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Section IX Specification and Performance Requirements                        



Specifications
[bookmark: _Toc297531040][bookmark: _Toc297544703][bookmark: _Toc297646297]
Workmanship and Materials in General
(1)	All workmanship shall be of the best quality appropriate to each category of work. Except where otherwise stated of approved by the Project Manager, all materials used in the Works shall be of the best quality of their respective kinds as specified or described in the Specification, Drawings and Bills of Quantities and shall comply wherever possible with the current issue of the appropriate standard published by the American National Standards Institute (ANSI), the American Society for Testing and materials (ASTM), the American Welding Society (AWS), the British Standards Institution (BSI), the International Standard Organization (ISO) or other equivalent national standard proposed by the Contractor and approved by the Project Manager.

(2)	Reference to any specific standards in the Specification or Bills of Quantities does not imply any bias in favor 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 standards.
(3)	In all cases where the name of a particular type or make of equipment or item is referred to on the Drawings or elsewhere in this Specification, this is intended to indicate only the acceptable standard.

(4)	The Contractor shall use locally produced materials in preference to imported materials provided that they comply with the Specification and are available in sufficient and timely quantities.

[bookmark: _Toc297531041][bookmark: _Toc297544704][bookmark: _Toc297646298]Materials On and Under the Site
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.

[bookmark: _Toc297531042][bookmark: _Toc297544705][bookmark: _Toc297646299]Sufficiency of Means Employed
The Contractor shall take upon himself the full and entire responsibility for the sufficiency of the scaffolding, timbering, machinery, tools or implements and generally for all means used for the fulfillment of the Contract. In the event of any of these means proving insufficient the Contractor is still fully and entirely responsible for the sufficiency of these means notwithstanding any previous approval or recommendation that may have been given by the Project Manager.

[bookmark: _Toc297531043][bookmark: _Toc297544706][bookmark: _Toc297646300]Interference with Existing Works
[bookmark: _Toc297531044][bookmark: _Toc297544707][bookmark: _Toc297646301]The Contractor shall not interfere in any way with any existing works whether the property of the Employer or of a third party and whether the position of such works is indicated to the Contractor by the Project Manager or not, except where such interference is specifically described as part of the Works either in the Contract or in the Project Manager’s instructions.
Water Supply
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.
[bookmark: _Toc297531045][bookmark: _Toc297544708][bookmark: _Toc297646302]Restoration of Drains, Streams, Canals, etc.
(1)	The Contractor shall ensure that during the construction of the Works, the flow in rivers and existing channels and pipelines are not interrupted or diverted without the prior approval of the Project Manager. Where in the execution of the Works, the Contractor finds it necessary to interrupt of divert such supplies, he shall first submit details to the Project Manager of the date or dates the supply will be effected and the measures he is proposing to maintain a temporary supply.

(2)	The Contractor may, unless directed otherwise by the Project Manager, extract a reasonable quantity of water from rivers and existing channels flowing adjacent to or through the Site for the execution of the Works. Where the Contractor is not permitted, for whatever reason, to extract water from the aforesaid sources, he shall make arrangements to draw water from some other approved source.

(3)	Subject to any requirement of the Works whereby a permanent change is to be effected, all drains, canals, pipes, channels, watercourse or streams temporarily cut through or disturbed by the excavation of the Works are to be restored so that the water flowing in them may continue to flow in as full and free manner as it did before the disturbance. Reinstatement of diversion channels shall be such that the land can revert to its former use and suitable protection provided at the upstream junction of the diversion channel and the river such that erosion by the river shall not allow it to bypass the new permanent works.

[bookmark: _Toc297531046][bookmark: _Toc297544709][bookmark: _Toc297646303]Fences
(1)	The Contractor shall construct and maintain at his own expense 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 Clause 21 of Section 3 of “Conditions of Contract”. Where any temporary fence has to be constructed alongside a public road, a footpath, a canal, etc., it shall be to the satisfaction of the authority concerned.

(2)	The Contractor shall fence his housing and other compounds in an approved manner so as to exclude all wild or stray animals.

(3)	Fences crossed by the Works and forming boundaries of plots outside the area occupied by the Works shall not be cut through or destroyed for more than the distance necessary to permit the erection of new fencing, etc, and the Contractor shall make the ends of the cut fences secure.

[bookmark: _Toc297531047][bookmark: _Toc297544710][bookmark: _Toc297646304]Contractor’s Accommodation
The Employer will provide, free of charge, the areas of land where the Contractor shall establish the office, housing, plant yard/stores, accommodation and camp for himself and his employees. The Contractor shall provide, erect, serve and maintain all necessary buildings as offices, housing or plant/stores for himself, his staff and his employees. These buildings shall, from the time of their construction 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 or part of any buildings without the written permission of the Project Manager.

[bookmark: _Toc297531048][bookmark: _Toc297544711][bookmark: _Toc297646305]Contractor’s Transport
The Contractor shall make his own arrangements for the transport, where necessary, of his staff and workmen to and from the site of the Works.

[bookmark: _Toc297531049][bookmark: _Toc297544712][bookmark: _Toc297646306]Sanitation
The Contractor is to arrange for a standard of sanitation, required by local regulations, to be maintained throughout the Works and housing, 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.
[bookmark: _Toc297531050][bookmark: _Toc297544713][bookmark: _Toc297646307]Medical Arrangements
(1)	The Contractor shall make arrangements for treatment on the Site of casualties and sick persons in first-aid units or in such other wards as may be necessary in accordance with the appropriate regulations.

(2)	Notwithstanding the minimum requirements prescribed above, the Contractor shall be responsible for the adequacy of all the arrangements made.

[bookmark: _Toc297531051][bookmark: _Toc297544714][bookmark: _Toc297646308]Acquisition of Contractor’s and Project Manager’s Facilities
Notwithstanding the obligation of the Contractor to remove all temporary facilities, the Employer reserves the right to acquire some or all of the above facilities at rates and prices to be negotiated.

[bookmark: _Toc297531052][bookmark: _Toc297544715][bookmark: _Toc297646309]Surveying Equipment
The Contractor shall provide chainmen, tradesmen, technicians or labourers to assist the Project Manager in carrying out his duties. The Contractor shall provide, maintain, service and replace as necessary the following surveying equipment for the sole use of the Project Manager and Employer and their staff:

(i)	One total survey station system, complete with two single prisms plus holders and all other accessories;
(ii)	One automatic or quick set dumpy level, complete with accessories
(iii)	Two 4m metric staffs, with 1cm graduations;
(iv)	Six ranging rods; and
(v)	Three metric measuring tapes, 50m, 10m and 3m long
[bookmark: _Toc297531053][bookmark: _Toc297544716][bookmark: _Toc297646310]Project Manager’s Staff Accommodation and Offices
(1)	The contractor shall design, construct, furnish and maintain a suitable temporary site office made with wooden, steel or block material, comprising one office measuring 20 sq.m, a verandah (10 sq.m), and a toilet/washroom.
(2)	The Contractor shall design, construct, furnish and maintain a suitable temporary house made with wooden, steel or block material for accommodation at the Site for the Project Manager’s staff with the following spaces:
 (i)	    Living/dinning room (10 sq.m)
(ii)     Fitted kitchen (8 sq.m)
(iii)    One double bedroom (9 sq.m)
(iv)    Two single bedrooms (8 sq.m each)
(v)	    One bathroom/toilet.
(3)	The contractor shall submit to the Project Manager for his approval, detailed drawings of the site office and house together with a list of the furniture and fittings he intends to provide for each building. The Contractor shall also provide and maintain a water supply and sewerage system to each building, and where electricity is available the buildings shall be wired and connected to the supply, though the occupier’s would be responsible for paying their own monthly electricity bills.
(4)	The Contractor shall erect a 1.8 m high fence including an entrance gate around the perimeter of the housing/office area.
[bookmark: _Toc297531054][bookmark: _Toc297544717][bookmark: _Toc297646311]Project Manager’s Testing Laboratory
(1)	The Contractor shall provide, equip and maintain for the Project Manager’s use a testing laboratory at the Site. The laboratory and the equipment shall be removed and the site reinstated by the Contractor at the end of the Contract.
(2)	The Contractor shall provide all necessary labour and laboratory technicians required by the Project Manager for the efficient running of the laboratory for the purpose of controlling the quality of materials used in the works, but the management of the laboratory shall be by the Project Manager
(3)	The Contractor shall make arrangements for carrying out tests which cannot be carried out in the site laboratory, at an approved testing laboratory.
(4)	The existence of the laboratory shall in no way relieve the Contractor of the responsibility for carrying out his own tests in order to maintain the degree of control of quality hereinafter specified
(5)	The Contractor is required to maintain at the project site in good working order that the following minimum equipment at all times during the contract period:
(i)	A complete set of BS sieves of 200 or 250mm diameter frames including cover, pan and brush;
(ii)	One pan type weighing scale complete with weights to weigh up to 10 kg with a sensitivity of 1g;

(iii)	One slump test cone apparatus complete with standard tamping rod and steel base plate
(iv)	Six (6) steel 152mm (6 inches) cube moulds, complete with two (2) tamping rods, base plates and trowels;
(v)	One (1) set of Portable concrete test machine
(vi)	One chemical balance to weigh up to 250g with weight box and sensitivity of 0.1g;
(vii)	50 kg of clean, air-dry uniformly graded sand passing a No.16 sieve and retained on 1 No. 30 sieve
(viii)	One sand-cone apparatus comprising glass jars metal funnel, base plate and spatula for determination of field density
(ix)	One (1) set of soil compaction test set including the mold, rammer, extruder, straight edge and five (5) pans
(x)	One set of electrical/gas oven with the inside dimensions, 600 x 700 x 500 mm
(xi)	Three (3) glass graduated cylinders of 1 litre capacity;
(xii)	Three (3) thermometers with a range of zero to 100C; and
(xiii)	Twelve (12) moisture cans with airtight lids, 100mm diameter and 25 mm deep for moisture content determination of soil samples.
[bookmark: _Toc297531055][bookmark: _Toc297544718][bookmark: _Toc297646312]
As Constructed Drawings
(1)	During the course of the works, the Contractor shall maintain a fully detailed record of all changes from the tender drawings to facilitate easy and accurate preparation of the “As constructed drawings” and to ensure that these drawings are in all respects a true record of the installation.
(2)	The drawings shall show the complete installation of the Works. The scales shall be such that details can be clearly shown
[bookmark: _Toc297531056][bookmark: _Toc297544719][bookmark: _Toc297646313]Bench Marks
(1)	The Contractor shall locate and where necessary reestablish the permanent Bench Marks shown in the drawings and install additional permanent Bench Marks where directed by the Project Manager to facilitate the setting out and checking of the works. Prior to commencing the works, the Contractor shall undertake a survey, based on the same local datum as used in the original topographic survey, to confirm the elevation and horizontal position of all permanent Bench Marks and shall submit a schedule of the said coordinates to the Project Manager.
(2)	The Contractor shall be responsible for maintaining and regularly checking the elevation and position of all permanent Bench Marks for the duration of the contract. Where it is found that an existing Bench Mark is interfering with the progress of the works, the Contractor may seek the Project Manager’s approval to relocate the Bench Mark. The Contractor shall submit to the Project Manager in writing the coordinates of the new Bench Mark
[bookmark: _Toc297531057][bookmark: _Toc297544720][bookmark: _Toc297646314]Contractor’s Ground Survey
(1)	As the bush clearing operations progress, the contractor shall set out the works in accordance with the Drawings, in a manner approved by the Project Manager. The Contractor shall undertake topographic surveys and prepare detailed site plans at an appropriate scale, of the headworks, reservoirs and other major structures identified by the Project Manager. The Contractor shall take levels along the alignment of all canals, pipelines, drains and bunds at 25m intervals or as directed by the Project Manager and shall plot the longitudinal sections to an approved scale and format.
(2)	On receipt and approval of the site plans and longitudinal sections, Project Manager’s engineers will finalize the design of structures and the alignment and levels of all canals, pipelines, drains and bunds. Where modifications are necessary to the original drawings, the revised drawings shall be made available to the contractor within 28 days of receipt of his approved survey drawings
(3)	The Contractor shall agree a programme with the Project Manager, for submission of the survey drawings in an ordered fashion to allow work to proceed without undue interruption whilst designs are checked and modified.
(4)	The cost of setting out and carrying out the survey work shall be deemed to be included in the contractor’s overall rates and no specific payment item is included in the Bill of Quantities. The period of survey and design modification shall be deemed included in the construction period, and no further extension of the construction period shall be considered due to the survey and design modification
[bookmark: _Toc297531058][bookmark: _Toc297544721][bookmark: _Toc297646315]Temporary Works, Care of Water and Dewatering
(1)	The Contractor shall construct and maintain all necessary temporary access roads, including temporary bridges if any, required in addition to the existing access roads for the construction of canals and structures within the construction sites. All temporary bridges or other temporary access facilities across the rivers shall be removed from the river channel, after having served their purpose.
(2)	The Contractor shall construct and maintain all necessary cofferdams, channels, drains, sumps and/or other temporary diversion and protective works; shall furnish all materials required therefore; and shall furnish, install, maintain and operate all necessary pumping and other equipment for removal of water from the various parts of the works and maintaining the foundations and other parts of the works free from water.
(3)	The Contractor shall construct and maintain all necessary channels, diversions and other temporary works necessary to ensure that irrigation water supplies are not interrupted during the construction works
(4)	After having served their purpose, all cofferdams or other protective works in the construction site shall be removed in a manner approved by the Project Manager, and such areas after those are removed shall be leveled and graded to the extent required to prevent obstruction in any degree whatever and maintaining the designed function of the structure.
(5)	The Contractor shall be responsible for and shall repair at his expense any damage to the foundations, structures, or any other part of the works caused by floods, water or failure of any part of the temporary diversion or protective works.
(6)	The temporary diversion channels and cofferdams at any stage shall be planned, designed and constructed in such a manner that all floods which can reasonably be expected during the construction of the work shall be safely discharged to the downstream without overtopping in any part of the embankment works or damaging the river banks in the vicinity of the construction area.
(7)	Where excavation of foundation for embankment and structures extends below the water table in common material, the portion below the water table shall be dewatered as far as possible in advance of excavation. During placing and compacting embankment material, the water level at every point on the foundation of embankment or in the cutoff trench shall be maintained below the bottom or the embankment until the compacted embankment has reached a height of 2.0 m after which the water level shall be maintained at least 1.5 m below the top of the compacted embankment.
(8)	During the placing and setting concrete in the cutoff trench or any part of the structures, the water table shall be maintained below the bottom of the newly placed concrete.
(9)	The Contractor’s plan for the temporary access facility, care of water during construction, and method of dewatering from foundation excavations, embankment and concreting shall be subject to the approval of the Project Manager. Not less than thirty (30) days before intending to commence construction of any part of the temporary works at each construction site, the Contractor shall submit to the Project Manager for his approval a detailed construction programme for permanent and temporary works and details of the following:
(i)	Plan and design of temporary diversion channels
(ii)	Plan and design of cofferdams
(iii)	Plan of temporary access roads
(iv)	Plan and design of temporary bridges
(v)	Plan of dewatering from foundation excavation for embankment
(vi)	Any other temporary works which the Contractor may consider necessary for the proper execution of the works
(vii)	Any other temporary works whatsoever the Project Manger may request
(10)	The Contractor shall not commence any temporary works until the Project Manager’s approval therefore has been obtained. However, such an approval shall not relieve the Contractor from any liability or obligation under the Contract. In addition, any risk consequent on the interpretation of such data shown on the Drawings is to be entirely borne by the Contractor.
The cost of furnishing all labour, materials and construction plan for construction, maintenance, removal and all other works required for temporary access and diversion, care of water and dewatering specified in this Clause shall be included in Lump Sum price, tender therefore in the Bill of Quantities.
[bookmark: _Toc297646316][bookmark: _Toc325568140]
EARTHWORKS
[bookmark: _Toc297646317]Site Clearance
(1)	The Contractor shall prepare the site, or other areas where indicated on the drawings or ordered by the Project Manager by carrying out a general clearance of the ground and by removing trees and other vegetation to permit the proper execution of the works. 
(2)	Stumps and major roots shall be grubbed out and all combustible material arising shall be gathered into windrows and burnt. The contractor shall take precautions to prevent the spread of fire to adjacent land. Material not disposed of by burning and non-combustible material shall be removed by the contractor to approved tips. The Project Manager may order certain trees to be left standing.
[bookmark: _Toc297646318]Surface Levels
After the area of any section of the works has been cleared and trees have been felled and stumps removed to the satisfaction of the Project Manager, but before any other work is commenced, surface levels of the ground shall be taken. The levels shall be taken at spacings agreed with the Project Manager. Levels shall similarly be taken on the surface of the ground after the removal of topsoil or unsuitable overburden prior to placing filling for an embankment. The levels shall be agreed with the Project Manager. The Contractor shall prepare plans and sections which shall, when finally and mutually agreed, be signed by the Project Manager and contractor as truly representing the configurations of the areas in question at the commencement of earthworks.

[bookmark: _Toc297646319]Definition of Earthworks
The following definitions of earthworks materials shall apply to this and other clauses of the specification in which reference is made to the defined materials:
(I)	“Top soil” shall mean the top layer of soil that can support vegetation;
(ii)	“Suitable material” shall comprise all that material which arises from excavations within the site and which is approved by the Project Manager as acceptable for use in the works;
(iii)	“Unsuitable material” shall mean other than suitable material and shall comprise;
(a)	Material from swamps, marshes and bogs;
(b)	Logs, stumps and perishable materials;
(c)	Material susceptible to spontaneous combustion; and
(d)	Clay of liquid limit exceeding 90 and/or plasticity index exceeding 65.

(iv)	“Soft” material shall mean all material other than that defined as rock hereunder;
(v)	“Rock” shall mean those geological strata or deposits as described in the contract and any hard natural or artificial material requiring the use of blasting or approved pneumatic tools for its removal but excluding individual masses less than 0.2 cu.m.

[bookmark: _Toc297646320]Top Soil Stripping
Where shown on the drawings, top soil shall be removed from the sites of excavations and embankments and deposited in separate heaps for re-use as and where directed by the Project Manager.

[bookmark: _Toc297646321]Removal of Unsuitable Material
Where directed by the Project Manager, the contractor shall remove unsuitable material to the depths as ordered or agreed by the Project Manager and shall dispose of it in approved spoil tips

[bookmark: _Toc297646322]Excavation - General
(1)	Excavation shall be carried out with the allowances for working space given in the Method of Measurement to the Bill of Quantities, unless otherwise shown as lines, levels and profiles on the drawings or to such other lines, levels and profiles as the Project Manager may direct or approve in writing. The work shall be carried out by the contractor in such a way as to avoid disturbance to the surrounding ground. Particular care shall be taken to maintain stability when excavating in close proximity to existing works.

(2)	The work shall be carried out in a careful manner to ensure that the exposed surfaces are as sound as the nature of the material permits and that no point shall protrude inside the lines shown on the drawings except as otherwise specified or agreed by the Project Manager. In “soft” excavation, which is to remain open permanently, exposed faces shall be formed accurately to the required slopes and profiles. Excavations in rock where the faces shall remain open permanently shall be so trimmed that no point protrudes within the required profile.

