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 All rights reserved. No part of this publication may be reproduced or copied in any form
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 CPG Consultants will not be responsible for any consequences of loss or detriment
 arising from the use of the information contained in this publication.
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PREFACE TO THE THIRD EDITION OF THE CPG GENERAL SPECIFICATION 2001
 The CPG General Specification was first published in March 1987. The document was well
 received by the construction industry and has been in use as a standard document for more than
 10 years. The Third Edition incorporates all the changes made and amendments issued on the
 original version of the document since its first print.
 CPG Consultants, the corporatised body of the former Public Works Department, has been
 responsible for the planning, design and implementation of institutional buildings and major
 infrastructure projects such as expressways, health-care facilities, educational facilities, security
 installations, airports, checkpoints, parks, community and recreation amenities, fire and police
 stations, bridges and causeways, medium and high-rise office blocks and complexes. The essence
 of the CPG’s experience, skills and knowledge is captured in this Third Edition of the CPG
 General Specification. The contents reflect current technology and practice in the construction
 industry.
 The CPG General Specification sets out the basic standards of quality of materials and
 workmanship required for projects handled by CPG Consultants and provides the framework for
 the achievement of durable and good quality construction works. The Third Edition of the CPG
 General Specification is intended to be incorporated by reference into the construction contracts
 called by the CPG Consultants. As this document does not purport to capture all the
 requirements of any construction works, any departure, deviation or modification to suit the
 requirements of a particular project will be highlighted in the Particular Specification specifically
 drafted for each project, and issued with the tender documents.
 JULY 2001
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SECTION 1
 GENERALLY
 1
 1.1 This Specification sets out the basic standard of quality of materials and workmanship
 required by CPG Consultants in all its projects.
 1.2 The Contractor shall ensure that these requirements are strictly adhered to when carrying
 out the works, unless otherwise instructed.
 1.3 A Particular Specification may be issued which will contain additional clauses applicable
 to the particular contract. If any part of this Specification contradicts the Particular
 Specification, the latter shall take precedence.
 1.4 This Specification shall be read in conjunction with the Particular Specification, the
 Contract Drawings, the Conditions of Contract and all other documents in respect of each
 Contract.
 1.5 Unless otherwise specified, all works and materials shall comply with the relevant
 Singapore Standards as laid down by the Productivity and Standards Board. Where this is
 not possible, the relevant British Standards or other approved standards shall apply. All
 standards referred to in this Specification shall be those editions (including amendments)
 current thirty days before the closing date of tender.
 1.6 The following abbreviations, where used, will be:
 AASHTO - American Association of State Highway and Transportation
 Officials
 AS - Australian Standards
 ASSE - American Society of Sanitary Engineering Standard
 ASTM - American Society for Testing Materials
 BCA - Building and Construction Authority of Singapore
 BS - British Standard
 CP - Code of Practice
 DIN - Deutschae Industrie Norm (German Industrial Standards)
 ENV - Ministry of the Environment (Singapore)
 FAA - Federal Aviation Administration Department of Transport, USA
 FSB - Fire Safety Bureau (Singapore)
 ISO - International Standardisation Organisation
 LTA - Land Transport Authority (Singapore)
 NParks - National Parks Board (Singapore)
 PE - Professional Engineer
 PSB - Productivity and Standards Board (Singapore)
 PUB - Public Utilities Board (Singapore)
 SO - Superintending Officer
 SS - Singapore Standard
 SWG - Standard Wire Gauge (British)
 TAS - Telecommunication Authority of Singapore
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SECTION 2
 DEMOLITION AND SITE CLEARANCE
 2
 2.1 PROTECTION OF PROPERTY ETC.
 2.1.1 The Contractor shall take all necessary steps to protect adjoining properties, fences,
 public roadways, footpaths, etc. and will be held responsible for making good any
 damage to the same or the replacement to the acceptable equivalent should the
 material be no longer obtainable in the market.
 2.1.2 The Contractor shall provide and erect to the satisfaction of the SO all necessary
 protective screens, hoardings, shoring etc. that may be required, of a sufficiently
 substantial nature to prevent damage, nuisance or disturbance by debris or dust to
 adjoining properties, public roadways or persons or traffic passing nearby.
 2.1.3 Unless otherwise specified, the protective hoardings to the whole frontage, sides
 and back of the site shall be of a type approved by SO.
 2.1.4 The Contractor shall provide, erect, maintain and dismantle all necessary needles,
 shorings or other forms of support to the adjoining property to the entire
 satisfaction of the SO. The construction and efficiency of such supports shall be the
 entire responsibility of the Contractor. Should any subsidence or any damage result
 from the inadequacy or inefficiency of the shoring or any other support provided,
 the damage shall be made good by the Contractor at his own expense.
 2.1.5 Notwithstanding the provision to ensure the stability of the adjacent structure,
 frequent inspection shall be carried out by the Contractor during the demolition to
 ensure that measures provided are sufficient.
 2.1.6 All existing sewer mains and manholes shall be properly protected and all branch
 sewers from the building to be demolished shall be properly sealed off by a
 registered plumber unless otherwise specified. PUB shall be notified before
 commencing work.
 2.1.7 The Contractor shall take all necessary precautions not to disturb existing
 electricity supply cables, drains, gas pipes, water supply pipes, ducts, telephone
 cables, radio and television relay lines, hydraulic pressure mains and other usable
 service pipes and fittings across the site. Where necessary, the above service lines
 and fittings shall be properly protected.
 2.1.8 The Contractor is required to execute excavation works with caution. He shall
 make good all damages occasioned thereto, caused by or attributable in any way to
 his workmen and shall indemnify the Employer against any damages or claims
 arising there from.
 2.1.9 Before work commences or during the progress of the demolition works, should the
 Contractor discover any cables, pipes or fittings which are liable to be damaged
 during the progress of the works or may obstruct and impede the progress of the
 works, he shall arrange for the diversion of the cables or pipes or fittings. The
 Contractor will be reimbursed for the costs of the diversions. However, should the
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DEMOLITIONAND SITE CLEARANCE
 3
 Contractor divert any service line or fitting without obtaining written permission
 from the SO, he shall bear all costs arising from any cause whatsoever.
 2.1.10 The Contractor shall be responsible for restricting his workmen only to the site
 under the Contract and shall prevent trespassing into adjoining properties and
 existing buildings in which work is not in progress. He shall undertake properly,
 substantially and effectively to reinstate and make good all damages arising
 therefore and shall indemnify the Employer against all claims for damages as no
 responsibility or liability whatsoever shall be undertaken by the Employer in
 respect of any of the foregoing.
 2.1.11 The Contractor shall not obstruct any right of way during the progress of the works.
 2.1.12 In the event of grubbing up foundations or pile caps, the Contractor shall take all
 precautions to prevent soil disturbance to the surrounding foundations. Should any
 subsidence, or any damage result from his negligence, the damage shall be made
 good by the Contractor at his own expense.
 2.1.13 Apart from the clauses mentioned above, the Contractor shall also comply with the
 protective precautions as detailed in SS CP 11.
 2.2 DEMOLITION
 2.2.1 Demolition shall be carried out in such a manner as to cause as little inconvenience
 as possible to adjoining properties and the public; the Contractor will be held
 responsible for any claims which may arise from the disregard of this clause.
 2.2.2 Before commencing demolition of any part of the structure, the Contractor shall
 write to the LTA, TAS, ENV and other relevant authorities notifying them of his
 intention. He shall arrange for the disconnection and the removal of all electrical,
 water and gas meters and other services, if necessary.
 2.2.3 The Contractor shall decide on the method of demolition to be adopted and inform
 the SO of his proposed method before commencement of the work. The Contractor
 shall comply with the, procedures and recommendations as detailed in SS CP 11.
 2.2.4 The Contractor shall pull down the whole or part of the existing building or
 structure to ground level or as directed by the SO. Unless otherwise specified all
 hardcore or stone fillings shall be removed. All obsolete concrete drains,
 foundations including pile caps (except piles), floors, pavings, etc. shall be
 thoroughly excavated and the voids filled with approved fill materials, well
 rammed in layers of 300 mm thick and levelled.
 2.3 TREES, CREEPERS, HEDGES, ETC.
 2.3.1 The Contractor shall provide adequate protection to any trees, creepers, hedges to
 be preserved.
 2.3.2 No trees shall be felled, removed or cut without the prior approval of the NParks,
 and only when directed by the SO.
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DEMOLITIONAND SITE CLEARANCE
 4
 2.3.3 The stumps and roots of trees to be removed shall be grubbed up and removed from
 the site. All emply tree holes or cavities shall be filled with approved material to
 the existing ground level and compacted to the satisfaction of the SO.
 2.3.4 All bushes, shrubs, roots, lallang, etc. shall be removed by cutting and/or digging
 and the accumulations shall be removed from site as directed by the SO.
 2.3.5 All topsoil and vegetable matter on the site shall be excavated to an average depth
 of 150 mm unless otherwise specified or directed by the SO. Topsoil shall be
 stacked on site as directed by the SO for later use.
 2.3.6 All turves shall be cut in either 300 x 300 mm squares or in rolls of 600 mm to 1 m
 wide and shall have 50 mm of the original soil adhering to the roots.
 2.3.7 All turves and topsoil shall remain the property of the Employer. The Contractor
 shall be reimbursed according to contract rates or rates analogous thereto for
 transporting the turves and topsoil.
 2.4 DUMPING OF DEBRIS ETC
 2.4.1 The disposal of materials and rubbish by burning on site or burying in the ground
 will not be permitted under any circumstances.
 2.4.2 All rubbish on the site and in buildings under partial demolition shall be removed
 off site from time to time as it accumulates and as the SO may direct. Particular
 attention is directed to clearing out the open drains and leaving them entirely free
 from blockage.
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SECTION 3
 PILING
 5
 3.1 GENERAL
 3.1.1 All piling work shall be executed in accordance with the drawings, this
 Specification and all current Codes of Practice.
 3.1.2 Alternatively, unless otherwise specified, the Contractor may propose the use of
 other types of piles, patented or otherwise, in which case the requirements in 3.4
 and 3.5 shall be fully complied with.
 3.1.3 In either case, the Contractor shall maintain records and perform tests as the SO
 may deem necessary for ensuring compliance with the various provisions of this
 Specification.
 3.1.4 The Contractor shall engage a suitably qualified PE to determine the allowable
 vibration limits for the works (which shall not be any less stringent that the limits
 stipulated in BCA‘s requirements for piling works) and propose a suitable vibration
 monitoring plan with the stipulated vibration limits stated. The vibration limits and
 monitoring plan endorsed by the PE shall be submitted to the SO at least two weeks
 prior to commencement of any piling works.
 3.1.5 The Contractor shall conduct a pre-condition survey of neighbouring properties.
 Three copies of the pre-condition survey report shall be submitted to the SO and a
 copy of the portions of the report relevant to each property shall be extended to all
 the respective owners within 2 weeks of commencement of the contract.
 3.1.6 No piling works shall be allowed prior to the submission of allowable vibration
 limits and the vibration monitoring plan to BCA and issuance of the pre-condition
 survey report to SO and the owners of all the neighbouring properties.
 3.2 MAXIMUM PERMISSIBLE WORKING LOADS
 3.2.1 The Contractor shall install working piles to such depths of penetration as are
 necessary for each pile to develop a load carrying capacity of not less than the
 ultimate design load before failure occurs. Failure shall be as defined in 3.19.
 3.2.2 The maximum permissible working load of any pile shall not be more than the
 designed allowable strength of the section used. This maximum shall be reduced as
 necessary depending on the nature of the site, the equipment used for installing the
 piles, the results of load tests, the likelihood of heaving and any other factor which
 may adversely affect the load carrying capacity of the pile.
 3.3 CHECKING OF PILE ALIGNMENTS AND CUT-OFFS
 3.3.1 The Contractor shall be responsible for the arrangement and provision for all
 necessary labour, materials and equipment for the checking of pile alignments, cut-
 off levels and rake. The method of checking and the form of recording shall be
 approved by the SO.
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PILING
 6
 3.3.2 All checking shall be carried out in the presence of the SO. On completion of
 checking, the Contractor shall submit a signed copy of the recorded results to the
 SO.
 3.4 CONTRACTOR’S PILING SYSTEM AND DESIGN OF PILES
 3.4.1 The Contractor may propose the use of piles different from those designed by the
 consultants. In exceptional cases, depending on the nature of the site and the type
 of work involved, two or more types of piles may, subject to the approval of the
 SO, be used in the same project. Within the same group of piles under a column,
 only one size and one type of pile is permitted. The suitability or adequacy of any
 system or combination of systems shall be determined by the SO, whose decision
 shall be final.
 3.4.2 If the Contractor chooses to execute the piling work according to his own design,
 he shall state so in his tender submission. He shall submit with his tender a
 comprehensive description of the proposed piling system with full details of design
 assumptions including negative skin friction (NSF) where necessary, calculations,
 drawings, pile cap sizes and pile cut-off levels, specification for materials,
 workmanship, pile driving criteria and procedure. In the event that the piling
 system proposed by the Contractor is acceptable, the Contractor shall obtain a PE‘s
 endorsement on his proposal, submit the design to the appointed. Accredited
 Checker for the project for checking and obtain the relevant approvals and permits
 from the relevant authorities, before final acceptance. All costs for such alternative
 proposal shall be borne by the Contractor and there shall be no extension of time to
 complete the works.
 3.4.3 The Contractor‘s design and specification shall comply with SS CP 4 and this
 Specification, unless he has reasons acceptable to the SO for departing therefrom.
 The minimum factor of safety against failure shall not be less than 2.5. In addition,
 the settlement of pile under full test load for working load test shall not exceed the
 maximum value allowed in 3.19.1(a). It shall be his responsibility to itemise and
 refer each and every departure from the Code or this Specification to the SO for
 consideration and written approval before implementing the work. In matters not
 specifically covered by the Code and this Specification, the Contractor‘s proposals
 shall be in accordance with accepted principles of good foundation engineering
 practice and shall also be subject to the SO‘s approval.
 3.4.4 Upon acceptance of the Contractor‘s alternative, the Contractor shall be responsible
 for any re-design, resubmission of drawings arising from any amendments or
 revisions.
 3.4.5 If at any stage during the progress of the work, it is discovered that the Contractor
 has failed to comply with the provisions in the preceding paragraphs, such works as
 completed shall be liable for rejection without any payment to the Contractor.
 3.5 DESIGN OF PILE CAPS
 Where the Contractor proposes the use of piling system different from that designed by the
 Consultant, the Contractor shall be required to design the pile caps for the piles to be
 installed. The minimum grade of concrete used for pile caps shall be Grade C30. In all cases,
 pile caps shall be adequately designed for the specified column sizes and loads. Pile caps
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PILING
 7
 shall be designed basing on beam theory, truss theory or any theory approved by the SO and
 according to CP 65. Irrespective of the theory approved and used, pile caps shall be
 adequately sized and reinforced to resist shear forces, punching shear, bending moments,
 compressions and any other stresses which may be induced by the column loads, all to the
 satisfaction of the SO whose decision shall be final.
 3.6 COLUMN STARTER BARS
 Where the Contractor is required to construct the pile caps under the Contract, he shall also
 supply, cut, bend and fix column starter bars of such lengths and sizes as the SO may instruct.
 3.7 CONCRETE IN PILES AND PILE CAPS
 All concreting work shall conform to the requirements in Section 5 - Concrete Work.
 3.8 HANDLING, PITCHING AND INSTALLATION OF PILES
 3.8.1 Piles shall not be lifted otherwise than by slinging from approved lifting holes or
 points. For each section, lifting points shall be clearly marked.
 3.8.2 Before the commencement of driving, each pile (or the driving tube) and the
 leaders or guides of the pile frame shall be checked for correct rake or plumb and
 such rake or plumb shall be maintained during driving. At no time during the
 driving operation shall the centre of the hammer or hydraulic ram be more than 40
 mm off the centre of the pile being driven.
 3.8.3 During driving, the heads of piles shall be protected by a helmet and dolly which
 shall be renewed as often as necessary to prevent damage to the pile. Followers
 shall not be used without the approval of the SO. All pile installations shall be
 carried out in the presence of the SO. Checking and measurement of plumb,
 alignment, rake, set and temporary compression shall be made as and when
 necessary or as directed by the SO and in his presence.
 3.8.4 Piles shall not be installed unnecessarily beyond the depths required for them to
 develop the required load carrying capacity. The Contractor shall state sound and
 acceptable basis for determining the penetration required for all the piles. No
 payment shall be made for extra penetration or bored length which the Contractor
 cannot technically justify.
 3.8.5 The Contractor shall cover up and protect the Works from the weather and suspend
 all operations which, in the opinion of the SO, would be detrimental to the works.
 3.8.6 Piles shall be maintained in their correct positions by means of guys or guides or
 other approved methods but no pile which has been deflected from its course
 during driving or wrongly aligned shall be brought forcibly back to the correct
 alignment. During driving, any pile deviating beyond the limits specified in 3.11
 and to such an extent that the resulting eccentricity cannot be taken care of by a
 redesign of the pile cap or pile ties shall at the discretion of the SO, be replaced or
 supplemented by one or more additional piles.
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 3.8.7 When a final set is being measured, the following requirements shall be met:
 a) The exposed part of the pile shall be in good condition without damage or
 distortion.
 b) The dolly and packing, if any, shall be in sound condition.
 c) The hammer blow shall be in line with the pile axis and the impact surface shall
 be flat and at right angle to the pile and hammer axis.
 d) The hammer shall be in good condition and shall perform correctly according to
 manufacturer‘s specification.
 3.8.8 The machine used for the installation of piles shall be of such type and capacity as
 to meet the approval of the SO. The selection of hammer type shall in general be in
 accordance with Clause 6.4.2.5.2 and/or Clause 6.4.3.3.2 of SS CP 4. It shall be the
 responsibility of the Contractor to provide a hammer of sufficient capacity and to
 control the drop of the ram so as to ensure that no pile is damaged during driving.
 3.8.9 Bore holes for bored piles shall be left exposed for a maximum of 24 hours. Bored
 piles shall be cast as soon as possible where drilling fluid is used to stabilise the
 bore hole, the mud cake formed on the wall of the bored pile shall not be greater
 than 3mm thick. Tremie method for placement of concrete shall be employed in the
 installation of bored piles in all circumstances. The bottom of the tremie shall be at
 least 3m below the top of the concrete being placed at all times.
 3.9 MARKING OF PILES
 Each pile shall be clearly marked in paint with its number and its overall length. In addition,
 each pile shall be marked at intervals of 500 mm to enable easy determination of pile
 penetration. Where necessary, the intervals shall be reduced to 250 mm as directed by the SO.
 3.10 SETTING OUT
 The Contractor shall be responsible for establishing and locating all lines, levels and positions
 of all piles. He shall engage a Licensed Surveyor for the above work. The Contractor shall
 submit for approval two copies of setting out plan signed by the Licensed Surveyor before the
 commencement of piling work. The Contractor shall provide all necessary equipment, tools,
 labour and any assistance required by the SO for the checking of the setting out of each pile.
 The acceptance of the final position of each pile shall not relieve the Contractor of his
 responsibility of all remedial works required as a result of inaccuracies in the positions of
 piles installed.
 3.11 TOLERANCES
 Position and Verticality
 3.11.1 The positional and verticality tolerances of vertical piles shall not exceed the
 following limits:
 Positional Tolerance Verticality Tolerance
 (i) Single driven pile 50 mm 1:100 (1 horizontal to
 100 vertical)
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 (ii) Single bored or driven 75 mm 1:100 (1 horizontal to
 cast-in-place pile 100 vertical)
 3.11.2 The above limits shall also apply for piles installed in a single line.
 3.11.3 For pile group of three or more piles not installed in a single line, the positional
 tolerance of the individual pile in the group may exceed the above limits. However,
 the positional tolerance of the centre of gravity of the pile group shall be 75 mm.
 The Contractor shall bear the cost for any necessary enlargement of the pile cap
 due to eccentricities of piles in this case.
 3.11.4 Any pile or pile group with position and verticality deviating more than the above-
 mentioned limits shall be liable for rejection and shall be replaced when instructed
 by the SO. Alternatively, the Contractor may propose modifications to the pile cap
 or any remedial work all at his own cost, subject to the SO‘s approval.
 Rake
 3.11.5 The piling rig shall be set and maintained to attain the specified rake. The
 maximum permissible deviation of the finished pile from the specified rake is 1 in
 25.
 3.12 REPLACEMENT OF PILES
 3.12.1 Any pile cracked. deformed, twisted or otherwise damaged in any manner or not
 installed within the specified tolerance or failed the working load test shall be
 rejected at the discretion of the SO and replaced with substitute piles or
 supplemented by additional piles designed and installed by the Contractor at his
 expense. All design shall be endorsed by a suitably qualified PE.
 3.12.2 In addition, the Contractor shall bear the extra costs occasioned by such rejection
 due to increased size of pile caps, strengthening of tie beams, etc. Costs shall be
 assessed at contract rates if the remedial work is to be carried out by others.
 3.12.3 The Contractor shall be liable for any costs in any redesign and resubmission of
 drawings arising from any amendments or revision as instructed by the SO and/or
 remedial measures due to the Contractor's failure to install piles as originally
 approved.
 3.13 RISEN PILES
 3.13.1 During the process of driving piles, observations and measurements shall be made
 at the site by any suitable method so chosen by the SO to determine whether a pile
 has risen as a result of driving adjacent piles. The Contractor shall provide the
 necessary tools, instruments and any other assistance required by the SO to make
 these measurements.
 3.13.2 Risen piles shall be re-driven to the original depth or resistance, unless tests have
 shown this to be unnecessary. Such tests shall be conducted at the expense of the
 Contractor under the direction of the SO. If the system uses sections which are
 inadequately designed against driving stresses, the pile shall be jacked down to its
 original position.
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 3.13.3 The Contractor shall not be entitled to payment for re-driving or jacking down risen
 piles.
 3.14 SEQUENCE OF PILING
 3.14.1 Piles shall be installed in such a sequence that the installation shall not affect the
 quality of concrete of those recently installed piles. Any pile to be installed near to
 a recently installed pile shall be at least 3 times pile diameter away from the
 recently installed pile. The commencement of installation of such nearby piles shall
 not be less than 24 hrs after the completion of concreting of the recently installed
 pile.
 3.14.2 The Contractor shall first obtain the SO‘s approval for his proposed sequence of
 installation of piles in a group or in close proximity before implementation. The SO
 reserves the right to order changes to the approved sequence of piling if, based on
 work completed, he considers it necessary to do so. The Contractor shall not be
 entitled to claim extra payment for additional plant movements, etc. resulting from
 such an order.
 3.15 PILING RECORDS
 3.15.1 The Contractor shall keep a record of each pile installed and shall furnish signed
 copies to the SO daily. The information required and the format of records shall be
 in standard formats as approved by the SO. As and when required, the SO may ask
 for additional information or modify the standard formats. Such forms shall be
 provided by the Contractor before the commencement of piling work at his
 expense.
 3.15.2 For bored piles, samples shall be obtained at every 2m interval and details of strata
 drilled shall be recorded and submitted.
 3.15.3 Levels of all strata changes shall be clearly recorded.
 3.16 LOAD TEST ON PILES
 Ultimate Load Tests
 3.16.1 The Contractor shall provide test piles for ultimate load tests where specified
 before the installation of the working piles. The test piles shall be installed
 separately from the working piles and in positions determined by the SO. Test piles
 shall be installed in an approved manner to a predetermined depth and/or set. The
 SO may order the interruption of the test pile installation for the purpose of
 instrumentation. The Contractor is deemed to have allowed for the cost of
 interruptions. The cost of instrumentation shall be priced separately.
 3.16.2 The performance of the test piles under driving and later under test load will be
 used to determine the bearing capacities of the working piles and driving criteria.
 The load test on preliminary test pile shall not be implemented until at least 7 days
 have elapsed after driving has been completed or until concrete has reached its
 specified strength for cast-in-place piles.
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 3.16.3 Ultimate load test shall be done on preliminary test piles only, and not on working
 piles. The data obtained from this test shall be used to determine or confirm the
 subsequent driving criteria to be adopted and/or design parameters. The ratio of the
 design working load to the ultimate load which will be certified in the load test
 shall not be less than 1:2½.
 3.16.4 The ultimate load shall be computed as recommended in Clause 6.5 of SS CP 4.
 3.16.5 Based on the results of the tests, the SO may to modify the design capacity
 assumed for the piles.
 3.16.6 The building up of load prior to the estimated ultimate load shall generally not be
 less than eight equal increments for any load test. However, the increments
 immediately before and after this estimated ultimate load shall be reduced to define
 more accurately the load settlement curve to determine the actual ultimate load
 capacity of the pile.
