by the Project Manager.

40.1.2 Pipe Materials

Refrigerant piping shall be copper or as specified by the manufacturer.

Drain pipes and fittings for evaporators shall be of unplactisized polyvinyle-choloride (uPVC).

41.1 Pipe Installation

41.1.1 General

Piping systems shall be complete and all pipes shall be of size shown or, where not shown, shall be of sizes required to produce capacities of equipment specified.

All strainers, valves, expansion joints, etc., size shall be a minimum of the pipe size as shown on the drawings.

Wherever two or more pipes are to be installed in parallel or parallel to the piping of other trades, the piping shall be installed with sufficient space between pipes to allow for the proper application of pipe covering, painting and servicing.

Ends of pipes shall be reamed before being made up into fittings.

Screwed joints shall be made up with red lead or an approved compound applied to the pipe threads and not to the fittings.

All piping shall be installed so as to allow for expansion. Connections to pumps and other equipment shall be made in such a manner as to eliminate undue strains in piping and equipment. Necessary fittings and bends shall be supplied to avoid springing of pipes during assembly.

41.1.2 Pipes Through Walls, Partitions And Floors

Horizontal pipes passing through walls and partitions shall be provided with full thickness sleeves made of standard black steel pipe large enough to leave not less than 5 millimetres clear around the pipe and covering.

Vertical pipes passing through floors shall be provided with sleeves of galvanized steel sheet not less than 0.5mm thick.  Sleeves shall be of proper length to pass through the entire floor construction including fill and shall be large enough to leave not less than 5mm clear around the pipe and covering. Sleeves in concrete work shall be flanged at the bottom and secured to form before the concrete is poured.

All exposed vertical pipes passing through floors must be provided with floor plates and, where the ceiling is finished, with ceiling plates.

All horizontal pipes passing through finished walls must be provided with wall plates. All plates must be designed to allow for expansion and wall ceiling plates must be securely fastened to the pipe or to the sleeves.

41.1.3 Pipe Insulation

Pipe insulation shall be applied after the systems have been tested and proven tight as hereinafter specified.

Insulation shall be applied in accordance with the manufacturer's recommendations and the installation shall be neat and workmanlike in appearance.

All surfaces to be insulated shall be dry and free of loose scale, dirt, oil or water when insulation is applied.

41.1.4 Operation

Start-stop operation of compressors in each room air conditioner shall be controlled by electric type room air conditioner thermostat in the window type room air conditioner.

Exhaust fans for power room shall be controlled by timer.

Exhaust fans for Battery Room shall be controlled by electric type room thermostat timer or charge signal.  Extractor fans for toilets shall be controlled by timer.

41.1.5 Nameplate

Each unit shall have a nameplate specifying the name of manufacturer, type and serial number of the unit, specifications and date of manufacture.

41.1.6 Painting

Motor and other machinery and all portions of fans, ducts, casings pipes, etc., which are not covered or concealed by fumings, suspended ceilings, etc. shall be thoroughly cleaned and given two coats of machinery enamel. All surfaces to be painted shall be clean, dry and free from oil or grease before paint is applied. All abrasions or other damage to factory or shop painting or priming coats shall be touched up before field coats are applied.

Fans and other machinery shall have a priming coat of red lead, a suitable filler or undercoat, and a finish coat of machinery enamel. If a priming coat has been applied in the shop, it may be omitted from the field painting. If two or more coats have been applied in the shop, only one finish coat of machinery enamel will be required, unless additional coats are needed in the opinion of the Project Manager, to cover properly a contrasting shop colour.

All exposed ferrous metal hangers, hanger support, etc. and other ferrous metal work shall be thoroughly cleaned of all dirt, rust and grease and given a prime coat of red lead primer and two finish coats.

Concealed non-insulated ferrous metal hangers, hanger supports and other ferrous metal work, except that which is galvanized or aluminium, shall have two prime coats applied. The parts which will be inaccessible for painting will be coated before installing them.

41.1.7 Finishing Colour

Finishing colour shall be as directed by the Project Manager.

42.1 CLEANING

Piping that is to be painted or insulated shall be cleaned to remove dirt and grease or oil.