(3)	The contractor shall examine all excavated faces regularly and shall remove all insecure material or materials resulting from any falls. Where instructed in writing by the Project Manager, the contractor shall wash down exposed surfaces of excavated rock for inspection.

(4)	The contractor shall dispose of all material arising from excavations. If it is suitable and required for the permanent works it shall be placed directly in such works or set aside for use as and when required in suitable approved dumps, otherwise it shall be removed to tips provided by the contractor unless otherwise provided or directed by the Project Manager.

(5)	The contractor shall be responsible for keeping all excavations free from water from whatever cause and shall provide such pumping capacity and other measures as may be necessary for this purpose. The contractor shall make good any damage that may result from his failure to keep excavations free from water.

(6)	All excavation shall be carried out with care and the method and plant to be used in the execution thereof shall be to the satisfaction of the Project Manager. The contractor shall be responsible for the safety and security of all excavation at all times during the execution of the works and where necessary shall provide timbering, shoring or other measures required by the Project Manager to prevent movement or loss of ground outside the boundaries, settlement of or damage to property, or injury to persons. The contractor shall make good any damage to structures, services or other properties caused by such movement, loss of ground and settlement. The contractor shall also take precautions to route his plant in such a manner as to minimize the likelihood of slips occurring due to vibration or surcharge from the working or movement of heavy machinery.

(7)	The contractor will be permitted, subject to the approval of the Project Manager, to adjust side slopes of excavations in “soft” material, which are to remain open temporarily in preference to shoring or strutting. However, no payment shall be made for the extra excavation thus incurred.

(8)	The contractor shall notify the Project Manager without delay of any permeable strata, fissures or unusual ground encountered during excavation.

[bookmark: _Toc297646323]Blasting
(1)	The contractor shall not be permitted to use explosives for rock excavation without the approval of the Project Manager. The contractor shall only employ suitably qualified and experience personnel to manage and supervise blasting operations. For each blasting operation, the contractor shall submit to the Project Manager for approval a statement detailing the type of explosives to be used, method of transport, storage, blasting procedures, safety precautions to be observed and the names and experience of the personnel who will supervise the work. Notwithstanding the Project Manager’s approval, the contractor will be responsible for the blasting operations and shall accept full and absolute liability for any claims resulting either directly or indirectly from the use of explosives on the site.

[bookmark: _Toc297646324](2)	The blasting operations shall comply in every respect with the regulations and laws covering the use of explosives in Ghana and the contractor shall be responsible for obtaining all necessary permits.
Excavation beyond Line or Level
If from any cause whatsoever excavations are carried out beyond their true line and level, other than on the instructions of the Project Manager, the contractor shall make good to the required line and level with appropriate grade of filling to be contained in the true excavation, or with concrete or other approved material in such a manner as the Project Manager may direct.

[bookmark: _Toc297646325]Approval of Excavation
When excavations have been taken out accurately to the profiles and dimensions required for the work, the contractor shall inform the Project Manager who shall carry out an inspection of the excavation. If, after his inspection the Project Manager requires additional excavation to be carried out, the contractor shall do so to such new profiles or dimensions as the Project Manager may direct.

[bookmark: _Toc297646326]Excavation for Structures
(1)	Open excavation to form a foundation for a structure shall be carried out to the lines necessary to permit the proper construction of the structure to the approval of the Project Manager.

(2)	Where a structure is to be founded on “soft” ground, the excavation shall be taken down until the required formation is exposed and prepared to the approval of the Project Manager. Where concrete has to be placed on a soft foundation, the Project Manager may direct that a blinding layer of Class D concrete be placed beneath the structural concrete immediately after completion and approval of the excavation, or require the contractor to remove the last 75mm of excavation immediately prior to placing the concrete.

(3)	Where a structure is required to be founded on rock, but is not required to penetrate into it, all soft overburden shall be removed and the surface of the rock cleaned of any loose material by barring and wedging. Where the foundation is required to penetrate into the rock, excavation of the rock may be carried out by blasting but in such a manner as to prevent the shattering of the rock which is to remain. The Project Manager may direct that the last 300mm of rock shall be left to be removed by barring and wedging or by the use of approved pneumatic tools so that the exposed surface is sound.

(4)	The Contractor shall report to the Project Manager whenever excavations are ready to receive concrete. No concreting shall be place in the foundations until the contractor has obtained the Project Manager’s agreement that a secure foundation has been reached and that the excavation has been carried out to the lines and levels required.

[bookmark: _Toc297646327]Excavation for Fill Foundations
(1)	Foundations for embankments shall be excavated to the depths or to the soil or rock grade indicated on the Drawings or described in the Specifications. The suitability of each part of the foundation for placing fill thereon shall be determined by the Project Manager. No fill shall be placed before acceptance of the foundation by the Project Manager and recording of the geology.

(2)	Where specified on the Drawings or Specification or as directed by the Project Manager, seams and other defects below the general level of the foundations shall be excavated and filled or covered with materials including mortar and concrete to the satisfaction of the Project Manager before fill is placed thereon.
(3)	Where embankments are to be constructed on sloping ground, benches shall be excavated in the foundations to the dimensions shown on the drawings, or as directed by the Project Manager.

(4)	Except where specifically permitted by the Project Manager, all foundations for fill shall be kept free of water when placing fill thereon.

(5)	Earth foundations shall have the top 200mm sufficiently moistened and, if necessary harrowed or scarified and compacted to at least 95 per cent of the maximum by density as determined by the standard compaction test (Number 13 in BS 1377). Material too wet to be so compacted shall, as directed by the Project Manager, be allowed to dry, harrowed or scarified to reduce the moisture content to the required amount and then be re-compacted.

[bookmark: _Toc297646328]Trench Excavation
(1)	Trench excavation shall be performed by the use of hand tools and approved mechanical equipment, in such a manner as to minimize disturbance of the sides and bottom of the excavation.

(2)	Trenches for pipes shall be excavated to a sufficient depth to enable the pipe and the specified joint, bedding, hunching and surround to be accommodated. Unless otherwise stated, the width of the trench shall be equal to the nominal diameter of the pipe plus 400mm.

(3)	The Contractor shall fill any over excavation beneath the pipe or bedding with well rammed selected general excavation material. The contractor shall dispose of surplus excavated material not required for backfilling to spoil tips.

(4)	The sides of trenches shall be adequately supported at all times. Alternately, where the contractor has elected and the Project Manager has approved to excavate the trenches in open cut, the contractor shall ensure that the side slopes of the excavation are sufficient for stability.

(5)	Where rock or boulders are present in the sides or base of a trench in which a pipe is to be installed, the trench shall be trimmed so that when the pipeline is laid, no projection of rock comes within 100mm of the outside of the pipe at any point. The over excavated portion shall be backfilled with approved granular material.

[bookmark: _Toc297646329]Canal and Drain Excavation
(1)	The excavation of all canals and drains shall be executed to the lines, levels and profiles shown on the drawings or as ordered by the Project Manager, and in such a manner as to ensure that the stability of the side slopes is not endangered by undercutting. Should slips or undercutting occur for reasons not attributable to the contractor’s negligence or method of working, the Project Manager will give instructions to the contractor for remedial works to be carried out by the contractor at the expense of the Employer.

(2)	Where channels are to be reshaped, cleared and trimmed, the width, depth, side slopes and centre line of the final channel section shall be as shown on the drawings. The contractor shall clear all weeds and growth from existing channel and survey and agree the existing profile with the Project Manager, before commencing excavation. The section of the waterway is the minimum required and sides of channels shall be trimmed to the required slope so as to provide widths not less than those shown on the drawings.

(3)	Any canals, stream, drains or pipes which take water to or from cultivated land must be diverted so as to maintain their flow before being moved or broken into unless express permission to the contrary is obtained from the Project Manager. All diversions and their subsequent reinstatement are to be carried out to the satisfaction of the Project Manager.

(4)	Side slopes of channels shall be trimmed to a neat appearance and even surface.

(5)	In the construction of channels and embankments a local balance of cut and fill shall be maintained as far as possible. A deficiency of fill material shall be made up from bed borrow or gleaning. Surplus material, if suitable and approved by the Project Manager may be used for an increased width of embankment otherwise it may be spread at the toe of the embankment or placed in spoil tips as directed by the Project Manager.

[bookmark: _Toc297646330]Disposal or Excavated Material
(1)	Material obtained from excavations, which is suitable for forming embankments or other fill areas shall be placed directly in the works or set aside for use as and when required in suitable approved dumps. Any such suitable material which may be surplus to the total requirements of the works shall be hauled to spoil tips provided by the contractor, unless otherwise provided or permitted by the Project Manager.

(2)	If the contractor is permitted to remove suitable material from the Site to suit his operational procedure or to take such material for purposes other than forming embankments or other rill areas, he shall make good any consequent deficit of fill arising therefrom, unless otherwise agreed by the Project Manager.

(3)	All material not suitable for embankments or other filling shall, unless otherwise directed by the Project Manager, be hauled to separate spoil tips provided by the Contractor. 

[bookmark: _Toc297646331]Spoil Tips
(1)	The Contractor shall be responsible for the provision and sufficiency of tips for the permanent disposal or spoil and shall select their location within the general areas indicated on the drawings or as otherwise designated or approved by the Project Manager. The contractor shall submit his proposals for the locations and detailed treatment of tips to the Project Manager for approval, which will in no way relieve the contractor of his responsibilities and obligations under the contract, whether or not locations are shown on the drawings or otherwise designated.

(2)	No spoil shall be permanently deposited other than in approved spoil tips. Spoil tips shall be built up and compacted and trimmed and regulated to levels and profiles approved by the Project Manager. Where directed by the Project Manager, upper surfaces and slopes of the tips shall be top soiled to specified thickness.

[bookmark: _Toc297646332]Borrow Pits and Quarries
(1)	Where there may be an insufficiency of suitable material from excavations for filling, the contractor shall obtain such material from borrow pits or quarries approved by the Project Manager where the filling is required for the permanent works.
(2)	The contractor shall investigate the site which he proposes to open up and shall provide full and detailed information by means of boreholes, trial pit testing reports, etc, to satisfy the Project Manager that the quality of the material meets the requirements of the specification and that the quantity is adequate for the works.

(3)	Notwithstanding the foregoing, the Project Manager shall have the right to order the contractor to obtain materials from a particular designated source or by widening cuttings in the permanent works beyond the lines show on the drawings.

(4)	The contractor shall provide plant and equipment and make all other arrangements for excavating, loading and transporting material of the specified quality for completion of the works in accordance with the agreed programme. These provisions shall include where necessary for any operations involving selection, stockpiling and double-handling of suitable materials, the disposal of unsuitable material or overburden and any other operations which may be found necessary due to the nature and disposition of the excavated materials.

(5)	The pits and quarries shall be operated in a safe manner and be provided with ample drainage to leave no stagnant pools. On completion of the works they shall be left free-draining and in a tidy and regular state. All loose material shall be barred down and no face shall be left overhanging except with the approval of the Project Manager.

[bookmark: _Toc297646333]Earth Filling
(1)	Material for filling shall be obtained from approved sources or selected from excavations containing no vegetation or perishable matter, graded to ensure a dense stable and homogeneous fill when compacted and to the approval of the Project Manager.

(2)	Prior to commencement of filling, the contractor shall submit in writing to the Project Manager for approval his proposals for carrying out the work such that the optimum use may be made of excavated material and the proposals shall include the compaction plant and methods for adjusting the moisture content of the material which he intends to use. No filling shall be carried out until the proposals and the material intended to be used are approved by the Project Manager.

(3)	Embankments shall be built to the lines, levels and profiles shown on the drawings or as ordered by the Project Manager. The levels shown are those required after settlement by natural consolidation or compaction. All material for filling shall be free from tree roots and other vegetative matter, building rubbish, and stones and lumps retained on a 75mm sieve or other deleterious material.

(4)	Fill shall be placed in layers not exceeding 150mm thickness, each layer being scarified and thoroughly compacted to obtain a dry density not less than 95% of the Proctor maximum dry density as determined by Test Number 12 of BS 1377, “Methods of test for soils for civil engineering purposes”. The in-situ dry density of the compacted fill shall be determined by taking cores with a hand augur. The fill material, prior to compaction shall be brought to a moisture content within the range +2% of the optimum as determined by Test Number 12 of BS 1377. If watering is required, it shall be carried out in such a manner as to ensure the even distribution of water throughout the layer to be compacted and the compaction operations will follow whilst the moisture content remains within the specified range.

(4)	The Contractor shall take all necessary measures to prevent any damage or defects to the works which may be caused by settlements, slips or falls of embankments and shall make good such damage or defects as may occur, to the satisfaction of the Project Manager.

(5)	Any instability of any adjacent excavation resulting from the embankment not being formed to the lines, levels and profiles shown in the drawings or as ordered by the Project Manager will be the responsibility of the contractor. Where double-handling of excavated material is necessary, the contractor will be responsible for the temporary deposition of the material such that it does not endanger the stability of the excavation.

[bookmark: _Toc297646334]Backfilling of Structural Excavations
(1)	Backfilling of structural excavations shall be carried out with spoil selected and approved by the Project Manager. The spoil shall be placed in layers not exceeding 200mm compacted thickness or other such thickness as the Project Manager may approve or direct and shall be compacted as specified in Clause 317.

(2)	When material is filled up to or over any structure, the filling shall be brought up equally on each side or as otherwise agreed by the Project Manager so that no unequal pressures likely to cause damage to the structure are applied.

[bookmark: _Toc297646335]Filling under Raised Foundations
(1)	The material to be used as general filling under raised foundations shall consist of suitable material obtained from adjacent excavations or approved borrow sources, and shall be placed in layers not exceeding 100mm loose thickness. The material shall be compacted to the degree of compaction specified in Clause 317.

(2)	Hardcore under floor slabs shall consist of hard stone, broken concrete blocks or bricks or other sound hard material approved by the Project Manager. It shall not exceed 100mm in any dimension and shall be free from dust, clay, rubbish, wood or any other deleterious matter. Hardcore shall be compacted by hand tamping with a heavy tamper or by use of suitable mechanical equipment and shall be well watered during compaction. The hardcore shall be blinded with sand swept into the interstices of the finally compacted hardcore and highly ramped or rolled.

[bookmark: _Toc297646336]Slopes and Batters
Where a slope is given in the Specification or on the Drawings as a radio of vertical and horizontal components, it shall be understood that the first component is vertical in all cases e.g. a “slope of 1in 2" will mean 1 vertical in 2 horizontal and a “batter of 4 to 1" will mean 4 vertical to 1 horizontal. This meaning will be attributed to all other terms such as “inclination” and “gradient”.
[bookmark: _Toc297646337]Cross Ripping
Prior to the installation of tertiary canals or pipelines, the irrigable area shall be cross ripped to a depth of 500mm in two perpendicular directions. The ripper tines shall be set at a maximum spacing of 1mand shall be designed to lift roots and large stones to the surface where they shall be collected and burnt or removed to tips, approved by the Project Manager, located outside the irrigable area.

[bookmark: _Toc297646338]Land Smoothing and Leveling
Land smoothing and leveling shall first involve the rough leveling of isolated hillocks and holes, followed by the smoothing of the individual irrigable plots and cutting of field drains using a bulldozer or a grader.

(1)	High spots, such as anthills shall be flattered and the material spread over the surrounding area to leave an even surface. Existing holes and depressions shall be filled either with material trimmed from the surrounding area or borrow pits as directed by the Project Manager.

(2)	Prior to commencing the smoothing operation the alignment of tertiary canals, pipelines and drains shall be pegged on the ground. Commencing at the top of each irrigable block, the contractor shall survey a smooth line on a 1:500 ~1:1000 gradient away from the tertiary canal or pipeline towards the tertiary drain within a plot where developed for upland and shall survey a level line within a plot where developed for paddy. The tertiary canal along the line and to the profile shown in the Drawings shall then be excavated.

(3)	Operating in a series of passes, the grader or the bulldozer shall smooth the land at smooth slopes or level within the boundaries of the plots as shown in the Drawings or otherwise directed by the Project Manager. The process is then repeated to the lower plots by pegging and smoothing or leveling.

(4)	The land smoothing and leveling shall be done within the tolerance given in the Appendices, and the final smoothing and leveling will be done by the farmers.

[bookmark: _Toc297646339]Chisel Ploughing
After the smoothing operation the individual plots shall be chisel ploughed to a depth of 300mm, using a seven tine chisel plough approved by the Project Manager.

[bookmark: _Toc297646340]Top soiling
The Contractor shall obtain topsoil from temporary dumps or approved borrow-pits and shall spread it on level or sloping surfaces, where ordered, to specified depth.

[bookmark: _Toc297646341]Grassing
(1)	The topsoil shall be lightly and uniformly raked to give a fine tilt up to 25mm deep.

(2)	The surface shall be grassed with a local grass with a creeping habit, of which the source and variety shall be approved by the Project Manager. Grass sprigs shall be planted at 0.3m x 0.3m spacings. The grass shall be adequately watered until such time as the grass becomes established. 

(3)	Should the growth fail to become established for any reason the contractor shall recultivate and replant grass as necessary at his own cost in accordance with the above specification, for as many times as necessary for the grass to become established. Having grown to between 50 and 75mm high, the grass shall be topped by cutting to leave between 25 and 50mm minimum growth and watering shall be continued as necessary until the grass is firmly established to the Project Manager’s satisfaction.

[bookmark: _Toc297646342]Trial Pits
Where directed to excavate trial pits, the contractor shall keep these open for as long as the Project Manager may direct. During the whole of this period the contractor shall adequately fence or cover over the pits as directed and pump them out as and when required.

[bookmark: _Toc297646343]Auger Holes
Where directed, the contractor shall sink auger holes through soft material in such a way as to give continual visual evidence of the nature of the ground and the taking of 50mm diameter undisturbed tube samples at every change in stratum or at every 1.5m where strata exceed that thickness. Wash-auguring methods will not be permitted.

[bookmark: _Toc297646344]Records of Auger Holes
Auger holes shall be sunk by competent operatives and under skilled supervision. Exact records shall be kept for each auger hole showing the nature extent and depth of the materials passed through, the level or levels at which water was met and the level of standing water in the completed hole. These records shall be in a form approved by the Project Manager and shall include a diagram of the hole. Records shall be provided to the Project Manager daily.

[bookmark: _Toc297646345]Samples
(1)	Undisturbed samples shall be retained in the tubes in which they are taken, immediately after being taken from the auger hole the ends of the sample shall be removed to a depth of 6mm and several layers of molten paraffin wax applied by brush. Any space between the end of the tube and the top of the wax shall be tightly packed with suitable material and an airtight lid or screw cap placed on each end of the tube.

(2)	Disturbed samples, immediately after taken shall be placed in airtight glass jars.

(3)	Each sample should be clearly marked with the auger hole reference and level from which it was taken, and numbered in accordance with the Project Manager’s Instructions and shall then be transported to the Testing Laboratory.