 3.16.7 The Contractor shall allow for all labour, equipment and materials for the test
 including the construction of the load staging, supports required for the deflection
 gauges and calibration in an approved laboratory with relevant SINGLAS
 accreditation of all jacks and gauges before and after each test when required by
 the SO.
 Abandonment of Pile Test
 3.16.8 A test shall be abandoned if it has to be discontinued due to:
 (a) pre-jacking or pre-loading before the commencement of the test
 (b) improper setting of datum
 (c) disturbed or unstable bench marks or scales
 (d) faulty jack or gauges
 (e) failure of pile cap or instability of the kentledge
 (f) failure of the pile materials
 (g) failure of concrete to reach the design compressive strength
 The cost of the abandoned test shall be borne by the Contractor and he shall carry
 out one further test to the SO‘s instruction.
 Working Load Tests
 3.16.9 Working load tests shall be carried out on working piles selected by the SO. A load
 test may be conducted on a single or on a group of two or more piles.
 3.16.10 The test load of a working load test shall be two times the designed working load
 of the pile.
 3.16.11 The Contractor shall supply everything necessary for the performance of the tests.
 Pile caps for load tests, if used, shall be designed and constructed by the Contractor
 to the approval of the SO. The cost of such pile caps shall be deemed to have been
 included in the Contract Sum.
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 3.17 METHOD OF LOAD TEST
 3.17.1 The test load shall be applied by jacking against a reaction system. The reaction
 system shall be any of the following:
 (a) kentledge reaction system
 (b) tension pile reaction system
 (c) ground anchor tension system
 3.17.2 The scales, hydraulic jacks and related pressure gauges shall be approved by the SO
 before any load test is made. They shall be calibrated and tested by an approved
 laboratory with relevant SINGLAS accreditation before each use. The calibration
 charts and test certificate shall be submitted to the SO. The Contractor shall take all
 precautionary measures as instructed by the SO to prevent any interference with the
 apparatus during the period of load test. All expenses incurred in relation to the load
 test shall be deemed to have been included in the Contract Sum.
 3.17.3 The test load shall be applied in eight equal increments for any load test. The number
 of increments may be increased or decreased depending on the value of the full test
 load. For each load increment, the load shall be maintained for a minimum period of 1
 hour or until equilibrium is reached, whichever is greater. Equilibrium shall mean a
 rate of settlement not exceeding 0.1 mm in 20 minutes.
 3.17.4 For working load test, when the loading has been completed, the full test load shall
 remain in place for a minimum period of 24 hours or until final equilibrium is
 reached, whichever is greater. Final equilibrium shall mean a rate of settlement not
 exceeding 0.15 mm in 1 hour. For both ultimate and working load tests, the test load
 shall be removed in not less than four decrements with intervals of not less than 1
 hour. The final rebound shall be recorded 24 hours after the entire test load has been
 removed.
 3.17.5 The exact tonnage for each increment or decrement shall be determined by the SO.
 The period between increments and decrements may be prolonged or shortened at the
 discretion of the SO who shall take into consideration the behaviour of the pile under
 test.
 3.18 MEASUREMENT OF SETTLEMENT
 Measurement of settlement shall conform to SS CP 4. For each test, two signed copies of the
 field readings and the graphs shall be submitted to the SO within 3 working days on
 completion of the test.
 3.19 FAILURE OF WORKING LOAD TEST
 Failure of Pile
 3.19.1 A pile or pile group under test shall be deemed to have failed if any of the
 following observations is recorded:
 (a) The maximum settlement under full test load exceeds 25 mm. For steel piles
 only, the maximum settlement under full test load given in the above may be
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 increased by not more than 0.15 mm per metre length of the pile to allow for
 the elastic shortening of the piles.
 (b) The maximum settlement under 1.0 times working load exceeds 10 mm.
 (c) The permanent or residual settlement after removal of the test load exceeds 13
 mm.
 (d) Failure of the pile materials (due to defects in the pile).
 (e) Failure of concrete to reach the design compressive strength.
 3.19.2 Any pile or pile group which fails under the above stated conditions shall be
 replaced by one or more piles to be installed as directed by the SO. If, in the
 opinion of the SO, it is impractical or inadvisable to install substitute piles in place
 of a failed pile, the Contractor shall submit proposals to rectify the defect. The
 proposals are subject to the approval of the SO.
 3.19.3 In addition, the Contractor shall at his expense carry out two more tests. The piles
 for these tests shall be selected by the SO.
 Abandonment of Pile Test
 3.19.4 The load test shall be deemed to have failed if any of the following observations is
 reached:
 (a) the test cannot be completed due to instability of the kentledge
 (b) pre-jacking or pre-loading before the commencement of the test
 (c) failure of the pile cap
 (d) improper setting of datum
 (e) disturbed or unstable bench marks or scales
 (f) the scales and/or measuring instruments used are found to be defective or have
 been tampered with
 (g) faulty jack or gauges
 3.19.5 For any load test abandoned under the above stated conditions, the Contractor shall
 at his expense carry out two more tests. The piles for these tests shall be selected by
 the SO.
 3.20 PRECAST NORMAL REINFORCED AND PRESTRESSED CONCRETE PILES
 General
 3.20.1 The minimum and maximum grade of concrete used for precast concrete piles shall
 be Grade C30 and Grade C45 respectively.
 3.20.2 The minimum grade of concrete used for prestressed concrete piles and precast
 concrete piles in marine works shall be Grade C40.
 3.20.3 The maximum permissible stress in the precast concrete under working load
 conditions shall not exceed 0.25 times the characteristic cube strength of the
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 concrete. In addition, for prestressed concrete piles, the maximum compressive
 stresses in the concrete due to working loads and effective prestress shall not
 exceed 0.25 times the characteristic cube strength.
 3.20.4 Precast concrete piles shall be reinforced. The minimum number of longitudinal
 bars provided in a precast concrete section shall be four in rectangular piles and six
 in circular and hexagonal piles and their size shall not be less than 12 mm in
 diameter. In any case, the total cross sectional area of these bars shall not be less
 than 1% of the cross section of the pile. The lateral reinforcement provided shall
 comply with the relevant Clauses 6.4.2.3.2 and 6.4.3.3.3 of SS CP 4.
 3.20.5 The cover over all reinforcement including binding wire shall not be less than 40
 mm of concrete for piles exposed to normal conditions. For piles likely to be
 exposed to the influences of sea water or other corrosive environments, the
 corresponding minimum cover shall not be less than 60 mm.
 3.20.6 Piles with square, rectangular or triangular cross section shall have their corners
 chamfered.
 3.20.7 Where two or more precast sections have to be jointed, full details shall be
 furnished for the method of jointing. The joint shall be designed for the full
 bending strength of the rest of the pile. The method of joining two sections of pile
 shall be subject to the approval of the SO, who may require that the joint be tested,
 all at the Contractor‘s expense. If a welded joint is used, 3.22.10 shall apply.
 3.20.8 The prestress in a prestressed concrete pile shall comply with Clause 6.4.3.3.2 of
 SS CP 4.
 Casting of Precast Reinforced and Prestressed Concrete Piles
 3.20.9 Precast concrete piles shall be cast at the Contractor‘s pile casting yard or at the
 approved pile casting yard of a local pile manufacturer.
 3.20.10 Where piles are manufactured off the site, the Contractor shall ensure that the SO is
 given adequate notice and every facility for inspecting the manufacturing process.
 3.20.11 The manufacturing of precast concrete piles shall be in accordance with Clauses
 6.4.2.4 and 6.4.3.4 of SS CP 4.
 3.20.12 The curing periods under normal conditions as shown in Table 3.1 are given as a
 guide only.
 TABLE 3.1 CURING PERIODS
 Minimum Period from Time of Casting
 Type of Cement Strike Side
 Shutters
 End of Wet
 Curing
 Lift from
 Casting Bed
 Drive
 Ordinary Portland 12 hour 4 days 10 days 28 days
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 3.20.13 No pile shall be lifted from the casting bed or driven until permission to do so has
 been obtained from the SO, who shall base his decision on the results of the
 concrete cube tests and the type of cement and admixtures used.
 3.20.14 Tensioning of prestressed concrete piles shall be carried out only when the SO is
 present. The Contractor shall keep detailed records of the times of tensioning,
 measured extensions, pressure gauge readings or load cell readings and the amount
 of pull-in at each anchorage. Signed copies of these records shall be submitted to
 the SO within such reasonable time of completion of each tensioning operation and
 in any case not later than the following day.
 3.20.15 Whenever a batch of prestressed concrete piles is cast, at least nine 150 mm
 concrete test cubes shall be cast and tested for the cube crushing strength at transfer
 of prestress, 7 days age and 28 days age. The concrete test cubes shall be stored in
 close proximity to and under the same conditions of temperature and humidity as
 the piles. For precast. reinforced concrete piles, at least six 150 mm concrete test
 cubes shall be cast and tested at 7 days and 28 days respectively.
 3.20.16 The Contractor shall keep detailed records of the times of concrete cube testing, the
 strength of concrete, concrete mix proportion, admixtures used if any,
 water/cement ratio and slump. Copies of these records shall be supplied to the SO
 after the testing and in any case not later than the following day.
 Pile Shoes
 3.20.17 If required, piles shall be provided with a pointed coaxial shoe which shall be made
 of steel or chilled hardened cast iron. If an alternative is proposed, it shall only be
 used when the written approval of the SO is obtained.
 Tolerances in Pile Dimensions
 3.20.18 The cross sectional dimensions of the pile shall be within the tolerance of ±5 mm.
 3.20.19 Any face of a pile shall not deviate by more than 6 mm from a straight edge 3 m
 long laid on the face, and the centroid of any cross section of the pile shall not
 deviate by more than 12 mm from the straight line connecting the centroids of the
 end faces of the pile.
 Cut-Off Heads and Bonding
 3.20.20 On completion of installation of piles, the piles shall be cut off to the required level
 as shown on the drawings and to a tolerance of ±20 mm or otherwise as instructed
 by the SO. For precast reinforced concrete piles, the main reinforcement shall be
 exposed and left reasonably straight for bonding into the pile cap. The minimum
 bond length of main reinforcement to be exposed shall be as given in Table 3.2.
 TABLE 3.2 BOND LENGTH
 Grade of Pile Cap Concrete C30 C40 or more
 High Tensile Steel (fy = 460 N/mm2 )
 Mild Steel (fy = 250 N/mm2 )
 37D
 30D
 32D
 25D D = nominal diameter of bar.
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 3.20.21 For prestressed concrete piles, the exposed prestressing wire shall extend at least
 600 mm into the pile cap.
 3.20.22 In stripping pile heads, the concrete shall be stripped to a level such that the
 remaining concrete will project 75 mm into the pile cap.
 3.20.23 Where a pile has been formed below the required cut-off level, it shall be built up
 and the reinforcement shall project for such length as given in Table 3.2.
 3.21 BORED CAST-IN-PLACE PILES
 Permissible Stress
 3.21.1 The minimum and maximum grade of concrete used shall be Grade C30 and Grade
 C40 respectively. The maximum permissible stress under working load condition
 shall not exceed 0.2 times the characteristic cube strength of the concrete.
 Slump of Concrete
 3.21.2 The concrete used shall have a slump of not less than 100 mm but not more than
 175 mm unless specifically approved by the SO. Slump for tremie concrete may be
 increased to not more than 225 mm.
 Pile Design and Reinforcement
 3.21.3 Unless otherwise stated, piles supporting axial compression only shall have steel
 reinforcement extending at least 12 m below the proposed cut-off level. The
 minimum bond length of main reinforcement to project above the cut-off level
 shall be as given in Table 3.2. When lateral load, tension and bending moments are
 to be resisted in addition to axial compression, piles shall be reinforced to
 withstand such loads. The main steel reinforcement provided shall not be less than
 0.5% of the cross sectional area of the pile.
 3.21.4 For piles subjected to both vertical and lateral loads, the piles must be adequately
 designed and reinforced to withstand the combined bending and compressive
 stresses at the extreme fibre for the whole length of the pile under working load
 condition to the approval of the SO.
 3.21.5 Apart from the structural considerations of the piles, the allowable bearing capacity
 of the soil shall not be exceeded under working load condition.
 Installation
 3.21.6 The piles shall be installed according to the relevant recommendations of SS CP 4.
 During boring, the Contractor shall collect soil and rock samples from the boring in
 suitably labelled and approved air-tight containers. The samples shall be submitted
 to the SO for examination and testing as and when required.
 Cut-Off Heads and Bonding
 3.21.6 On completion of installation of piles, the piles shall be cut off to the required level
 as shown on the drawings and to a tolerance of ±20 mm or otherwise as instructed
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 by the SO. The main reinforcement shall be exposed and left reasonably straight
 for bonding to the pile cap. The minimum bond length of main reinforcement to be
 exposed shall be as given in Table 3.2.
 3.21.7 In stripping pile heads, the concrete shall be stripped to a level such that the
 remaining concrete will project 75 mm into the pile cap.
 3.21.8 Where a pile has been formed below the required cut-off level, it shall be built up
 and the reinforcement shall project for such length as given in Table 3.2.
 3.22 STEEL BEARING PILES
 General
 3.22.1 The steel sections, plain or fabricated shall comply with BS 4360 Grade 43A and
 50B for weldable structural steel or other grade to the approval of the SO.
 3.22.2 For steel complying with BS 4360 Grade 43A and 50B, the maximum permissible
 stress under working loads shall not exceed 80 N/mm2 and 115 N/mm
 2
 respectively.
 3.22.3 When steel piles are proposed for use in a particularly adverse corrosive
 environment where the rate of corrosion is excessive, due consideration shall be
 given to the provision of suitable corrosion protection to the portion of the pile
 length likely to be exposed to the risk of excessive corrosion. The method of
 corrosion protection proposed shall comply with BS 5493, BS CP 1021 and
 Section 10 - Structural Steelwork and shall be subject to the approval of the SO.
 However, no allowance need to be made for this item unless specifically required
 under the Contract.
 3.22.4 Connection for the lengthening of piles shall be designed to withstand stresses
 during handling, driving and under working load. Full details of the connection
 shall be submitted for the approval of the SO.
 3.22.5 The connection between pile and pile cap for the transfer of working load to pile
 shall be designed such that the stress in bearing of the concrete of the pile cap shall
 not exceed the allowable value given in 3.20.3. Full details of the connection
 shall be submitted for the approval of the SO.
 Pile Shoes
 3.22.6 If the piles are to be subject to exceptionally hard driving, they may be
 strengthened at the bottom end by welding plates, angles or cast iron fittings to
 prevent damage during driving. However, no allowance need to be made for this
 item unless specified under the Contract.
 3.22.7 Cast steel pile shoes if used shall be of steel complying with BS 3100 Grade A.
 3.22.8 Welded fabricated pile shoes if used shall comply with BS 4360.Grade 43A or
 50B.
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 Welding
 3.22.9 All welding to steel ‗H‘ piles and tubular piles shall comply with BS 5135 and BS
 6265 respectively.
 3.22.10 A minimum ‗cooling down‘ time of 30 minutes shall be provided after the
 completion of the welding to allow the weld to cool before the commencement of
 re-driving. No extension of time will be granted to the Contractor for the
 enforcement of this requirement.
 Preparation of Pile Heads
 3.22.11 On completion of installation of piles, the piles shall be cut off to the required level
 as shown on the drawings and to a tolerance of ±20 mm or otherwise as instructed
 by the SO.
 3.23 PRESSURE IMPREGNATED TIMBER PILES
 General Quality
 3.23.1 All square sawn timber piles shall be Kempas or Keruing, of approved quality,
 strength and cross section. The piles shall be free from defects which may affect
 their strength and durability. All timber piles shall be inspected before driving to
 ensure compliance with these requirements.
 Grading
 3.23.2 The timber used shall conform to the following grading limits and specification:
 (a) Knots
 (i) Measurement - The size of a knot shall be taken as the maximum
 diameter of its visible cross section, no matter where it occurs. Where
 the knot can be seen in longitudinal section as well as in cross section,
 the longitudinal section shall be ignored. Where two or more knots
 occur in the same cross section, each knot shall be measured as before
 described and the sum of these measurements taken as the diameter of
 an equivalent single knot. Where only a portion of the cross section is
 visible, the maximum dimension of that portion shall be measured.
 (ii) Grading Limits - The size of knots shall not exceed one quarter the
 width of the face or edge on which they appear, nor shall knots be
 grouped closer than one knot per 1 m of the length of the pile.
 Unsound knots shall not be permitted.
 (b) Wane
 (i) Measurement - The extent of wane is determined by adding together
 the widths of wane on any two adjacent faces.
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 (ii) Grading Limits -- Wane shall be allowed on one edge only and the total
 width of wane on its adjacent faces shall not exceed:
 50 mm for 100 x 100 mm piles
 65 mm for 125 x 125 mm piles
 75 mm for 150 x 150 mm piles
 90 mm for 175 x 175 mm piles
 (c) Curvature
 (i) Measurement - The extent of curvature is determined by measuring the
 maximum deviation from a tightly stretched string or wire joining the
 midpoints of butt and toe.
 (ii) Grading Limits - In piles up to 6 m in length, maximum deviation shall not
 exceed 25 mm i.e. the wire/string shall fall within 25 mm of the centre line
 of the pile. In piles over 6 m long, maximum deviation shall not exceed 35
 mm.
 (d) Borer Holes and Pin Holes
 (i) Measurement - The size of a borer hole shall be taken as the maximum
 diameter of its visible cross section, no matter where it occurs. Where only
 a portion of the cross section is visible, the maximum dimension of that
 portion shall be measured.
 (ii) Grading Limits - A pile shall not have holes which exceed the amount
 given in the following:
 • Pin holes (up to 1. 6 mm diameter) 32 Nos. over an area of 0.01 m2
 • Shot holes (1.6 mm - 3 mm diameter) 4 Nos. over an area of 0.10 m2
 • Borer holes (3 mm - 6 mm diameter) 2 Nos. over an area of 0.10 m2
 Note: The area for measurement shall be determined from the full width of
 the piece and the length.
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 (e) Open Shakes and Surface Checks
 (i) Measurement - The size of an open shake or surface check shall be taken
 as its depth projected onto a surface at right angles to the face on which it
 occurs.
 (ii) Grading Limits - A pile shall not have shakes or cheeks whose depth
 expressed as a fraction of the width of the face at right angles to the one
 which the defects occur exceed 1/4.
 (f) End Splits
 (i) Measurement - The size of an end split shall be taken as its length.
 (ii) Grading Limits - The longest split shall not exceed 75 mm at each end.
 (g) Compression Failure
 Compression failure shall not be accepted.
 (h) Brittle Heart and Boxed Heart
 Brittle heart and boxed heart shall not be permitted.
 (i) Sloping Grain
 (i) Measurement - The slope of grain shall be measured over a distance
 sufficiently great to determine the general slope, disregarding slight local
 variations (round small knots). The minimum distance over which the
 slope of grain is measured shall not be less than the distance over which a
 deviation of 25 mm is permitted. The slope of grain shall be measured on
 the face where it is the most severe.
 (ii) Grading Limits - The slope of grain shall not exceed 1 in 10 (30 mm per
 300 mm).
 Preservative Treatment
 3.23.3 The timber in the piles shall be pressure impregnated with a suitable wood
 preservative complying with SS 72 at a pressure of not less than 14 kg/cm2 and
 with an average dry salt retention of 24 kg/m3 in the treatable volume of a charge
 of piles.
 3.23.4 A sample boring taken from any part of any treated pile shall give evidence of
 continuous and substantially even penetration of the preservative for the full depth
 of the treated zone.
 3.23.5 A treatment certificate shall be submitted to the SO by the Contractor for every
 consignment of piles delivered. The certificate shall give details of charge number,
 average dry salt retention and the number and sizes of piles supplied.
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 3.23.6 All timber piles delivered to site shall bear the PSB marking pertaining to the
 standard attained for tests on timber piles pressure treated with approved chemical
 preservatives. However, the SO reserves the right to carry out any further tests he
 deems necessary.
 Handling, Pitching and Driving
 3.23.7 Methods of handling and pitching shall be such that it will not cause undue damage
 to the piles. A hammer weighing not less than one tonne and dropping not more
 than 1.2 m shall be used to drive the piles. A driving cap or helmet shall be fitted
 between the hammer and the pile head and two layers of 20 mm thick plywood or
 similar material, shall be provided between the head and the helmet and between
 the helmet and the hammer in accordance with the approved practice.
 3.23.8 Multi-toothed anti-splitting plates of suitable size shall be fitted to the butt and the
 toe of each pile to minimise splitting.
 Trimming Pile Heads
 3.23.9 After driving, the heads of the piles shall be cut off square to sound wood and to
 required level and treated as follows:
 3.23.10 The cut-off pile head shall be given two flood coats of approved preservative
 allowing each application to soak into the end grain completely. Approximately 1
 hour shall be allowed between each application.
 3.23.11 After the flood coats application had dried, the pile head shall be heavily coated
 with an approved bituminous compound for the whole depth that the pile will be
 encased in the pile cap.
 Splicing
 3.23.12 When it is necessary to employ piles from two or more lengths, the butting surfaces
 shall be cut square to ensure contact over the whole cross section of the pile. These
 joints shall be formed by using mild steel welded box joint of suitable section, 450
 mm long and 5 mm thick. The joints shall be dipped in bituminous paint before
 use, driven to a tight fit with the pile hammer and spiked to both sections of the
 pile.
 Damaged or Misdriven Piles
 3.23.13 Any pile which is broken, cracked or damaged will not be accepted.
 3.23.14 Piles shall not be more than 1 in 50 out of plumb and not more than 40 mm out of
 position in any direction when checked at the cut-off level.
 3.23.15 Rejected piles and piles driven outside the tolerances of this Specification shall be
 replaced with substitute piles or supplemented by additional piles unless the SO
 approves of other remedial measures. The cost of any replacement or remedial
 work including the cost of resulting enlarged pile caps shall be borne by the
 Contractor.
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 3.23.16 No extension of contract time will be granted on account of the above remedial
 work.
 Pile Shoes
 3.23.17 Pile shoes to timber piles shall be used only when specified.
 3.24 BAKAU PILING
 3.24.1 Bakau piles shall be good, sound, straight piles with fresh uninjured bark and of
 reasonably uniform size throughout. The piles shall be supplied in 3 m, 4.5 m or 6
 m lengths as required and measured after the heads have been squared and the
 under-sized ends cut off. They shall not be less than 100 mm in diameter at the
 larger end and not less than 60 mm in diameter at the smaller end, measured within
 150 mm from its end. Such measurements shall not be over knobs and
 protuberances. The permissible deviation of the axis of the pile from the straight
 joining the centres of the two ends shall not be more than 25 mm.
 3.24.2 All bakau piles shall be inspected and approved by the SO before being used.
 Bakau piles that have been rejected shall be removed from site immediately. The
 piling shall be carried out by operators thoroughly experienced in their trade and
 shall be carried out in accordance with the instructions of the SO. The piles shall be
 driven by a piling frame or tripod with a monkey of approved weight.
 3.24.3 The head of pile shall be protected with a simple steel or cast iron ring during
 driving and after completion of such driving, the head shall be properly squared
 and cut off to the required levels.
 3.24.4 Piles shall be driven vertically in a straight line, perfectly squared from the face of
 the work and free from damage. The monkey used shall be 200 kg (minimum) in
 weight. The monkey shall be dropped from a height of 1 m to 1.5 m. The actual
 height of the drops shall be approved by the SO.
 3.24.5 Incorrectly or badly driven piles and piles damaged during driving shall be
 extracted and replaced or else duplicated at the Contractor‘s expense.
 3.24.6 All piles shall be rigidly and securely joined with steel collars of 300 mm long
 made out of 1.22 mm thick (18 SWG) mild steel sheets with joints fully welded.
 Steel collars shall be completely coated with tar or bituminous paint.
 3.25 DATUM AND REFERENCE PEGS
 3.25.1 Whenever possible, levels shall be taken with reference to the Singapore CPG
 Survey Datum which is reckoned at 100.00 m at Mean Sea Level.
 3.25.2 The Contractor shall be responsible for safeguarding the position and level of all
 survey pegs and bench marks used for the setting out of the works.

Page 36
                        

PILING
 23
 3.26 GROUND LEVELS
 Existing ground levels at pile positions shall be determined and agreed between the
 Contractor and the SO before piling work starts. The ground levels so determined and agreed
 upon shall be used as a basis for the determination of the installation depth of the piles.
 3.27 SITE INVESTIGATION RESULTS
 3.27.1 The Contractor shall be solely responsible for obtaining all information on the
 nature of the site and sub-surface for the purposes of preparing the tender and the
 subsequent execution of the Contract. The Contractor may, at his own expense,
 conduct soil investigations provided he has obtained the SO‘s prior approval in
 writing. The SO shall be supplied free of charge with two copies of the results of
 all such investigations conducted.