Piping shall be cleaned inside to remove dirt and loose scale, etc. Water piping shall be flushed out prior to testing of equipment, and other parts where dirt may cause faulty operation shall be cleaned.

Ductwork and casings shall be cleaned on the inside and outside before fan and filters are operated. After the equipment has been used for any purpose, such as adjusting, testing, or temporary ventilation, filters shall be cleaned or renewed and exhaust return ducts shall be cleaned.

Should any pipe, etc., be stopped by refuse, the Contractor will be required to disconnect clean and reconnect such piping.

42.1.1 Tools And Spare Parts

For mechanical maintenance and overhaul, good quality tools sufficient enough to enable carrying out the plant services easily and quickly, shall be furnished by the contractor upon completion.

Tools shall be suitable for manipulation and adjusting of various types and sizes of mechanical equipment, such as bolts, nuts, pullies, bearings, etc. The tools shall be supplied in a special lockable boxes or cupboards marked on their faces with print "Mechanical Tools".

Tools and spare parts to be supplied upon completion of all the buildings shall be listed and supplied by the Contractor.

42.1.2 Operating And Maintenance Instructions

The Contractor shall supply and install a panel showing operational chart of complete layout for the whole, ventilation and air-conditioning system, in the room where directed by the Project Manager.

The panel shall be framed with durable materials, covered with detachable glass, and have size of approximately 80cm x 50cm.

Complete set of instructions containing the manufacturer's operating and maintenance instructions for each piece of equipment shall be supplied. Each set shall be permanently bound and shall have a hard cover.

43.0 Inspection

Each complete system shall be thoroughly inspected and tested on site before final placing in service, under the full responsibility of the Contractor. All tests shall be made in compliance with the Regulations and Standards. Any modifications or repairs deemed necessary upon completion of the tests shall be executed at the Contractor's expense.  Further additional tests shall be carried out on any modified or repaired equipment until it is certified trouble free and acceptable for its intended service.

The Project Manager shall be entitled at all reasonable times during manufacture to inspect, examine, and test on the Contractor's premises, the materials and workmanship of all plant to be supplied and if part of the said plant is being manufactured on other premises, the Contractor shall obtain for the Project Manager permission to inspect, examine, and test as if the said plant were being manufactured on the Contractor's premises. Such inspection, examination, or testing, if made, shall not release the Contractor from any obligation under the Contract.

Where the Contract provides for tests on the premises of the Contractor, the Contractor shall provide such assistance, labour, materials, electricity, water, fuel, stores, apparatus and instruments as may be required and as may be reasonably demanded to carry out such tests efficiently. As and when any plant shall have passed the tests referred to in this Clause, the Contractor shall submit to the Project Manager in the writing performance test data.

44.0 Adjustment

After the completion of the Works, the Contractor shall, and as directed by the Project Manager, demonstrate to the Project Manager that the installation is adjusted and regulated correctly to fulfil the function for which it has been designed. The Contractor shall test, adjust, balance and regulate the section concerned as necessary until the required conditions are obtained. All such tests' full records of the values obtained shall be prepared along with the final settings.

The entire temperature control system shall be adjusted and placed in operation by the Contractor and all adjustments necessary to accomplish the specified results during the Guarantee Period operation shall be made without cost to the client.

45.0 Test

Performance Test to prove the design conditions of all air conditioned spaces as well as the capacity specified and general operating characteristics of all apparatus under the design condition, shall be carried out and recorded, upon completion of the Works. Capacities of air conditioners shall be proved by the test of continuous eight (8) hour duration after stable conditions have been established. Prior to the test, the Contractor shall submit test schedule showing the procedures and test items to the Project Manager for approval.

The main national resource management policy is embodied in the Forestry and Wildlife Policy and the Forest Development Master Plan (1996-2000). In support of this policy a number of reforms are being undertaken with respect to forest revenue policy, concessions, allocation procedures, restructuring of sector institutions responsible for natural resource management and environmental management coordination. Some work on the reforms has started with the enactment of the Timber Resources Management Act, No 547 of 1997 and the Forestry Commission Act, No 571 of 1999 and the development of new wildlife legislation.� 


� The Wildlife Division has produced a publication that compiles all the legislative instruments relating to management of wildlife and wildlife reserves in Ghana.
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