[bookmark: _Toc297646346]Preparation of Formation in Lined Canals
The Contractor shall sterilize the formation in canals which are to be subsequently lined in concrete to prevent vegetation growth. Sterilization shall be by spraying a water solution of polyborchlorate (270g of powdered polyborchlorate per sq.m) immediately following the final trimming and shaping to the required profile.

[bookmark: _Toc297646347]Earthworks Tolerances
Earthworks shall be executed to the tolerances stated in the Appendices or to such other tolerances as the Project Manager may approve.

[bookmark: _Toc297646348][bookmark: _Toc325568141]
CONCRETE

[bookmark: _Toc297646349]Concrete
Concrete shall consist of cement, graded aggregate and water thoroughly mixed, placed and compacted as specified in the following clauses.

[bookmark: _Toc297646350]Chlorides in Concrete
The total combined content of calcium chloride and sodium chloride in any batch of concrete is not to exceed 0.334 by weight of the amount of cement.

[bookmark: _Toc297646351]Cement
(1)	The cement used throughout the Works shall be obtained from manufacturers approved in writing by the Project Manager and shall as appropriate comply with the following specification: 

BS 12		“Portland cement” 
BS 1370	“Low heat Portland cement”

(2)	Except where otherwise specified the cement shall be Ordinary Portland Cement (OPC).

[bookmark: _Toc297646352]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 of the proposed supplier(s) together with such information on the proposed methods of transport, storage and certification so that the Project Manager may 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 any 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 the 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 Subclause (3) above are available.

(5)	No cement shall be used in the works until it has been passed as satisfactory by the Project Manager.

[bookmark: _Toc297646353]Storage of Cement
(1)	Cement shall be delivered to the site of the works in sound and properly sealed bags and while being loaded or unloaded and during transit to the concrete mixers whether conveyed in vehicles or by mechanical means, must be protected from the weather by effective coverings.

(2)	The Contractor shall provide at his own cost perfectly weatherproof and well-ventilated sheds having a floor of wood or concrete raised at least 300mm above the ground for the storage of the cement. 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 is at once to be placed in these sheds and shall be used in the order in which it has been delivered. 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 except with the specific approval of the Project Manager.

[bookmark: _Toc297646354]Fine Aggregate
(1)	Fine aggregate for concrete shall be clean sand complying with BS 882, “Aggregates from natural sources for concrete”. The sand shall be from approved sources and which in the opinion of the Project Manager is not clean shall be washed before use.

(2)	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.

(3)	Sand for use in mortar and rendering shall conform in all respects with BS 1199 and 1200, “Building sands from natural sources”.

[bookmark: _Toc297646355]Coarse Aggregate
(1)	Coarse aggregate for concrete and other purposes shall comply with BS 882, “Aggregates from natural sources for concrete”. It may be either natural gravel or stone broken to the desired size and shall be obtained from quarries, pits or other sources approved by the Project Manager.

(2)	Gravel or ballast shall be free from clay, earth, loam or other organic or similar material and shall be approved by the Project Manager. Any sand that may be amongst it shall, unless otherwise directed, be removed by screening if required and kept apart. Should the sand thus obtained be suitable in the opinion of the Project Manager for use in concrete, it may be used for the purpose provided that it complies with the conditions specified for sand in the preceding Clause. Gravel or ballast which in the opinion of the Project Manager is not clean shall be thoroughly washed before use.
(3)	Broken stone shall be of hard durable rock. Notwithstanding approval by the Project Manager of its source, the stone as delivered to the works will be subject to rejection if for any reason the Project Manager considers it unsatisfactory. It must be perfectly clean and no soft, clayey, shaly or decomposed stone will be approved. The stone must be broken in a stone crusher of approved type to the sizes hereinafter specified and any dust or fine material below 5mm in size made in the stone crusher is to be removed by screening if so required and if the Project Manager so orders the stone shall be thoroughly washed by an approved method.

(4)	When so required and before the work is commenced, laboratory tests shall be made of the aggregates to be used on the works to establish their suitability for concrete. In addition to these laboratory tests the Project Manager may require check tests of Actual deliveries to be made at the site from time to time.

(5)	The grading of coarse aggregate by analysis shall be within the limits laid down in BS 882, Table 1, Coarse Aggregates. Should an analysis of the grain size of the material show a deficiency in any particular size such as to affect the density of the concrete, the Project Manager may require the Contractor to add such quantity of aggregate of any particular size that he may deem advisable. In every case 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.

[bookmark: _Toc297646356]Storage of Aggregates
All sand and aggregate for concrete shall be stored on 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.

[bookmark: _Toc297646357]Water for Concrete
Clean fresh water is to be used for the mixing of all concrete and mortar and is to be from a source approved by the Project Manager. If required by the Project Manager, samples shall be taken from the proposed source of supply and submitted to a nominated laboratory for testing in accordance with BS 3148, “Tests for water for making concrete” and on the results of these tests the Project Manager will decide whether the source is acceptable.

[bookmark: _Toc297646358]Additives and Admixtures
(1)	The use of non-corrosive additives or admixtures in concrete may be ordered or approved by the Project Manager according to circumstances. Such approval will only be given when the contractor has demonstrated to the satisfaction of the Project Manager that the resulting concrete is no less strong, dense and durable than that obtainable without the use of additives.

(2)	Samples and the manufacturer’s full data and instructions of any additive or admixture proposed by the contractor shall be submitted for testing at least 60 days in advance of use, which shall required the written approval of the Project Manager.

(3)	When additives or admixtures are used in the works very strict control is to be maintained to ensure that the correct quantity is used at all times.

[bookmark: _Toc297646359]Steel for Concrete
(1)	Steel reinforcement used in reinforced concrete shall comply with the following British Standards as appropriate:

BS 4449	“Carbon steel bars for the reinforcement of concrete”
BS 4461	“Cold worked steel bars for the reinforcement of concrete”
BS 4482	“Cold reduced steel wire for the reinforcement of concrete”
BS 4483	“Steel fabric for the reinforcement of concrete”

(2)	The Contractor shall furnish the Project Manager with copies of the manufacturer’s certificates of tests for the steel reinforcement to be supplied. The Project Manager may, however, order independent tests to be made and any steel which does not comply in all respects with the appropriate foregoing specifications will be rejected.

(3)	Bends, cranks or other labours on reinforcement bars shall be carefully formed in accordance with the drawings, BS 4466, “Scheduling, dimensioning, bending and cutting of steel reinforcement for concrete” and BS Code of Practice 114, Part 2 “Structural use of reinforced concrete in buildings”. The bars shall be bent cold in a manner which will not injure the material. Bends shall be made round a former having a diameter of at least four times the diameter of the bar except for bends in cold twisted steel bars for which a former of at least six times the diameter of the bar shall be used. Where splices or overlapping in reinforcement is required the bars shall, unless otherwise shown on the drawings, have an overlap of not less than thirty diameters where a U-hook is employed on each of the overlapping bars and forty-five diameters on bars without hooks. Fabric reinforcement sheets are to overlap by two meshes.

(4)	The number, size, form and position of all steel reinforcing bars, ties, links, stirrups and other parts of the reinforcement shall be in exact accordance with the drawings and they shall be kept in the correct position and with the required cover without displacement during the process of compacting the concrete in place in a manner approved by the Project Manager. The contractor shall provide all necessary distance pieces and spacer bars at his own cost to maintain the reinforcement in the correct position. The type of distance piece shall be subject to the approval of the Project Manager. Timber blocks for wedging the steel off the formwork will not be allowed. Any ties, links or stirrups connecting the bars shall be taut so that the bars are properly braced and the inside of hooks and bends shall be in actual contact with the bars around which they are intended to fit. Bars shall be bound together with best black annealed mild steel wire and the binding shall be twisted tight with pliers. The free ends of binding wire shall be bent inwards. 

(5)	Before any steel reinforcement is embedded in concrete any loose mill scale and rust, and any oil, grease or other deleterious matter shall be removed. Partially set concrete, which may adhere to the exposed bars during concreting operations, shall likewise be removed.

[bookmark: _Toc297646360]Concrete Strength
(1)	The strength 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. The characteristic 28 day curing strengths, when tested in accordance with the following clauses.

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

(3)	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 proposes 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.
[bookmark: _Toc297646361]Concrete Mix Designs
Preliminary tests are to be carried out jointly by the contractor and the Project Manager to determine the mixes which will satisfy the specification with the available materials. These mixes shall be designed with due regard for the workability necessary to allow the contractor to place and compact the concrete with the equipment he proposes to use in any particular situation.

[bookmark: _Toc297646362]Trial Mixes
Unless there are existing data showing that the proposed mix proportions will produce the grade of concrete required with adequate workability for full compaction by the method to be used in production, trial mixes shall be prepared under full scale conditions and tested in accordance with BS 1881, “Methods of testing concrete”. Trial mixes shall also be made subsequently whenever a change is intended in materials or in the proportions of the materials to be used. Representative samples of the materials to be used shall be taken and three trial mixes using the proposed proportions shall be made on different days. The workability of each of these three mixes shall be determined and a batch of six cubes from each mix shall be made three for tests at 7 days and three for tests at 28 days. The Project Manager will normally approve the proposed mix proportions provided the average strength of the three trial mixes is not less than the designed mean strength minus the designed standard deviation and subject to the conditions noted below. Further trial mixes shall be made if the range of strengths, that is the maximum minus the minimum, of the three cube results in any batch exceeds 15% of the average of that batch, or if the range of the three batch averages exceeds 20% of the overall average of the batches.

[bookmark: _Toc297646363]Works Test
Test cubes shall be made, cured, stored, transported and tested in compression in accordance with BS 1881, “Methods of testing concrete”. The method of compacting cubes by vibration shall be subject to the approval of the Project Manager. 

Samples of concrete shall be taken at random each day for each grade of concrete made. The number of samples per day and the times which they shall be taken shall be varied at random or as directed by the Project Manager.

In addition, slump tests shall be carried on each batch from which cubes are taken.

From each sample two cubes shall be made for testing at 28 days and one for testing at 7 days for control purposes.

[bookmark: _Toc297646364]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. 

[bookmark: _Toc297646365]Test Failure
(1)	Should any works test cube fail to attain the specified strength, an immediate examination shall be make to find the cause of the failure and a report sent to the Project Manager who will take suitable action which may be one of the following:

(I)	He may order the concrete corresponding to the cubes to be cut out and replaced in accordance with Clause 35 of the Conditions of Contract.

(ii)	When the failure relates to concrete used in structural members which lend themselves to being load tested such as beams, columns or slabs, the Project Manager may order the affected member to be so 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.

(iii)	When the failure, in the opinion of the Project Manager, 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 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.

(2)	The cost of these tests including the cutting out and replacing of concrete of inferior quality shall be borne by the contractor if the test results show the concrete not to be in accordance with the specification.

[bookmark: _Toc297646366]Workability
(1) The concrete shall be of such consistency that it can be readily transported, placed and compacted in the works without segregation of the materials. The resulting concrete shall be uniform and free from honeycombing.

(2)	Prior to the approval of the trial mixes, the Project Manager may require the Contractor to erect a section of formwork complete with reinforcement fixed in position and generally representative of the sections comprising the works. This formwork shall be filled with concrete produced for the trial mixes and compacted in the same manner and with the same equipment to be used in the works. The appearance of the concrete after striking the formwork shall be to the satisfaction of the Project Manager who may otherwise require the mix to be modified and further batches of concrete made and tested as above.

(3)	The water/cement ratio for the various classes of concrete shall be determined by the trial mixes and in no case shall the water/cement ratios used be allowed to exceed by more than 10 percent those determined by the trial mixes. Efficient means shall be provided for determining the moisture content of the sand and coarse aggregate at all times. The contractor shall be required to have an 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 aggregate.
[bookmark: _Toc297646367]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. 

[bookmark: _Toc297646368]Concrete Return Records
The contractor shall send weekly to the Project Manager a return showing the quantities of cement and the number of mixes of each class of concrete used in each section of the works.

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. 

[bookmark: _Toc297646369]Batching
The aggregates and cement shall be proportioned by means of efficient weigh batching machines except when the Project Manager has approved the use of volume batching. The machines shall be carefully maintained and cleaned and they shall be provided with simple and convenient means of checking the accuracy of the weighing mechanism, and they shall be checked when required by the Project Manager.

For volume batching suitable gauge boxes shall be used. Cement shall be taken as weighing 1440 kg/cu.m or other such amount as may be determined by the Project Manager as a result of tests.

[bookmark: _Toc297646370]Mixing Concrete by Machine
The concrete is to be mixed in machines of the batch mixing or other approved type. The machines are to ensure that all the concreting materials including the water are thoroughly mixed together between the time of their deposition in the mixer and before any portion of the mixture is discharged. The machines must be capable of discharging their contents while running. 
[bookmark: _Toc297646371]Mixing Concrete by Hand
Where it is not possible to employ machine mixing and approval has been obtained from the Project Manager, concrete shall be mixed by hand as near as practicable to the site where it is to be deposited.

Clean mixing bankers or platforms of sufficient area for the proper execution of the work shall be provided. These platforms if constructed of timber shall consist of planks closely jointed so as to avoid the loss of any grout or liquid from the wet concrete. The whole of the aggregate and cement shall be turned over on the banker in a dry state at least twice, the water shall then be added gradually through a rose head, after which the materials shall again be entirely turned over in a wet state at least three times.

[bookmark: _Toc297646372]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.

[bookmark: _Toc297646373]Placing of Concrete
(1)	The concrete shall be placed in the positions and sequences indicated on the drawings, in the Specification or as directed by the Project Manager. Except where otherwise directed, concrete shall not be placed unless the Project Manager or his representative is present and has previously examined and approved the positioning, fixing and condition of reinforcement and any other items to be embedded and the cleanliness, alignment and suitability of the containing surfaces or formwork.

(2)	The concrete shall be deposited as nearly as possible in its final position without rehandling or segregation and in such a manner as to avoid displacement of the reinforcement, other embedded items or formwork. Wherever possible bottom opening skips shall be used. Where chutes are used to convey the concrete, their slopes shall not be such as to cause segregation and suitable spouts or baffles shall be provided where necessary. Concrete shall not be dropped through a height greater than 1m except with the approval of the Project Manager who may order the use of bankers and the turning over of the deposited concrete by hand before being impact.

(3)	Where pneumatic placers are used the velocity of discharge shall be regulated by suitable baffles or hoppers where necessary to prevent segregation or damage and distortion of the reinforcement, embedded items and formwork, caused by impact.

(4)	All concreting shall be carried out in sections previously ordered or approved by the Project Manager and shall proceed continuously in each section until completed and no interval shall be allowed to elapse while the work is in hand.

(5)	The concreting shall be carried out in such a way that the exposed faces of concrete shall be sound and solid, free from honeycombing and excrescences. No plastering of imperfect concrete faces will be allowed, any concrete that is defective in any way will, if so ordered by the Project Manager, be cut out and replaced to such depth or be made good in such manner as the Project Manager may direct.

(6)	Where concrete is required to be placed against undisturbed ground, the entire space between the finished concrete surface and the ground, including any overbreak, is to be completely filled with concrete of the specified class. The concrete shall be well rammed and compacted to ensure that all cavities are filled and the concrete is everywhere in contact with the ground. Where permitted by the Project Manager, any extensive patches of overbreak may first be filled with Class D concrete as directed to within 100mm of the payment line.
(7)	Where concrete is required to be placed against a metal surface to which it is required to adhere, care shall be taken to work the concrete well into the re-entrant angles and to ensure contact by hammering the metal part on its free side providing that this can be done without damaging the metal or its protective coating, if any, or by other means.

(8)	The placing of concrete under water will be permitted only in exceptional circumstances and with the prior approval of the Project Manager. Where concreting under water is allowed, 25 percent additional cement must be added. Concrete shall be deposited continuously in each section by the use of tremie pipes or other approved means and no horizontal construction joints will be permitted to be made under water and approved and adequate protection against possible damage or movement due to scour must be provided.

[bookmark: _Toc297646374]No Partially Set Material to be Used
All concrete must be placed and compacted in its final position within 30 minutes of discharge from the mixer unless otherwise approved. No partially set material shall be used in this work.

[bookmark: _Toc297646375]Compaction of Concrete
The concrete shall be fully compacted throughout the full extent of the layer and shall be brought up in level layers of such depth that each layer is readily and properly incorporated with the layer below with the use of internal vibrators or by spading, slicing or ramming. It shall be thoroughly worked against formwork and around any reinforcement or embedded items without displacing them.

[bookmark: _Toc297646376]Vibration of Concrete
(1)	Except where otherwise permitted by the Project Manager, concrete shall during placing, be compacted by hand held vibrators of a type to be approved by the Project Manager. The vibrators shall be suitable for continuous operation. The vibrators shall be disposed in such a manner that the whole of the mass under treatment shall be adequately compacted at a speed commensurate with the supply of concrete from the mixers. Vibration is to continue until the concrete being placed is fully compacted and all air bubbles have been expelled. Care must be taken that segregation of mortar and aggregate by excessive vibration is avoided.

(2)	Vibration is not to be applied directly, or through the reinforcement, to sections or masses of concrete which have hardened or after the initial set has taken place. Vibration must not be used to make the concrete flow in the formwork so as to cause segregation.

[bookmark: _Toc297646377]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.
[bookmark: _Toc297646378]
Concreting at Night or in the Dark
Where approval has been given to carry out concreting operations at night or in places where daylight is excluded, the contractor is to provide adequate lighting at all points where mixing transportation and placing of concrete is in progress.

[bookmark: _Toc297646379]Concreting in High Ambient Temperature
(1)	Where the ambient shade temperature exceeds 32oC the contractor shall take special measurers in the mixing, placing and curing of concrete. The temperature or the concrete when deposited shall not exceed 30oC. The Contractor shall carry out all necessary special measures to ensure that the maximum concrete temperature within 7 days after placing shall not exceed 50oC or 30oC above the concrete temperature at the time of placing whichever is the lower.

(2)	During placing, suitable means shall be provided to prevent premature stiffening of the concrete placed in contact with hot surfaces.

[bookmark: _Toc297646380]Protection
(1)	Concrete shall be protected during the first stags of hardening from the harmful effects of sunshine, drying winds, cold, rain or running water. The contractor shall pay particular attention to the need to protect concrete immediately after the finishing operation and prior to its final set and shall submit his proposals to achieve this protection for the Project Manager’s approval. Protection of concrete which has achieved its final set shall consist of one or more of the following:

(i)	A layer of sacking, canvas, hessian, straw mats or similar absorbent material or a layer of sand, kept constantly moist by spraying with water as necessary for 7 days or such periods as may be directed by the Project Manager.

(ii)	After thoroughly wetting, a layer of approved waterproof paper or plastic membrane kept in contact with the concrete for 7 days or such period as may be directed by the Project Manager.

(iii)	Except in the cases of surfaces to which concrete has subsequently to be bonded, an approved liquid curing membrane at a rate specified by the manufacturer. On non-formed surfaces the curing membrane shall be applied immediately after placing the concrete and on formed surfaces immediately after removing the formwork.