 3.27.2 Where results of sub-surface investigations are supplied to the Contractor, they
 shall be deemed to have been provided solely for his convenience only and not
 meant to form the basis of tendering. Furthermore, they shall not form part of the
 Contract Documents. The provision of such data shall in no way relieve the
 Contractor of his responsibilities under the above paragraph. The Employer shall
 not be held liable for any lack of trueness, accuracy or adequacy of the data
 supplied.
 3.28 PILE LENGTH
 3.28.1 The Contractor shall propose the final pile length based on the results of the
 instrumented preliminary pile load test for SO's review. The calculations for the
 estimation of the pile length shall be endorsed by the Contractor's PE. The
 Contractor shall verify by means of pile load tests the adequacy of his proposed
 pile length under actual soil conditions encountered during pile installation.
 3.28.2 Acceptance of the Contractor's pile length calculations shall be subject to the
 outcome of pile load test and the approval of the S.O. The pile length, as
 determined by the Contractor, will be subject to the final approval of the S.O. The
 pile length calculations shall be endorsed by a PE. Agreement by the S.O. does not
 in any way relieve the Contractor from his duties and responsibilities under the
 contract to complete the permanent works in accordance with the requirements of
 the Drawings and Specifications.
 3.29 PILE ECCENTRICITY
 3.29.1 The Contractor shall submit to the SO the pile eccentricity plan within one (1)
 week after the piles are uncovered. The Contractor shall also submit to the SO the
 proposed pile rectification works for the unacceptable pile eccentricities, if any
 within three (3) weeks after the piles are uncovered.
 3.29.2 The Contractor shall tabulate all eccentricities into an approved format using
 Microsoft Excel and submit it in electronic (computer) format in 3 1/2" diskette, to
 the SO.
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 3.30 SUBMISSION OF "AS-BUILT" DRAWINGS
 3.30.1 The Contractor shall, on completion of the piling works, submit within 14 days, to
 the SO the following "as-built" drawings, in compliance with the latest
 requirements by the Building Authority.
 3.30.2 Final setting out plan showing the setting out dimensions, inclusive of the bench
 marks, points of reference etc used to set out the Works.
 3.30.3 Drawing showing the actual positions and eccentricities in perpendicular directions
 of the piles at ground level and at cut-off-level.
 3.30.4 Pile layout plan showing the following information:
 (a) Pile size and capacity
 (b) Pay length of the pile installed from cut-off level to toe of pile.
 (c) Cut-off levels of piles expressed as Reduced Levels.
 (d) Reinforcement details and dimensions of installed piles. Grade of concrete
 used shall also be indicated.
 3.30.5 Items 3.30.2 and 3.30.3 as scheduled above shall be endorsed by the Registered
 Surveyor and the PE. Item 3.30.4 shall be endorsed by the PE.
 3.30.6 The cost of all ancillary and temporary works necessary for the successful
 completion of this Contract shall be deemed to have been included in the tender
 submitted by the Contractor.
 3.30.7 The Contractor shall be liable to modify the "as-built" drawings, as a result of
 unacceptable eccentricities.
 3.30.8 All finalised plans shall be submitted as a set of 1 original tracing and 3 paper
 prints all duly endorsed by the PE and/or the Registered Surveyor, and in a digital
 CD-Rom in AutoCAD format.
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 4.1 DEFINITION OF EARTHWORK MATERIALS
 4.1.1 ‗Topsoil‘ shall mean the top layer of soil that can support the growth of vegetation.
 4.1.2 ‗Approved material‘ shall mean all materials acceptable in accordance with this
 Specification.
 4.1.3 ‗Unsuitable material‘ shall mean other than approved material and shall include:
 (a) material from swamps
 (b) peat, logs, stumps, orgamic matter, perishable and toxic materials
 (c) material susceptible to spontaneous combustion
 (d) soil of liquid limit exceeding 70 and/or plasticity index exceeding 35
 (e) materials having a moisture content greater than the maximum permitted for
 such materials in the Contract, unless otherwise permitted by the SO.
 4.1.4 ‗Rock‘ shall mean hard material whose geological nature is to be regarded as such
 and individual boulders exceeding 0.20 m3 or other masses of hard natural material
 which necessitates the use of blasting or approved pneumatic tools for their
 removal.
 4.1.5 ‗Special filling material‘ shall mean ‗approved material‘ but shall all pass a 75 mm
 BS sieve. The fraction passing a 75 µm BS sieve shall have the following
 characteristics:
 (a) liquid limit not exceeding 35
 (b) plasticity index not exceeding 12
 (c) coefficient of uniformity shall be greater than 10
 (d) the percentage passing 75 µm BS sieve shall be less than 20% by weigh
 4.1.6 ‗Cohesive soil‘ includes clays with up to 20% of gravel and having a moisture
 content not less than the value of the plastic limit minus 4.
 4.1.7 ‗Well-graded granular and dry cohesive soils‘ include clays containing more than
 1.0% of gravel and/or having a moisture content less than the value of plastic limit
 minus 4, well-graded sands and gravels with a uniformity coefficient exceeding 10.
 4.1.8 ‗Uniformly-graded material‘ includes sands and gravels with a uniformity
 coefficient of 10 or less, and all silts. Any soil containing 80% or more of material
 in the particle size range 60 µm - 2 µm will be regarded as silt for this purpose.
 4.2 EARTHWORK GENERALLY
 4.2.1 The Contractor shall carry out all earthwork in such a manner as to prevent erosion
 or slips and shall limit working faces to safe slopes and height. The Contractor
 shall ensure that all surfaces have at all times sufficient gradients to enable them to
 shed water without causing erosion.
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 4.2.2 At the end of each day, all surfaces shall be left with no area that can retain water.
 If necessary, the Contractor shall provide and maintain temporary and approved
 surface or sub-surface drainage system to ensure minimum delay in work progress
 due to wet weather. Alternatively, adequate means such as covering all surfaces
 with polythene sheet shall be provided and maintained.
 4.2.3 The Contractor shall provide and maintain all necessary temporary access roads
 and shall divert and reinstate permanent drainage system. The proposed alignments
 and levels of temporary access roads shall be submitted to the SO for approval
 prior to their construction. All temporary roads shall be provided with drainage
 ditches over its full length.
 4.2.4 Surveys shall be made of areas of excavation and filling before any work is carried
 out under the Contract, and after all excavation and filling work have been
 completed. When plans or sections prepared from the above surveys have been
 agreed between the SO and the Contractor as truly representing the original ground
 levels and the final levels as required by the Contract, the same shall be signed and
 become record surveys for the assessment of earthwork quantities.
 4.3 EXCAVATION GENERALLY
 4.3.1 Excavation shall be carried out to the dimensions, lines, levels and slopes as indicated
 on the drawings. If the Contractor excavates deeper than the depths shown on the
 drawings or as instructed by the SO, then he shall at his own expense, fill in such
 excessive depths with approved materials to the satisfaction of the SO.
 4.3.2 The bottom of all excavations shall be free from mud and water, trimmed clean,
 protected from the effects of weather and thoroughly compacted and consolidated by
 approved manners and means.
 4.3.3 All soft or defective portions of soil below formation level shall be cut out and filled
 in with approved material well consolidated in layers of approved thickness. The
 Contractor shall, before backfilling, measure and determine in the presence of the SO
 the volume of such poor quality soil so cut out and replaced. The cost of replacement
 shall be paid as an addition in the Contract, unless otherwise stated.
 4.3.4 No excavated approved material other than surplus to the requirements of the Contract
 shall be removed from the site except on the direction or with the permission of the
 SO. Should the Contractor be permitted to remove approved material from the site to
 suit his operational procedure, then he shall make good at his own expense any
 consequent deficit of filling arising therefrom with approved material.
 4.3.5 Where the excavation reveals a combination of approved and unsuitable materials the
 Contractor shall, unless otherwise agreed by the SO, carry out the excavation in such a
 manner that the approved materials are excavated separately for use in the works
 without contamination by the unsuitable materials.
 4.3.6 Brick and concrete foundations to building structures removed during excavations
 may be incorporated in fill areas subject to the acceptance of SO. All such material
 together with any brick or concrete site clearance material permitted by the SO shall
 be regarded as rock fill. The rock fill material shall be deposited and compacted to
 comply with the requirements as specified in 4.17.
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 4.4 APPROVAL OF EXCAVATION
 The Contractor shall report to the SO when the excavation is ready to receive foundation
 concrete. Any concrete or other work put in before the excavation has been inspected and
 approved by the SO shall, if so directed, be removed at the Contractor‘s expense.
 4.5 CUTTINGS INCLUDING SLOPES
 4.5.1 Unless otherwise specified or shown on the drawings, the top edges of cutting shall
 be neatly rounded to the dimensions shown on the drawing or as directed by the
 SO. Such work shall be deemed to be included in the Contractor‘s rate for cutting
 work and shall not be paid for as extras.
 4.5.2 Unless otherwise specified or shown on the drawings, slopes to cuttings shall
 conform to Table 4.1.
 4.5.3 Where shown on the drawings, slopes on the cross section shall represent the
 estimated requirements for the expected types of materials and these slopes shall be
 subject to re-determination by the SO according to his assessment of the materials
 encountered. Where the SO re-determines the slopes, the Contractor shall not be
 entitled to any claim whatsoever except where increased or decreased quantities of
 excavation become necessary because of re-determined excavation slopes the
 difference between such measurements and the measurements herein given shall be
 dealt with as a variation to the Contract. If however, the Contractor excavates the
 slope of a cutting beyond the specified line and the tolerance applicable thereto, the
 SO may authorise a minor change in the general slope of the cutting to suit the
 convenience of the works or the Contractor may be instructed to fill and make up
 the cutting to the required slope in the manner as directed by the SO all at the
 Contractor‘s expense. Such a change shall not be regarded as a re-determination of
 the slope and no payment shall be made for any increase in the excavation.
 TABLE 4.1 ALLOWABLE SLOPES IN CUTTING
 Material Slope
 (Horizontal Distance to Vertical Rise)
 Sand
 Loose gravel or clay
 Loam, shale or similar soft rock
 Rock with clay seams
 Jointed laminated or soft rock
 Massive competent rock
 2:1 to 5:1
 1½ : 1
 1 : 1
 ¾ : 1
 ½ : 1
 ¼ : 1
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 4.5.4 Unless otherwise specified, no portion of the earth cutting shall vary from the
 specified or ordered formation level by an amount exceeding 150 mm. In the case
 of cut slopes, no portion of the completed slope shall vary by an amount exceeding
 300 mm (measured at right angles to the slope), and no portion of the toe of the
 cutting shall be less than the specified distance from the road.
 4.5.5 Unless otherwise specified, rock cuttings shall be trimmed to the slope indicated by
 the SO and there shall be no projection beyond the specified slope for vertical
 distance of 2 m above the table drain. Above that height, the SO may permit
 isolated soundly-bedded rock outcrops projecting from the ordered slope a distance
 not exceeding 10% of the vertical height of the projection above the table drain.
 Such projections, if permitted, shall not occur over more than 20% of the whole
 area of the cut slope.
 4.5.6 Unless otherwise specified, excavation in rock shall extend to at least 150 mm
 below the specified formation level and backfilled with approved materials.
 4.5.7 In all cuttings, whether in earth or rock, undulations in the general plane of the
 slope will not be permitted.
 4.5.8 The SO may direct that any overhanging, loose or unstable material, whether
 outside or behind the specified slope, be removed.
 4.5.9 The excavation shall be so arranged that the working areas are adequately drained
 throughout the period of construction.
 4.6 BENCHING IN CUTTINGS
 4.6.1 Unless otherwise specified or shown on the drawings or directed by the SO, cutting
 through any material subject to fretting shall be sloped at the appropriate slope as
 indicated on the drawings or directed by the SO at a height of 600 mm above the
 table drain and benched horizontally for a width of 900 mm and then sloped again
 at the appropriate slope as indicated on the drawings or directed by the SO.
 4.6.2 In cuttings where the strata consists of earth overlaying rock which is required to
 be cut to a slope of ½:1 or steeper, the face of the rock shall be given its
 appropriate slope up to the junction of the rock and earth and the latter shall be
 stripped to form a bench 900 mm wide and sloped hence as the character of the soil
 may require.
 4.7 REMOVAL OF ROCKS AND OTHER BLASTING OPERATIONS
 4.7.1 Should rock be met in the course of excavation, it shall be removed by approved
 means.
 4.7.2 Blasting shall not be allowed without written permission from the SO. If explosives
 are to be used, the Contractor shall obtain all necessary licences from the
 appropriate authorities and shall conform to all Government regulations relating to
 transport, storage, handling and use of the explosives and shall also conform to the
 rules set out by the Officer-in-charge of Arms and Explosives.
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 4.7.3 The SO must be fully informed by the Contractor as to steps and precautionary
 measures taken to safeguard the surrounding properties. The Contractor shall be
 liable for any accident, damage or injury to any person, property or thing, resulting
 from the use of explosives. When blasting is proposed to be carried out, the
 Contractor shall determine the danger zone likely to be created and ensure that no
 damage is caused to persons or property on or off site. Prior to commencing
 blasting operations, a written report (supported by photographs where necessary)
 listing any existing defects in any structure shall be submitted to the SO.
 4.7.4 When blasting operations are being carried out, any road affected shall be closed to
 traffic and the appropriate signs shall be erected in accordance with the latest ‗Code
 of Practice for Temporary Traffic Control‘ published by the LTA.
 4.8 EXCAVATION OF FOUNDATION PITS AND TRENCHES
 4.8.1 Where required by the, nature of the materials to be excavated, the Contractor shall
 provide all necessary planking, strutting and shoring required to uphold the face of
 the excavation and any necessary stagings. The Contractor shall be responsible for
 the design, supply, fixing and removal of all planking and strutting required. The
 planking and strutting shall be of sufficient strength to resist all anticipated
 loadings, to ensure the safety of the workmen and to prevent damage to any
 adjoining property. The SO may direct that such supports be left in position.
 4.8.2 Alternatively, subject to the prior approval of the SO, the face of the excavation
 may be suitably battered.
 4.8.3 Trenches and pits shall not be wider than is necessary for the efficient laying and
 jointing of pipes or for other works to be carried out.
 4.8.4 The bottom of all excavations shall be to the correct levels as shown on the
 drawings. Any pocket of soft material or loose rock in the bottoms of pits and
 trenches shall be removed and the resulting cavities and any large fissures filled
 with Grade C15 concrete. After the placing of any blinding concrete required by
 the Contract, no trimming of the side faces shall be carried out for 24 hours.
 4.8.5 All excavated materials from such excavations not required for refilling shall be
 disposed of in accordance with the requirements of the Contract.
 4.8.6 No greater length of trench shall be excavated at any one time than has been
 approved by the SO. All surplus spoil shall be removed immediately on excavation
 and stacked spoil for filling shall be kept tidy at all times.
 4.9 FILLING OF FOUNDATION PITS AND TRENCHES AND REMOVAL OF SUPPORTS
 Unless otherwise shown on the drawings or directed by the SO, all filling for this purpose
 shall consist of approved material deposited and compacted by approved plant in accordance
 with 4.17. Timber sheeting and other excavation supports shall be carefully removed as the
 filling proceeds except where they are required by the Contract to be left in position. The
 removal of such supports will not relieve the Contractor of his responsibilities for the stability
 of the works.
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 4.10 BORROW AND SURPLUS EXCAVATED MATERIALS
 4.10.1 Borrow shall consist of approved material and shall be obtained from an approved
 source. Unless otherwise designated elsewhere in the Contract, the Contractor shall
 make his own arrangement in obtaining borrow.
 4.10.2 Surplus excavated materials arising from excavation and not required for filling
 etc. as indicated in the Contract shall become the property of the Contractor who
 shall remove such surplus away from the site immediately. However, the SO
 reserves the right to select and secure such surplus materials. If so desired by the
 SO, the Contractor shall provide necessary transport for the delivery of such
 materials to a site or sites as directed. He shall therefore be reimbursed according to
 contract rates or rates analogous thereto for such materials and transport.
 4.10.3 No claim against borrow and surplus material shall be entertained. The Contractor
 shall ensure that such cost be included in the tender price.
 4.11 FOUNDATIONS FOR FILLS
 4.11.1 Embankment construction shall include the preparation and compaction to the
 degree as specified under 4.17 of the areas upon which embankments are to be
 placed, the placing and compacting of approved material within areas from which
 unsuitable material has been removed as specified hereunder, and the placing and
 compacting of embankment material in holes. pits and other depressions within the
 foundation area.
 4.11.2 Unless otherwise specified, the natural ground over which filling is to be placed
 shall be cleared of all loose boulders, grass, topsoil, bushes, trees, roots and other
 vegetation. If the SO shall consider that any underlying material is unstable or
 unsuitable, he may direct it be removed and replaced with approved material, cost
 of which to be valued in accordance to the conditions of Contract.
 4.11.3 Any overhanging rock ledges or caves within the foundation area shall be removed
 before the placing of fill commences.
 4.11.4 The construction of any section of a fill shall not commence until the formation for
 that section has been approved by the SO.
 4.12 FILLING GENERALLY
 4.12.1 End tipping of fill shall not be permitted except in special circumstances and then
 only with the approval of the SO. The end-tipped material shall be compacted to
 the requirements as specified in 4.17.
 4.12.2 When the state of the weather is such that, in the opinion of the SO, it would
 adversely affect the placing of specially compacted fill, all such work shall be
 stopped.
 4.12.3 All filling material, whether placed and/or compacted or awaiting placing and/or
 compaction which, in the opinion of the SO does not comply with this
 Specification or has been damaged by weather or in any other way, shall be
 removed and replaced at the Contractor‘s expense.
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 4.13 HILLSIDE FILLS
 4.13.1 Where an embankment is to be constructed on a hillside, or where the natural
 surface falls away at the toe of the fill at a slope steeper than one vertical to four
 horizontal, a horizontal bench shall be cut to support the toe. The minimum width
 of the bench shall be equal to one third of the vertical height of the fill (measured
 from the toe) provided that the width shall not be more than 3.7 m or less than 600
 mm. Material excavated in benching may be used in fills, if it has satisfied the
 requirement of approved material.
 4.13.2 Where embankments are to be constructed on hillsides or on the slopes of existing
 embankments, or where embankments are to be constructed in part-widths, the
 existing slope, if it exceeds one vertical to four horizontal, shall be cut in the form
 of horizontal terrace over the full area to be covered by new fill. As each layer of
 new embankment is constructed, the existing slope shall be stepped in successive
 terraces, each at least 600 mm in width, the terraces to Nee cut progressively as the
 embankment is placed. Materials thus excavated shall be recompacted as part of the
 new embankment material if it has satisfied 4.1, No payment shall be made for the
 material removed in the construction of benches and terraces, which shall be
 regarded as part of the earthwork.
 4.13.3 If, in preparing hillsides, the Contractor removes materia1 outside the limits
 specified in this Clause in order to facilitate his operations, no payment shall be
 made for the removal of this extra material, and he shall be required to make good
 at his own expense any scars created by him.
 4.14 PLACING FILLS IN EMBANKMENTS
 4.14.1 Embankments shall be constructed in even horizontal layers over the full width,
 laid in thickness appropriate to the compaction plant used and compacted to satisfy
 the requirements as specified in 4.17. At all times the embankments shall be
 maintained with a sufficient camber and a surface sufficiently even to enable
 surface water to drain readily from them.
 4.14.2 If the material deposited as fill subsequently reaches a condition such that it cannot
 be compacted in accordance with the requirements of the Contract, the Contractor
 shall at his own expense either:
 a) make good by removing the material off the embankment either to tip or
 elsewhere until it is in a suitable physical condition for re-use, and replacing it
 with suitable materials; or
 b) make good the material by mechanical or chemical means to improve its
 stability; or
 c) cease work on the material until its physical condition is again such that it can
 be compacted as described in the Contract.
 4.14.3 Rock material shall be broken down to dimensions not exceeding the compacted
 thickness of the layer in which it is placed. Rock material shall be well distributed
 in layers extending the full width of the fill and sufficient fine material shall be
 placed around the larger material as it is deposited to fill the voids and produce a
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 dense compact fill. Where insufficient fine material is present to fill the voids,
 additional fine material shall be obtained from other sources at the Contractor‘s
 expense.
 4.14.4 Unless otherwise specified or shown on the drawings, the top edges of
 embankments shall be neatly rounded to the dimensions shown on the drawings or
 as directed by the SO. Such work shall be deemed to be included in the
 Contractor‘s rate for earthwork.
 4.15 FILL SLOPES
 4.15.1 The slope faces of embankments or other fill areas shall be formed by overfilling,
 cutting back and trimming neatly to the desired profile. When determining the
 desired slope, the Contractor shall take note of the nature of the fill materials.
 However, the slope shall not be steeper than that shown in Table 4.2.
 TABLE 4.2 ALLOWABLE FILL SLOPE
 Material Slope
 (Horizontal Distance to Vertical Rise)
 Sandy loam, soft clay and loose sand
 Ordinary earth
 Rock
 Rock filling – hand pitched
 2:1 to 5:1
 ½ : 1
 ¼ : 1
 1 : 1
 4.15.2 The slopes shown in the cross sections on the drawings represent the estimated
 requirements for the expected types of material, and shall be subject to re-
 determination by the SO according to his assessment of the materials encountered.
 4.15.3 Where the SO re-determines a slope, the Contractor shall not be entitled to claim
 whatsoever except where increased or decreased quantities of excavation or borrow
 become necessary because of re-determined fill slopes. The difference between
 such measurements and measurements herein given shall be dealt with as a
 variation to the Contract.
 4.15.4 When completed, the average planes of the slopes of embankments shall conform
 to those determined by the SO. For a vertical distance of 1.2 m below the road
 level, no point on the completed slope shall vary from the specified or ordered
 slope by an amount exceeding 150 mm measured at right angles to the slope. At
 distances greater than 1.2 m below the road level, no point on the completed slope
 shall vary from the specified or ordered slope by an amount exceeding 300 mm.
 Undulations in the general plane of the slope shall not be permitted.
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 4.16 FILL ADJACENT TO BRIDGE ABUTMENTS, CULVERTS AND RETAINING WALLS
 4.16.1 Before backfilling, a filter drain shall be placed against weepholes in all structures.
 The filter drain shall consist of clean, hard and durable broken stones or hardcore
 conforming to grading of Type B material as shown in Table 4.3. The larger stones
 shall be placed adjacent to the weepholes and the smaller particles behind and
 above the larger particles.
 4.16.2 The length of the filter drain shall be extended horizontally throughout the whole
 width of the structures. Unless otherwise stated, it shall have a width of 300 mm
 and shall vertically cover the weephole by at least 300 mm.
 4.16.3 Special filling material shall be placed adjacent to all structures in accordance with
 Table 4.4. Other approved materials may be used as backfill outside the limits as
 specified in the same Table.
 4.16.4 Backfill shall be placed in horizontal layers of thickness appropriate to the
 compacting plant used. It shall be compacted with care to the required density.
 TABLE 4.3 RANGE OF GRADING
 BS Sieve Size. Percentage by weight passing
 Type A Type B
 63 mm
 37.5 mm
 20 mm
 10 mm
 3.35 mm
 600 µm
 75 µm
 -
 100
 -
 45-100
 25- 80
 8 – 45
 0 - 10
 100
 85 - 100
 0 – 20
 0 – 5
 -
 -
 -
 TABLE 4.4 SPECIAL FILL ADJACENT TO ABUTMENTS,
 CULVERTS AND RETAINING WALLS
 Structure Minimum Width of Special Fill
 Bridge Abutment & Wingwalls
 Culvert wingwalls
 Retaining walls
 Barrels of box culverts
 Barrels of pipe culverts
 2 m
 H/3
 H/3 or full
 width of base whichever is greater
 H/3
 600 mm all round
 (H = height of structure)
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 4.16.5 For framed structures, fill at both ends of the structure shall be brought up
 simultaneously with the difference in levels of fills at both ends limited to 600 mm.
 4.16.6 No fill shall be placed against concrete structures within 21 days after placing
 concrete unless the Contractor has provided at his own expense sufficient supports
 to the walls to the approval of the SO. He may also be required to submit
 calculations to show that no damage to the concrete structures will be caused by his
 backfilling earlier than 21 days.
 4.16.7 The special filling material forms part of the earthwork and the Contractor shall
 allow for the costs of providing such materials.
 4.17 COMPACTION
 4.17.1 All materials shall be compacted in layers as soon as practicable after deposition.
 The depth of each compacted layer shall be compatible with the compaction plant
 used and shall not be greater than the maximum depth of compacted layer specified
 for each type of compaction plant in Table 17.4. Earthmoving plant shall not be
 accepted as compaction equipment.
 4.17.2 Each class of material to be compacted shall be tested, prior to compaction, by
 CPG Consultants Engineering Laboratory or other approved agencies, in
 accordance with BS 1377 to determine its maximum dry density and optimum
 moisture content for compaction.
 4.17.3 The moisture content of the in-situ material during compaction shall be maintained
 as close to the optimum moisture content as possible. If necessary, this shall be
 adjusted by wetting or drying on site to enable the required in-situ field densities of
 the fill material to be obtained consistently.
 4.17.4 Following the compaction process, each layer shall be tested and approved by the
 SO prior to the placing of the next layer. In-situ field density tests shall be carried
 out in accordance with BS 1377 Test No. 15(A): Sand Replacement Method or
 Test No 15(F): Water Displacement Method.
 4.17.5 The in-situ field densities of compacted materials calculated as percentages of the
 maximum dry density derived from BS 1377 Test No. 13 (4.5 kg rammer) shall be
 obtained unless otherwise specified by the SO:
 a) within 500 mm of formation level - 95%
 b) more than 500 mm below formation level - 90%
 4.17.6 The Contractor may choose to establish by site trials the relationship among the in-
 situ material for compaction, compaction plant used, thickness of each layer and
 compacting effort in terms of number of passes. If so established and agreed by the
 SO, the Contractor shall follow the same compaction arrangement for each and
 every subsequent layers in compaction. However, the SO may at any time carry out
 in-situ field density tests to determine whether the degree of compaction has
 satisfied the requirement in this Clause. When the compaction is found inadequate,
 the agreed compaction arrangement shall be adjusted.
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 4.17.7 Table 17.4 may be used as a guide for the Contractor in establishing compaction
 arrangement However, site trials shall be carried out to ensure that the density
 requirement is achieved.
 4.17.8 The Contractor shall allow in his tender for all costs incurred in executing
 compaction by whichever method he has adopted and any subsequent alteration as
 may be directed by the SO.
 4.18 DEFINITIONS AND REQUIREMENTS ASSOCIATED WITH TABLE 17.4
 Reference shall be made to 17.1.6 for the above.
 4.19 SETTLEMENT
 The Contractor shall be responsible for making good to the satisfaction of the SO all
 settlement in filling and in backfilling that may occur up to the end of the period of
 maintenance.
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 5.1 MATERIALS
 General
 5.1.1 Materials used in the works shall be of the qualities and kind specified herein and
 equal to approved samples. Delivery shall be made sufficiently in advance to enable
 samples to be taken and tested if required. No materials shall be used until and
 unless approved and materials not approved shall be immediately removed from the
 works at the Contractor‘s expense.
 5.1.2 Materials shall be transported, handled and stored on the site or elsewhere in such a
 manner as to prevent damage, deterioration or contamination all to the satisfaction
 of the SO. The SO reserves the right to inspect any materials to be used on the
 works on at any time and at any place of storage.
 5.1.3 Unless otherwise specified or otherwise agreed to by the SO, materials shall comply
 with the appropriate Standards, with preference for materials of local manufacture.
 Where the requirements of the relevant Standards are in conflict with this
 Specification then this Specification shall take precedence.
 5.1.4 If required, the Contractor shall supply to the SO the appropriate certificate of
 compliance with the Standards. Notwithstanding the above, tests shall be carried out
 as and when directed by the SO in accordance with the relevant Standards.
 Materials for tests shall be provided and delivered by the Contractor at his cost, to
 CPG Consultants Engineering Laboratory. Testing fees shall be borne by the
 Employer except that the Employer will reimburse the Contractor only for tests
 which did not fail the test criteria.
 Cement
 5.1.5 Cement shall be ordinary Portland cement, rapid hardening Portland cement
 complying with SS 26, sulphate resisting Portland cement to BS 4027,
 supersulphated cement to BS 4248 or low heat Portland-blastfurnace cement to BS
 4246 unless otherwise specified. Before starting any work the Contractor shall
 submit for approval the type and brand of cement he proposes to use. The
 Contractor shall not change the cement brand unless he has specific reasons to do so
 and permission in writing shall be obtained from SO.
 5.1.6 High alumina cement shall not be used for any concrete work.
 5.1.7 All cement shall be delivered to site in sealed and branded bags of the manufacturer
 or in properly designed bulk containers.
 5.1.8 All cement shall be stored in a weatherproof dry shed with raised boarded floor, or
 in properly designed bulk containers.
 5.1.9 Cement of different manufacture and of different types shall be kept separately and
 shall not be used in the same mix.
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 5.1.10 Cement that becomes lumpy or otherwise deteriorated in transit or storage shall not
 be used for concreting. All cement unfit for use shall be removed from site
 immediately. Consignment of cement shall be used in the order of delivery.
 5.1.11 The Contractor shall at the request of the SO, produce a certificate showing the date
 and place of manufacture of the cement. As and when directed by the SO, the
 samples of cement shall be provided for testing. Any cement failing to comply with
 the requirements of the relevant Standards shall be rejected.
 Aggregate
 5.1.12 Materials used as aggregate shall be obtained from sources known to produce
 aggregate satisfactory for concrete work. Fine aggregate shall be natural sand or
 crushed stone sand complying with the requirements of SS 31. Coarse aggregate
 shall be crushed or uncrushed gravel, crushed or uncrushed stone complying with
 SS 31. All-in-aggregate shall not be used.
 5.1.13 The Contractor shall propose the grading zone of the aggregate conforming to SS
 31 to be used for the duration of the work, subject to the approval of the SO.
 5.1.14 Aggregate used shall not be alkali reactive. Aggregates not complying with the
 requirements of SS 31 shall not be used without the prior approval from the SO.
 Unless otherwise specified, the maximum size of the coarse aggregate for the
 concrete at all locations shall be 20 mm. Sand with clay plus silt content in excess
 of the limits specified in SS 31 shall not be used as a fine aggregate without the
 prior approval of the SO who may instruct that such sand be rewashed at the
 Contractor‘s expense.
 5.1.15 Aggregates delivered to site shall be stored on clean hard surfaces or in bunkers in
 such a manner that intermingling of materials of different sizes in separate
 stockpiles and contamination of materials shall not occur.
 5.1.16 The SO shall reserve the right to draw samples of aggregates from any stockpile at
 any time and have them tested at CPG Consultants Engineering Laboratory or any
 other approved laboratory in accordance with SS 31. Aggregate whose grading is
 found to fall outside the approved zone shall be liable for rejection.
 5.1.17 The Contractor shall notify the SO of any change in the source of supply and of the
 method of manufacture of aggregate prior to such change.
 Water
 5.1.18 Water shall be obtained from a public supply. If water for the works is not available
 from a public supply, approval shall be obtained regarding the source of water.
 5.1.19 Water obtained from sources other than public supply shall be clean fresh water free
 from chemical and organic impurities. When required by the SO, the Contractor
 shall arrange for tests of the water to be carried out in accordance with BS 3148
 before and during the progress of the work.
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 Admixture
 5.1.20 Admixture shall not be used unless approved by the SO. The Contractor shall be
 required to furnish the following data to the SO prior to the approval for the use of
 admixture:
 (a) type and the proprietary brand
 (b) the typical dosage and the effects of underdosage and overdosage
 (c) chemical name and main constituents of the admixture
 (d) design dosage and method of use
 5.1.21 Admixture used shall generally comply with BS 1014, BS 3892 and BS 5075: Part
 1, Requests for permission to use other types of admixtures not covered by these
 Standards may only be considered when accompanied by full supporting
 information. Admixture containing calcium chloride shall not be used.
 5.2 CONCRETE MIXES
 General
 5.2.1 Unless otherwise stated, concrete mix refers to ―designed mix‖. However, ―nominal
 mix‖ may be used in place of ―designed mix‖ provided:
 (a) the works are of minor nature or involving a small quantity of concrete
 (b) the SO‘s approval is given
 (c) the strength of the concrete is still the responsibility of the Contractor
 Designed Mix
 5.2.2 In designed mixes, the strength shall be the main criterion specified, with
 compliance to minimum and maximum cement content, and maximum
 water/cement ratio. The workability of the mix shall be in accordance with 5.5. Mix
 design shall be based on a target mean strength not less than the specified
 characteristic strength plus 7 N/mm2. The Contractor shall design the mix and shall
 be responsible to ensure that the mix supplied will give the required properties
 including strength. Unless otherwise specified for protection against aggressive soil
 conditions, designed concrete mixes shall comply with the specifications in Table
 5.1.
 5.2.3 Design of mix shall ensure no segregation, no excessive bleeding and ability to
 achieve specified surface finish. Segregation and bleeding shall be determined by
 visual inspection.
 Trial Mixes
 5.2.4 The mix design shall be verified by preparation of trial mixes. Twelve cubes shall
 be taken; six of which shall be tested at 7 days and the other six at 28 days. The
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 average of the six cubes tested at 28 days shall satisfy the above target mean
 strength in 5.2.2. Trial mixes need not be undertaken provided the supplier can
 furnish evidence of test results for the proposed mix satisfactory to the SO.
 TABLE 5.1 SPECIFICATIONS FOR DESIGNED CONCRETE MIX
 Grade C55 C50 C45 C40 C35 C30 C25 C20 C15 C10
 Characteristic Strength
 N/mm2
 at 28 days
 55 50 45 40 35 30 25 20 15 -
 Minimum cement content
 in kg/m3 of fully
 compacted concrete
 475 425 375 350 350 325 300 270 205 175
 Maximum cement content
 in kg/m3 of fully
 compacted concrete
 550 550 550 550 550 550 550 550 550 550
 Maximum water/cement
 ratio
 0.4 0.45 0.45 0.5 0.5 0.5 0.55 0.6 0.7 0.8
 5.2.5 No concrete shall be placed in the work until the results of the trial mix are
 approved by the SO.
 Modification of Mix Design
 5.2.6 The SO reserves the right to instruct the Contractor to modify and improve the mix
 design from time to time during the progress of work as and when he considers
 necessary to meet the requirements. This shall not entitle the Contractor to any extra
 payment.
 5.3 BATCHING
 5.3.1 Cement shall be batched in whole bags or measured by weight when stored in a silo.
 The fine and coarse aggregate shall be measured by weight separately and due
 allowance be made for the weight of free water in the aggregates. The amount of
 water added shall be measured with due allowance being made for any free water in
 the aggregates.
 5.3.2 The accuracy of the weighing equipment shall be ±3% of the required weight of the
 cement water or of the total weight of the aggregate. The accuracy of volumetric
 weighing equipment shall be ±3% of the indicated quantity.
 5.3.3 Before commencement of work and subsequently as often as the SO may direct,
 measuring equipment shall be calibrated with known weights and volume measures.
 5.3.4 For minor works, volume batching of aggregate may be considered subject to the
 discretion of the SO.
 5.4 MIXING CONCRETE
 5.4.1 Concrete shall be thoroughly mixed in a batch type mechanical mixer. The quantity
 of material in each batch shall not exceed the rated capacity of the mixer.
 5.4.2 Mixing shall continue until the concrete is uniform in colour and consistency.
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 5.4.3 The mixer shall be operated at the speed recommended by the manufacturer. The
 mixing time shall not be less than 2 minutes for portable mixer of 1 m3 capacity and
 less. For larger capacities, the mixing time shall be increased 15 seconds for each
 additional cubic metre. For stationary mixing plant operating at high speed the
 mixing time required may be reduced by the SO after consideration of the
 manufacturer‘s specification and the plant‘s performance. The mixing time shall be
 reckoned from the time when all the solid materials are in the mixer. No portion of
 the time required for discharging shall be considered as part of the mixing time.
 5.4.4 The first batch of concrete fed into the drum or pan shall have an increase of an
 appropriate amount of dry mortar similar in proportion to that of the concrete to be
 mixed and of mixing water for coating the drum or pan.
 5.4.5 The entire contents of the drum shall be discharged before the materials for the
 succeeding batch are fed into the drum or pan. Mixers which have been out of use
 for more than 30 minutes should be thoroughly cleaned before any fresh concrete is
 mixed.
 5.4.6 No concrete shall be mixed by hand except with the specific approval of the SO for
 a small amount. Where such approval is granted, the Contractor shall at his own
 expense increase the proportion of cement by 10%. Mixing shall be continued until
 the concrete is of uniform colour and consistency.
 5.5 WORKABILITY AND CONSISTENCY
 5.5.1 The workability shall be such as to produce a concrete which can be well
 compacted, be worked into corners of the shuttering and around the reinforcements,
 give the specified surface finish and attain the specified strength. The required
 workability of any part of the work shall be determined by the Contractor, subject to
 the agreement of the SO. It shall be reviewed during the progress of the work and
 adjustments shall be made as necessary subject to the agreement of the SO.
 Slump test for normal slump concrete
 5.5.2 Workability shall be assessed on site at the discharge point of either the mixer or the
 ready mixed concrete vehicle by means of the slump test in accordance with BS
 1881:Part 102:1983. If the measured slump deviates from the agreed value by more
 than ±25mm or one third of the required value whichever is greater, the concrete
 shall be rejected unless the SO decides otherwise.
 5.5.3 Alternatively, the slump of concrete delivered in a ready-mixed concrete vehicle
 may be obtained in accordance with Clause 15.5 of BS 5328. The compliance
 requirements shall then conform to Clause 16.6 of BS 5328. Where available, the
 relevant Singapore Standard shall supersede BS 5328.
 Flow test for high slump concrete
 5.5.4 The workability/consistency of high slump concrete such as tremie, pump, flowing
 and self-levelling concrete shall be assessed on site at the discharge point of either
 the mixer or the ready mixed concrete vehicle by means of the flow test in
 accordance with BS 1881:Part 105:1984. The spread concrete from the flow test is
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 to be qualitatively assessed by visual inspection to gauge its proneness to
 segregation.
 5.5.5 Other means of assessing workability in accordance with SS CP 65 may be
 considered subject to the agreement of the SO.
 5.5.6 No water shall be added to the concrete subsequent to the completion of the mixing.
 5.6 DISTRIBUTION OF CONCRETE
 General
 5.6.1 The concrete shall be distributed from the mixer to the position of placing in the
 works by approved means which do not cause segregation or otherwise impair the
 quality of the concrete. Concrete which has in the opinion of the SO become unduly
 segregated shall be remixed by hand before being deposited in the work.
 5.6.2 Details of any proposed pumping conveyor belt or chuting plant must be approved
 by the SO before such plant is delivered to the site.
 5.6.3 All distributing equipment shall be cleaned before commencing mixing and
 distribution of the concrete and such equipment shall be kept free from set concrete.
 Concrete Pumps and Pipelines
 5.6.4 The rate of supply shall match with the rate pumping.
 5.6.5 Prior to commencement of pumping, check must be carried out to ensure that the
 feeder hopper and the pipelines are free from obstruction, the coupling pipe joints
 are properly tightened and the pipeline is firmly secured and anchored. Pipeline and
 its support must not be rigidly connected to formwork.
 5.6.6 Pumping shall commence first with blowing of water through he pipeline, followed
 by cement mortar, both of sufficient quantities and all these shall be discharges
 away from the area to be concreted.
 5.6.7 Pumping and the agitator inside the feeder hopper shall normally be operated in a
 continuous manner. When a stoppage is unavoidable, the concrete inside the hopper
 must be maintained at a level high enough to prevent any entry of air into the
 pipeline to form an air pocket. For temporary stoppage, the concrete in the pipeline
 shall be moved occasionally by a few strokes of the piston of the pump, thus
 preventing it from sticking.
 5.6.8 Pumping shall be stopped in the following occasions:
 (a) presence of foreign matters which may block the valves or pipelines
 (b) level of concrete ‗In the hopper is too low
 (c) an unsuitable batch of concrete is placed in the hopper
 (d) extra lengths of pipe are to be added
 5.6.9 Foreign matter and unsuitable batch of concrete must be removed immediately from
 the hopper before pumping is resumed.
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 5.6.10 When extra sections of pipe are to be added, each length or pipe must be thoroughly
 wetted inside but no free water shall remain in the pipe.
 5.6.11 When the pipeline is exposed to the sun, the line shall be protected against
 absorption of heat by covering with damp sacking or straw mats during pumping.
 5.7 PLACING CONCRETE
 5.7.1 No concrete shall be placed prior to the SO‘s approval.
 5.7.2 Immediately prior to placing the concrete, the shuttering shall be well wetted and
 inspection openings shall be closed.
 5.7.3 The interval between adding the cement to aggregate and the completion of the
 placing of the concrete shall not exceed 30 minutes. When the mix is transported by
 purpose made agitators, operating continuously, and when retarders are used such
 interval may be extended to maximum 2 hours but the interval between the
 discharge from the agitators and the placing of the concrete shall not exceed 20
 minutes.
 5.7.4 Suspended gangways for the workmen placing and vibrating the concrete are to be
 provided wherever possible and so constructed as to avoid damaging and displacing
 the reinforcement. Steel fixers and carpenters shall be constantly in attendance
 while concreting is in progress to maintain the reinforcement in correct position.
 5.7.5 Old concrete surface shall be prepared in accordance with 5.21 before placing the
 new concrete.
 5.7.6 Except where otherwise approved, concrete shall be placed in the shuttering by
 shovels or other approved implements and shall not be dropped from a height or
 handled in a manner which cause segregation. Accumulation of set concrete on the
 reinforcement shall be avoided. Concrete shall be placed directly in the permanent
 position and shall not be worked along the shuttering to that position.
 5.7.7 Any water accumulating on the surface of newly placed concrete shall be removed
 by approved means and no further concrete shall be placed thereon until such water
 has been removed.
 5.7.8 No unset concrete shall be brought into contact with unset concrete containing
 cement of a different type or manufacture.
 5.7.9 Unless otherwise approved, concrete (for beams and similar members) shall be
 placed in a single operation to the full thickness and concrete (in walls, columns and
 similar members) shall be placed in horizontal layers each not exceeding 1 m deep.
 Placing of concrete shall be continuous and temporary interruption shall not
 normally exceed 30 minutes. At the completion of a specified or approved part, a
 construction joint as specified in 5.21 shall be made.
 5.7.10 If stopping of concrete placing is unavoidable elsewhere, a construction joint shall
 be made where the work is stopped, subject to the agreement of the SO.
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 5.7.11 Tremies, bottom-opening skips or other equipment used for placing concrete under
 water shall be of approved design and shall be used as instructed by the SO.
 Concrete placed between tides shall be shuttered on all faces, the top face being
 closed immediately after completion of placing and before submersion by rising
 tide. No pumping of water that may adversely affect the concrete being placed shall
 be done while placing or within 24 hours of placing the concrete. Cement content
 shall be increased by 10% for underwater concreting.
 5.8 COMPACTION OF CONCRETE BY VIBRATION
 5.8.1 All concrete shall be compacted to produce a dense homogeneous mass. Unless
 otherwise agreed by the SO it shall be compacted with mechanical vibration.
 Sufficient numbers of vibrators in serviceable condition shall be used on site to
 compact the concrete at the rate at which it is placed, and adequate number of
 standby vibrators shall be readily available for use in case of breakdowns.
 5.8.2 Vibrators shall be of sturdy construction, adequately powered and capable of
 transmitting to the concrete not less than 10,000 cycles per minute for internal type
 and 3,000 cycles per minute for external type.
 5.8.3 When screed vibrators are used for the compaction of concrete, two passes shall be
 made, one for compacting and one for finishing. For the compacting pass, the
 concrete shall, before application of the screed, be roughly levelled off at a
 predetermined height above the level, of the forms - this height or surcharge shall
 be fixed by the SO during trial on the first slab to be compacted in this manner.
 Compaction shall be obtained by lifting the screed forward in increments onto the
 surcharged concrete and keeping it in position after each increment of forward
 movement until the concrete beneath the screed has settled to the level of the forms.
 The finishing pass shall be made at a sufficiently short interval after the compacting
 pass to enable any further finishing or floating required to be done by hand to be
 completed before the concrete attains its initial set.
 5.8.4 Vibration, with any type of vibrator, shall not be continued in any one spot to the
 extent that pools of grout are formed. Care shall be taken to avoid any disturbance
 of concrete which has become too stiff to regain plasticity when vibrated.
 5.8.5 Vibration shall not be applied by way of the reinforcement. Where vibrators of the
 immersion type are used, contact with reinforcement and all inserts shall be avoided
 so far as is practicable.
 5.8.6 Vibration shall not be used as a means of distributing heaped concrete into position.
 5.8.7 After being compacted and finished, the concrete must be left absolutely
 undisturbed while setting.
 5.9 CURING AND PROTECTION OF CONCRETE
 5.9.1 All fresh concrete shall be protected by approved means from rain, sun and drying
 wind. It shall be kept free from any vibrational disturbance. Exposed surfaces of
 concrete are to be kept moist and covered for 7 days after placing, with a material
 such as polythene sheet or a curing compound or with an absorbing material which
 is kept damp by frequent watering.
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 5.9.2 Concrete placed below the ground shall be protected from falling earth during and
 after placing. Concrete placed in ground containing deleterious substances shall be
 kept free from contact with such ground and with water draining therefrom, during
 placing and for a period of 3 days or as otherwise instructed thereafter. The
 groundwater around a structure below the ground shall be kept to an approved level
 by pumping, or the works shall be flooded or other approved means taken to
 prevent flotation. Approved means shall also be taken to protect immature concrete
 from damage by debris, excessive loading, vibration, deleterious groundwater,
 mixing with earth or other materials, flotation and other influence that may impair
 the strength and durability of the concrete.
 5.9.3 Concrete damaged through improper or insufficient curing shall be made good at
 the Contractor‘s expense. Where deemed necessary by the SO, the defective
 concrete shall be hacked away and new concrete be cast in-place.
 5.10 HOT WEATHER CONCRETING
 5.10.1 When placing concrete in hot weather, concreting shall be completed as quickly as
 possible and continuity of construction maintained.
 5.10.2 After concreting, exposed surfaces shall be protected from the sun and as soon as
 the concrete has hardened sufficiently, be covered and kept moist by approved
 means.
 5.10.3 Where directed by the SO, exposed surfaces shall be sprinkled with a fine spray of
 water soon after concreting in order to prevent plastic shrinkage cracking.
 5.10.4 The subgrade and formwork shall be sprinkled with water before concreting. All
 pools of water formed through excessive sprinkling shall be removed.
 5.10.5 In important structural members and in exceptionally hot weather and drying winds,
 the Contractor may be required to confine concreting to the cooler parts of the day.
 5.11 READY-MIXED CONCRETE
 5.11.1 Ready-mixed concrete may be used subject to the approval of the SO.
 5.11.2 The Contractor shall furnish the name of his ready-mixed concrete supplier to the
 SO for approval. He shall make such arrangements as may be required for the SO to
 inspect his supplier‘s work and provide all facilities for samples of cement, fine and
 coarse aggregates and admixture to be taken for testing.
 5.11.3 Notwithstanding any such inspection made and/or approval given by the SO, the
 Contractor shall take full responsibility for ensuring that all ready-mixed concrete
 supplied shall conform to SS 119 and this Specification. Concrete that does not
 comply with this Specification shall be rejected and removed from site.
 5.11.4 The Contractor shall furnish to and obtain the approval of the SO at least 1 day in
 advance of the date set for each casting of concrete, the number of transit
 trucks/truck mixers/truck agitators proposed to be used to supply the concrete and
 the frequency at which the loads of concrete are to be delivered to the site.
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 5.11.5 For each truck load of concrete delivered the following information shall appear on
 the delivery docket:
 (a) name of ready-mixed concrete batch plant
 (b) serial number of docket
 (c) date and the licence number of the truck
 (d) name of the purchaser
 (e) name and location of job
 (f) specified characteristic concrete strength and the amount of cement used (kg)
 or the mix proportions
 (g) quantity of concrete
 (h) time of loading or of first mixing of cement and aggregate, whichever is earlier
 (i) agreed slump
 (j) maximum size of coarse aggregates specified
 (k) trade name of admixture, if any
 (l) the signature of the Site Supervisor who shall also enter the time of arrival of
 the truck
 (m) and the time of completion of discharge
 (n) position where concrete is placed
 (o) number of cubes taken, if any, and cube references
 (p) any other requirements as may be instructed
 5.11.6 One copy of the docket shall be given to the SO on delivery.
 5.11.7 The SO reserves the right to instruct the Contractor to change the supplier due to
 unsatisfactory performance or to rescind his approval for further use of ready-mixed
 concrete during the progress of the works, if any of the requirements has, in his
 opinion, not been satisfactorily complied with. No claim for cost in respect of this
 clause shall be entertained by the SO.
 5.11.8 No water in excess of the quantity required in the approved mix shall be allowed to
 be added to the concrete to increase its workability affected by elapsed time and/or
 temperature.
 5.11.9 While it is not being discharged, the concrete in a transit truck/truck mixer/agitator
 shall be kept continuously agitated.
 5.11.10 The concrete shall be placed in its final position and left undisturbed within 2 hours
 from the time when the cement was added to the mix.