(2)	The use of saline water for curing purposes will not be permitted.

[bookmark: _Toc297646381]Construction Joints
(1)	Concreting shall be carried out continuously up to construction joints, the position and arrangement of which shall be as indicated on the drawings or as previously approved by the Project Manager. The contractor is to allow for working beyond the ordinary working hours where necessary in order that each section of concrete may be completed without any lapse while the work is in hand. All construction joints are to be formed square to the work. Keyways are to be formed in all horizontal and vertical construction joints, except where ordered to be omitted by the Project Manager.

(2)	Where vertical construction joints are required, the joint face of the first cast concrete shall be finished against a stopping-off board, or vertical end shutter, suitably notched to pass the reinforcement. When the concrete is hard and the shutter is removed, the whole joint surface shall be thoroughly roughened or scabbled with suitable tools so that no smooth skin of concrete is visible and that all aggregates and the solid matrix around them are exposed. 

(3)	For horizontal or slightly inclined construction joints, the surfaces shall preferably be prepared when the concrete has set but not hardened by jetting with a fine spray of water and brushing with a stiff brush to remove the smooth skin and expose the aggregate without disturbing it. Where this treatment is impractical and work is resumed after the concrete surface has hardened, a similar procedure shall be adopted as on vertical joints.

(4)	If, in the opinion of the Project Manager, any deleterious material has come into contact with the concrete of the construction joint or if the concrete is honeycombed or unsound for any reason, the concrete shall be cut back to such a depth as the Project Manager shall order and the roughened surfaces shall be thoroughly cleaned by compressed air and water jets or other approved means.

(5)	Immediately before concreting is resumed, the roughened joint surface shall be thoroughly cleaned with compressed air and water jets and slightly welted. The contractor shall take precautions to avoid segregation of the concrete along the joint place and to obtain thorough compaction.

[bookmark: _Toc297646382]Movement Joints
(1)	Movement joints shall be formed in the position and manner shown on the Contract Drawings. In the case of water retaining structures, joints shall be made watertight by the provision of a continuous waterstop, with suitable water resistant filler material and sealant.



(2)	Materials and Workmanship

(I)	Compressible filler shall be self-expanding cork filler consisting of cork granules bonded together with an insoluble, synthetic resin. When subject to wet or moist conditions the filler shall be capable of swelling to occupy a larger volume than that of the material supplied. The expansion properties of the filler shall not be less than 140% when immersed in boiling water for 1 hour. The filler shall be supplied and stored in sealed moisture resistant wrappings. Compressible filler shall be secured to the first cast concrete surface using an approved adhesive.

(ii)	Waterstop, either centrally or externally placed, shall be Polyvinyl Chloride (PVC) of the dimensions and type shown on the Drawings. For expansion joints the water stops shall incorporate a centre bulb or box to allow movement to be accommodated. Centrally placed water stops shall have reinforced eyelets on the outer flange to facilitate the positioning of the water stops by wiring to the surrounding steelwork. Externally placed water stops shall include a wide reinforced nailing flange for positive fixing to formwork or adjacent concrete faces. Water-stop shall be firmly supported by split stop-end shuttering where appropriate, and in no case shall the water-stops be pierced to assist in fixing. Special care should be taken to ensure that the concrete is well worked against the embedded part of the water stops and is free from honeycombing. Precautions shall be taken to protect any projecting portions of the waterstops from damage during the progress of the work and from sunlight and heat. Where waterstops are required to be jointed, this shall be undertaken using approved heat welding equipment. The waterstops shall be installed in accordance with the manufacturer’s instructions and to the approval of the Project Manager.

(iii)	Joint sealant shall be cold gun applied compound combining bitumen with synthetic rubber which sets after application to form a rubbery seal, which is both flexible and weather resistant. The sealant shall be unaffected by permanent immersion in water be resistant to alkalis and sulphates and shall be capable of accommodating a 20% change in joint width. The type of sealant shall be approved by the Project Manager before incorporation into works. Before joint sealants are applied, the concrete shall be fully cured and all joints shall be thoroughly dry and clean to the satisfaction of the Project Manager. The surface of the joint shall be mechanically cleaned to form a sound, latence free surface and shall be primed in accordance with the manufacturer’s instructions.

(iv)	Miscellaneous materials necessary for the installation of movement joints such as adhesives for securing filler materials, bond breaking tapes, bituminous paints for creating a discontinuity between concrete surfaces and primers shall be compatible with the compressible filler, waterstops and sealant specified previously.

(3)	Contraction joints where specified shall be formed in the position and manner shown on the Drawings. The reinforcement shall be discontinuous across the joint. Dowel bars, waterstops and sealant shall be provided as shown. The face of the first stage concrete shall be finished fair faced and after curing painted with two coats of bituminous paint. The casting of waterstops and sealing of joints is to be carried out in accordance with the manufacturer’s instructions. Dowel bars shall be round mild steel of the dimensions shown on the Drawings. The bars shall be cast into the first stage concrete and the protruding part shall be painted with two coats of bituminous paint.

(4)	Expansion joints where specified shall be formed in the position and manner shown on the Drawings. The reinforcement shall be discontinuous across the joint. Dowel bars, waterstops, compressible filler and sealant shall be provided as shown. The face of the first stage concrete shall be finished fair faced and after curing the compressible filler shall be fixed in position in a manner to the approval of the Project Manager. The casting in of waterstops and sealing of joints is to be carried out in accordance with the manufacturer’s instructions. Dowel bars shall be round mild steel of the dimensions shown on the drawings. The bars shall be cast into the first stage concrete and the protruding part shall be painted with two coats of bituminous paint. An end cap shall be fixed to the end of each bar prior to pouring the second stage concrete, in order to create a void at the end of the bar to accommodate any movement.
[bookmark: _Toc297646383]Preparation of Surfaces to Receive Concrete
(1)	Before concrete for reinforced concrete work is deposited on a foundation of soft ground, a screed of blinding concrete Class D of 75mm minimum thickness, shall be placed over the ground before the underside level of the reinforced concrete to form a hard even surface on which to construct the latter.

(2)	Immediately before depositing concrete on or against a surface of masonry, brickwork, old concrete or the like, the following preparation shall be done. All loose material shall be removed and the surface washed down; all seepages of water emerging at the surfaces shall be stopped as far as possible or suitably channelled or piped away from the work. On upward facing horizontal or near horizontal surfaces a layer of 2:1 sand-cement mortar is to be spread over the surface of the section to be concreted if so directed by the Project Manager.

[bookmark: _Toc297646384]Concrete Formwork
(1)	The contractor shall submit for the approval of the Project Manager details of the methods and materials proposed for formwork to each section of the work. Details of all proposed fair faced formwork and formwork to produce special finishes are to be submitted for approval in writing, by the Project Manager before any materials are brought on to the Site. If the Project Manager so requires, samples of formwork shall be constructed and concrete placed so that the proposed methods and finish effect can be demonstrated.

(2)	Formwork shall be constructed from sound materials of sufficient strength, properly braced strutted and shored in order to ensure rigidity throughout the placing and compaction of the concrete without visible deflection. Formwork shall be so constructed that it can be removed without shock or vibration to the concrete. No part of any metal tie or spacer remaining permanently embedded in the concrete shall be nearer than 50mm to the finished surface and the cavity shall be so formed as to permit satisfactory filling with cement mortar.

(3)	All joints shall be close fitting to prevent leakage of grout and at construction joints the formwork shall be tightly secured against previously cast or hardened concrete to prevent stepping or ridges to exposed surfaces.

(4)	Formwork shall be constructed to provide the correct shape, lines and dimensions of the concrete shown on the Drawings. Due allowance shall be made for any deflection which will occur during the placing of concrete within the formworks. Panels shall have true edges to permit accurate alignment and provide a neat line with adjacent panels and at all construction joints. All panels shall be fixed with their joints either vertical or horizontal, unless otherwise specified or approved. Unless otherwise detailed, arises of all concrete shall be finished to a 25mm x 25mm chamfer. When chamfers are to be formed, the fillets shall be accurately cut to size to provide a smooth and continuous chamfer.

(5)	The contractor may be permitted to use precast concrete blocks or masonry left permanently embedded in the structure as a substitute for temporary formworks. Where such permission is given, the blocks shall have positive anchorage with the structure and all joints shall be made properly tight with mortar or other means to prevent leakage of grout and shall provide an exposed face of the necessary quality. The blocks of concrete or masonry shall stand outside the limits of concrete shown on the drawings unless otherwise agreed by the Project Manager. If the contractor chooses to use this method, payment will be made as if formwork had been used.

[bookmark: _Toc297646385]Formwork for Exposed Concrete Surfaces
Unless otherwise stated on the drawings, fair faced formwork shall be used for all permanently visible concrete surfaces. Fair faced formwork shall be such as to produce a smooth and even surface free from perceptible irregularities. Tongued and grooved placed boards, plywood or steel forms shall have their joints flush with the surface. The finished surface shall be within the tolerances specified and full cover to reinforcement steel shall be maintained.

[bookmark: _Toc297646386]Formwork for Non-Exposed Concrete Surfaces
Unless otherwise stated on the drawings, rough formwork may be used for all surfaces which are not permanently exposed. Rough formwork may be constructed of plain butt-joined sawn timber but the contractor shall ensure that all joints between boards shall be grout-tight. The finished surface shall be within the tolerances specified and full cover to reinforcement steel shall be maintained.

[bookmark: _Toc297646387]Preparation of Formwork for Concreting
(1)	Before concrete is placed, the formwork shall be thoroughly cleared and free from sawdust, shavings, dust or other debris. Temporary openings shall be provided to assist in the removal of rubbish.

(2)	After cleaning, the formwork shall be coated with an approved release agent, which shall not be allowed to run on to reinforcement, other embedded steelwork or concrete at any construction joint.

 (3)	All formwork shall be inspected and approved by the Project Manager before concrete is placed in it, however this shall not relieve the contractor from the requirements as to soundness, finish and tolerances of the concrete specified elsewhere.

[bookmark: _Toc297646388]Removal of Formwork
Formwork shall be removed in such a manner as will not damage the concrete. No formwork shall be removed until the concrete has gained sufficient strength to support itself. Centres and props may be removed when the member being supported has gained sufficient strength to carry itself and the load to be supported on it with a reasonable factor or safety. The following table is a guide to the minimum periods which must elapse between the completion of the concreting operations and the removal of formwork. No formwork shall be removed without the permission of the Project Manager and such permission shall not relieve the contractor of his responsibilities for the safety of the structure.

Minimum stripping and striking times shall be as follows unless otherwise approved by the Project Manager:
			Hours
Vertical surfaces	10
Vertical wall surfaces under 300mm thick	30
Beam sides and columns	30

 			          Days
Slabs with props left under	4
Removal of props to slabs	9
Beam soffits with props left under	7
Removal of props to beams	17
[bookmark: _Toc297646389]
Cover to Reinforcement
The concrete cover to reinforcement shall be a minimum of 50mm or as shown on the drawings. The contractor shall provide all necessary cement pads for ensuring the cover is attained and in no case shall timber packing be used.

[bookmark: _Toc297646390]Concrete Surface Finish
(1)	The concrete surface finish on upward facing or sloping faces shall, except for blinding concrete, or otherwise stated on the drawings, be a “fair” surface. A “fair” surface shall be obtained by screeding and trowelling with a wooden float.

(2)	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 screeding guides to give a dense concrete skin true to line and level.

(3)	Wood float trowelling shall be carried out after the concrete has, stiffened and the moisture film 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 overhead covers to prevent the finished surface from being marred by raindrops or dripping water.

(4)	The surface of blinding concrete shall be that obtained by screeding as described above.

(5)	Where a “fine” surface is indicated on the drawings, this shall be obtained in a similar manner to a “fair” surface save that a steel float shall be used instead of the wooden float.

[bookmark: _Toc297646391]Precast Concrete
(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 vibration 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 fins and other projections, thoroughly washing down and filling the most noticeable surface blemishes with a 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 prepared as early 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 stiff 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 latence. 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 in-situ, 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 be precasting.

(5)	Precast units shall be jointed with cement mortar as specified in Clause 448 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 5mm, and flush pointed with similar mortar, but of pointing consistency.



[bookmark: _Toc297646392]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 for each supplier.

[bookmark: _Toc297646393]Handling and Stacking of Precast Units
The contractor is to 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 are to be adhered to at all times 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.

[bookmark: _Toc297646394]Tolerances
Concrete work shall be executed to the tolerances specified in the Appendices or to such other tolerances as the Project Manager may approve.

[bookmark: _Toc297646395]Cement Grout 
Cement grout for general purposes shall consist of Portland cement and water mixed in the proportion of two parts by volume of cement and three parts by volume of water. The grout shall be used within one hour of mixing.

[bookmark: _Toc297646396]Cement Mortars
Cement mortar shall be machine mixed and unless otherwise specified, consist of three parts of sand to one part of ordinary Portland cement mixed and thoroughly incorporated together. Just enough water will be added to give workability appropriate to its use. The above proportions are by volume. Mortar shall be used whilst freshly mixed and no softening or retempering will be allowed.

[bookmark: _Toc297646397]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 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.

[bookmark: _Toc297646398]Concrete Blocks
Precast concrete blocks shall be solid unless otherwise stated on the drawings and made of Class C concrete and shall comply with the aforesaid specifications and BS 6073, Part 1 “Precast concrete masonry units”. Unless otherwise specified, the nominal block size shall be 450 x 225 x 150mm or 450 x 225 x 225mm. However, the contractor may with the Project Manager’s approval modify the height of the block in order to simplify the building work. Blocks shall be cast in rigid steel forms and shall be allowed to cure for a period of not less than 15 days before use.
[bookmark: _Toc297646399]Sand/Cement Blocks
Precast sand/cement blocks shall be solid unless otherwise stated on the drawings. The nominal block size shall be 450 x 225 x 150mm or 450 x 225 x 225mm. However, the contractor may with the Project Manager’s approval modify the height of the block in order to simplify the building work. Blocks shall have a minimum compressive strength of 2.8 N/mm2 and shall comply with BS 6073, Part 1 “Precast concrete masonry units”.

[bookmark: _Toc297646400]Block Masonry
(1)	Block masonry shall be to the lines and levels shown on the drawings. The blocks shall be laid in a staggered pattern such that the vertical joints between two consecutive layers are offset by half a block length.

(2)	Horizontal reinforcement mesh comprising typically of two R3 mild steel bars with R3 distribution bars at 200mm centres, shall be placed in the mortar on alternate courses in all irrigation structures greater than 600mm high and at three course intervals in buildings. The Contractor shall submit to the Project Manager for approval, samples of the type of block reinforcement mesh he is proposing to use.

(3)	The blocks shall be wetted before laying and shall be set in mortar, which complies with the specifications given in Clause 448. Unless otherwise stated, the maximum joint thickness shall be 12mm and the horizontal and vertical joints shall be filled with mortar. Joints shall be finished flush with the face of the blocks. Block masonry shall be cured for a period of seven days by covering the work with two layers of hessian, which is kept permanently saturated. Provision shall be made to clean all exposed faces both as work proceeds and on completion so that they are left in a neat, tidy and clean condition.

(4)	Building masonry will not be permitted in heavy rain without the approval of the Project Manager. In such instances the contractor shall make provision to protect materials and the newly placed mortar from the rain.

[bookmark: _Toc297646401]Reinforced Cement Concrete (RCC) Pipes
Reinforced cement concrete pipes used in the works shall comply with and are to be laid in accordance with the requirements of BS 5911, “Precast concrete pipes, fittings and ancillary products”. Unless otherwise specified, all RCC pipework shall be Class M with spigot and socket type flexible joints.

[bookmark: _Toc297646402][bookmark: _Toc325568142]STONEWORK
[bookmark: _Toc297544722][bookmark: _Toc297646403]Stone
(1)	Stone for all purposes shall be the best of its kind, sound and durable, free from flaws and from soft, weathered or decomposed parts. The stone and the quarry from which it is obtained shall be subject to the approval of the Project Manager. When required by the Project Manager, samples shall be submitted by the contractor of the stone he proposes to use in the works and the Project Manager’s approval shall be obtained before such stone is used or any order is placed. The stone used shall be clean and must be washed if deemed necessary in the opinion of the Project Manager.

(2)	Stones for face work shall be as far as possible quarry split and not bullnosed or hammer dressed. A moderate amount of dressing to trim off large projections will however be permitted. Exposed faces of stones for masonry shall be free from tool marks except such as are inherent in the nature of any dressing that may be specified. In rock-faced work the rough on the surface shall not project more than 40mm for stone less than 0.3 sq.m face area and nor more than 60mm for larger stones. 

[bookmark: _Toc297544723][bookmark: _Toc297646404]Masonry
(1)	Masonry shall be built to the lines and levels shown on the drawings. Notwithstanding any local usage it shall be built in the manner specified below and otherwise as described in BS 5390, “Code of practice for stone masonry”, the terms and definitions of which shall be deemed to apply to this Contract.

(2)	For face work the stones shall show a face of not less than 0.02 sq.m and not more than 0.10 sq.m in area and none shall be less than 125mm in depth. They shall be laid to give a uniformly random appearance and shall be selected in laying so as to present an even distribution of large and small stones on the face.

(3)	For the arrises, stones shall be roughly squared, quarry split and of a size to give outbands varying from 350 to 450mm in length and inband from 150 to 250mm. The alignment of arrises shall be set true to the required lines.

(4)	The stones shall be set in mortar with their natural bedding place (if any) as near normal as possible to the face or normal to the line of thrust in the case of load bearing structures. Particular care must be given to obtaining a sound bond both longitudinally and transversely and there shall be at least one bonder, or length not less than two-thirds of the wall thickness, in each square metre of wall face.

 (5)	The mortar shall be, unless otherwise specified, machine mixed cement and sand in the proportion of 1:3 generally as described in these specifications. Mortar shall completely fill all interstices between the stones.

(6)	The face joints in rubble masonry may vary in thickness from 10 to 20mm. They shall be finished as a neat weathered joint with mortar while the work proceeds. Where pointing is specified, the joints in each day’s work shall be raked out to a depth of not less than 25mm before the mortar has set. Subsequently the joint shall be filled with mortar and finished in accordance with Clause 509. The face of the masonry is to be kept wet while the pointing is proceeding. Provision shall be made to clean all exposed faces both as work proceeds and on completion so that they are left in a neat, tidy and clean condition.

(7)	Before a general start on a structure of large dimensions is begun the contractor will be required to build a small portion of the walling of required type and pointing for approval by the Project Manager. After approval has been given, the remainder of the work will be required to conform to the sample.

(8)	Where composite construction is specified, consisting of masonry facing with concrete backing, the concrete shall follow closely on the facing and shall be thoroughly bonded thereto. In no case shall the facing be built more than 600mm in advance of the backing and backing shall not be built up before the face work, which must not be moved by the placing of the backing concrete.

(9)	In all cases where pipes or the like are built into walls, the masonry, together with any concrete or brickwork associated therewith, shall be fitted around pipework and caulked or sealed with flexible waterproof material to prevent leakage or fracture of the pipe.