 5.12 CONCRETE COMPRESSIVE STRENGTH TESTS
 General
 5.12.1 The compressive strength of concrete shall be measured by crushing tests on
 nominal 150 mm cubes. Tests shall be carried out in the CPG Consultants
 Engineering Laboratory unless otherwise approved by the SO.
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 Sampling and Testing
 5.12.2 All sampling, curing and testing of cubes shall be carried out in accordance with BS
 1881. A sample shall be taken from a randomly selected batch of concrete chosen
 by the SO. The sample shall be obtained by taking a number of increments in
 accordance with BS 1881, and whenever practicable, at the point of discharge from
 the mixer or ready-mixed truck. Four cubes shall be made from each sample. Two
 of these cubes chosen by the SO shall be tested at 28 days and the average of the
 two results shall be taken as the test result. The remaining two cubes shall be tested
 at 7 days.
 Rate of Sampling for Testing
 5.12.3 On each concreting day, the indicative sampling rate shall be as follows:
 (a) 1 sample per 10 m3 or part thereof for critical structures e.g. masts, cantilevers,
 columns
 (b) 1 sample per 50 m3 or part thereof for intermediate structures e.g. slabs, beams,
 bridge decks
 (c) 1 sample per 100 m3 or part thereof for heavy concrete construction e.g.
 breakwaters and solid rafts
 5.12.4 In addition to the above, the SO may at his absolute discretion, instruct the
 Contractor to take additional samples. No claim for cost in respect of this clause
 shall be entertained by the SO.
 5.12.5 When a particular grade of concrete from a particular source is used for the first
 time, at least two samples shall be taken on the first day so that at least two results
 are available for compliance determination.
 Compliance Requirements
 5.12.6 Compliance with the specified characteristic strength is attained if the average
 strength determined from each group of four consecutive test results and if each
 individual test result complies with the appropriate limits in columns A and B of
 Table 5.2 respectively.
 5.12.7 Where concrete for the project is supplied by more than one source, the compliance
 determination shall be based on the groups of results analysed separately from each
 source.
 5.12.8 Where less than four test results are available for a particular grade of concrete from
 a particular source, compliance shall be based on groups of two or three test results
 (the higher available number shall be used) in accordance with Table 5.2.

Page 60
                        

CONCRETE WORK
 47
 TABLE 5.2 COMPRESSIVE STRENGTH COMPLIANCE REQUIREMENTS
 Specified
 Characteristic
 Strength
 N/mm2
 A
 Specified
 Characteristic
 Strength
 N/mm2
 B
 Average of first two,
 of first three, or of
 four consecutive test
 results exceeds the
 specified
 characteristic strength
 by at least
 Any individual
 test result is not
 less than the
 specified
 characteristic
 strength minus
 20 and above 3 N/mm2 30 and above 3 N/mm
 2
 Below 20 2 N/mm2 Below 30 2 N/mm
 2
 Quantity of Concrete Represented by Strength Test Results
 5.12.9 The quantity of concrete represented by any group of four consecutive test results
 shall be the quantity represented by the first to the last test samples in the group.
 5.12.10 When a test result fails to comply with the requirements of Column B of Table 5.2,
 only the quantity of concrete represented by the particular sample shall be at risk.
 5.12.11 The quantity of concrete considered to be represented by a particular sample shall
 be the actual sampling rate, i.e. if for a particular pour of Q m3, t samples are taken,
 then the quantity of concrete represented by a particular sample shall be (Q/t) m3.
 Action to be Taken in the Event of Non-Compliance
 5.12.12 In the event of non-compliance with 5.12.6 to 5.12.8, the Contractor shall redesign
 his mix based on an increased target mean strength. The section of work represented
 by the samples which fail the test shall be removed and replaced by concrete
 meeting this Specification. Alternatively, the SO may direct that other measures be
 taken to make the works secure. The SO may instruct that additional tests be carried
 out on the hardened concrete.
 5.12.13 The results of any such tests shall not nullify the establishment of non-compliance
 with 5.12.4.
 5.12.14 All works instructed under this subclause shall be at the Contractor‘s expense and
 no extension of time will be granted for such works.
 5.12.15 Notwithstanding the above, administrative charges shall be payable as per 5.12.17
 to 5.12.19.
 Cubes Tested at 7 days
 5.12.16 The average strength of the two cubes tested at 7 days shall be used as an indication
 only. If the average strength is less than 0.75 of the characteristic strength, the SO
 may instruct that the mix design be modified to increase the mean strength of
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 subsequent concrete until satisfactory evidence is obtained of its adequacy. If the
 average 7-day strength is less than 0.67 of the characteristic strength, no more
 concrete shall be placed on the suspect concrete until the 28-day strength is found to
 comply or unless the SO specifically approves. Any additional expense and/or delay
 shall be borne solely by the Contractor.
 Administrative Charge
 5.12.17 For non-compliance with 5.12.6 to 5.12.8, an administrative charge of $20/m3 on
 the quantity of concrete at risk shall be deducted from the Contract Sum as follows:
 (a) Failure to comply with Columns A and B or Column A only, the quantity of
 concrete at risk shall be as defined in 5.12.9.
 (b) Failure to comply with Column B only, the quantity of concrete at risk shall be
 as defined in 5.12.10.
 5.12.8 When successive group failures lead to the overlap of the quantity of concrete at
 risk, such quantities shall be considered only once.
 5.12.9 Deduction of the administrative charge shall not relieve the Contractor of his
 contractual liabilities, including the works stated in 5.12.12 to 5.12.15.
 5.13 TEMPERATURE OF FRESH CONCRETE
 5.13.1 The temperature of fresh concrete shall be taken in accordance with BS 5328.
 5.13.2 The temperature at the point of delivery shall not exceed the prevailing shade
 temperature by more than 6ºC.
 5.14 TESTS ON HARDENED CONCRETE
 Core Test
 5.14.1 The SO reserves the right to direct that samples be cored from any portion of works
 for the purpose of examination and testing. No claim for cost in respect of this
 clause shall be entertained by the SO.
 5.14.2 The cutting equipment and method of coring to obtain specimens shall be approved
 by the SO.
 5.14.3 The specimens shall be dealt in accordance with BS 1881. Prior to preparation for
 testing, the specimens shall be made available for examination by the SO.
 5.14.4 The cored portion of the works shall be made good to the satisfaction of the SO.
 5.14.5 If the equivalent cube strength of the specimen is less than the appropriate specified
 characteristic strength, the concrete in that part of the works of which it is a sample
 shall be deemed not to comply with the specified requirements.
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 5.14.6 The Contractor shall bear the costs for the core tests if:
 (a) they are required because of work cube test failure, or
 (b) the SO having doubts about the quality of concrete, calls for a core test and the
 core test fails
 Check Test
 5.14.7 Consequent upon work cube test failure, the SO may instruct that other appropriate
 tests be carried out in accordance with SS CP 65 on any portion of the works for the
 purpose of assessing the strength. The Contractor shall bear all the cost for such
 test.
 5.15 STRUCTURAL TESTS
 General
 5.15.1 The SO may instruct the Contractor to make a load test on the works or any part
 thereof if in the SO‘s opinion such a test is necessary.
 5.15.2 If the test so instructed is to be made because of the following conditions, then the
 test shall be made at the Contractor‘s expense irrespective of the test result.
 (a) cube test failure, or
 (b) the finished work, in the opinion of the SO is structurally defective and
 therefore unacceptable unless proven otherwise.
 Load Test
 5.15.3 Building Works
 For building works the load test shall be done generally in accordance with SS CP
 65.
 5.15.4 Bridges
 The load test shall be the same as that for building works except that the test loads
 shall be increased by 15%.
 5.15.5 Precast Units
 (a) Testing of the precast units shall be carried out as and when directed by the SO
 in accordance with SS CP65. Samples of the precast unit for the tests shall be
 provided and delivered by the Contractor at his cost to CPG Consultants
 Engineering Laboratory or any other approved laboratory. The Contractor shall
 pay for the testing fees of the precast units which fail to meet the requirements
 of this Specification.
 (b) Where more than one sample from any sample batch of two or more similar
 units fail to satisfy this Specification, then the entire batch of units represented
 by such samples shall be liable for rejection by the SO.
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 (c) For precast concrete members which shall subsequently form parts of
 composite members, any of the following methods may be used at the
 discretion of the SO:
 (i) The precast member may be tested along with a load system equivalent to
 that producing the most critical conditions in the composite members.
 (ii) The precast member may be made equivalent to the final composite
 member by casting the relevant amount of in-situ concrete, and then tested
 as a composite member.
 Test Results
 5.15.6 If the result of any of the test is not satisfactory, at the SO‘s instruction, that part of
 the works shall be rejected and reconstructed to comply with this Specification, or
 other approved measures be taken to make the works secure, all at the Contractor‘s
 expense. No extension of time shall be entertained in this connection.
 5.16 REINFORCEMENT
 General
 5.16.1 The reinforcement shall be:
 (a) steel complying with SS 2
 (b) steel complying with SS 18
 (c) steel fabric complying with SS 32
 5.16.2 Where the letter Y is used in the structural detailing, it shall mean that such
 reinforcement shall be high-yield bars having a minimum, characteristic strength of
 460 N/mm2 unless otherwise specified.
 5.16.3 The letter R, where used, shall indicate that such reinforcement shall be mild steel
 bars with a minimum characteristic strength of 250 N/mm2.
 5.16.4 Reinforcement bar not designated by any letter shall be of high yield having a
 minimum characteristic strength of 460 N/mm2.
 5.16.5 Reinforcement shall be free from pitting, loose rust, mill scale, paint, oil, grease,
 adhering earth or any other material which may impair the bond between the
 concrete and the reinforcement or which may cause corrosion of the reinforcement
 or disintegration of the concrete.
 5.16.6 Neither the nominal size nor the length of a bar shall be less than the size or length
 shown on the drawings.
 5.16.7 The reinforcement shall be tested in accordance with the relevant Singapore
 Standard. Certificates of origin and manufacturer‘s test certificates shall be
 produced if required. Selection of test pieces shall be made by the SO. The
 Contractor shall bear all costs involved in making these tests except that he shall be
 reimbursed the testing fees of tests which pass. The Contractor shall have no claim
 for bars mutilated in obtaining the test pieces.

Page 64
                        

CONCRETE WORK
 51
 Bending Reinforcement
 5.16.8 Reinforcement bars shall be cut and/or bent in accordance with BS 4466. Bars shall
 be bent cold.
 5.16.9 Bars incorrectly bent shall be used only if the means used for straightening and
 rebending be such that in the opinion of the SO it will not injure the material. No
 reinforcement shall be bent down into position in the works without approval,
 whether or not it is partially embedded in hardened concrete.
 Fixing Reinforcement
 5.16.10 Reinforcement shall be accurately fixed and maintained by approved means in the
 position described on the drawings or elsewhere. Bars intended to be in contact at
 passing points shall be securely wired together with 1.626 mm (16 SWG) soft iron
 tying wire or other approved means. Binders and the like shall tightly embrace the
 bars with which they are intended to be in contact and shall be securely wired or if
 approved welded thereto.
 5.16.11 Before the inspection and approval by SO, the Contractor or his competent
 representative shall be required to examine the accuracy of the fixing, placing and
 cleanliness of the steel reinforcement.
 5.16.12 No concreting shall commence until the SO has inspected the reinforcement in
 position and until his approval has been obtained. Reinforcements shall not be
 displaced from the approved positions during concreting.
 5.16.13 Reinforcement projecting from work being concreted or already concreted shall be
 protected from deformation or other damage.
 5.16.14 Unless otherwise specified in the drawings, minimum cover to reinforcement shall
 be as shown in Table 5.3. Nominal cover is measured from the concrete surface to
 the outermost reinforcement including links. In any case, the cover shall not be less
 than the diameter of the bar and for bundle bars, the cover shall not be less than the
 size of a single bar of equivalent area.
 5.16.15 The cover shall be provided by means of distance pieces of cement mortar, concrete
 or other approved material. The proportions of the mortar or concrete used for
 casting the distance pieces shall not be inferior to those of the concrete in which
 they are embedded.
 5.16.16 The vertical distances between successive layers of bars in beams of similar
 members shall be maintained by the provision of steel spacer bar of the size of the
 largest bar in the two successive layers to be kept separate or the maximum size of
 coarse aggregate plus 5 mm, whichever is the greater. The spacer shall be inserted
 at such intervals that the main bars do not perceptibly sag between adjacent spacer
 bars. A pair of bars in contact or a bundle of three or four bars in contact shall be
 considered as a single bar of equivalent area when considering size.
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 TABLE 5.3 NOMINAL COVER
 Concrete Grade C25
 C30 C35 C40 C45 C50 &
 Over
 Nominal Cover
 Concrete above ground in
 Buildings
 Concrete above ground in
 bridges
 Buried concrete and concrete
 continuously under water
 Exposed to sea water
 mm
 25
 30
 40
 -
 mm
 25
 25
 40
 -
 mm
 20
 20
 35
 -
 mm
 20
 20
 30
 60
 mm
 20
 20
 25
 60
 mm
 20
 20
 20
 50
 Welding Reinforcement
 5.16.17 Butt jointing of reinforcement bars by welding may be permitted under suitable
 conditions and with suitable safeguard in accordance with BS 5135.
 5.16.18 Welding shall not be done unless approved by the SO. All welding shall be done by
 appropriately skilled welder. Twisted bars or other reinforcement, the strength of
 which depends on cold working, shall not be welded.
 5.17 FORMWORK AND SUPPORTS
 Materials
 5.17.1 Prior to the commencement of the construction of formwork, the Contractor shall
 submit the details of the type of formwork and the materials to be used for the
 approval of the SO.
 5.17.2 Timber used in the formwork shall be well seasoned, free from loose knots and
 unless otherwise approved, wrought on all faces. Form face in contact with concrete
 shall be free from dirt, adhering grout, projecting nails, splits and other defects.
 Formwork not in use shall be cleaned, oiled and stored flat and well protected
 against gross changes of moisture.
 Design
 5.17.3 Formwork shall be designed in accordance with SS CP 23.
 5.17.4 Any form fining used shall be appropriate to the surface finish required and subject
 to the approval of the SO.
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 5.17.5 If required, the Contractor shall submit the details of the design of the formwork
 and the supports for the approval of the SO. Notwithstanding the approval by the
 SO, the strength and adequacy of the formwork and falsework shall remain the
 responsibility of the Contractor and/or his Professional Engineers.
 Construction
 5.17.6 Formwork shall be constructed in accordance with SS CP 23.
 5.17.7 Formwork shall be constructed sufficiently rigid and tight to prevent loss of grout
 from the concrete at all stages of placing and compacting.
 5.17.8 The arrangement of formwork shall be such that it can be dismantled and removed
 readily from the cast concrete without causing shock, disturbance or damage. For
 beams and slabs the arrangement shall be such that the formwork and supports for
 the slab soffits and beam sides can be removed without disturbing the formwork
 and supports of the beam soffits.
 5.17.9 Supports of an upper floor shall rest on the lower floor only if the lower floor has
 developed adequate strength to bear the load. If in the opinion of the SO, the lower
 floor does not have the required strength to carry the support of the upper floors,
 then the method adopted to support the formwork of the upper floor shall have to be
 approved by the SO.
 5.17.10 Connections in formwork shall be either nailed, screwed bolted, clamped or
 otherwise secured. Ties that are anchored against the timber shall pass through a
 plate washer at least 50 x 50 mm in size and of sufficient thickness such that the
 load is transferred to the timber without any visible deflection or penetration into
 the timber. All holes left in the concrete shall be filled with mortar and finished to
 the approval of the SO. Wire ties passing through the concrete may be used only
 when approved and the ends of the wire shall be concealed and measures taken to
 prevent rust stains on the concrete.
 5.17.11 The Contractor shall be required to make allowances for any settlement or
 deflection of formwork which is likely to arise during construction so that the
 hardened concrete conform accurately to the specified line and level within the
 tolerances specified in 5.19. Unless otherwise shown on the drawings, the soffits of
 beams and slabs of 6 m span and over shall be given a camber towards the centre of
 5 mm for every 3 m of span. In the case of post-tensioned floors, the Contractor
 shall provide sufficient adjustable steel props to ensure that the load of any one
 floor is carried by two stressed floors at all times unless that floor has been stressed.
 For post-tensioned walls or beams, the Contractor must consult the SO before
 erection of the formwork.
 5.17.12 Formwork across structure joints shall be erected such that it overlaps adjoining
 finished concrete by at least 150 mm and held tightly to it. Formwork shall run
 continuously across construction joints.
 5.17.13 Anchor bolts to be permanently installed in concrete, fixing, boxouts, cores and
 other devices used for forming openings, holes, pockets, recesses and other cavities
 shall be fixed firmly to the formwork. These fixings shall be as rigid as the
 formwork itself so as to prevent the leakage of any grout. No holes shall be cut in
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 cast concrete except with the approval of the SO. If the Contractor fails to provide
 for any box out, hole or opening which he may reasonably be expected to anticipate
 from the drawing and if the SO considers that cutting the concrete to provide such
 opening may impair the strength of the member then the Contractor shall at his
 expense adopt any other method which the SO may deem fit to provide for such
 opening.
 5.17.14 External vibrators, where approved, shall be fixed to the framing members and not
 to individual boards on the face.
 5.17.15 Where moulded fibreglass pans are to be used as formwork for waffle slab
 construction, the Contractor shall obtain the prior approval of the SO in regard to
 the method of fixing forms to the deck, attaching sleeves and other fixtures. The
 pans shall be moulded to conform to the dimensions shown and must be rigid
 enough to prevent any undue deflection arising from the weight of the wet concrete.
 The surface of the pan shall be moulded with an alkali resistant resin. No stock
 piling of reinforcement steel shall be allowed on the pans.
 5.17.16 All rubbish, chippings, shavings etc. shall be removed from the interior of
 formwork immediately before concrete is placed, first by compressed air and then
 by a jet of water. Temporary openings shall be formed for the inspection of the
 inside of the formwork and for the escape of water used for washing. The
 Contractor may use an approved form oil which is compatible with the required
 finish to coat the faces of the formwork in contact with the concrete. Such oils shall
 be insoluble in water, non-staining, not injurious to the concrete and shall not
 become flaky or be removed by rain or wash water. Diesel oil and liquids which
 retard the setting of the concrete shall not be used. The same approved type of form
 oil shall be used throughout all works. The application of the form oil shall be such
 that no reinforcement or prestressing tendons shall be coated by the oil and there
 shall be no accumulation of the oil at the bottom of the formwork.
 Sample Panels
 5.17.17 Before the commencement of work on concrete to be exposed permanently, the
 Contractor shall erect a sample of the formwork and cast the sample finish. The
 finish as approved by the SO must be maintained throughout the Contract. Where
 the resulting finish of a completed work is not considered by the SO to meet the
 standard of the approved sample panel the Contractor may be required to remove
 the work completely and reconstruct or carry out such surface treatment as may be
 required by the SO. This work shall be done entirely at the Contractor‘s expense.
 For concrete to receive an applied finish, the Contractor shall prepare sample panels
 to assess the self finishing properties of the chosen mix and its compatibility with
 the applied finish.
 Removal of Formwork
 5.17.18 Formwork supporting cast-in-situ concrete shall not be removed unless:
 (a) such removal will not result in unacceptable deflections due to shrinkage,
 creep, etc.
 (b) such removal has been accounted for in the sequence of construction which has
 been previously agreed upon between the Contractor and the SO.
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 (c) the cube strength of the cast concrete is 10 N/mm2 or twice the stress to which
 it will then be subjected, whichever is higher
 5.17.19 In the absence of the cube test result and stress calculations, the minimum periods
 before striking of the formwork for ordinary Portland cement concrete, as given in
 Table 5.4, may be accepted by the SO provided that:
 (a) the requirements of the preceeding paragraph‘s subclause (i) and (ii) are
 satisfied;
 (b) the Contractor accepts the responsibility for the strength of the concrete as
 required by 5.17.18(c).
 TABLE 5.4 MINIMUM PERIOD FOR STRIKING FORMWORK
 Location Minimum Period For Ordinary
 Portland Cement Concrete
 Sides of columns, walls and beams
 Soffits of slabs (props left under)
 Soffits of beams (props left under)
 Props to slabs
 Props to beam
 24 hrs
 3 days
 7 days
 7 days
 14 days
 5.17.20 In any event, no formwork or support shall be struck or removed without the SO‘s
 consent in writing. Striking or removal of formwork shall be done only in the
 presence of the SO‘s representative at site.
 5.17.21 All formwork shall be removed without damage to the concrete. The Contractor
 shall be responsible for any injury to the work and any consequential damage
 caused by or arising from the method adopted for the striking or moving of the
 formwork or supports.
 5.17.22 Immediately after the removal of the formwork, it is the Contractor‘s responsibility
 to notify the SO for inspection and any remedial treatment required by the SO shall
 be carried out without delay. Any remedial treatment which has been carried out
 before the SO‘s inspection and approval shall render the member liable for
 rejection.
 5.18 FINISHES
 Concrete to Receive Applied Finish
 5.18.1 When the concrete is to receive an applied finish, the formwork shall be made of
 closely jointed wrought boards. Alternatively, steel or other materials may also be
 used, subject to the SO‘s agreement. On removal of the formwork and upon SO‘s
 inspection, defects shall be treated as provided in 5.17.18 and 5.17.19. The concrete
 face shall then be roughened by approved means to form a key before the finish is
 applied.
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 Slabs to Receive Topping
 5.18.2 The top face of slab intended to receive topping shall be first spaded and then left
 roughened with approved means.
 5.18.3 Just prior to placing the topping, the base slab shall be thoroughly cleaned, prepared
 for bond and wetted. No pools of water shall be left standing on the wetted surface.
 A thin coat of neat cement grout shall be applied onto the surface of the slab for a
 short distance ahead of the topping. The wearing surface shall be applied before the
 grout has hardened.
 5.18.4 When surface hardeners are required to be used, the Contractor shall submit for the
 SO‘s approval, the type, colour, composition, details of manufacture and the
 manufacturer‘s method of use. Any hardener consisting of soluble alkaline
 compounds, rust and materials designed to disguise rust shall not be allowed to be
 used. Upon approval of the type, the application of the hardener shall be as
 specified by the manufacturer.
 Permanently Exposed Concrete Finishes Derived from Formwork
 5.18.5 The formwork for permanently exposed concrete shall be specially designed to
 provide the required finish. The faces of the formwork against which the concrete is
 to be placed shall be hard and with a wrought finish or lined with an approved non-
 staining form lining if required. An approved non-staining form oil shall be used to
 coat the face to facilitate easy removal of the formwork. The entire formwork shall
 be sufficiently rigid to give clean true finish.
 5.18.6 Before commencement of work, sample panels shall be erected as provided in
 5.17.17. The number of reuses permitted for timber formwork shall be subject to
 approval of the SO.
 5.18.7 The texture and quality of the surface finish shall be consistently maintained
 throughout the project. The type of cement, formwork materials, form oil and the
 source of the aggregate shall remain unchanged at all stages of the project. The
 Contractor shall, at the commencement of the work, ensure that adequate supplies
 of these materials are available for the duration of the construction.
 5.18.8 During the placing of the concrete, the Contractor shall take special care to
 thoroughly compact the concrete especially in areas nearer the formwork in order
 that the finished surface is free of water and air holes.
 5.18.9 After the formwork is carefully removed, the Contractor shall notify the SO who
 shall inspect the surface. If instructed by the SO, the Contractor shall then proceed
 to remove any fins and wash down the surface.
 5.18.10 Thereafter, only the most noticeable surface blemishes shall be filled with a cement
 and fine aggregate paste, the colour of which shall match the colour of the concrete.
 5.18.11 All finished work shall be very well protected from damage, staining,
 discolouration and any other defect at all stages of construction.
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 Slab Finish Without Topping
 5.18.12 The top face of a slab which is not to be covered with other materials shall be
 levelled and floated while unset to a smooth finish at the levels or falls shown on
 the drawings or elsewhere. The floating shall be done so as not to bring an excess of
 mortar to the surface of the concrete. Indentation in the surface of the concrete shall
 be formed by approved implements to the depths and patterns described.
 5.19 PERMISSIBLE DEVIATION FOR IN-SITU CONCRETE AND PRECAST
 CONCRETE CONSTRUCTION
 5.19.1 The Contractor‘s attention is drawn to the values of permissible deviation given in
 Table 5.5. Unless otherwise stated in this Specification or the drawings, any
 constructed concrete work after removal of the formwork which deviates from the
 intended size or position by more than the permissible values given in the table,
 shall either be liable for rejection or subject to the approval of the SO, be rectified at
 the Contractor‘s expense.
 5.19.2 These permissible deviations shall not apply to the fabrication of the formwork.
 5.19.3 In the case of prefabricated member, it shall be the responsibility of the Contractor
 to ensure appropriate fit notwithstanding the general permissible deviations given in
 Table 5.5.