(10)	Building of masonry will not be allowed in heavy rain without the written consent of the Project Manager. Building shall only proceed when suitable precautions to the satisfaction of the Project Manager have been taken against the action of rain on newly placed mortar. If for any reason of urgency the consent of the Project Manager should be desired to a departure from these provisions, the contractor shall submit to the Project Manager for approval his proposals for protecting the materials and work from the weather.

[bookmark: _Toc297544724][bookmark: _Toc297646405]Type of Masonry
(1)	The arrangement of the stones on the exposed face or faces on the masonry shall be squared rubble brought to courses unless shown otherwise on the drawings or directed by the Project Manager. The various types of stone masonry are described below.

(i)	Random rubble un-coursed shall be built with stones of irregular shapes taken generally as they come from the quarry, preparation being limited to the removal of inconvenient comers and excrescences. They shall be selected as the work proceeds to give a uniformly random appearance and no attempt shall be made to form courses.

(ii)	Random rubble brought to courses shall be generally as the preceding type except that it shall be levelled up to courses between 300 and 400mm in depth and coinciding with the quoin stones.

(iii)	Squared rubble un-coursed or snecked rubble shall be built of stones roughly squared to rectangular shapes of random sizes and laid un-coursed as risers and stretchers. Smaller rectangular stones, or “snecks” of not less than 100mm in any dimension, shall be included to avoid long continuous vertical joints.

(iv)	Squared rubble brought to courses shall be built with the same kind of stones as for the previous type but the work shall be levelled up to courses between 300 and 450mm in depth, the courses corresponding with the height of the quoin stones.

[bookmark: _Toc297544725][bookmark: _Toc297646406]Bedding of Masonry
Unless otherwise directed by the Project Manager, all masonry stones, when incorporated in the works shall be laid on its natural bed, except in the case of arches where the natural bed shall be radial.

[bookmark: _Toc297544726][bookmark: _Toc297646407]Square Rubble Coursed or Broken Coursed
Squared rubble shall consist of approved stone and of the type shown on the drawings. No stone shall be less than 225mm long, 150mm wide and 100mm deep unless otherwise shown on the drawings. All stones shall be truly squared and dressed on the beds and joints for a distance of at least 125mm from the exposed face. Bond stones shall be provided at the rate of one to every square metre of exposed face, and shall measure not less than 150mm by 150mm on the face, and not less than 500mm in length. Sneck stones shall be flat-bedded, and not less than 150mm long. Vertical joints shall not include more than three stones, and the horizontal lapping of the stones shall not be less than 100mm. The stones shall be bedded and jointed in mortar and the thickness and surface of the joints shall be as shown on the drawings.

[bookmark: _Toc297544727][bookmark: _Toc297646408]Random Rubble Coursed or Uncoursed
Random rubble masonry shall be of the type and dimensions shown on the drawings. All stones shall be carefully set with a bond stone provided at the rate of one to every square metre of exposed face. Bond stones shall measure not less than 150mm by 150mm on the exposed face, and not less than 450mm in length or the full thickness of the wall if the latter are less than 450mm unless otherwise shown on the drawings. Stones shall be bedded in mortar, and for coursed rubble they shall be levelled off every 300 or 400mm as directed by the Project Manager, the interior then being flushed up in cement grout as specified in Clause 447. Face joints shall be raked clean and the thickness and surface of the joints shall be as shown on the drawings.

[bookmark: _Toc297544728][bookmark: _Toc297646409]Backing to Masonry Face Work
Rubble backing to masonry face work shall be built generally to the requirements for uncoursed random rubble masonry as specified in Clause 506. Concrete backing shall be concrete Class D. No masonry face work which is to be backed with rubble or concrete shall be carried up at any time more than 600mm in advance of the backing and the backing shall not be built up before the face work, which must not be moved by the placing of the backing.

[bookmark: _Toc297544729][bookmark: _Toc297646410]Special Stonework Including Quoins, Copings, Plinths and Voussoirs
Special stone work shall consist of approved work including stones dressed to the shapes and dimensions and with the faces tooled, all as shown on the drawings. All stones shall be laid true to line and centre with mortar joints as shown on the drawings.

[bookmark: _Toc297544730][bookmark: _Toc297646411]Pointing of Joints in Masonry
Unless otherwise shown on the drawings, pointing to masonry joints shall be “flush” and shall be formed by rubbing the joint clean and then filling it with mortar which shall be given a flush face with a steel trowel.

[bookmark: _Toc297544731][bookmark: _Toc297646412]Hand-Placed Filling
Hand-placed rubble filling shall consist of rubble stones individually selected and placed by hand firmly in place in bearing contact with each other or with the sides of the space to be filled, the voids shall be carefully filled with small rocks and spalls wedged together to form a compact mass. The sides of stones shall be roughly trimmed if necessary with a spalling hammer to obtain a reasonably close fit. On the exposed face the stones shall be placed with their flattened sides uppermost and in the place of the face.


[bookmark: _Toc297544732][bookmark: _Toc297646413]Rubble Filling
Any filling for which “rubble filling” is specified shall be done with approved quarried rock, filling obtained from excavations within the works, from a borrow pit, or from any other source. The rock shall be dumped in such a manner that the filling will be adequately compacted.

[bookmark: _Toc297544733][bookmark: _Toc297646414]Pitching
(1)	Pitching will be used to form a revetment on horizontal or sloping ground with a thickness as stated on the drawings. It shall consist of a one-stone deep layer of hand-placed stones giving an even exposed surface. Pitching on slopes shall be built upwards from the tow unless otherwise directed by the Project Manager. A coping consisting of large flat stones shall be laid along the top of the stone pitching on slopes to produce a firm edge. Pitching shall be of one of the two types specified below:

(i)	“Dry pitching” shall be pitching in which no binder is used; instead the interstices shall be wedged with spalls and filled with well rammed approved granular material or sand.

(ii)	“Cemented pitching” shall be pitching in which the interstices are filled with cement mortar. The stone shall be laid in a bed of Class D concrete while it is still fresh.

(2)	For all types of pitching the quality of stone shall be as specified in Clause 501. Stones shall be of random length and width but no stone shall be of less volume than 0.01 cu.m nor of less thickness than that specified for the pitching. The sides of all stones shall be roughly hammer dressed to obtain a reasonably close stone to stone fit.

(3)	The ground on which the pitching is constructed shall be well consolidated and formed to an even surface. The ground bed for dry pitching shall consist of a 150mm thick layer or other stated thickness of approved granular or fine filter material. Representative samples of the proposed bedding materials of not less than 25kg shall be supplied to the Project Manager for his approval before work commences and each time the source or quality of the materials is altered. The source of the materials shall be approved by the Project Manager. For cemented pitching the bed shall consist of 100mm of Class D concrete. On this bed the stones shall be placed, each set firmly with their natural cleavage place at right angles to the exposed surface to give an even face with broken joints and a uniformly random appearance.

[bookmark: _Toc297544734][bookmark: _Toc297646415]Tipped Rock
(1)	Tipped rock shall consist of selected hard durable rock free from weathered or decomposed parts to the approval of the Project Manager, containing no flaky stone and being well graded within the limits shown below.

(2)	The class of tipped rock and the thickness of the layer shall be as shown on the drawings.

	Class
	Size of stone “d”
(mm)
	Percentage by weight smaller than stone size “d”

	
A

	300
125
45
	100
40 - 55
0

	
B

	150
63
31
	100
40 - 55
0



(3)	Tipped rock shall be placed in an approved manner in order to produce a uniform well knit unsegregated layer in which all sizes are held in position.

(4)	The Contractor shall submit bulk samples of not less than 1.5 cu.m of each class of rock for approval by the Project Manager prior to placing. These samples shall be retained for comparison with material being placed in order to ensure a reasonable degree of uniformity within each class.

[bookmark: _Toc297544735][bookmark: _Toc297646416]Gabions
(1)	Gabions shall be of the types and sizes shown on the drawings. The cages shall be constructed from mild steel wire complying with BS 1052, “Mild steel wire for general engineering purposes”, galvanized in accordance with BS 443, “Testing zinc coatings on steel wire and for quality requirement”. The wire shall be of 2.7mm diameter with a polyvinyl chloride (PVC) coating not less than 0.5mm thick and formed into a fabric having a mesh of 80mm by 100mm for baskets and 60mm by 80mm for mattresses. Gabions shall be assembled and erected in accordance with the manufacturer’s instructions.

(2)	Stone filling for gabions shall consist of hard durable rock free from weathered or decomposed parts. The minimum dimensions of each stone shall not be less than half its maximum dimension. For mattresses the stone shall be 120 to 80mm, for baskets the stone shall be 250 to 100mm. The stone shall be obtained from a source approved by the Project Manager. In carrying out the filling, selected pieces of stone of elongated shape shall be placed with their flatter and elongated faces in contact with the mesh wherever possible.

(3)	The empty gabions shall be placed to line and level as shown on the drawings or as directed by the Project Manager and then stretched so that the gabions regain their shape on being filled. Diaphragms shall be provided at not more than 1m intervals for baskets and not more than 600mm intervals for mattresses. The gabions shall be filled with approved stone as specified in (2) above. No basket or mattress forming part of an intended continuous line of gabions shall be completely filled until an adjacent basket or mattress has been half filled, unless otherwise directed, in order not to cause displacements from bulging during filling.

(4)	For baskets at least two horizontal connection wires shall be tied between front and back of the gabion in each 1m compartment, at a height of 330mm and 660mm from the bottom as the stone fill reaches these levels. Additional tie wires shall be provided if necessary and in no case shall the gabion basket bulge by more than 40mm. Where a continuous line of gabions is required, adjacent gabions shall be securely tied together at the top and bottom of the gabions with tying wire. The gabions shall be filled to a level just sufficient to require the lid to be forced into place with a bar. The lid and all joints between baskets and between diaphragms and baskets shall each be tied down with a continuous running wire. Where gabions are to be shaped, the shape shall be formed by folding the mesh internally and tying it with a continuous running wire. All tying wire shall be galvanized, PVC coated and of the same gauge as the gabion mesh wire specified in (1) above.

[bookmark: _Toc297544736][bookmark: _Toc297646417]Filter Fabric
The filter fabric shall be of a non-woven welded fabric consisting of a mixture of polypropylene and polythene or other similar materials. The grade of fabric shall weigh not less than 140 gm/m2 and have a thickness of 0.5mm. Where overlapping of fabric is required, the overlap shall not be less than 500mm. The quality of a filter fabric shall be approved by the Project Manager before use.

[bookmark: _Toc297544737][bookmark: _Toc297646418]




Graded Filters
(1) The graded filters shall be of a thickness shown on the drawings and shall consist of stone graded to meet the requirements indicated below.

	Class
	Size of particle “d”
(mm)
	Percentage by weight smaller
than particle size “d”

	

A
	63
31
8
2
1.4
	100
70 - 100
25 - 70
0 - 25
0

	

B


	16
4
1
0.25
0.09
	100
64 - 100
15 - 64
0 - 15
0



(2)	The filter shall be placed in layers and tamped into place in such a manner that mixing between layers or between the filter material and the formation to be protected shall not occur. Care shall be taken to ensure that segregation of sizes does not occur.

[bookmark: _Toc297544738][bookmark: _Toc297646419]Gravel
(1)	Gravel shall be clean, hard and well graded from 5 to 37mm size and shall be clean, hard and durable rock fragments.

[bookmark: _Toc297646420][bookmark: _Toc325568143]
PIPEWORK AND MISCELLANEOUS

[bookmark: _Toc297544739][bookmark: _Toc297646421]Pipe Materials
(1)	Pipes supplied and all associated accessories shall be new, obtained from a manufacturer approved by the Project Manager and shall comply strictly with the relevant standards stated in the following clauses, however the ISO standard will be preferred the flanges, saddles, couplings shall always follow the ISO standard, unless otherwise approved by the Project Manager. Where any conflicts arise among the specifications in this Part 6, the ISO standard shall have the precedence. The Contractor shall submit his plans of using the standards for each part of the pipe materials before the manufacturing and shipping for approval by the Project Manager. 

(2)	In addition to any other requirements all equipment supplied under the contract shall be designed and manufactured so as to withstand field test pressures as indicated in the specification.

[bookmark: _Toc297544740][bookmark: _Toc297646422]Identification Marking
(1)	All pipes and fittings shall be legibly and conspicuously marked with the manufacturer’s name or identification mark, the date of manufacture, the nominal bore and class of pipe, after the application or any factory applied protective treatment specified.

(2)	For any item which is too small to permit the number to be painted on it, a waterproof label carrying the information in waterproof ink may instead be wired to the item.

[bookmark: _Toc297544741][bookmark: _Toc297646423]PVC Pipes, Tees, Reducers and Bends
(1)	PVC pipes, tees, reducers and bends shall be unplasticised polyvinyl chloride complying with BS 3505, “unplasticized polyvinyl chloride (PVC-U) pressure pipes for cold potable water”, and shall be obtained from an approved manufacturer. Pipes shall not exceed 6m in length. Joints in PVC pipework shall unless otherwise approved by the Project Manager, be flexible of the push-on spigot and socket type with rubber ring gaskets, complying with BS 4346, “Joints and fittings for use with unplasticized PVC pressure pipes”.

(2)	Threaded steel fittings used in conjunction with PVC pipes shall be manufactured to comply with BS 1740, Part, “wrought steel pipe fittings”. All dimensions for the screwed ends of fittings shall be in accordance with Table 1.

(3)	Mechanical joints and fittings of the push-fit type made principally for PVC pressure pipe shall comply with BS 3505.

(4)	Insertion length of joints shall comply with BS 4346, Part 2.

(5)	Flange adapters shall be of PN10 and comply with BS 4504, “Circular flanges for pipes, valves and fittings”, Section 3.1, Table 1 for steel flanges or Section 3.2, Table 1 for cast iron flanges.

(6)	Riser tees shall be cast steel, cast iron or aluminium, with mechanical push-fit type joints to the PVC-U pipe and threaded BSP socket outlet to BS 21, “Pipe threads for tubes and fittings where pressure-tight joints are made on the threads” for the hydrant.

[bookmark: _Toc297544742][bookmark: _Toc297646424]PE pipes. Tees, Reducers and Bends
(1)	PE pipes, tees, reducers and bends shall be polyethylene complying with acceptable standards for cold portable water, and the qualities shall be all subject to the approval by the Project Manager. A piece of Pipe shall not exceed 6 m in length with the working pressure of 10 bar or more. The maximum pressure the pipe can withstand for a short period of 3 hours shall not be less than three (3) times the working pressure. The Manning’s roughness coefficient of the pipe shall be 0.01 at most.
(2)	Flange adapters shall be according to the ISO standard.

(3)	Riser tees shall be galvanised milled steel with plastic saddle joints to the PE pipe, and threaded socket outlet according to the ISO standard.

[bookmark: _Toc297544743][bookmark: _Toc297646425]Asbestos Cement Pressure Pipes
(1)	Asbestos cement pressure pipes and joints shall comply with BS 486, “Asbestos cement pressure pipe and joints” and shall be supplied with collar joints. Fittings for asbestos cement pipes shall be cash iron and comply with BS 4622, “Grey iron pipes and fittings”. Flexible mechanical couplings shall comprise cash iron detachable flanges and collars with rubber seals. The seals shall be rubber and comply with BS 2494, “Elastomeric seals for joints in pipework and pipelines”. The joints shall be assembled and tightened In accordance with the manufacturer’s instructions. All fittings and joints shall have pressure rating equal or greater than that specified for the pipes. All cast iron fittings shall be internally and externally coated with bituminous solution suitable for use with potable water pipelines. The classification, characteristics and size shall be as show on the Drawings. The pipes will generally be 4 m in length. 

(2)	Two complete sets of special tools for cutting, trimming and joining AC pipes will be provided by the pipe manufacturer to the Contractor against a receipt. All the tools must be returned in good, working condition. Failure to do so will result in the Contractor reimbursing the pipe manufacture the full cost of replacing any defective equipment.

[bookmark: _Toc297544744][bookmark: _Toc297646426]Steel Pipes
(1)	Steel pipes shall comply with BS 3601, “Carbon steel pipes and tubes with specified room temperature properties for pressure purposes.” Steel pipes, joints and specials for water and sewage”, Table 1. Joints shall be butt welded or flanged as shown in the Drawing or as directed by the Project Manager.
(2)	Butt welded joints and sleeve joints for welding shall in accordance with BS 534. The end tolerances for both types of joint shall be within the limits given in BS 534.

(3)	Steel pipes and fittings greater than 100mm diameter shall be flanged unless otherwise shown in the Drawings or directed by the Project Manager. Steel flanges shall be of the weld-on type and shall comply with BS 4504, “Circular flanges for pipes, valves and fittings (PN designated)”. The pressure rating shall be PN10 unless otherwise stated. Gaskets for flanged joint shall be of fabric reinforced rubber of the full face type and comply with BS 4865, “ Specification for non-metallic flat gaskets (including gaskets for flanges to BS 4772)”, Part 1. The joints shall be made using bolts and nuts to BS 4190, “ISO metric black hexagon bolts, screws and nuts”. Washers shall comply with BS 4320, “Metal washers for general engineering purposes (metric series)”.

[bookmark: _Toc297544745][bookmark: _Toc297646427]Galvanized Mild Steel Pressure Pipes
(1)	Galvanized mild steel pipes shall be medium or heavy duty gauge in accordance with BS 1387, “Screwed and socketed steel tubes and tubulars and for plain end steel tubes suitable for welding or for screwing to BS 21 pipe threads”. Unless shown otherwise on the Drawings or directed by the Project Manager, pipe fittings up to and including 100mm diameter shall have BSP threads and shall comply with BS 1740, Part 1. Joints on pipes greater than 100mm diameter shall be flanged in accordance with Clause 605(3).

(2) Threaded fittings for galvanized mild steel pipes shall comply with BS 1740: Part 1, “Wrought steel pipe fittings”.

[bookmark: _Toc297544746][bookmark: _Toc297646428]Pipe Specials
(1)	Where pipe specials are to be fabricated, preparation and welding shall be carried out in accordance with BS 2633. Specials shall be jointed as shown in the Drawings or as directed by the Project Manager.
(2)	Bends up to and including 300mm shall have a smooth radius in accordance with BS 534, Table 7. Diameters greater than 300mm shall be gusseted bends, fabricated in accordance with BS 534, Table 8.

(3)	Dimensions of tees shall comply with BS 543, Table 9.

[bookmark: _Toc297544747][bookmark: _Toc297646429]Steel Pipe Coating
(1)	Before the application of external coating, pipes and specials shall be primed with a compatible priming coast. Material and methods complying with BS 4174 or BS 4164 shall be used as appropriate.

(2)	Coating of steel pipes shall be applied by using bitumen sheathing consists of natural or blown petroleum bitumen mixed with an inert filler, i.e. Type 2 or Type 3 in accordance with BS 4147.

(3)	The pipes and specials shall be covered with a layer of sheathing materiel, applied as hot coating or mastic to provide a seamless, consolidated and smooth layer having a minimum thickness as given in BS 534, Table 10.

[bookmark: _Toc297544748][bookmark: _Toc297646430]Steel Pipe Lining
(1)	Before internal protection is applied, pipes and specials shall be primed with a compatible priming coat. Material and methods complying with BS 4174 or BS 4164 shall be used as appropriate.

(2)	The lining materials shall consist of a uniform blend of natural or blown petroleum bitumen mixed with an inert filler to produce homogeneous composition of Type 3 in accordance with BS 4147.

(3)	The lining material, in a hot fluid condition, shall be applied centrifugally to straight length of pipe to give a smooth continuous lining, having a minimum thickness in accordance with BS 534, Table 12.

[bookmark: _Toc297544749][bookmark: _Toc297646431]Flexible Couplings
Flexible couplings used to form joints adjacent to structures and else where as shown on the Drawings or required by the Project Manager, shall be according to the ISO standard. They shall include all necessary bolts and gaskets, and be of appropriate pressure rating and dimensions for the pipes they join.	

[bookmark: _Toc297544750][bookmark: _Toc297646432]Dismantling Joints
Dismantling joints shall allow the quick and easy pipeline modification and the dismantling of flanged pipework and fittings. The joints shall be according to the ISO standard., comprising a flange adapter, flanged spigot piece and tie bars, and be of the same pressure rating and dimensions as the pipes they join. The position of the joints is as shown on the Drawings or required by the Project Manager.

[bookmark: _Toc297544751][bookmark: _Toc297646433]Flange Adapters
Flange adapters shall be according to the ISO standard, and shall be approved by the Project Manager before the manufacturing and use. They shall be provided with the necessary bolts and gaskets. Flange adapter joints shall have the same pressure rating as the pipes they connect.

[bookmark: _Toc297544752][bookmark: _Toc297646434]Cast Iron Gate Valves
(1)	Cast iron gate valves shall be suitable for a working pressure of 10 bar and filed test pressure of 15 bar, complying with the requirements of BS 5150, “Cast iron gate valves”.

(2)	The valves shall have PN10 flanged connections to BS 4504, “Circular flanges for pipes, valves and fittings.

(3)	O-ring stuffing boxes may be used.

(4)	The valves shall be iron body, wedge gate or resilient seal type.

(5)	All gate valves shall have non-rising stems and shall open counterclockwise.

(6)	Unless otherwise stated each valve shall be supplied with a valve cap secured by a hexagon headed set screw. Where extension spindles are required, these shall be obtained from the valve manufacturer.

[bookmark: _Toc297544753][bookmark: _Toc297646435]Cast Iron Check Valves
(1)	Check and foot valves shall be of the single and foot valves disk, non-slamming swing type designed to allow a full diameter passage and to operate with a minimum loss of pressure.

(2)	Check and foot valves shall be suitable for a working pressure of 10 bar and filed test pressure of 15 bar, complying with the requirements of BS 5153, “Cast iron check valves for general purposes”. With pressure rating of PN10.

(3)	Check and foot valves shall have bronze renewable seal rings, bronze disk rings and bronze hinges and stainless steel pins. Valves shall be supplied with iron disks with bronze rings attached. Pins, disks and other parts shall be corrosion resistant and non-sticking.

(4)	The valves shall have PN10 flanged connection to BS 4504.

[bookmark: _Toc297544754][bookmark: _Toc297646436]Copper Alloy Valves
Check valves and gate valves up to and including 100mm diameter shall be constructed of high quality brass, or bronze and be suitable for a working pressure of 10 bar and conform to BS 5154, Series B “Copper alloy globe, globe stop and check gate valves”. The valves shall have female BSP threaded inlet/outlet ports in accordance with BS 21.

[bookmark: _Toc297544755][bookmark: _Toc297646437]Foot Valves
The foot valve shall be constructed of galvanized steel, copper alloy or aluminum with hinged steel clack and rubber seats. The valved shall have an integral strainer with a maximum mesh size of 8mm and the head loss across the valve shall not exceed 0.1 bar. Valves up to and including 100mm shall have BSP threaded connection, larger diameters shall be flanged.

[bookmark: _Toc297544756][bookmark: _Toc297646438]Air Relief Valves
(1)	Cast iron double orifice air relief valves shall be provided on the pump delivery manifold pipe at all permanent pumping installations and at points along the rising main, where directed by the Project Manager. The valves shall be designed to exhaust large amounts of air during filling and release small amounts of accumulated air during operation and admit large amounts of air upon impending vacuum during draining. The valved body and cover shall be cast iron, the orifice bracket and cover shall be glass filled nylon and the float, float guide and leaver ABS (Acrylonitrile Butadiene Styrene). The valves shall have a pressure rating of 10 bar.

(2)	Large orifice air relief valves shall be provided at points where a vacuum may occur in the system, for example adjacent to valves or at the end of a pipeline with hydrants. The body shall be made of copper alloy or cast iron with an ABS (or similar) float. The valve shall have a working pressure rating of PN10 and inlet port shall be a 25mm male BSP thread to BS 21.

[bookmark: _Toc297544757][bookmark: _Toc297646439]Hydrant Plumbing
Pipework to hydrants shall be galvanized mild steel of 50, 80 or 100mm nominal bore, screw jointed as specified in the Bill of Quantities. Pipe threads shall be in accordance with BS 21, “Pipe threads for tunes and fittings”.

[bookmark: _Toc297544758][bookmark: _Toc297646440]Pressure Relief Valve
A pressure relief valve shall be provided on the pump delivery manifold pipe on all permanent pumping installations to protect the rising main and fittings from excessive pressure under all possible operating scenarios. The valve body shall be made of cast steel with PN10 flange connection to BS 4504 unless otherwise stated on the Drawings. The unit shall be preset at the factory to blow-off at the required pressure and there shall be no means of making on-site adjustments. The valve shall have a smooth, but rapid response.

[bookmark: _Toc297544759][bookmark: _Toc297646441]Pressure Gauges
Pressure gauges shall be liquid filled, bourbon tube type and comply with BS 1780, “Bourbon type pressure and vacuum gauges”. The gauge shall have a 100 mm diameter case and a pressure range of 0 to 16 bar. The scale shall extend over approximately 270” and have 0.5 bar graduations. The gauge shall be fitted with a blow-out device and have a bottom male BSP threaded connection. Portable pressure gauges shall be connected to the end of a 1m length of high pressure hose (10 bar working pressure), the other end of which is fitted with a quick connect hose fitting for simple connection and disconnection to a Schrader valve.

[bookmark: _Toc297544760][bookmark: _Toc297646442]Layflat Hose
Layflat hose shall be reinforced plastic or other approved abrasion resistant material. The hose shall be sufficiently flexible to allow it to be rolled into a tight coil and shall not be damaged when squashed flat or kinked. The working pressure of the hose shall be 3 bar. The hose shall be connected to the male part of a quick coupling joint via a hosetail and secured by a suitable hose clamp.

[bookmark: _Toc297544761][bookmark: _Toc297646443]Pipe Handling
(1)	During loading, transportation and unloading care shall be taken to prevent injury to the pipes, surface finish and protective coating. Loading and unloading shall be done item by item with ropes and skids or suitable power equipment, if necessary, and the pipe shall be under perfect control at all times. Under no condition shall pipes be dropped, bumped, dragged or allowed to roll together. When handling the pipe with a crane, a rape with a double-bight sling around the pipe shall be used. The crane shall be so placed that all lifting is done in a vertical plane. Under no condition shall pipe hooks or a sling through the pipe be used. The pipe shall be securely wedged during transportation to reduce to a minimum any possible damage to the pipe.

(2)	Pipe spigots shall be adequately protected during transportation.

(3)	In laying out, pipes and specials shall not be allowed to impede or harm traffic or animals or to obstruct paths and access to private and ether property. Pipes shall not be laid out in beds of ditches and every precaution shall be taken to preserve their cleanliness before laying.


[bookmark: _Toc297544762][bookmark: _Toc297646444]Pipe Storage
When pipes are stored prior to laying out, they shall be placed neatly in stacks in strict accordance with the manufacturer’s recommendations.

[bookmark: _Toc297544763][bookmark: _Toc297646445]Trench Depths
(1)	Trenches for pipes shall be excavated to a sufficient depth to ensure, after consolidation of the backfill, a normal minimum depth of cover from the ground surface to the top of the pipe of 800mm in open ground and 1000mm beneath roads and the bed of grass waterways. Where the pipeline is required to be laid to a lesser depth the pipe shall be protected as directed by the Project Manager. 

(2)	Unless directed by the Project Manager, maximum depth of ground cover to the top of the pipe should not exceed 2000mm.

(3)	Where pipes are to be laid in an embankment, the embankment shall first be constructed to full height to provide cover to the pipe, and the embankment subsequently excavated as detailed above. Care shall be taken to ensure that pipes are not subjected to traffic loads until the minimum cover has been established.

[bookmark: _Toc297544764][bookmark: _Toc297646446]Bedding of Pipes
(1)	Where the natural ground in the bottom of the trench is, in the opinion of the Project Manager, free from stones and other unsuitable material, the pipes may be laid directly on the bed of the trench. Holes shall be excavated at each joint and the bottom of the trench shall be accurately trimmed to the required level to ensure the barrel of the pipe is fully supported along its entire length. Pipes shall be surrounded in selected excavated material as shown on the drawings, fully and carefully compacted around the pipe circumference. Excavated material selected for surround shall be uniform, readily compactable material free from tree roots, vegetable matter, building rubbish, stones and lumps retained on a 25mm sieve.

(2)	Where directed by the Project Manager the trench shall be over excavated and pipes shall bedded and surrounded in granular material of 14mm maximum particle size, no more than 5 percent of which passes through a 5mm BS Sieve.

(3)	The bedding and surround to the pipes shall be thoroughly compacted. The pipes shall be laid evenly on the barrel at the required level. There should be no hollows, voids or foreign material under the pipe. No concrete blocks or wedges may be used. The bedding should be completed to the correct profile.

(4)	Particular care must be taken to ensure that proper bedding is obtained under and on either side of the pipe joints. Where pipe jointing holes are left in the bedding, particular care must be taken to ensure complete and proper filling of the holes after pipe testing.

(5)	The trenches shall only be bottomed up immediately in advance of pipe laying but no pipes shall be laid until a distance of a least 3m along the trench has been prepared and bottomed up to receive the pipes, unless specially permitted otherwise by the Project Manager.

[bookmark: _Toc297544765][bookmark: _Toc297646447]Temporary Stoppers
Properly fitted, temporary wooden stoppers shall be provided and constantly used to close the ends of all uncompleted pipelines. The stoppers are only to be removed when pipes are being laid and jointed.

[bookmark: _Toc297544766][bookmark: _Toc297646448]Pipe Installation
(1)	All pipes shall be carefully brushed out inside and shall be checked for soundness before being laid.

(2)	Each pipe shall be carefully lowered into its prepared bed by means of the necessary slings and tackle. If the prepared bed is damaged, and if stones are dislodged into the trench, the pipe shall be raised and the bed made good and stones removed before pipe laying is continued.

(3)	In no case shall pipes be jointed before being lowered into the trench, unless previously agreed to by the Project Manager.

(4)	Pipes shall be laid separately to true inverts, straight lines and falls, each pipe being separately boned between sight tails and bearing evenly upon bed of the trench, or the bedding where provided, for its full length. No water from the trenches shall be allowed to enter the new pipes and no refilling of trenches will be allowed until the joint of the pipes has been inspected and approved. The trenches and joint holes shall be kept free from water until the pipes are laid, jointed and partially backfilled.

(5)	Pipes shall be jointed strictly in accordance with the manufacturer’s instructions and with the correct lubricant where appropriate. Pipes shall be laid on bedding where directed by the Project Manager. Pipes shall not be laid in direct contact with other one another but shall be protected by an intervening layer, 150 mm thick, of consolidated soft material. When cut pipes are used, the spigot ends shall be chamfered in accordance with the manufacturer’s instructions.

[bookmark: _Toc297544767][bookmark: _Toc297646449]Backfilling Around and Over Pipes
(1)	After the pipes have been laid and checked selected material shall be carefully placed into the spaces between the pipe and the sides of the trench to the level of the crown of pipe. The material shall be placed in layers not exceeding 150mm (before compaction) and thoroughly packed and rammed by careful hand tamping. The placing and tamping of the material shall proceed equally on both sides of the pipe.

(2)	The bedding shall be completed by placing similar selected material at least 100mm deep after compaction by hand to the full width of the trench over the crown of the pipe.

[bookmark: _Toc297544768][bookmark: _Toc297646450]Backfilling of Trenches
(1)	Backfill material shall comprise excavated material excluding lumps and stones retained on a 75mm sieve.

(2)	No excavated material, which in the opinion of Project Manager, is or has become unsuitable shall be used for backfilling purposes.

(3)	Backfilling shall wherever practicable be undertaken immediately the specified operations preceding it have been completed.

(4)	The pipeline trenches may be partially backfilled before testing but joints shall be left exposed. The backfilling shall not be completed until the pipeline has been tested to the satisfaction of the Project Manager.

(5)	Backfill material above 100mm over the crown of the pipe shall be deposited in layers each not exceeding 225mm thickness, each layer being thoroughly compacted.

[bookmark: _Toc297544769][bookmark: _Toc297646451]Surface Restoration
(1)	The Contractor shall restore and maintain all land surfaces to the approval of the Project Manager.

(2)	Upon completion of backfilling, all rubbish, surplus material, etc, shall be cleared from the Site.

(3)	One restoration work has commenced, no construction traffic shall pass over the ground, and the restoration work itself shall be carried out in a manner as to avoid unnecessary passage of vehicles over restored ground.

[bookmark: _Toc297544770][bookmark: _Toc297646452]Pipes Built into Structures
(1)	The outside surface of all pipes and special castings to be built into structures shall be thoroughly cleaned immediately before installation. Protective coatings to metal pipes shall be removed from the sections to be built in. PVC-U or PE pipes shall not be built into structures unless directed by the Project Manager.

(2)	Unless otherwise directed by the Project Manager, a steel plates welded on 1 m long steel pipe for water-tightness shall be provided on all pipelines built into structures. 

(3)	Pipes passing through walls and floors of water retaining structures shall be built into the structure in-situ. Shuttering shall be formed closely to the outside of the pipe, and concrete shall be placed and compacted thoroughly round the pipe and puddle flange where provided.

(4)	Flanged pipes through walls shall be arranged with the bolt holes symmetrically off-centre unless directed otherwise.

[bookmark: _Toc297544771][bookmark: _Toc297646453]Anchor and Thrust Blocks
(1)	All tees, bends, valves and specials where unrestrained thrusts may occur shall be securely anchored with Class B concrete blocks as detailed in the Drawings or as directed by the Project Manager.

(2)	The blocks shall bear against undisturbed ground. In the case of horizontal bends, the bearing surface shall be normal to and symmetrical about the direction of thrust. For vertical bends, blocks shall bear upon horizontal and vertical planes. 

(3)	Concrete to thrust blocks may only be poured after the Project Manager has approved the excavated and formwork.

[bookmark: _Toc297544772][bookmark: _Toc297646454]Testing Pressure Pipes
6.1 Selected PVC-U and PE pipes shall be tested hydraulically at the place of manufacture before every delivery is made all at the attendance of the Project personnel. 

6.2 All pipelines operating under pressure shall be tested hydraulically in sections during the course of construction all at the attendance of the Project personnel.

(3)	Testing shall be applied to prove the structural soundness and watertightness of the various units in the line including pipes, valves and anchorages.

(4)	The test pressure to be applied to each pipeline shall be as directed by the Project Manager. The test at the laboratory before the delivery shall be done using the working pressure as well as the maximum pressure. The maximum pressure shall be 3 times of the working pressure.

(5)	Tests shall be applied to sections of pipeline not exceeding 1000m in length, or such lesser length as may be required.

(6)	The Contractor shall provide pumps, gauges, jacks, struts, and all apparatus necessary for carrying out the tests and shall keep them in good order. The gauges shall be tested to the satisfaction of the Project Manager.

(7)	The Contractor shall provide for transmitting the unsupported end thrusts to solid ground at the ends or into the sides of the trenches. Testing shall not be permitted against a closed valve.

(8)	Before testing, the Contractor shall ensure that the anchorage of bends is complete and that all branch outlets taking end thrusts are properly stayed.

(9)	Water required for filling the main shall be provided by the Contractor and obtained from an approved source. 

(10)	The Contractor shall give the Project Manager not less than three (3) days notice of his intention to test a section of pipeline.

(11)	To test, the pipeline shall be charged with water and all air released. The length to be tested shall be filled slowly and allowed to stand for a sufficient period to allow air to be liberated before the test is commended free outlets for air shall be provided. The pressure shall then be increased to the test pressure and maintained for a period of three hours. At the end of the three hour test any loss of pressure shall be made good by pumping water into the pipeline and the quantity of water required shall not exceed the rate of 0.1 litres per millimetre nominal internal diameter per kilometre length of main per 30 metres head for each 24 hours. Should this rate be exceeded then the Contractor shall locate and repair the leaks and repeat the test at his won expense.

(12)	The test on each section shall be repeated until the specified degree of water tightness has been obtained.

(13)	The Contractor shall ensure that no erosion, pollution or silting occurs in watercourses form the discharge of test water.

(14)	Notwithstanding that any or all sections may have passed the above described test, the Contractor shall remain liable for handing over all mains in a watertight condition at the end of the maintenance period.

[bookmark: _Toc297646455][bookmark: _Toc325568144]
MISCELLANEOUS

[bookmark: _Toc297544773][bookmark: _Toc297646456]Cast Iron
(1)	Steel casting shall comply with BS 3100, “Steel castings for general engineering purposes”. All castings shall be carefully moulded to the form and dimensions shown on the drawings and shall present true and clean surfaces free from all defects.

(2)	Subject to the prior agreement of the Project Manager defects in the casting may be rectified by welding. Notwithstanding such prior agreement to the use of welding, the Project Manager may reject any finished welded casting should he not be satisfied as to its soundness.

(3)	If called by the Project Manager, non-destructive tests on the castings shall be carried out by the Contractor.

[bookmark: _Toc297544774][bookmark: _Toc297646457]Drawings to be Submitted and Tests to be Carried Out by the Contractor
(1)	The Contractor shall arrange for the submission of shop drawings for the whole of the steelwork to the Project Manager for his approval. All such drawings shall show the dimensions of all parts, method of construction, spacing of rivets, welding sectional areas and all other details. No materials shall be ordered nor fabrication commenced until such drawings are approved by the Project Manager in writing.

(2)	Tests as required under the standards quoted for steel to be used in the Works shall be carried out in the presence of the Project Manager or his Representative and at least four days notice must be given to him before the dates proposed for such tests. At least four days clear notice shall also be given of the date on which fabricated steelwork will be ready for inspection in the fabricator’s works.

[bookmark: _Toc297544775][bookmark: _Toc297646458]Permanent Fencing
(1)	Fencing other than security fencing shall be timber post and barbed wire.