 5.19.4 Notwithstanding the permissible deviations mentioned in this clause, the Contractor
 shall be responsible for the architectural finishes and components.
 5.19.5 When directed by the SO, the Contractor shall provide the necessary manpower and
 tools for measuring the accuracy of the constructed in-situ and precast concrete
 works.
 5.20 LOAD IN EXCESS OF DESIGN LOAD
 No load in excess of the design loading shall be placed on any portion of the structure without
 the written permission of the SO. If such permission is granted, all beams or other members of
 the structure which are subjected to a load other than the designed load shall be strengthened
 and supported to the satisfaction of the SO at the Contractor‘s expense. The Contractor shall
 be responsible for making good to the satisfaction of the SO any damage to the permanent
 structure which may be caused by such excess loads.
 5.21 CONSTRUCTION JOINTS
 5.21.1 The positions and details of the construction joints shall be as shown and prescribed
 on the drawings. Concreting shall be carried out continuously up to the construction
 joint.
 5.21.2 The position and details of construction joints not prescribed on the drawing shall
 be subject to the approval of the SO and shall be arranged so as to minimise the
 possibility of occurrence of shrinkage cracks. The Contractor may be required to
 submit a drawing showing the intended sequence of pouring, location, and details of
 such construction joints. No casting shall commence until approval has been
 received from the SO.
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 TABLE 5.5 PERMISSIBLE DEVIATIONS FOR IN-SITU AND PRECAST CONCRETE
 CONSTRUCTION (VALUE EXPRESSED IN mm)
 Item of
 Construction
 Type of Measurements Elements Buildings Bridges
 1 Size and
 shape of
 elements
 and
 components
 a) Cross section
 dimensions
 Beams, columns
 and slabs
 2 per 100 mm or 5
 whichever is
 greater subject to a
 maximum of +15
 or -5
 2 per 100 mm or
 5 whichever is
 greater subject to
 a maximum of
 +15 or -5
 b) Length Precast
 members
 1 per metre or 5
 whichever is
 greater
 1 per metre or 5
 whichever is
 greater
 c) *Straightness
 measured in any
 direction in length of :
 (i) 0.5 m
 (ii) up to 5 m
 Columns, walls
 and beams
 10
 20
 5
 10
 2 Variation in
 position of
 elements
 a) Departure of any
 point from its position
 in plan as shown on
 the drawings
 Columns, beams
 and walls
 ±15 ±15
 Foundations ±35 ±35
 b) Deviation in the mean
 level with reference to
 the nearest TBM
 Corbels ±5 ±5
 Staircase tread ±5
 subject to a
 cumulative total of
 ± 10 between
 landings
 ±5
 subject to a
 cumulative total
 of ± 10 between
 landings
 3 Variation in
 level
 a) Maximum deviation of
 level of any point from
 its intended level
 Structural slabs
 and beams
 ±25 ±20
 b) Maximum deviation in
 height between the
 mean levels of
 adjacent floor to floor
 height:
 0 to 3 m
 above 3 to 6 m
 above 6 m
 ±10
 ±20
 ±30
 Not
 Applicable
 c) Difference between the
 levels of two points in
 a floor/deck up to 30 m
 (after accounting for
 any intended
 difference)
 20
 20
 * Maximum deviation from a straight edge placed against any two points. (Continued on next page)
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 TABLE 5.5 PERMISSIBLE DEVIATIONS FOR IN-SITU AND PRECAST CONCRETE
 CONSTRUCTION (VALUE EXPRESSED IN mm) (CONT’D)
 Item of
 Construction
 Type of Measurements Elements Buildings Bridges
 4 Verticality Deviation from the
 vertical
 Walls, columns,
 piers and arrises
 i) Between
 any two
 adjacent floors
 – 3 per metre
 height
 ii) Any floors from
 the bottom most
 floor -50
 3 per metre
 height subject to
 a maximum of
 20
 5.21.3 Construction joints shall be at right angles to the general direction of the member
 and shall take due account of shear and other stresses.
 5.21.4 Concrete in a beam shall be placed throughout without a joint, but if the provision is
 unavoidable, the joint shall be vertical and at one third of a span as far as possible.
 5.21.5 Concrete shall not be allowed to run to a feather edge and vertical joints shall be
 formed against a stop board. Wherever possible, joint lines shall be so arranged to
 coincide with the features of the finished work.
 5.21.6 If a kicker is used, it shall be at least 70 mm high and shall preferably be
 incorporated in the previous concrete.
 5.21.7 Immediately prior to recommencement of concreting, the surface of the previous
 concrete shall be made free from laitance and roughened to the extent that the
 largest aggregate is exposed but not disturbed. The joint surface shall be cleaned
 and thoroughly wetted immediately before the fresh concrete is placed against it.
 The new concrete shall be well compacted using a vibrator.
 5.22 STRUCTURE JOINTS
 General
 5.22.1 Expansion joints, contraction joints or other permanent structure joints shall be
 provided in the position where shown and be of the form as detailed on the
 drawings.
 5.22.2 If a proprietary make of joint has been shown and the Contractor wishes to use
 some other make, this may be permitted if in the opinion of the SO the alternative is
 in no way inferior. Such requirements, however, must be verified with the SO.
 5.22.3 The installation method and the selection, mixing, application and curing of all
 materials shall comply with the drawings and the manufacturer‘s recommendations.
 5.22.4 The joint and its supporting area shall be protected from loading and disturbance
 until they have reached adequate strength. This shall be done by providing and
 maintaining suitable ramps which shall not be removed until permitted by the SO.
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 Premould Joint Fillers
 5.22.5 Premould joint fillers used for control joints in building shall be non-extruding and
 resilient type, impregnated with bitumen emulsion and non-staining.
 Waterstop
 5.22.6 Heavy duty PVC waterstops of the size and type indicated on the drawings shall be
 incorporated in all construction and expansion joints as detailed.
 5.22.7 Butt joining shall be carried out on site and nailing to shuttering prior to concreting
 may be done where necessary. All joining and placing procedures shall be carried
 out in accordance with the manufacturer‘s recommendations and specifications.
 5.22.8 Where movement between two sections is considerable, e.g. in subsidence areas,
 approved rubber waterstops shall be used.
 Sealant
 5.22.9 Joint sealant compound for use in concrete floor slabs shall be polysulphide or
 approved equivalent horizontal joint sealing compound.
 5.22.10 Joint scaling compound for vertical joints shall consist of one part elastomeric joint
 sealant with vulcanised synthetic rubber, highly elastic and suitable for caulking
 with approved caulking gun. The colour of the sealant shall be light grey or other
 matching colour approved by the SO. All joints surfaces shall be clean and dry
 before application.
 Dummy Joint Strip
 5.22.11 The premould asphalt hardboard shall be 3 mm thick.
 5.23 BONDING TIES
 Ends of brickwall or hollow block wall shall be bonded to abutting reinforced concrete wall or
 column with 6 mm diameter mild steel bonding ties spaced at 450 mm centre to centre. The
 bonding ties used shall be at least 450 mm long with half the length to be effectively anchored
 in the concrete wall or column, and the other half to be built into the brickwork or hollow
 block work.
 5.24 TANKING
 The tanking works shall be executed by a firm of specialists approved by the SO and the
 Contractor shall furnish a 10-year written guarantee in an approved form for watertightness
 and against failures in respect of faulty workmanship and material. Unless otherwise
 specified, the waterproofing membrane shall be double thickness heavy polythene film
 combined with a thick self-adhesive rubber/bitumen compound to a total thickness of 1.5 mm.
 This shall be applied in strict conformation to the manufacturer‘s and supplier‘s
 recommendations and suggested details.
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 5.25 APPARATUS
 5.25.1 The Contractor shall provide the following apparatus for use on site:
 (a) Concrete slump test apparatus complying with BS 1881. One set of slump test
 apparatus shall be provided for each. concrete mixer. Where only ready-mixed
 concrete is used, a minimum of one set of slump test apparatus shall be
 provided
 (b) Steel or cast iron mould complete with rod in accordance with BS 1881 for
 casting 150 mm concrete test cubes. One set of twelve moulds shall be
 provided for each concrete mixer.
 (c) One water-in-sand estimator.
 (d) Wooden or any other approved containers for storing samples of aggregates,
 cement, etc.
 (e) Two measuring cylinders of 1000 ml capacity, graduated to measure to the
 nearest 2.0 ml.
 (f) A thermometer complying with the requirements of BS 1704.
 (g) A measuring gauge (for measuring size of rebar)
 5.25.2 The above apparatus shall be provided at the commencement of the Contract. The
 Contractor shall be responsible for the safe keeping and cleaning of the apparatus
 after each use. No concreting shall be allowed unless the above apparatus have been
 provided for immediate use.
 5.26 CURING TANKS FOR CONCRETE TEST CUBES
 At the commencement of the Contract, the Contractor shall provide at least one lockable
 watertight curing tank made of approved material and design. The tank shall be at least 760
 mm long, 530 mm wide and 660 mm high. The tank shall be placed under a covered area or at
 a shaded spot. The Contractor shall provide a sufficient number of tanks to accommodate the
 expected number of cubes before they are sent for testing.
 5.27 CONTRACTOR’S PLANT ATTACHED TO BUILDINGS
 The Contractor shall be responsible for making good to the satisfaction of the SO any damage
 to the permanent structure which may be caused by his plant.
 If the Contractor desires to leave any supports for the shuttering permanently embedded in the
 concrete, he must furnish in writing exact details of his proposal to the SO and such proposals
 shall be subject to the approval of the SO.
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 5.28 PRESTRESSED CONCRETE
 General
 5.28.1 The Contractor shall submit his design and shop drawings for the whole of the
 prestressed system. Full details of design assumptions, calculations, specifications
 for materials, workmanship and construction procedure, etc., shall be provided by
 the Contractor. The system proposed by the Contractor shall be a proven system and
 the acceptability of any system shall be determined by the SO whose decision shall
 be final.
 5.28.2 If at any stage during the progress of the work, it is discovered that the Contractor
 has failed to comply with all specifications, such Work, whether completed or
 otherwise shall be liable to rejection without any payment to the Contractor.
 5.28.3 For post-tensioned work, the Contractor‘s proposal shall include the type,
 composition and number of tendons, type of sheathing, anchorage devices, stages of
 stressing and any other relevant information. Unbonded prestressed work is not
 recommended.
 5.28.4 During the construction, the Contractor shall maintain such records and perform or
 arrange to perform such tests as the SO may deem necessary to ensure compliance
 with the various provisions in this Specification.
 Determination of Prestressed Concrete Strength at Transfer
 5.28.5 In addition to the minimum number of four test cubes per sample specified in 5.12,
 the SO may require nominal 150 mm cubes to be made for the purpose of
 determining the concrete strength at transfer. These cubes shall be stored under the
 same conditions as the concrete they represent and which has been cast in the
 works.
 Placing Concrete In Prestressed. Concrete Work
 5.28.6 Concrete in one precast unit shall be placed in one operation continuously without
 interruption. The Contractor shall provide such protective cover as and when
 necessary to avoid stoppage due to sudden rain. No unit shall be removed from the
 mould or erected until sufficiently matured to ensure that no damage shall be done
 to the unit.
 5.28.7 For post-tensioned construction, temporary openings shall be provided in the
 formwork where necessary to enable placing and adequate compaction of concrete
 especially around and underneath sheathing and anchorage. Care shall be taken to
 avoid damaging the sheathing.
 5.28.8 Vibrators shall not come into direct contact with the sheathing in the case of post-
 tensioned work. If the sheathing is damaged during concreting the whole or a
 portion of the concrete cast may be rejected by the SO. Sheathing shall be cleaned
 out within half an hour of completion of each concreting operation by blowing oil-
 free compressed air through the length of the sheathing.
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 Concreting of Anchorage Recesses
 5.28.9 For post-tensioned work, wires or strands shall not be cut or bent within 300 mm of
 the anchorages until 7 days after grouting. The tendons shall be cut back to give a
 minimum of 30 mm cover after concreting of the recesses.
 5.28.10 The interior surfaces of anchorage recesses shall be scabbled.
 5.28.11 Concrete conforming to the requirements of this Specification shall be cast in the
 recesses to the shapes designed. Prior to concreting, the surface of the anchorage
 recesses shall be coated with an approved epoxy resin bonding agent.
 Prestressing Steel
 5.28.12 The prestressing steel, wire or strand used in prestressing tendons shall comply with
 SS CP 65 or BS 5400 as appropriate.
 5.28.13 A copy of the Manufacturer‘s Test Certificates covering each coil to be used shall
 be supplied to the SO. If Test Certificates relating to the material cannot be
 supplied, the Contractor shall arrange for testing of samples in accordance with the
 relevant British Standards. The cost of this testing shall be borne by the Contractor.
 5.28.14 Even for cases where Test Certificates are supplied, the SO may require the
 Contractor to supply at least two test samples representative of each batch. Testing
 of these samples will be carried out in any approved laboratory at no cost to the
 Contractor.
 5.28.15 High Tensile Steel Wire or High Tensile Steel Strand shall be supplied in coils of a
 sufficiently large diameter so that it will retain its physical properties and will be
 reasonably straight as it unwinds from the coil.
 5.28.16 All wires shall be cut from certified coils. The Contractor shall keep records so as to
 enable identification of the wires with the coil from which they were cut. At least
 two tensile strength samples shall be tested against each coil number.
 5.28.17 The manufacture and assembly of tendons shall be performed in accordance with
 the best quality of workmanship appropriate to the prestressing system being used.
 5.28.18 Tendons shall be made to the required length plus an allowance, where applicable,
 at each end for stressing operation.
 5.28.19 Splicing of strands or wires forming a tendon will not be permitted.
 5.28.20 Flame cutting of wire or strand within 75 mm of where the tendon will be gripped
 by the anchorage or jacks will not be permitted. Flame cutting shall be done under
 the supervision of the SO and care shall be taken to ensure that the flame does not
 play on the anchorage or on the tendon within 25 mm of the anchorage.
 5.28.21 A durable metal label on which shall be stamped the length of the tendon and the
 coil number of the wire or strand used, shall be tied to each tendon.

Page 77
                        

CONCRETE WORK
 64
 5.28.22 Care shall be taken to ensure that tendons are not damaged, kinked or bent, and
 tendons so impaired shall not be used.
 5.28.23 Only a thin, tightly adherent film of rust will be permitted on tendons. Tendons
 shall be kept free from loose rust, oil, grease, tar, paint, mud or any other
 deleterious substances.
 5.28.24 When cleaning tendons, they shall not be brought to a smooth polished condition.
 5.28.25 Material for tendons and assembled tendons shall be stored under a waterproof
 shelter, supported above ground level, and shall be protected from damage and
 deterioration from exposure or any other causes.
 Sheathing
 5.28.26 All sheathing shall be subject to the approval of the SO.
 5.28.27 Sheathing shall be of a type suitable for the prestressing system to be used and shall
 be strong enough to withstand the placing and compaction of the concrete without
 suffering damages or deformation. The sheathing and all splices shall be mortar-
 tight.
 5.28.28 Internal and external diameters of sheathing shall be within the limits specified in
 the design or approved by the SO.
 5.28.29 Steel sheathing shall be galvanised or lead coated.
 5.28.30 The manufacturer‘s value for the friction coefficients of the proposed sheathing
 shall be stated by the Contractor.
 5.28.31 Enlarged portions of the sheathing at couplings or anchorages shall be of sufficient
 length to provide for the movement of couplings due to the extension of the tendon.
 5.28.32 Grout holes shall be provided at both ends of the sheathing and shall be at least 10
 mm diameter. Each of the grouting holes shall be equipped with a plug valve or
 similar device capable of withstanding a pressure of 1 N/mm2 without loss of water,
 grout or air.
 5.28.33 Air vents with plug valves shall be provided at suitable points in the sheathing
 including high and low points for the purpose of bleeding air and water and to
 ensure tile complete filling of the duct with grout. The number and location of these
 air vents shall he specified in the design and subject to the approval of the SO.
 Anchorage Devices
 5.28.34 Anchorage devices shall be subject to the approval of the SO. Each anchorage
 device shall be capable of transmitting a force not less than the ultimate tensile
 strength of the tendon without overstressing the concrete. Spiral or other
 reinforcement specified by the manufacturer as being required for this purpose is
 considered to be part of the anchorage devices and shall be of the size and
 dimensions recommended by the manufacturer for the prestressing system being
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 used. Certificates of origin shall be provided by the Contractor for all anchorage
 devices.
 5.28.35 Damaged anchorage parts shall not be used. All steel parts shall be protected from
 corrosion to the satisfaction of the SO. All threaded parts and fittings shall be
 protected by wrappings or plugs until used.
 5.28.36 The anchorage devices shall be kept free from dirt, mortar, loose rust, paint, oil, or
 any other deleterious matter.
 Placing of Sheathing, Prestressing Tendons and Anchorages In Post-Tensioned System
 5.28.37 Sheathing and Tendons
 (a) Tendons shall be sheathed and placed in position prior to concreting. Where the
 permanent tendons cannot be placed, temporary tendons or other methods
 approved by the SO shall be used to stiffen the sheathing.
 (b) Tendons shall be handled with care and shall be pulled through the sheathing in
 such a manner as to avoid damage or contamination to either the tendon or the
 sheathing.
 (c) Sheathing shall be securely fixed at points sufficiently close together to
 maintain a smooth tendon profile throughout the length of the tendon within a
 tolerance of ±3 mm of the position shown in the design. At peaks and valleys
 the position of the sheathing shall be adjusted to ensure that the tendon profile
 is within the specified tolerance.
 (d) Sheathing shall be fixed by methods which will neither damage nor deform the
 sheathing.
 (e) If in the opinion of the SO the sheathing is liable to be damaged or deformed
 during the placing of the concrete, the Contractor shall take additional
 precautions to maintain the position and shape of the sheathing.
 (f) Any temporary opening in the sheathing shall be satisfactorily plugged and all
 joints between sheathing and any other part of the prestressing system shall be
 effectively sealed to prevent the entry of mortar, dust, water or other deleterious
 matter.
 (g) Sheathing shall be neatly flitted at joints without internal projection or
 reduction of diameter. The joints shall be mortar-tight.
 (h) Where directed by the SO the tendons shall be pulled back and forth for about
 300 mm to ensure that the tendons are free.
 (i) Unless otherwise specified on the drawings, the minimum cover of concrete to
 the outside surface of any sheathing shall be 50 mm for beam soffits and 40
 mm elsewhere. This minimum cover shall be increased by 12 mm for members
 in contact with earth or water or over salt water and by 25 mm for members in
 contact with salt water.
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 5.28.38 Anchorages
 (a) Each anchorage device shall be set square to the line of the corresponding
 prestressing tendon and shall be positioned securely to prevent movement
 during concreting.
 (b) The placing and securing of the anchorage shall be subject to the approval of
 the SO.
 (c) The anchorage devices shall be cleaned to the satisfaction of the SO prior to the
 placing of concrete.
 (d) Any mortar or concrete which adheres to bearing or wedging surfaces shall be
 removed immediately.
 (e) Provision shall be made for covering anchorages with reinforced concrete after
 completion of stressing. The minimum cover shall be 50 mm over the
 anchorages and 30 mm over the reinforcement.
 Stressing
 5.28.39 Strength and Age
 (a) The prestressing force shall not be applied to a member until it has attained the
 specified strength at transfer.
 (b) Consideration may be given to application of partial prestress at any earlier date
 to overcome handling or shrinkage problems, or to permit early removal of
 falsework. Details of proposals shall be submitted to the SO for approval.
 5.28.40 Prestressing Precautions
 (a) Care shall be taken during stressing to ensure the safety of all personnel
 engaged in the work and of other persons in the vicinity.
 (b) Jacks shall be secured in such a manner that they will be restrained should they
 low their grip on the tendons. No person shall be permitted to stand behind the
 jacks or close to the line of the tendons while tensioning is in progress.
 (c) The operation of jacks, the measurements of elongation and associated
 operations shall be carried out in such a manner and from such positions that
 the safety of all is ensured.
 (d) During actual stressing operations, warning signs shall be displayed at both
 ends of the member being tensioned.
 (e) Where, in the opinion of the SO, there is danger to the general public or to
 property, special precautions in the form of substantial barriers shall be
 provided.
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 5.28.41 Equipment
 (a) All tensioning equipment shall be approved by the SO prior to use. Hydraulic
 pumps shall be power-driven unless otherwise approved by the SO. The power
 unit shall be so adjusted that the rate of extension of the tendon is within the
 limits specified or as directed by the SO.
 (b) Dynamometers and each set of equipment comprising pump, jack and pressure
 gauge shall be calibrated to the satisfaction of the SO and the true force
 determined from the calibration. Dynamometers, pressure gauges and scales
 shall permit force and elongation to be determined within an accuracy of 2%.
 (c) Pressure gauges shall only be used as a substitute for dynamometers where
 approved by the SO. These pressure gauges shall be concentric scale gauges
 complying with the requirements of BS 1780 which requires gauges to be
 accurate to within 1% of their full capacity. They shall be selected so as to be
 used between 50 and 90% of their full capacity at the maximum load. Where
 pressure gauges are used, a suitable device shall be fitted so as to protect the
 gauge against sudden release of pressure. Provision shall also be made by such
 means as a tee connection for the attachment of a second gauge which shall be
 attached and used as a check whenever so requested by the SO.
 5.28.42 Basis of Measurement of Tensioning Forces
 (a) The tensioning force applied to any tendon shall be determined by direct
 measurement of the force and checked by measurement of the elongation of the
 tendon.
 (b) The secant modulus determined from test samples or shown on test certificates
 shall be used when interpreting the measurement of elongation. The design of
 the prestressing system shall specify the required values for the elongation and
 for the force in the tendon at the jack. Allowance shall be made for any
 anticipated draw-in at the anchorage devices on release of the jack for elastic
 shortening of the member and for anticipated losses due to stressing of
 subsequent tendons.
 5.28.43 Tensioning Forces Required
 (a) The tensioning forces required are to be shown on the shop drawings.
 (b) Allowance shall be made for any slippage or draw-in at the anchorage devices
 on release of the jacks. The final forces in each tendon as measured by the
 dynamometer shall be within an accuracy of 3% of the values stipulated.
 (c) If, on completion of tensioning each tendon to the required force, the check
 measurement of elongation differs from its calculated value by more than 5%,
 the SO may direct that some or all of the following steps be taken:
 (i) recalibration of equipment
 (ii) testing of tendon material to check secant modulus
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 (iii) tendons released and restressed (secant modulus applicable to second
 stressing to be adopted)
 (iv) lubrication of tendons to reduce friction losses, only water soluble oils
 shall be used in ducted systems and these shall be washed out before
 grouting
 (v) where only one jack was used previously, the tendon to be tensioned
 from both ends using two jacks
 (vi) other methods as directed by the SO
 5.28.44 Stressing Procedure
 (a) All stressing operations shall take place in the presence of the SO or his
 representative. No member shall be stressed until the concrete has attained the
 strength specified.
 (b) The stressing operation shall be performed only by personnel trained and
 experienced in this type of work. Special care shall be taken to apply the
 tensioning force smoothly and evenly.
 (c) The stressing operation shall be performed in accordance with the best practice
 applicable to the particular system approved.
 (d) The sequence of prestressing shall be as shown on the shop drawings and
 approved by the SO.
 (e) In general, prestressing shall proceed symmetrically to avoid lateral distortion
 and development of tension on one side. At no time shall the permissible
 stresses in concrete and steel be exceeded.
 (f) In the case of patented systems, all stressing shall be in accordance with the
 recommendations of the patentees. However, full details of the patented
 systems shall be submitted to the SO for approval before work can commence.
 (g) Unless otherwise approved, for transverse prestress, the bars or cables in the
 stiffeners shall be stressed first and for slabs, prestressing shall be applied to
 alternate bars or cables for a span and one day shall elapse before the remaining
 bars or cables are stressed. Extension and pressures shall agree with the
 calculated values after due allowance for friction and wobble effect of the
 ducts.
 (h) No member shall be left partly stressed without the permission of the SO unless
 the design requires the member to be stressed in stages.
 (i) If ducts are not to be grouted within 14 days of the commencement of stressing,
 the ducts shall be sealed to protect tendons from corrosion.
 (j) Tendon ducts shall be cleaned out by blowing oil-free compressed air through
 them and anchorage shall be thoroughly cleaned prior to commencement of
 tensioning. The protruding ends of tendons shall be cleaned of any coating such
 as rust, mortar, oil or mud which would loosen the grip of wedges of anchorage
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 devices. Tendons shall be checked before tensioning to ensure that they are free
 to move inside the duct.
 (k) The jacks shall be set accurately in the line of the tendons.