(2)	Posts shall be round posts of an approved timber. All bark shall be stripped and the posts stacked to air dry for at least 3 weeks before being treated by steeping in an approved tar oil preservative for a minimum period of 24 hours.

(3)	Posts shall be 2m long and a minimum girth of 375mm for line posts, and shall be pile driven into the ground so that the tops of the posts are 1600mm above ground level.

(4)	Posts shall be placed at no more than 3m interval with intermediate straining posts at intervals not exceeding 66m in straight lengths of fences.

(5)	Corner, end and intermediate straining posts shall be adequately braced.

(6)	Line wire shall be bared wire of 2 ply, 2.5 mm diameter steel wire with 4 point barbs at intervals of 75 mm. It shall be galvanized to meet the requirement of BS 443, “Galvanized coatings on wire”. Six line wires shall be fixed at intervals of 75, 325, 575, 825, 1075 and 1325 mm from the top of the posts. Each line shall be fixed to each post by one 37.5 mm x 4 mm diameter galvanized staple.

[bookmark: _Toc297544776][bookmark: _Toc297646459]Painting Concrete
(1)	Where directed by the Project Manager concrete surfaces due to come into contact with corrosive water shall be painted with two coats of approved bituminous paint, the first coat being a bituminous primer and the second coat a heavy bodied black bituminous solution. Both coats are to be applied on a dry and dust free surface.

(2)	Where directed by the Project Manager other concrete surfaces shall be painted with two coats of an approved cement paint of approved colour and having an epoxy resin binder.




[bookmark: _Toc297544777][bookmark: _Toc297646460]Painting Steelwork Subject to Immersion in Water
(1)	Steelwork, subject to immersion in water, is to be sand blasted and immediately coated with a rust inhibitive primer, which is to be followed by two coats of coal tar epoxy or pitch polyurethane to a thickness of 0.25 mm.

(2)	After erection, the steelwork shall be painted with a further two coats of a similar paint to a total thickness of 0.40 mm.

[bookmark: _Toc297544778][bookmark: _Toc297646461]Painting Galvanized Steelwork
(1)	All painted galvanized steelwork is to be painted under factory conditions as follows:

(i)	One coat etching primer

(ii)	One coat calcium plumbate primer

(2)	All galvanized steelwork is to be protected further at the Site as follows:

(i)	All bare metal at site welds, etc. is to be sand blasted and sprayed with zinc to a thickness of 0.08 mm applied in accordance with BS 2569, “Sprayed metal coatings” Part 1.

(ii)	All areas treated in accordance with Subclause (2) (i) above and all other damages areas of paintwork shall be made good and painted, as the case may be, to ensure that the full tow coat treatment specified in Subclause (1) above has been achieved on all surfaces.

(iii)	Apply one final coat of micaceous iron oxide of one undercoat and one finishing coat of gloss enamel or alkyd resin to all surfaces after erection. The colour of the final coat is to be approved by the Project Manage.

(3)	Surfaces of steelwork to be covered with concrete are to be thoroughly cleaned and free from all dirt immediately before the concrete is place in position. Steelwork is to be sealed at the junction with the concrete surface by a bead of alkali resistant mastic after concreting and before applying the final coat of paint.

[bookmark: _Toc297544779][bookmark: _Toc297646462]Painting Other Steelwork
(1)	Where steelwork, which is not galvanized and not subject to immersion in water, is required to be painted, it shall be sand blasted and painted under factory conditions as follows:

(i)	One coat of epoxy primer
(ii)	One coat of red lead primer
(iii)	One coat of micaceous iron oxide paint

(2)	The steelwork is to be further protected at the Site as follows:

(i)	All damaged paintwork to be repaired and made good to ensure that the full three coat treatment has been achieved on all surfaces.
(ii)	Apply one final coat of micaceous iron oxide or one undercoat and one finishing coat of gloss enamel or alkyd resin to all surfaces after erection. The colour of the final coat is to be approved by the Project Manager.

[bookmark: _Toc297544780][bookmark: _Toc297646463]Galvanizing
All steel and ironwork of whatever kind described to be galvanized is to be pickled in dilute hydrochloric acid and then washed, fluxed and stoved and coated with zinc by means of dipping in a bath of molten zinc. All articles are to be immersed in the bath only for the time sufficient for them to attain the temperature of the bath and they’re to be withdrawn at such a speed that a coating of 30 micron thickness on each face is achieved. The galvanizing is to be done in all cases after fabrication of the steelwork including any drilling, chipping, trimming, filling; fitting welding or bending is completed. Every article is to be covered evenly on all sides. Where applicable the galvanizing shall be such as to conform with the tests given in BS 729, “Hot dip galvanized coatings on iron and steel articles”.
[bookmark: _Toc297544781][bookmark: _Toc297646464]Bitumen Sheeting and Felting
Bitumen sheeting and felting shall be manufactured from bitumen reinforced with closely woven bitumen saturated hessian and shall be of the weight shown on the Drawings or directed by the Project Manager.

[bookmark: _Toc297544782][bookmark: _Toc297646465]Electric Welding
(1)	All welding shall be carried out in an efficient manner by tested and fully qualified workmen, who shall be equipped with plant and tools suitable for the purposes.

(2)	The detailed sequence and scheme of welding, and the type of electrode proposed to be used for the work shall be submitted to the Project Manager for approval before any welding is commenced.

(3)	All parts to be welded shall be accurately prepared so that on assembly they will fit closely together, and the surfaces shall be kept clean and free from extraneous matter. Following proper alignment the parts to be welded shall be securely fixed in position by the use of clips, cramps, jigs or other approved methods. Tack welding shall be restricted to a minimum. Tack welds shall not be of greater size than the final welds, and the final welds shall fuse completely with the tack welds.

(4)	Suitable allowance for contraction during welding must be made in the lengths of the steel parts before welding, so that the finished length will be correct within normally acceptable limits. If any permanent distortion or evidence of excessive shrinkage stresses become apparent the necessary cutting out and re-welding shall be carried out to the satisfaction of the Project Manager. 

(5)	All welds shall be made with the proper number of runs. The finished welds shall be sound and free from all cracks, uniform and free from undercutting and slag inclusions, and shall be finished full. All slag and other deposits shall be carefully removed from the exposed surfaces immediately following each run, and before applying the next layer of weld metal.
[bookmark: _Toc297544783][bookmark: _Toc297646466]Floor Screed
Where specified, floor screed shall be of 1:3 cement/sand mortar and shall comply with the requirements of BS 8204: “In situ floorings.”

[bookmark: _Toc297544784][bookmark: _Toc297646467]Rendering and Plastering
(1)	Internal plastering, where specified on the drawings, shall be carried out in accordance with BS 5492 “Code of Practice for internal plastering”. 

6.3 Cement shall be ordinary Portland cement complying with BS 12 “Portland cement”. Lime shall be soaked hydrated lime complying with BS 890 “Building limes”. Hydrated lime shall be added to water, stirred to a creamy consistency and left to mature for at least 16 hours before use. Alternatively, ready slaked lime may be obtained from approved sources. The lime putty shall be protected from drying out. Sand shall comply with BS 1198-1200 “Building sands from natural sources”.

(3)	All plasters, lime and cement shall be stored in a properly-roofed, weather-proof, dry, well-ventilated shed. All sand shall be stored separately, according to type, on clean, hard, dry standing and shall be protected from contamination.

(4)	Concrete, brickwork and block work walls shall be left for 28 days, or such other time as may be approved by the Project Manager, before the application of rendering or plaster. All surfaces shall be thoroughly brushed down to remove all dust and loose material. Mould oil or other deleterious substances shall be cleaned from concrete surfaces prior to rendering of plastering. Concrete surfaces shall be suitably treated to provide a good key and brickwork and blockwork joints raked out to a depth of 13mm. Low spots and areas shall be dubbed out and sufficient time allowed for the dubbing to dry out the rendering or plaster is applied. All surfaces shall be moistened immediately prior to rendering or plastering and each undercoat shall be scored to form an adequate key for subsequent coats. Each coat shall be kept moist for at least 48 hours and adequate time shall be allowed for thorough drying out to allow for complete shrinkage before the application of the setting coat. Rapid drying out shall be avoided. Conduits, cables, pipes, etc, not surface mounted shall be fixed before the rendering or plaster is applied. 

(5)	All uneven surfaces shall be dubbed out locally with 1:3 cement/sand mix and scored to give a surface suitable to receive succeeding coats. No more that 10mm thickness shall be applied at one time and the requirements for curing and drying time shall be the same as for undercoat work.

(6)	All internal plastering shown on the Drawings, unless otherwise stated shall consist of three coats built up to a total thickness of 20mm. The first coat shall consist of one part Portland cement to two parts sand by volume mixed with water to give a thin slurry which shall be thrown by hand to cove the blockwork with a thin knobby layer. The second shall consist of one part cement, one part lime and six parts of sand by volume in one coat approximately 15mm thick. One third coat shall consist of one part lime to two part sand by volume in one coat 5mm thick. The surface of the second coat shall be dry brushed and then damped down before the application of the setting coat. The setting coat shall have a steel float finish to true planes and regular curves and to an even and polished surface. The setting coat shall be kept damp for at least 7 days after its application.

(7)	All arrises shall be finished true and slightly rounded except where otherwise stated and shall be run at the same time as the adjoining plaster. Where shown on the Drawings, arrises shall be protected by aluminum angles, as detailed, securely fixed to the underlying blocks by stainless steel screws and plastic plugs.

(8)	Where waterproof rendering is shown on the Drawings or directed by the Project Manager, this shall consist of three coats built up to a total thickness of 20 mm. The first coat shall consist of one part Portland cement to two parts of sand by volume mixed with water to give a thin slurry which shall be thrown by hand to cover the blockwork with a thin knobby layer. The second coat shall consist of one part cement to 4 parts sand by volume in one coat approximately 10mm thick. The third coat shall consist of one part cement to 4 parts sand by volume with the addition of an approved waterproofing agent and approximately 10mm thick.

(9)	The setting coat shall be applied with a wood skimming float and traversed with a floating rule to give a true and even surface. The setting coat shall be kept damp for at least 7 days after is application.

(10)	The contractor shall cut out and make good cracks, blisters and other defects and leave the whole of work perfect on completion. When making good defects, the plaster shall be cut out to a rectangular shape with edges undercut to form a dovetailed key, and the repair finished flush with the face of the surrounding plaster.

[bookmark: _Toc297544785][bookmark: _Toc297646468]Carpentry, Joinery and Ironmongery
(1)	All softwood for carpentry and joinery work shall be well seasoned, sound, bright, free from shakes, large loose or dead knots, waney edges, warp, incipient decay, stained sapwood, or other defects and shall be to the approval of the Project Manager. The timber shall as appropriate comply with the requirements of BS Code of Practice 112, Part 2 “The structural use of timber. Timber for carpentry work shall be carefully sawn square and shall hold the full dimensions shown on the Drawings. All sizes shown on Drawings are finished sizes unless otherwise stated. The timber shall be cut to size and shape, properly jointed and assembled including forming, gluing, doweling, screwing and mortising. All concealed surfaces of softwood joinery shall be primed. Timber for joinery work shall be finished wrought to the exact sizes shown on the Drawings with pencil rounded exposed arrises and no joinery shall be built in until inspected and approved. The whole of the hardwood joinery shall be rubbed down to a smooth surface and left clean and ready to receive a polished finish. All timber and timber derived products shall be treated with an approved anti-termite preparation.

(2)	Before commencing work the Contractor shall submit samples of all types of timber to be used for the approval of the Project Manager. Timber, or carpentry and joinery units, whose material on delivery to the site does not conform to the standard of approved samples will be rejected and replace by the Contractor at his own expense.

(3)	Timber to be built in to masonry, brickwork or concrete shall be treated with two coats of an approved preservative before being built in. Reasonable tolerance is to be provided by the Contractor at all connections between carpentry or joinery work and the building carcass in order that any irregularities, settlements, or other movements shall be adequately compensated for, and he shall be responsible for adjusting the overall dimensions of carpentry and joinery work to actual structural measurements made at the site as the work proceeds. The whole of the joinery work shall be cut and formed together as soon as practicable after commencement of the Contract, and shall be finally wedged and glued immediately before fixing in position. All joinery work shall be prepared as specified before leaving the workshop.

(4)	The softwood generally shall have a moisture content limit not exceeding 15% of the dry weight. The hardwood shall have a moisture content limit of not exceeding 12% of the dry weight and shall have been kiln dried or properly seasoned by other approved means. The whole of the timber for joinery work shall be properly stacked and protected from rain and ground moisture.

(5)	Plywood and Blockboard shall comply with BS 6566 “ Plywood” and BS 3444 “Blockboard and laminboard” respectively unless otherwise directed and shall be of the best quality available.

(6)	Chipboard and fibreboard shall comply with BS 5669 “Wood chipboard and methods of test for particle board” and BS 1142 “Fibre building board” unless otherwise described and shall be of the best quality available.

(7)	All adhesives used shall be of the best quality available. Softwood in carpentry work shall be put together with steel nails except where described as framed when it shall be properly jointed and held together with glue and steel screws. Joinery work shall be carefully assembled and properly jointed. All joints shall be glued and screwed or dowelled. Vee joints will not be accepted. All screws appearing on face work shall have the heads let in and be pelleted unless otherwise described. Steel screws shall be used for softwood joinery and brass screws shall be used for hardwood joinery. All joints shall be made in accordance with BS 1186 “Timber for and workmanship in joinery”.

(8)	All timber utilized in the construction of roof structures shall be treated with two coats of an approved wood preservative before assembly. Trusses are to be constructed as indicated on the drawings or directed, all necessary ironmongery, nails, straps, etc, are to be allowed for. Unless otherwise indicated timber trusses shall be secured to the wall plates, beams or blockwork as shown on the drawings or as directed.

(9)	Door, window, and frame dimensions are as indicated on the drawings or as directed by the Project Manager. The Contractor shall prepare working drawings showing the detailed construction of these and samples of sections to be used for approval before fabrication is commenced. Door frame, window frame and window casements shall be in an approved hardwood or other such timber as directed and shall be securely fixed. Doors shall be stored in a weatherproof shed and shall be stacked in a flat position so that they retain their true shape until required for use.

(10)	Timber door and window frames shall be built into the structure as work proceeds and fixing shall not be delayed until completion of the works. Door frames shall generally be constructed form an approved softwood, and shall where practical extend the full thickness of the walls to which they are fixed. Where they do not extend the full thickness of the wall they shall not be less than 150mm. The foot of each frame is to be secured to the floor with 12mm diameter galvanized steel dowels 75mm. Long equally morticed into the frame and concrete floor. Frames shall be secured to the blockwork at the jambs with 25 x 3mm galvanized steel cramps 275 mm long, one end bent and screwed to the back of the frame. The other end ragged and built into the blockwork joints. Where abutting concrete, frames shall be screwed to approved dovetail fixings cast in to the concrete. Frames shall have one layer of approved bituminous felt pinned to the backs before fixing. An approved mastic seal is to be used between the frame and concrete columns or lintels and fairfaced blockwork on external doors and windows where rendering/plastering is not finished against the frame.

(11)	External door types and dimensions are as indicated on the drawings or as directed, and unless otherwise indicated shall be flush type, semi-solid cored with external face covered with tongued and grooved “V” jointed vertical 15 x 80mm boarding, and internal face covered with best quality plywood 4mm thick, and with the sides, tops and bottoms lipped and edged with hardwood strips.

(12)	Where indicated on the drawings fly screens shall be of fine aluminum insect screening secured to framing by screwed timber battens. Battens to be prepared primed and painted with three coats of approved oil point.

(13)	Architraves, door stops, cover beads, etc, are to be in approved softwood and shall be properly mitred at intersections.

(14)	A metal windows, screens and doors shall be obtained from an approved supplier. Such units shall be equipped with all fixing lugs, glazing channels, couplings, hinges, peg strays, handles, mullions, transomes, glass, mastic and putty. Windows, screens and doors shall be stored and fixed in accordance with manufacturer’s instructions or as directed and on completion eased and adjusted so that the units are in perfect working order to the satisfaction of the Project Manager. 

(15)	Door and window furniture and locks, etc. are to be the best quality available and shall be approved by the Project Manager. All locks shall be provided with two keys. One completion of the works all keys shall be handed to the Project Manager securely and clearly labelled. All furniture, hinges and locks are to be securely fixed using the appropriate number and size of screws. All external doors shall be hung on 1½ pairs 100mm stainless steel butts and fitted with a vertical mortice lock, latch and plate, together with anodized aluminum plates and shaped lever handles including spindle. External doors shall be fitted with a vertical mortice lock, latch and place, together with anodized aluminum plates and shaped lever handles, including spindle. Where indicated, windows shall be hung on 1 pair 75mm stainless steel butts or as directed and shall be fitted with all necessary stays, pins, fasteners and hook plates.

(16)	All joinery shall be protected from damage during the course of the Works and on completion shall be to the Project Manager’s entire satisfaction. Before handing over, the contractor shall see that all doors, drawers, etc, work easily and shall make all necessary adjustments including those needed during the maintenance period.

(17)	Ceilings under roof, structures shall consist of panels approximately 600mm x 600mm x 8mm thick of approved termite proof chipboard with chamfered edges. They shall be fixed with galvanized nails to 70 x 70mm battens provided at 600mm centres in both directions.

(18)	Louvred ventilation panel shall be fabricated in an approved softwood, painted, and covered with aluminum insect screening and shall be built on to the end gable walls of buildings with ceilings.

(19)	Glass in windows shall be 5mm thick. The glass shall be clear flat drawn glass sheets without any imperfections. For glass louvre windows, louvres shall comprise wooden frames with interconnecting tilting louvre panels on the inside and mesh flyscreen on the outside.

[bookmark: _Toc297544786][bookmark: _Toc297646469]Roofing and Cladding
(1)	Galvanized corrugated steel sheet roofing and cladding shall be new sheets of Gauge 22 unless otherwise directed, firmly secured to the purlins or side rails, complete with ridge pieces, stop ends, cappings and flashing.

(2)	Fixing to timber purlins shall be with galvanized forge headed screws and suitable resilient washers. Fixing to steel purlins or side rails shall be with galvanized and suitable resilient washers.

(3)	All the above shall be in accordance with the manufacturers and Project Manager’s instructions and the following British Standard and BS Code of Practice.

(i)	BS 3083 Hot dip zinc coated corrugated steel sheets for general purposes”.
(ii)	CP 143 Part 10 “Galvanized corrugated steel sheet”.

[bookmark: _Toc297544787][bookmark: _Toc297646470]Painting and Decorating

(1)	The whole of the oil paint, emulsion paint, bituminous paint and the like to be used upon the work shall be of types and manufacture approved	by the Project Manager. Priming paint shall be red-lead based.

(2)	Knotting shall be best shellac in Methylated Spirits. Stopping shall consist of hard white lead and linseed oil and shall be tinted with not more than 5% genuine red lead. Stain used for fittings shall be approved spirit stain.

(3)	All concrete, rendered and plastered surfaces shall be rubbed down to remove all loose particles. No rendering or plastering shall be decorated until it has thoroughly dried out. Defective plaster work and large cracks are to be cut out and made good before painting, and small cracks are to be carefully stopped.