 (l) The force which is applied initially to take up the slack of the tendon shall be
 sufficient to seat the jack firmly but shall not exceed the amount normally
 associated with the particular method of prestressing. After taking up the slack,
 the tendon shall where possible, be accurately marked at both ends and
 elongations or draw-in measured from these markings. When requested by the
 SO readings of force and elongation shall be taken at stages during the
 tensioning of a tendon and plotted to determine the zero error in measuring
 elongation. Where tendons consist of a number of individual components, each
 component shall be marked so that any slip may be observed.
 (m) Where one or more components or tendons of a group stressed together slips
 during stressing operations the SO may permit a compensating increase in the
 elongation of the remaining tendons of the group provided that the jacking
 force does not exceed 85% of the minimum ultimate tensile strength of the
 remaining tendons.
 (n) In the case of a tendon breaking or slipping after tensioning, the tendon shall be
 released, replaced if necessary, and restressed. Under no circumstances shall
 maximum jacking force exceed the rated capacity of the jacking equipment
 used, or 85% of the specified minimum ultimate strength of the tendon
 whichever is the lesser.
 5.28.45 Strand Stressing Records
 (a) Complete stressing records shall be kept of pressure gauge readings and strand
 extensions for each strand of every cable. A daily return shall be submitted to
 the SO for record.
 (b) The following data where applicable, shall be recorded:
 (i) identification number of each dynamometer, gauge, pump and jack
 (ii) identification particulars of tendons
 (iii) initial forces (or pressures) when tendons are marked for measurement
 of elongation
 (iv) final forces (or pressures) and elongations obtained on completion of
 tensioning
 (v) elongations remaining after release of jacks
 (vi) elongations obtained at intervals during tensioning, together with
 corresponding forces (or pressures), if and when required by the SO
 5.28.46 Grouting
 (a) General
 Tendons shall be pressure-grouted as soon as practicable after stressing the
 member unless otherwise approved by the SO. Before grouting, prestressing
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 anchorages shall be sealed to prevent loss of grout. Grout holes shall be left at
 the ends of each duct. The Contractor shall grout from both ends if instructed
 by the SO.
 (b) Materials
 Grout for filling prestressing ducts shall be composed of cement, water and
 additive to reduce shrinkage and bleeding. The. water/cement ratio shall be as
 low as possible, consistent with adequate workability but shall not exceed 0.45
 unless approved by the SO. The materials and the proportions of the grout
 mixture shall be to the approval of SO.
 (c) Properties and Tests
 (i) The grout shall have a minimum cornpressive strength
 measured on a 100 mm cube of 17 N/mm2 at 7 days and 32
 N/mm2 at 28 days. Two sets of three cubes shall be taken on
 each day of grouting of which one set shall be tested at 7 days
 and the other at 28 days. The test cubes should be cured in a
 moist atmosphere for the first 24 hours and subsequently in
 water.
 (ii) The grout shall be sufficiently fluid and of a uniformly colloidal
 consistency to enable the cable ducts to be grouted using a
 maximum pressure of 0.52 N/mm2. All grout shall pass through
 a screen 1.18 mm maximum clear opening prior to its
 introduction into the pump.
 (iii) The bleeding of the grout shall not exceed 2% of the volume 3
 hours after mixing and shall not exceed 4% of the volume at any
 time. All separated water shall be absorbed within 24 hours.
 Bleeding shall be measured in a glass cylinder of an internal
 diameter of approximately 100 mm with a height of grout of
 approximately 100 mm. During the test, the container shall be
 covered to prevent evaporation.
 (d) Mixing and Pumping Equipment
 (i) Mixing and Pumping equipment shall be subject to the approval
 of the SO. Grout shall be mixed in a high speed mechanical
 mixer, for at least 2 minutes, until a uniform colloidal
 consistency is produced. Mixing by hand will not be permitted.
 (ii) Water shall be added to the mixer first, then the cement shall be
 added gradually and the grout stirred continuously until pumped
 into the duct. The hoppers to the pumps shall be fitted with 1.18
 mm sieve strainers. Grout shall not be used later than 11/2 hours
 after the addition of cement to the mix.
 (iii) Pumps shall be capable of continuous operation with little
 pressure variation and shall have a system for re-circulating the
 grout whilst actual grouting is not in progress. Pumps shall be
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 fitted with a pressure gauge and shall be capable of delivery at
 pressures tip to 1 N/mm2.
 (iv) All equipment, especially piping, shall be thoroughly washed
 with clean water after each series of operation and more
 frequently if necessary.
 (e) Grouting Procedure
 (i) Grouting shall not be carried out if the shade temperature
 exceed 38ºC.
 (ii) The ducts shall be flushed with water before injecting grout.
 After flushing, the surplus water shall be removed by oil-free
 compressed air or other approved means.
 (iii) Grout shall then be injected into each duct at a speed of between
 300 mm and 600 mm per second. A continuous steady flow of
 grout shall be maintained until the duct is completely filled and
 pure grout issues from all vents and from the far end and until
 all entrapped air has been expelled. The vents shall be
 progressively closed as required to ensure the complete filling
 of the duct. The grout pressure shall then be held at 0.69 N/mm2
 for at least 1 minute after which the grouting vent shall be
 plugged. All vents and ends shall be kept closed until final
 setting of the grout has taken place. Where directed by the SO,
 duct openings shall be inspected 2 or 3 days after grouting and
 topped up if necessary.
 (iv) If serious leaks occur, the grouting shall be stopped, the duct
 flushed clean with water and the leakage plugged before
 continuing with grouting.
 (v) If a blockage occurs, pumping may be transferred quickly to the
 far end of the duct if there are sufficient vents to ensure that the
 ducts will be filled with grout. Alternatively, ducts may be
 flushed with clean water to clear the blockage. The Contractor
 shall be responsible for the complete filling of the ducts with
 grout. If several blockages occur, the grout mix may be rejected
 and a new mix designed.
 (vi) On completion of grouting and after the grout has hardened
 sufficiently, any vents or grouting tubes which extend to the
 surfaces of the concrete shall cut off 25 mm below the concrete
 surface and the recess plugged with concrete.
 (f) Grouting Records
 Complete records shall be kept on all grouting of cable ducts and a
 copy of the records submitted to the SO.
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 5.29 LIGHTWEIGHT CONCRETE
 Where lightweight concrete is indicated, the Contractor shall submit details of his proposed
 mix and resulting density of the concrete for approval. Lightweight concrete shall be mixed
 and poured strictly in accordance with the instructions of the manufacturer of the approved
 lightweight aggregate used.
 5.30 PRECAST CONCRETE
 General
 5.30.1 The concrete in one precast piece shall be placed in one operation. No pieces shall
 be removed from the mould or erected until sufficiently matured to ensure that no
 damage shall be done to the piece. A piece shall be suspended or supported only at
 the points described on the working drawings or elsewhere. A piece that is cracked
 or otherwise damaged during, before or after erection shall be removed from the
 works and replaced by the Contractor at his own expense. Pieces shall be bedded or
 otherwise fixed in their permanent positions as instructed.
 Precast Concrete Slab
 5.30.2 All precast concrete and revetment slabs shall satisfy the requirements of BS 368.
 (a) Freedom from Defects
 The thickness of each slab shall be uniform and all angles shall be true right angles.
 The edges shall be clean and sharp and the surfaces shall be true and free from any
 winding. On being fractured, the interior of the slabs shall present a clean
 homogeneous appearance.
 (b) Transverse Strength
 When tested in the manner described in Appendix B of BS 368, the transverse
 strength shall comply with Table 2 of BS 368.
 (c) Absorption of Water
 When tested in the manner described in Appendix C of BS 368, the average
 increase in weight of the test pieces from each slab by absorption of water shall not
 exceed the appropriate values in Table 3 of BS 368.
 Precast Concrete Pipes
 5.30.3 All precast concrete pipes shall be centrifugally spun reinforced concrete pipes of a
 minimum standard equivalent to Standard Class. All pipes shall conform to SS 183.
 Precast Kerbs and Channels
 5.30.4 All precast concrete kerbs and channels shall conform entirely to the shape and
 dimensions shown on the drawings and shall satisfy the requirements of BS 340.
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 (a) Freedom from Defects
 All angles of the products, with the exception of the angles resulting from the
 splayed or chamfered fences, shall be true right angles. The arrises shall be
 clean and with the exception of rounded arrises, sharp. The wearing surface
 shall be true and free from any winding. On being fractured, the interior of the
 products shall present a clean homogeneous appearance.
 (b) Transverse Strength
 When tested in accordance with Appendix B of BS 340, the transverse strength
 shall comply with Clause 9.2 of BS 340.
 (c) Absorption of Water
 When tested in accordance with Appendix C of BS 340, none of the three
 specimen absorptions shall exceed the appropriate values in Clause 9.3 of BS
 340.
 Testing of Precast Units
 5.30.5 The Contractor shall, at his own expense, supply all necessary labour, implements
 and transport required for the testing of the precast units and deliver the test samples
 from the site to the CPG Consultants Engineering Laboratory for testing as and
 when and in the numbers required by the SO. The Contractor shall meet all
 expenses incurred in the testing of precast units which fail to meet the minimum
 relevant requirements of this Specification. All expenses incurred with regard to the
 collection and delivery of units for the testing shall, however, be borne entirely by
 the Contractor.
 5.30.6 Samples shall be taken at random by the SO from the appropriate consignment
 representing the whole or part of the order. Three sample precast unit shall be taken
 for every 2000 units or less. For orders of more than 2000 units, three sample units
 shall be taken from every 2000 units forming part of the order. Should any of the
 test results not comply with 5.30.2 or 5.30.4, then the whole of the consignment of
 2000 units, or less, comprising the whole or part of the order, shall be deemed not to
 comply with this Specification and liable to rejection by the SO. The Contractor
 shall pay all costs involved in the testing of all precast units which fail to meet the
 requirements of this Specification.
 5.30.7 In the event of any unit being found satisfactory upon testing, then the Contractor
 shall be paid for the value of such satisfactory units in accordance with the contract
 rates or rates analogous thereto.
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 6.1 CLAY BRICKS
 6.1.1 All bricks shall be hard, well burnt bricks and shall be of a standard size of 215 x
 102.5 x 65 mm thick or modular size of 190 x 90 x 90 mm thick or 290 x 90 x 90
 mm thick and comply with SS 103 and shall be obtained from an approved
 manufacturer.
 6.1.2 Facing bricks shall have an approved texture and colour and shall have sharp, well
 defined arrises.
 6.1.3 The actual size of bricks shall be subject to the SO‘s approval.
 6.2 CONCRETE BLOCKS
 6.2.1 All concrete blocks shall be hard, even in shape, square with true arrises, well
 matured and of a dense well-consolidated mixture.
 6.2.2 All concrete blocks shall be from an approved manufacturer and shall be in
 accordance with SS 76M and SS 271.
 6.2.3 Concrete hollow blocks shall be of approved sizes as in Table 6.1 for both Class A
 & B.
 TABLE 6.1 CONCRETE HOLLOW BLOCK SIZES
 Length x Height Thickness (Work size) (mm)
 Coordinating size(mm) Work size (mm)
 400 x 200
 200 x 100
 390 x 190
 190 x 90
 100
 100
 Class A blocks shall be for loadbearing use.
 Class B blocks shall be for non loadbearing use.
 6.2.4 Loadbearing blocks shall have a crushing stress of not less than 5.6 MN/m2 and
 non-loadbearing blocks shall have a crushing stress of not less than 3.6 MN/m2.
 6.2.5 Three quarter, half and quarter size and special corner blocks shall be used for
 bonding where applicable.
 6.3 MORTAR
 Cement
 6.3.1 The cement shall be as described in Section 5 - Concrete Work.
 Sand
 6.3.2 The sand shall be as described in Section 11 - Finishes.
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 Water
 6.3.3 The water shall be as described in Section 5 - Concrete Work.
 Mortar Mix
 6.3.4 The mortar shall be a 1:4 mix, well mixed with an approved mortar plasticiser used
 strictly in accordance with the manufacturer‘s instructions.
 6.4 SAMPLES
 Samples of the bricks or concrete blocks shall be submitted to the SO for his approval. Any
 bricks or concrete blocks delivered thereafter that are not equal to the approved samples in
 any respect shall be rejected and removed from the site.
 6.5 DELIVERY
 All bricks or concrete blocks shall be carefully stacked on arrival. Chipped bricks/block, shall
 not be used for fair face work.
 6.6. BOND
 6.6.1 All half brick thick walls shall be built entirely in stretcher bond. All one brick thick
 walls shall be built in English bond unless otherwise specified by the SO.
 6.6.2 Concrete blocks generally shall be laid in stretcher bond.
 6.6.3 All piers and intersections and angles of walls shall be properly bonded together.
 All meeting brickwalls/block work shall be toothed and bonded together at every
 alternate course.
 6.6.4 All perpends, reveals, quoins and other angles of the walls etc. shall be built strictly
 true and square. No broken bricks or bats shall be used except where closers are
 required at quoins, jambs, etc. to make bond.
 6.7 REINFORCEMENT
 6.7.1 All half brick thick walls shall be reinforced with a layer of approved brickwork
 reinforcement at every fourth course.
 6.7.2 All 100 mm thick hollow block walls shall be reinforced with a layer of approved
 reinforcement at every course.
 6.7.3 Mesh reinforcement shall be 62 mm wide expanded mild steel strip of 0.711 mm
 (22 SWG), the bottom most reinforcement being 150 mm above floor of foundation
 level. The reinforcement shall be lapped 150 mm at all joints and carried through
 the full thickness of the end wall at corners and junctions. Where the wall bonds
 with thicker walls, the reinforcement shall be carried through the thicker wall.
 6.7.4 Bonding ties shall be provided as described in Section 5 - Concrete Work.
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 6.8 SETTING OUT
 6.8.1 The Contractor shall provide proper setting out rods and set out on the same all
 work showing openings, heights, cills and lintols.
 6.8.2 The Contractor shall build the various walls and piers to the thickness, widths and
 heights shown on the drawings.
 6.9 MIXING OF MORTAR
 6.9.1 The mortar shall be carefully mixed upon properly constructed timber platform and
 prepared in small quantities as required.
 6.9.2 The cement and sand shall be measured by volume in specially prepared and
 approved gauge boxes of 0.03 m3 capacity, or other approved method.
 6.9.3 No mortar which has commenced to set may be used or mixed with any other
 mortar.
 6.10 LAYING AND JOINTING
 6.10.1 All bricks and concrete blocks shall be moistened before being laid. Top of walls,
 where left off, shall be well wetted before recommencing laying of
 brickwork/blockwork.
 6.10.2 All joints are to be 10 mm thick and flushed up and grouted in solid as the work
 proceeds.
 6.10.3 The work shall be executed course by course; no four courses shall exceed by 40
 mm the height of the bricks/blocks laid dry.
 6.10.4 Every third course shall be levelled.
 6.10.5 The walls shall be carried up in a uniform manner, no one portion being raised more
 than 1 m above another at any time.
 6.10.6 Except where specified to be fair faced, all faces of brickwork/blockwork and
 walling shall be left rough and the joints raked out to a depth of 10 mm whilst the
 mortar is green to form adequate key for plaster.
 6.10.7 All constructed walling exposed to the sun must be kept damp immediately after its
 completion and also during the following day.
 6.11 BUILDING IN WOOD FRAMES
 6.11.1 Openings for doors, windows, ventilators, etc. shall be properly marked out and left
 unbuilt until the wooden frames have been fixed in position.
 6.11.2 All timber frames shall be built in as the work proceeds unless otherwise approved
 by the SO.
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 6.11.3 All door frames, window frames and vent frames, plates, etc. shall be bedded in
 cement mortar (L4), 10 mm thick.
 6.11.4 All frames shall be carefully fixed and stayed in position and shall be anchored into
 walls with 40 x 3 mm galvanised steel holdfasts of 225 mm girth, one end turned up
 75 mm and twice countersunk, drilled and screwed to frame, and other end swallow
 tailed and built into joints of walling. Holdfasts shall be spaced at approximately
 600 mm centres or as shown on the drawings.
 6.12 MORTICES, HOLES, CHASES, ETC.
 6.12.1 Mortices, recesses, holes, chases, grooves, etc. shall be cut or left as and when
 required for bolts. pipes, bearers, outlets, skirtings, etc.
 6.12.2 Generally, disturbed surfaces shall, be made good where necessary in cement
 mortar (1:4) to match the surrounding surfaces to the satisfaction of‘ the SO.
 6.13 PUTLOG HOLES
 All putlog holes shall be carefully, properly and completely filled up on completion of walling
 works and before any plastering is commenced.
 6.14 DAMP PROOF COURSE
 6.14.1 Three ply bituminous felt damp proof course complying in all respects with BS 743
 Type B or an approved equivalent damp proof course shall be laid over the whole of
 the walls, for the full thickness at a minimum height of 150 mm above finished
 ground level. The bituminous felt shall be lapped at least 150 mm at angles and
 joints laid on a bed of cement mortar (1:4) the full thickness of the walls and bedded
 in and coated on the bottom and upper surfaces with liquid bitumen.
 6.14.2 All walls shall be carefully cleaned and well wetted before the cement bed for the
 damp proof course is laid.
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 7.1 REINFORCED CONCRETE FLAT ROOF
 Materials
 7.1.1 Waterproofing Membrane
 The waterproofing membrane shall be as specified and shall be executed by a
 specialist firm approved by the SO.
 7.1.2 Insulation
 Where indicated, the roof shall be insulated with an approved material as specified.
 7.1.3 Screed Generally
 The cement and sand shall be as specified in Section 5 - Concrete Work. The
 cement screed shall be a 1:4 mix.
 7.1.4 Waterproof Cement and Sand Screed
 The waterproof cement and sand screed shall be cement and sand (1:3), mixed with
 an approved waterproofing compound to be used strictly in accordance with the
 manufacturer‘s printed instructions.
 Workmanship
 7.1.5 Waterproofing
 (a) The whole waterproofing works for the flat roof shall be executed by a
 specialist firm approved by the SO and the Contractor shall furnish a 10-year
 written guarantee in a prescribed form for the due and faithful observance and
 performance of the said covenant or obligation. The said guarantee shall be
 delivered to the SO two weeks prior to the commencement of the said roofing
 work.
 (b) The edges of the waterproofing membrane shall be turned up and chased into
 the adjacent walls or beams and securely fastened and properly sealed to SO‘s
 satisfaction.
 7.1.6 Screed
 (a) All surfaces to be covered with screeds shall be washed and brushed clean and
 well wetted before each screed is applied.
 (b) The mortar for the screed shall be mechanically mixed unless otherwise
 directed by the SO. The screed shall be laid to flat roofs with a fall of 1:75,
 properly laid to the required levels and falls and finished to receive roofing etc.
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 7.2 CONCRETE ROOFING TILES
 Materials
 7.2.1 Concrete Roofing Tiles
 Interlocking concrete tiles shall be as specified.
 7.2.2 Ridges and Hips
 Ridges and hips of tiled roofs shall be approved ridge and hip tiles to match the
 roofing.
 Workmanship
 7.2.3 Concrete roof tiling shall be nailed at bottom at every third intermediate course. All
 nails shall be of 44 mm long x 2.5 mm diameter.
 7.2.4 The ridges and hips shall be bedded solid in cement and sand (1:4) and pointed in
 cement and sand (1:2) coloured to match the tiles.
 7.2.5 Intersection of ridges and hips shall be neatly mitred.
 7.3 STEEL ROOF DECK
 Materials
 7.3.1 The steel roof deck shall be of approved manufacture. The steel deck shall be fully
 galvanised with top surface finished or coated with approved colour and of 0.711
 mm thick (22 SWG) galvanised steel corrugated deck with continuous interlocking
 shelves.
 7.3.2 Flashings and other accessories shall be provided and fixed strictly in accordance
 with the manufacturer‘s instructions.
 Workmanship
 7.3.3 The steel deck shall be laid in accordance with the manufacturer‘s
 recommendations.
 7.3.4 During construction, no concentrated loading shall be applied to the steel deck. All
 pedestrian traffic, barrows, etc. shall be taken on gangways supported and trusses.
 7.3.5 The steel deck shall be fixed to purlins spaced in accordance with manufacturer‘s
 recommendations but at not more than 1.8 m centres.
 7.3.6 Fixing to timber or steel purlins shall be with concealed galvanised steel fixing with
 straps with nails or welding respectively.
 7.3.7 All exposed rib ends of steel deck shall be filled with galvanised steel end stops.
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 7.3.8 All flanges at uppermost end of deck shall be turned up and all flanges at lower end
 shall be turned down, using only approved bending tools.
 7.4 ROOF FLASHING AND DRAINAGE
 General
 7.4.1 All materials and methods of fixing and jointing of the rainwater gutters, downpipes
 and fittings shall comply with SS CP 26 and the other publications and standards
 referred therein.
 7.4.2 Unless otherwise specified, flashings, gutters and other accessories shall be
 fabricated and finished from the same type and quality of materials as used for
 decking.
 Flashing
 7.4.3 Galvanised Steel Flashing
 Galvanised steel flashing shall be 0.711 mm thick (22 SWG) sheet. Nailing (if
 required) shall be with galvanised steel nails.
 7.4.4 Sheet Aluminium
 Sheet aluminium flashing shall be 0.914 mm thick (20 SWG) sheet aluminium.
 Nailing (if required) shall be with aluminium alloy or galvanised steel nails.
 Gutters
 7.4.5 Gutters shall be of the types indicated in accordance with the following where
 applicable:
 (a) SS 17 for Galvanised Steel
 (b) SS 141 for UPVC
 7.4.6 All gutters shall be complete with all necessary angles, stopped ends, etc. and in 1.8
 m (effective) lengths.
 Rainwater Downpipes and Fittings
 7.4.7 General
 Rainwater pipes and fittings shall be as indicated, complete with all necessary
 swannecks, bends, shoes, heads, etc. and comply with the following where relevant:
 (a) BS 460 for Cast Iron
 (b) SS 141 for UPVC
 7.4.8 Cast Iron
 (a) Cast iron rainwater pipes shall be coated lightweight rainwater pipes of the
 minimum weights shown in Table 7.1 and fixed as indicated.
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 TABLE 7.1 MINIMUM WEIGHTS OF CAST IRON RAINWATER PIPES
 Internal Diameter 75 mm 100 mm 125 mm 150
 Minimum weight per 1.5 m effective
 length (exclusive of ears) 10 kg 13 kg 18 kg 23 kg
 (b) Cast iron pipes with ears provided on the sockets where indicated to be fixed to
 concrete wall shall be fixed with galvanised screws to hardwood or approved
 proprietary brand plugs.
 (c) Cast iron pipes shall be jointed with approved mastic.
 7.4.9 Plastic Pipes
 Plastic pipes shall be UPVC jointed in accordance with manufacturer‘s instructions.
 7.4.10 Galvanised Steel Pipes
 Galvanised steel pipes shall be formed to shape out of 1.219 mm thick (18 SWG)
 sheet.
 7.4.11 Holder Bats
 Holder bats shall be malleable cast iron with galvanised bolts and nuts, cut and
 pinned into the wall.
 Domical Balloon Gratings
 7.4.12 All gutter outlets shall have a galvanised wire domical grating or UPVC grating
 fixed to them.
 7.4.13 All rainwater heads shall be fixed with a galvanised wire flat grating holed for pipes
 discharging into the head, the grating and the holes therein to be properly framed
 with heavy gauge wire.
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 8. 1 TIMBER GENERALLY
 8.1.1 All timber shall be the best of its kind, well seasoned, free from sawn die square,
 shakes, waney edges, large or unsound knots, spongy or brittle heart, and any other
 defects.
 8.1.2 All timber shall be graded in accordance with the latest approved rule of the
 Malaysian Grading Rules for Sawn Hardwood Timber and the Contractor shall
 obtain and produce to the SO a Grading Certificate in accordance with the rule from
 the Grading Authority. The Contractor shall pay all grading fees, check all grading
 fees and any other charges in connection therewith. The Contractor shall make all
 necessary arrangements with the Grading Authority for grading to be carried out.
 Such fees and charges shall be included in the rates for carpentry and joinery.
 8.1.3 All graded timber shall be marked with the grade mark, the standard name of the
 timber and the registered number of the Timber Grader. No ungraded timber shall
 be brought onto the site or into the Contractor‘s joinery workshop. The SO may
 order the removal of any such ungraded timber from the site.
 8.1.4 Before any payment is made to the Contractor in respect of timber used in the
 works, the Grading Certificate covering the said timber must be produced to the SO.
 8.1.5 The grade of timber used in the works shall not be lower than ―Standard & Better
 Grade M.G.R.‖ This grade allows a small number of defects in the timber, including
 a limited amount of sapwood. All visible surfaces of timber when fixed in position
 shall be entirely free from sapwood, knots, and any other defects.