(4)	Joinery shall be brought to an even silky finish by the use of fine sandpaper. All woodwork for painting shall be carefully knotted, stopped and primed with one coat of priming paint. End drain shall be given two coats. 

(5)	Steelwork shall be made absolutely clean and free from all rust, grease, mill-scale, moisture and or other injurious materials. The work of cleaning steel is to be carried out with great thoroughness to the satisfaction of the Project Manager. No paint shall be applied to metal surfaces which are to be embedded in concrete, except where otherwise specified. All galvanized surfaces are to be cleaned of oil, grease and dirt by means of a de-greasing fluid before being primed and painted as specified. 

(6)	All materials shall be stored on the site under conditions in accordance with the manufacturer’s instructions.

(7)	Paint shall be applied by brushing or spraying in accordance with the manufacturer’s instructions and, except where otherwise specified, in accordance with BS 6150 “ Code of Practice for painting of buildings”. Not paint shall be applied to any surface when it is in the slightest degree damp and any paint applied to such damp surfaces shall be scraped off and the surface repainted at the Contractor’s expense. The Contractor shall take any precautions necessary to prevent dust and dirt coming into contact with freshly painted surfaces or with surfaces being coated. Particular care shall be taken to maintain a strong paint film on all arrises, boltheads, etc. Second and subsequent coats of paint shall only be applied after the previous coats have dried and hardened and have been well cleaned and rubbed down where necessary. All metal fittings, switches, fastenings, etc. are to be removed before he preparatory processes are commenced and cleaned and refitted on completion of the work.

(8)	The paint and the like shall be kept will stirred and shall not be used when a thick sediment has settled. Any paint or the like which develops a skin on the contents within the tine shall be removed from the Works. Any residue left in a tin shall not under any circumstances be added to the contents of another tin. Brushes stored in thinners shall be thoroughly worked out before re-use. 

(9)	The final coat of paint shall not be applied until immediately before handing over the building and when handed over shall be free of all imperfections, chips, scratches, etc and all to the satisfaction of the Project Manager.

(10)	All hardwood to be oiled shall be given two coats of boiled linseed oil.

(11)	All woodwork to be painted shall, after knotting, stopping and priming be painted with one coat of undercoat and 2 coats of gloss finishing coat.

(12)	Any damaged areas of paint shall be made good to be full depth of the damaged as the work progresses and properly feathered in to the satisfaction of the Project Manager.

(13)	All woodwork to be varnished shall be stopped with stopping to match the color of the wood and shall be rubbed down to give an even silky finish using fine sandpaper. For external woodwork four coats of clean gloss varnish shall be applied and three coats for internal woodwork. Each coat shall be allowed to dry and lightly rubbed down with fine sandpaper before any subsequent coat is applied.

(14)	Internal walls and ceilings shall be given one coat priming paint and two coats of approved emulsion paint at least and as many further coats as may be necessary to provide a smooth and evenly coloured surface to the satisfaction of the Project Manager.

(15)	Matt painting to plinth plasterwork shall be two coats of black bituminous paint.

 (i)	Machine Work 
(a)	General : All tolerances, allowances and gauges for metal fits between plain cylindrical parts shall conform to the requirements of Clause 201 of the Specification or the other approved equivalent standard for the class of fit as shown or otherwise required. Sufficient machining stock shall be allowed on locating pas to ensure true and exact to secure full contact. Journal sliding surfaces shall be polished, and all surfaces shall be finished with sufficient smoothness and accuracy to ensure proper operation when assembled. Parts entering any machine shall be carefully and accurately located and drilled from templates.

(b)	Finished Surface : Finished surface shall be indicated on the Contractor’s drawings and shall be compliance with specified inspection of the work compared to standard roughness specimen, in accordance with Clause 201 of the Specification.

(c)	Unfinished Surface : So far as is practicable, all works shall be arranged to obtain proper matching of adjoining unfinished surface, when there is a large discrepancy between adjoining unfinished surface, they shall be chipped and ground smooth, or machined, to secure proper alignment. Unfinished surface shall be true to lines and dimension shown on the Drawings and shall be chipped or ground free of all projections and rough spots. Depressions or holes not affecting the strength or usefulness of the parts may be filled in an approved manner.

(d)	Key and Keyway : Key and keyway shall conform to the requirements of Clause 201 of the Specification or other approved equivalent standard, unless otherwise specified or required.

(e)	Pin and Pin Hole : Pin hole shall be bored to gauge, smooth and straight, land at right angle to the axis of member. The boring shall be done after the member is securely fastened in position. Pin shall be of hardened and ground steel positively held in position. Wheel or roller for use in gate shall be made mounted on removable pin and have self-lubricating bushing and brass washer.

(f)	Lubrication : Before assembly, all bearing surface, journals, and grease and oil grooves shall be carefully cleaned and lubricant. Self-lubricating bearings shall be cleaned with clean rags and greased with an approved lubricant before assembly. Solvent shall not be used on self-lubricating bearings. The specification of all approved lubricants shall be mentioned in operating and maintenance instructions.
(g)	Balancing : All revolving parts shall be truly balanced both statistically and dynamically so that when running at normal speeds and at any load up to the maximum, there shall be no vibration due to lack of such balance, and the equipment shall be operated with the least possible amount of noise.

(ii)	Miscellaneous Materials 
(a)	Self-lubricating bearings shall be in accordance with Clause 201 of the Specification. Whenever ASTM must be used, the reference shall be made to ASTM B22, Alloy E, with L-lubricant, other approved equivalent standard.

(b)	Rubber gate seals shall be moulded from a high-grade, tread type compound. The basic polymer shall be natural rubber, a co-polymer of butadiene and stems, or a blend or both. The compound shall contain not less than 70 percent by volume of basic polymer, and the remainder shall consist of reinforcing carbon black, zinc-oxide accelerators, antioxidant, vulcanizing agent and/or plasticizers. The compound shall have the following physical properties: -

Tensile strength: 210kg-f/cm2 minimum
Ultimate Elongation: 450 % minimum
Durometer Hardness (shore type A): 50 to 70
Specific Gravity: 1.1 to 1.4
Water Absorption (70 C for 48 hours): 5 % at max. by weight
Compression Set (as a percent of total original deflection): 30 % at max.
Tensile Strength after oxygen bomb aging for 38 hours at 70 C: 80 % at max. tensile strength before again.

(iii)	Welding shall be in accordance with Clause 710.
 (4)	Protection, Cleaning and Painting

(i)	General
(a)	Except otherwise specified in the specification, all painting of the gates and accessories, and the equipment under the Contract shall be performed in accordance with this Clause.

(b)	All parts, which will ultimately be buried in concrete, shall be cleaned and protected, before leaving the manufacture’s plant, by a cement wash or other approved method. Before being installed they shall be thoroughly descaled and cleaned of all rust and adherent matter. Such cleaning shall not detrimentally affect the strength or final operation and function of the equipment.

(c)	All machined parts or bearing surfaces shall be cleaned and protected from corrosion, before leaving the manufacturer’s plant, by the application of an approved rust preventive lacquer, or a peelable plastic film. Where the latter is impracticable, such parts shall be heavily covered with high melting point grease. After erection, such parts shall be cleaned with solvent and lapped or polished bright.

(d)	All parts, other than machined parts and parts applied with coaltar epoxy resin paint, which will be exposed after erection shall be thoroughly cleaned and given one (1) coat of best quality approved finishing paint before leaving the manufacturer’s plants and further one (1) coat of paint of an approved quality and colour after erection and touching up at the site, except such apparatus as panels and instruments which will be finish painted under approved procedures.

(e)	Primer shall be applied to surfaces prepared in accordance with the paint manufacturer’s instructions. The surface shall be wiped clean immediately prior to applying the paint. The primer and finishing coats of paint shall be applied using the methods and equipment recommended by the manufacturer. The system selected shall have a proven life expectancy of not less than one (1) year in the atmosphere prevailing at the project site.
(f)	The final colour chip of all equipment shall be approved by the Project Manager, but the Contractor shall propose a colour scheme for the equipment and shall submit colour chips or paint samples.

(g)	A colour chip shall be included with the approved colour schedule, for each type or finish to be applied at the site. All equipment shall be painted as specified herein. The painting shall include the preparation of the metal surfaces, as well as the supplying of all tools, labour and materials necessary for the entire painting work.

(h)	Sufficient paint shall be provided for field painting and touch-up of shop painting by the Contractor.

(i)	Paint shall be product of reputable manufactures and its selection shall be approved by the Project Manager.

(ii)	Surface Preparation
All oil, paraffin, grease and dirt shall be removed from the surface to be painted, using solvents. Following solvent cleaning, all weld spatter, slag, burrs, loose rust and mill scale and other foreign substances shall be removed by sandblasting or shoot-blasting to near white metal. Special attention shall be given to cleaning of corners and converging angles. If rust forms or surface become contaminated in the interval between cleaning and painting, re-cleaning the same degree shall required. Surfaces not to be painted shall be protected by appropriate and adequate masking during the cleaning and painting of adjacent metal work. Effective means shall be provided for removing all free oil moisture from the air supply lines of blasting equipment. All surface preparations shall be subject to approval by the Project Manager before any paint is applied.

(iii)	Application Procedure
All paint, when applied, shall provide a satisfactory film and smooth, even surface. Paint shall be thoroughly stirred, strained, and kept at a uniform consistency during application. Paint shall not be applied when the temperature of the metal or of surrounding air is below ten (10) degrees Celsius. Surfaces shall be free from moisture at the time of painting. Painting shall be performed by brushing and/or airless spray. The first coast shall be applied immediately after surface preparation. Each coat shall be allowed to dry or harden thoroughly before the succeeding coast is applied.

(iv)	Surfaces not to be Painted
(a)	Bronze, brass, surfaces of gear teeth, finished ferrous surfaces and surfaces in rolling or sliding contact after field assembly shall not be painted.

(b)	All corrosion-resisting steel surfaces for bearings and machinery parts shall not be painted.

(c)	On completion of cleaning, the surfaces shall be coated with an adhesive plastic film to protect the surfaces from minor mechanical damage and corrosion during transportation and storage at the Site. The film shall be stripped off immediately prior to field erection of the equipment.

(v)	Paint Schedule
(a)	Tar-epoxy and/or epoxy resin paint shall be applied to the exposed surfaces of guide frames except for upper side more than ground line and all gate leaves. Each thickness of painting film shall be approved by Project Manager.

(b)	All unfinished surfaces of ferrous metal except those specified above shall be given one (1) premier and four (4) coats of chlorinated rubber paint or equivalent. Total thickness of these coats including primer coat shall be 0.2 to 0.15 millimeter.

(c)	Commercial equipment shall be painted in accordance with the manufacturer standard practice.

(d)	All finished surfaces of ferrous metal including screw threads that will be exposed during transportation or while a waiting installation shall be cleaned and given a heavy uniform coating of gasoline soluble, rust-preventive compound. 

(5)	Tests
(i)	The Contractor shall submit to the Project Manager for approval, during or immediately following the submission of the Drawing, and instruction procedure describing shop and site tests to be performed for commission and performance testing. The procedures shall define the sequence of the test, the equipment preparation and operation procedures to be followed and the detailed procedure for conducting the tests. These instructions shall be submitted for approval and distributed in the same manner as the Drawings. 

(ii)	During the construction and after the installation of each item of the equipment, the Contractor shall perform the tests as described in the test procedure instruction to establish the accuracy of the assembly and to prove the adequacy of the materials and workmanship.

(iii)	The tests shall be approved by the Project Manager. No part of the work shall be considered acceptable until it has successfully complied with these tests to the satisfaction of the Project Manager.

(iv)	The records, data, calculation sheets and photographs shall be submitted to the Project Manager in six (6) copies within four (4) weeks after the test has been conducted.

(6)	Spare Parts and Tools
(i)	The Contractor shall furnish the following spare parts. Any parts supplied shall be packed or treated in such a manner as to be suitable to be stored under the climate at the Site for a period of not less than two (2) years, and each part shall be clearly marked with its description and purpose on the outside of the package.

(a)	One (1) set of gate rubber seal for each size slide gate (undrilled)
(b)	Other necessary spare parts recommended by the manufacturer

(ii)	Spare parts so provided shall be delivered into such stores as may be nominated by the Employer, and delivery will not be deemed to be complete until the packages have been opened by the Contractor, their contents checked by a Representative of the Employer of the articles re-protected and repacked by the Contractor to the satisfaction of the Employer, or assembled into units at the Employer’s option.

(iii)	The Contractor shall furnish the tools with box necessary for maintenance purposes. The tools shall be able to disassemble, assemble and adjust equipment and include measuring equipment.
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(1)	General
(i)	The work described in this Clause use three types of piles: wooden piles, concrete piles and composite pile

(ii)	Wooden pile shall be driven for structure foundation and concrete pile and composite pile shall be driven for bridge abutment, syphon and aqueduct foundation as shown on the Drawings or as directed by the Project Manager.

(2)	Material
(i)	Wooden Pile 
(a)	Timber for piles shall be well seasoned, sound, bright, free from shakes, large loose or dead knots, waney edges. Diameter of the piles shall be at least as shown in the Drawings. Throughout the whole length, wooden piles shall be made from the same timber, and splicing wooden piles shall be approved by the Project Manager.

(b)	The tip of wooden piles shall be sharpened in pyramidal shape and the height of the pyramid shall be made in about 1.5 multiplied by the diameter. Tip protection with steel straps can be made.
(c)	The surface of the wooden piles shall be protected by painting asphalt at least three times to the total thickness of 2.5 mm.

(ii)	Concrete pile 
Concrete piles shall be made of reinforced concrete as shown on the Drawings or as directed by the Project Manager. Concrete and reinforcement steel shall to be used for piles to comply with Part 4 of the Specifications or as directed by the Project Manager.

(iii)	Composite pile
Composite pile shall be made of steel pipe in which the reinforced concrete shall be cast as shown on the Drawing.
The steel pipes shall have diameter and thickness as shown on the Drawing. The pipe shall have resistance to the corrosion in accordance with Part 6 of the Specifications concrete and reinforcement to be used for pile shall comply with Part 4 of the Specification.

(3) Driving 
(i)	Prior to driving piles, the Contractor shall properly set out the driving position for each pile and shall establish position and level marks, which shall be effectively protected until the pertinent works are completed. Stable staging or markers shall be provided in order to obtain correct position and direction of piles.

(ii)	Driving equipment shall be of the type generally used in the standard pile driving practice and subject to the approval of the Project Manager. Pile drivers shall be in the best conditions at all times and shall be operated at works. Driving shall always be performed with the use of a cap and cushion.

(iii)	Piles shall be driven as accurately as possible in the correct position, true to the line both laterally and longitudinally and to the vertical lines within a tolerance of 10 cm when driven to the final depth. Unless the pile driving equipment is of a type to ensure the works within the specified tolerance at all times, the Contractor shall construct within the tolerance of 5 cm from the true position, temporary guides of sufficient strength to keep piles in their correct positions during pitching and driving. Any piles out of line or plumb to a greater extent than specified above shall be pulled out and redriven or an additional pile shall be driven as directed by the Project Manager at the expense of the Contractor.

(iv)	The Contractor shall drive piles continuously until the required depth of penetration per blow have been obtained, which is 1.2mm by a 37.5 kg of hammer freely dropped from 1 m above the head of the pile.

(v)	Pile shall be driven as light as possible at the beginning of driving operation with sufficient precautions against shifting in position or inclination and shall be driven in the accurate position and to plumb as required. Any cushion material that has frayed or will cause an eccentric action of the hammer shall be removed and placed.

(vi) All piles shall be driven to the full length finally determined by the load test or as directed by the Project Manager. If piles are not driven to full length, such piles shall be cut off at the cut-off line and surplus material shall be removed and disposed of or saved as directed by the Project Manager.

(vii)	Piles which have not attained the required penetration per blow when the top has been driven to the cut-off elevation shall be spliced and driven to a depth sufficient to develop the required penetration per blow. Spliced parts of the piles shall be reinforced by a steel cylinder of at least 1.5 mm thick and three times longer than the diameter of the piles.

(viii)	Piles which have been uplifted after being driven shall be redriven to the required penetration after completion of other driving operation on nearby areas.

(ix)	Any piles injured in driving or handling whose structural soundness as a pile is impaired shall be replaced by splicing or otherwise repaired as approved by the Project Manager, at the expense of the Contractor.
(x)	In case jetting water and/or drilling pilot holes are necessary for driving piles to the required penetration, the Contractor shall obtain the prior written approval of the Project Manager.

(xi)	A complete report of each pile driven shall be submitted to the Project Manager containing the following information:

(a)	Location of pile and ground elevation
(b)	Type and dimension of pile
(c)	Speed and size of hammer
(d)	Speed of operation of hammer
(e)	Number of blows per 30 centimeters for the entire length of pile, and number of
            blows per 2.5 centimeters for the last 60 centimeters of penetration
(f)	Record of breaks in driving continuity
(g)	Height of hammer
(h)	Piles settlement by each one hammer.

(xii)	Vibro-hammer or drop hammer driving will be permitted for wooden pile. The piling method and equipment including the drop hammer to be used for piling are subject to prior approval of the Project Manager. The heads of the piles shall be protected by means of beveling or using cap. The driving heads shall closely fit the top of the wooden pile and shall extend down the sides of the pile at least 10 centimeters.

(4)	Pile Driving Test 
Prior to the construction of any pile foundation, the Contractor shall carry out, under the direct supervision and to the satisfaction of the Project Manager, a piling test to confirm the carrying capacity of the piles. The method of the testing is subject to the Project Manager’s approval prior to such a testing.
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The following are the tolerance within which the Works are to be executed or as directed by the Project Manager:

Earthworks

Top level of embankments after compaction	+100 / -0mm
Sides of embankments over 10m length	+100 / -0mm
Channel or excavation cutting	0 / -30 mm
Horizontal alignment of drains and bunds
		Maximum	100mm
		Over 20m length	200mm
Formation level for structure	+0 / -ve filled with concrete
Formation level for gabions	+0 / -75mm
Land smoothing and leveling	± 70 mm

Canals
Horizontal alignment of canals
Maximum	500mm    Over 20m length	100mm
Canal invert level	0 / -20mm
Canal bed width and side slopes -0

Concrete Structures
Maximum departure of plan position of structure	500mm
Maximum departure in thickness, cross sectional,
or position of columns, beams, walls, footings and the like	+10 / -10mm dimensions
Surface tolerance on straightness or departure from specified curve
	General surfaces (vertical and horizontal)
Gradual over 10m	25mm						Abrupt	10mm
Reinforcement – maximum departure from required spacing	10mm

Masonry
Masonry over 2m in length	+50 / -25 mm

Pitching, Tipped Rock and Gabions
Pitching over 2m in length	+75 / -25 mm
Face of gabion / mattress basket	+75 / -25 mm
Thickness of tipped rock or filter layer	+100 / -0 mm

Additional Limit for Canal Structure
Control level on offtakes and water level control structures	+5 / -10 mm