 8.1.6 All timber shall before grading, be properly openstacked under cover until the
 moisture content has fallen to 18%. The Contractor shall determine the moisture
 content either by a moisture meter or by the standard weighing method. The
 Contractor shall place his orders on the sawmills immediately after signing the
 Contract.
 8.1.7 After the Contractor has taken delivery of the graded and seasoned timber, it shall
 be stored under cover and shall be kept perfectly dry before use. The SO may
 inspect the timber at any time to ensure that it is being stored, and may reject any
 timber which is not so stored, until a further moisture content test had been taken of
 the timber and shows the moisture content is as specified above.
 8.2 UNWROUGHT AND WROUGHT TIMBER
 Unwrought timbers shall be left with a sawn face to hold the full dimensions specified or
 shown on the drawings. In wrought timbers, an allowance of 2 mm for each wrought face
 shall be allowed for ―nominal‖ sizes specified or shown on the drawings.
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 8.3 PRESERVATION OF TIMBER
 Wood Preservatives by Non-Pressurised Method
 8.3.1 Wood preservatives by non-pressurised method shall generally comply with
 requirements of BS 144 and treated in accordance with SS CP 1.
 8.3.2 Where wood preservatives are used on site, care must be taken not to contaminate
 other materials.
 8.3.3 As far as possible all labours such as plane cross cutting, boring, etc. shall be
 carried out before the timber is treated and fixed in position. Where this is
 unavoidable, all new surfaces exposed by the cutting of the treated timber before or
 after fixing thoroughly coated with the preservative to the satisfaction of the SO.
 8.3.4 All concealed sawn or wrought timbers unless otherwise specified, shall be treated
 one coat of wood preservative well brushed on. Ends of timbers shall be treated.
 Treatment by Vacuum/Pressure Impregnation Process
 8.3.5 All timber described as pressure impregnated shall comply with SS 72 and be in
 accordance with SS CP 1.
 8.4 CARPENTER’S WORK GENERALLY
 8.4.1 All timber for carpenter‘s work shall be kapoh, keruing, merbau, and any other
 timber within the same strength group as classified in SS CP 1.
 8.4.2 All carpenter‘s work shall be left with a sawn face except where specified
 otherwise.
 8.4.3 All carpenter‘s work shall be accurately set out in strict accordance with the
 drawings, framed together and securely fixed in the best possible manner.
 8.4.4 All brads, nails, screws, spiles, plugs, bolts, etc. shall be provided by the Contractor
 as necessary and as the SO may direct.
 8.4.5 All joints shall be properly scarfed over points of support and not between same
 unless otherwise indicated on the drawings. Scarfs shall not be less than three times
 as long as the depth of the timbers to be joined. Longitudinal joints in plates, etc.
 shall be formed over supports and shall lap at least 150 mm or twice the depth of
 the timber, whichever is greater.
 8.5 PROTECTION OF WORK
 The Contractor shall clear out all shavings, cut ends and other waste from all parts of the
 buildings, particularly the roof before coverings or infillings are constructed.
 8.6 ROOF FRAMEWORK
 8.6.1 The plates, rafters, joists, purlins, nogging pieces and other members used in
 construction of the roof shall be of sizes shown on the drawings and be spaced and
 constructed as directed in this Specification, the working drawings and details.
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 8.6.2 Overhanging edges shall be adequately cantilevered and anchored back to the main
 roof framework without weakening it in any way.
 8.6.3 All joints in the framework shall be of the most appropriate type, accurately formed
 firmly secured with nails and bolts.
 8.6.4 Each rafter and purlin shall extend in one piece between its supports or fixings and.
 where it is cantilevered, it shall be supported or securely fixed at both ends.
 8.7 JOINER’S WORK GENERALLY
 8.7.1 Unless otherwise described all timber for joinery work and fittings shall be kapoh.
 8.7.2 One sample of each type of joinery work shall be accurately set out to full size with
 all joints, ironwork and other works connected therewith submitted to the SO for
 approval prior to commencement of respective works.
 8.7.3 All work shall be properly morticed, tenoned, shouldered, wedged, pinned, nailed
 etc. as directed and to the satisfaction of the SO. The above works shall be properly
 glued up with quality approved glue.
 8.7.4 All exposed surfaces of joinery work shall be wrought unless otherwise specified.
 All sizes stated are nominal sizes. Where there are no full size details, exposed
 corners of frames, glazing bars and other finishes shall be rounded.
 8.7.5 All visible nails in joinery work shall be punched in and stopped.
 8.7.6 Screws shall comply with SS 186.
 8.7.7 Where glued joinery work is likely to come into contact with moisture, the glue
 shall be of an approved waterproof type.
 8.8 TREATMENT OF TIMBER
 Except for ―pressure impregnated‖ timbers, all untreated timber frames, etc. abutting concrete,
 brick or plaster shall receive one coat of approved wood preservative to BS 144 and SS CP 1,
 well brushed in or primed with one coat of aluminium base wood primer before fixing.
 8.9 PLYWOOD
 All plywood shall be sound, free from warping, twisting, and unless otherwise specified, shall
 be approved locally manufactured weather and boil proof standard plywood, complying with
 SS 1.
 8.10 PLUGS
 8.10.1 All plugs described as fixings for joinery shall be stout hardwood dovetailed plugs
 dipped in wood preservative before fixing and built into walls or bedded in cement
 mortar (1:6) in mortices cut for same at centres not exceeding 750 mm.
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 8.10.2 Alternatively, approved patent plugs may be used. Holes to receive these shall be
 drilled.
 8.11 MEASUREMENTS FOR JOINERY
 The Contractor shall take all measurements for joinery works at the site and not from the
 drawings.
 8.12 PROTECTION OF WORK
 8.12.1 The Contractor is responsible for the protection of all joiner‘s work arising from
 subsequent operations by his own or other tradesmen.
 8.12.2 Fixed joinery which in the opinion of the SO, is liable to become bruised or
 damaged in any way, shall be properly cased and protected by the Contractor until
 the completion of works.
 8.13 STRIP FLOORING
 8.13.1 Flooring shall not be laid until after the completion of all wall and ceiling linings,
 unless otherwise directed by the SO. Flooring shall be laid with boards of required
 widths, in long lengths, square edged, tongued and grooved, or prepared for secret
 nailing as indicated.
 8.13.2 Square edged boarding and tongued and grooved boarding shall be nailed with two
 nails at each joint, not less than 13 mm or more than 19 mm from the edges of the
 boards with cut steel nails. The length of the nails shall not be less than twice the
 thickness of the boards. Boards prepared for secret nailing shall be nailed with one
 nail at each intersection with a joist.
 8.13.3 Flooring shall be properly cramped, nails punched, holes filled in with hard
 stopping, coloured to match the timber, and the flooring carefully cleaned off.
 Heading joints shall be made at the centre of joists and evenly distributed. Heading
 joints of secret nailed floors shall be tongued and grooved or crosstongued.
 8.13.4 In laying floors, a margin of approximately 13 mm all round shall be left to allow
 flooring to expand. Skirtings shall not be attached to the flooring.
 8.14 WOOD BLOCK FLOORING
 8.14.1 All blocks shall measure at the time of delivery 225 x 75 mm and not less than 20
 mm finished thickness unless otherwise stated.
 8.14.2 The surface on which the blocks are laid shall be thoroughly cleaned, dried and
 coated with 1.5 mm layer of approved bituminous mastic composition prior to
 laying.
 8.14.3 Unless otherwise indicated, blocks shall be laid herringbone pattern except to
 margins where two or three rows of blocks (as indicated) shall be laid breaking joint
 parallel to walls and mitred at the angles.
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 8.14.4 A margin approximately 13 mm wide shall be left around the perimeter of the floor
 for expansion.
 8.14.5 The floor surface shall be carefully cleaned off by planning and sanding after the
 blocks are laid and fully set.
 8.15 DOORS
 The Contractor shall provide and hang all doors as detailed on the drawings and in position as
 indicated.
 8.15.1 Fixing Door and Window Frames into Concrete Structure
 Door and window frames shall fit neatly into the openings. All crevices between
 frames and walls, beams or other structures shall be filled up with cement mortar
 (1:1). Heads of window and door frames which abut concrete structure shall be
 fixed with two 75 mm concrete nails ramset, and the feet of door frames fixed to
 details.
 8.15.2 Fixing Door and Window Frames to Brickwork
 Timber door and window frames not abutting reinforced concrete work shall be
 secured to walls with six and four fishtailed holdfasts per frames respectively. The
 holdfast shall be 40 x 3 x 225 mm girth galvanised mild steel, one end turned up
 and twice countersunk, drilled and screwed to frame and other end tailed and built
 into the joints of walling.
 8.16 FITTINGS
 8.16.1 All details shall be as indicated on the drawings and in positions as shown.
 8.16.2 The Contractor shall be responsible for accuracy and to make site checks on actual
 dimensions of recesses, etc. wherever necessary. All inaccuracies shall be corrected
 at the Contractor‘s expense.
 8.17 IRONMONGERY
 8.17.1 The ironmongery to be supplied by the Contractor shall be carefully fitted and fixed
 with screws of the same material or finish as the part to be fixed. All exposed parts
 of locks shall match the finish of the furniture. All joinery woodwork or other work
 which is damaged, spoiled in appearance or weakened, shall be removed and
 entirely renewed if so ordered by the SO at the Contractor‘s expense.
 8.17.2 Samples of all ironmongery to be used on the works shall be submitted to the SO
 for approval and no ironmongery shall be fitted until it has been so approved.
 8.18 FIRE DOORS
 8.18.1 All fire doors whether of steel or timber shall conform to standards approved by the
 Fire Safety Bureau. All such doors shall be PSB tested and labeled before delivery to
 site.
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 8.18.2 All fire doors shall be fabricated and installed to specialist's standards, specifications
 and instruction and to suit door opening size, profile and appearance of door type as
 shown on the drawings.
 8.18.3 The Contractor shall note that the price for all steel and timber fire doors shall include
 door heads and jambs, grouting behind the back of frames in the case of metal jambs
 and three numbers of galvanised steel anchors to each door jamb and two numbers to
 the door head.
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 9.1 STEEL CASEMENT WINDOWS AND CASEMENT DOORS
 9.1.1 Metal casement windows and casement doors shall comply with SS 118 and
 domestic windows etc. of nonstandard size shall comply with the relevant
 requirements of the same Singapore Standard.
 9.1.2 Windows and doors shall be supplied ready for fixing into wood frames or with lugs
 for building into brickwork, concrete, etc.
 9.1.3 Windows and doors fixed in brickwork or concrete reveals shall have cement
 mortar grouted into the channel of the frame as the work proceeds, and neatly
 pointed in approved flexible sealant externally and in cement internally where walls
 are not plastered.
 9.1.4 Windows, doors and subframes unless specifically required to be hot-dip
 galvanised, shall be rustproofed at the works with paint-dipped one coat anti-rust
 primer and supplied with coupling mullions and tubular mullions as required and all
 necessary hinges, fasteners, locks, catches, stays, etc.
 9.1.5 All windows, doors and accessories shall be provided of the types and sizes as
 shown on the drawings and all movable parts oiled and left in working order.
 9.2 ADJUSTABLE METAL LOUVRE WINDOW FRAMES
 9.2.1 Adjustable metal louvre window frames shall be of approved manufacture and shall
 comply with SS 215.
 9.2.2 The channel frames, channel coupling mullions and spacer brackets shall be 1.219
 mm thick (18 SWG) or otherwise specified cold-rolled steel strip galvanised with
 the hot-dip process. The clips to receive louvres shall be 0.711 mm thick (22 SWG)
 rolled steel strip sherardized after processing.
 9.2.3 The operating rods shall be of 2.032 mm thick (14 SWG) steel. The handle and lock
 shall be 2.642 mm thick (12 SWG) steel.
 9.2.4 The finish shall be of aluminium lacquer unless otherwise specified.
 9.2.5 The bolts, nuts and screws shall be of stainless steel.
 9.2.6 Generally, the frame shall be screwed to timber surrounds, but where required or
 shown on the drawings for frames to be fixed to brick or concrete jambs, the frame
 shall be screwed to patent wall plugs in accordance with the manufacturer‘s
 instructions.
 9.3 MILD STEEL BALUSTERS, BARS, GRILLES, ETC.
 Mild steel balusters, bars, grilles, cat ladders, straps, etc. shall be properly framed in
 accordance with detail drawings, and shall be painted with one coat of red lead primer
 complying with SS 6 before delivery to site.
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 9.4 ALUMINIUM WORK
 Materials
 9.4.1 Extruded aluminium members for the construction of doors, windows and other
 framework or panel units shall be fabricated from designated treated Aluminium
 Alloy HE9T17, HE9TE or HE9TB complying with the requirements of BS 1474 or
 other approved standard. When ancillary members such as sills, couplings and the
 like are formed from sheets materials, they shall be fabricated from designated
 Aluminium Alloys SIC, NS3 or NS4 complying with the requirements of BS 1470
 or equivalent.
 (a) Aluminium extruded members used for fabrication of shopfronts and doors
 shall have a minimum wall thickness of 1.8 mm.
 (b) Aluminium extruded members used in fabrication of windows shall have a
 minimum wall thickness of 1.2 mm.
 (c) Aluminium sections for all units unless otherwise specified or shown on the
 drawings shall be hollow and profiled.
 (d) External panel units shall have all coupling member leaded internally where
 necessary, or by means of hot-dip galvanised steel bar to provide adequate
 strength to withstand wind load and wind velocity prevailing in Singapore.
 (e) All exposed surfaces of aluminium extruded section shall present a straight,
 clean and sharply define line, free from die-marks, scratches and surface
 blemishes.
 Finish
 9.4.2 Anodic oxidation coatings or aluminium extrusions shall have a guaranteed average
 thickness of GRADE AA20 (18 microns) on its exposed surfaces. Anodic oxidation
 coatings applied shall comply with the requirements of BS 1615.
 9.4.3 All aluminium extrusions or sheets exposed surfaces after anodising, and after
 colouring if required, shall be sealed, and the adequacy of sealing shall be
 determined (if required by the SO) by the method as specified in Clause 8 of BS
 1615.
 9.4.4 All coloured anodised finish to aluminium exposed surface shall be subject to the
 SO‘s approval.
 9.4.5 The aluminium finish shall be free from alloy defects, die-marks, scratches, streaks
 and other surface blemishes. Coloured samples of anodised work showing variation
 of ―Upper and Lower Limit‖ expected on finished work must be submitted to the
 SO for approval.
 9.4.6 Stoving Organic Finishes on Aluminium Extrusions and Preformed Sections or
 sheets for external architectural application shall comply with requirements of BS
 4842.
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 Fastening and Fixing
 9.4.7 All screws, nuts, bolts, rivets, washers and other fastening shall be of stainless steel
 or aluminium.
 9.4.8 The fixing shall be capable of withstanding the design wind load and any operating
 forces on the windows.
 Work Sizes and Manufacturing Tolerances
 9.4.9 The limits of sizes for overall length and overall height shall be stated by the
 manufacturer, taking into account permissible deviation in size and squareness.
 9.4.10 The deviation on overall sizes of an assembled frame shall be maintained within a
 permissible 1.5 mm.
 9.4.11 The frame assemblies shall be such that they can be installed square within a
 maximum difference in the diagonals of 4 mm.
 Design
 9.4.12 The Contractor is required to submit design recommendations with preliminary
 shop drawings showing fabrication and installation of the works including relevant
 information and physical properties of aluminium extrusions selected. The
 aluminium works shall be designed and constructed to conform to BS 4878 and to
 withstand:
 (a) wind pressure
 (b) dead loads (e.g. infill panels, signboards above panels, roller shutters,
 automatic door/window operator, etc.)
 (c) live loads that may be imposed
 9.4.13 Notwithstanding the acceptance of the design recommendations by the SO, the
 Contractor shall be solely responsible for the adequacy of all the works and shall
 make good all damages arising from inadequate design.
 Window Performances
 9.4.14 The window is required to have an air infiltration not greater than 12 m3/hr for each
 metre length of opening joint at test pressure of 15 mm of water. No gross leakage
 of water should occur when subject to a flow of 0.05 litre/m3 /sec at a pressure of 15
 mm of water for 15 minutes.
 9.4.15 The SO may order tests to be conducted on each type of window to certify that the
 above performance criteria are met.
 Shop Drawings
 9.4.16 The Contractor shall submit for approval of the SO complete full size detail shop
 drawings, showing in detail all parts of the fabrication and installation work.
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 9.4.17 The Contractor shall coordinate all work with glazing contract work and submit
 glazing details.
 Modifications
 9.4.18 The Contractor may make minor changes in detailing of the work in order to
 conform to standard procedures or as required to facilitate field operation.
 9.4.19 However, no changes whatsoever shall be made without prior approval of the SO in
 writing. The SO may make minor changes in the shape of the member before final
 approval of the shop drawings.
 Installation
 9.4.20 Aluminium framework or units shall be securely installed and anchored in position,
 set plumb, square, level and in proper alignment with other works. Where anchors
 or lugs detail involved other builders trade, a layout diagram shall be provided
 sufficiently in advance for proper installation.
 9.4.21 All joints with masonry or concrete shall be fully caulked with an approved sealant.
 9.4.22 Sufficient allowance shall be provided for thermal movement of all aluminium
 units. Suitable expansion joints must be provided to the approval and entire
 satisfaction of the SO.
 9.4.23 All anchoring devices used in the erection of the window, etc. shall be of
 aluminium, stainless steel or other materials compatible with aluminium; steel
 anchors may be used provided that they are either hot-dip galvanised or properly
 insulated from the aluminium.
 Protection
 9.4.24 All exposed surfaces of window assembly supplied or installed at site must be
 protected by masking tape or equivalent.
 9.5 POLYESTER POWDER COATING FINISH
 9.5.1 The galvanised steel surfaces to be powder coated shall receive a multi-stage
 chemical pre-treatment process to remove organic and inorganic surface oils,
 residual oxides and a chemical conversion coat before powder coating.
 9.5.2 The pre-treated galvanised steel surface shall receive a factory applied, oven-cured
 polyester powder coating suitable for exterior use. The coating shall be of average
 thickness of 40-80 microns, and applied by electrostatic spraying. The coating
 system must be applied by a specialist applicator or approved equivalent.
 9.5.3 The powder coated colour shall be selected and approved by the SO. The Contractor
 shall submit samples of powder coated galvanised steel sections to the SO for
 approval together with full technical specifications as supplied by the manufacturer,
 before proceeding with the works.
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 9.6 FLUOROCARBON FINISH
 9.6.1 The fluorocarbon coating system with 70% Kynar 500 shall be applied to properly
 cleaned and pretreated substrate. The pretreatment shall meet ASTM D1730-67,
 Type B, Method 5 or Method 7. Processing shall conform with AATM B-449-67
 (1972) Section J. Conversion coating weight shall be between 30-110 mgms per
 square feet.
 9.6.2 The fluorocarbon coating system applied to aluminum panels, extrusions, structural
 shapes, sheets/plates or galvanised steel components shall be factory applied to
 meet or exceed the performance requirements Architectural Aluminum
 Manufacturer's Association (AAMA) 605.2 ―Specification for High Performance
 Organic Coatings on Architectural Extrusions and Panels‖ which has the following
 performance requirements:
 (a) Colour Retention
 Maximum of 5E Units (NBS) colour change as calculated in accordance with
 ASTM D224468, ppg. 3.8.1.4, after 5 years of 450 South Florida exposure.
 Colour change shall be measured on exposed painted surface which has been
 cleaned of external deposits with clear water and soft cloth, and corresponding
 values measured on original and unexposed painted surface. New colours may
 be qualified without 5 years of actual exposure provided that they are produced
 with same pigments in the same coating system as a colour on which 5 years
 exposure data is available and which is within ± 10 percentage points in
 lightness (L).
 (b) Chalk Resistance
 Chalking shall be no more than represented by a No. 8 rating for colours and a
 No. 6 rating for whites based on ASTM D659-44 (1970) after 5 years of 450
 South Florida exposure. Chalking shall be measured on exposed unwashed
 painted surface.
 (c) Humidity
 In accordance with ASTM D2247-68 (1973) withstand 3,000 hours at 100ºF at
 100% relative humidity with no formation of blisters to extent greater than
 ―Few‖ blisters size No. 8, as shown in figure No. 4, ASTM D71456 (1970).
 (d) Salt Spray
 In accordance with ASTM B1 17-73 withstand 3,000 hours at 5% salt fog at
 95ºF with 1/16 inch maximum undercutting of film from scored line or cut
 edges when taped and pulled off at right angles.
 (e) Pencil Hardness
 F minimum Eagle turquoise pencil.
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 (f) Gloss
 ON 60º gloss meter in accordance with ASTM D523-67 (1972) for most
 colours. Gloss may be slightly lower for certain colours.
 (g) Adhesion
 No removal of finish after 1/16 in cross-hatching to bare metal, after subjecting
 the cross-hatched finish to quick removal with 3M Transport #710 tape.
 (h) Abrasion Resistance
 In accordance with ASTM D968-51 (1972), the failing sand Abrasion
 Coefficient Value shall be 20 minimum.
 (i) Impact Resistance
 Withstands 0.10 inch ± 0.01 inch direct deformation of sample with Gardner
 Variable Impact Tester, 160 inch-pound range, no removal of film on taping
 3M Transparent #710 tape.
 (j) Sealant Compatibility
 Sealants shall be compatible with the fluoropolymer system and shall exhibit
 no deleterious effects to the coatings.
 Note:
 The fabricator of the finished product should consult with his sealant supplier
 in selection of sealant which will exhibit adequate adhesion to the painted
 aluminium surface. Panel exhibits of the specified coating to be used should be
 submitted to the sealant manufacturer for tests and recommendations. Peel
 adhesion tests as described TT-S-227E and TTSO0230C are suggested.
 (k) Mortar Resistance
 Withstands wet mortar, 24 hour pat test at 100% R.H. without gaining adhesion
 or any visual effect on the painted surface of solid colours. Metallic may show
 slight stain. Mortar is 75 grams of building lime (ASTM C207-74) and 225
 grams of dry sand plus 100 grams of water to make a soft paste.
 (l) Muriatic Acid Resistance
 Withstands exposure to 10% muriatic acid solution - 15 minute spot test with
 no blistering, or visual change in appearance.
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 (m) Detergent Resistance
 Withstands immersion in 3% synthetic detergent solution for 72 hours @ 100ºF
 with no loss of adhesion and no visible change. Where the fluorocarbon finish
 is to be applied onto a galvanised steel or other type of finish, the coating shall
 only be applied following pre-treatment with an appropriate and compatible
 primer.
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 10.1 QUALITY OF STRUCTURAL STEELWORK
 British Standards
 10.1.1 The material for all structural steelwork shall comply with BS 4360.
 Equivalents
 10.1.2 Where structural steels complying with other specifications are offered by the
 Contractor, the performance requirements listed in Table 10. 1 shall comply with
 those specified in BS 4360. This shall be demonstrated by testing in accordance
 with the requirements of BS 4360.
 Steel Sections
 10.1.3 Structural steel sections shall in general comply with BS 4: Part 1, BS 1449: Part 1,
 BS 2994, BS 4848: Part 2 and Part 4, BS 6363 and others as and when approved by
 the SO.
 TABLE 10.1 PERFORMANCE REQUIREMENTS FOR STRUCTURAL STEEL
 Performance Requirement Indicated as
 1
 2
 3
 4
 5
 6
 Yield strength
 Minimum tensile strength
 Notch toughness
 Ductility
 Weldability
 Quality of finished steel
 Yield stress
 Minimum tensile stress
 Average minimum charpy energy value at specified
 temperature
 Elongation in a specified gauge length
 Maximum carbon equivalent value
 Complying with BS 4360
 10.2 MARKING OF STEEL
 Steel shall be marked in accordance with BS 4360. Where steels of different grades are used,
 they shall, with the exception of Grade 43A, have additional markings as specified by the SO.
 10.3 MANUFACTURER’S MILL CERTIFICATE
 The Contractor shall supply the SO with the Manufacturer‘s Mill Certificate in accordance
 with BS 4360. Notwithstanding this, test pieces shall (as and when required by the SO) be
 prepared and tested according to BS 4360.
 10.4 STORAGE, HANDLING AND TRANSPORTATION
 All structural steels, before and after fabrication, shall be stored, handled and transported by
 approved means to avoid excessive stresses, deformation, damage and risks to corrosion. The
 steels shall be stored clear of the ground on concrete or timber floor under cover and well
 protected from the effects of weather unless otherwise agreed by the SO.

Page 109
                        

STRUCTURAL STEELWORK
 96
 10.5 SUBSTITUTION OF MEMBERS
 Proposal for substitution of alternative sections/sizes for members shown on the drawings
 may be considered provided no extra cost is incurred by the Employer. A list of the proposed
 substitutions with sketches and revised joints and other details must also be submitted at the
 same time.
 10.6 SHOP DRAWINGS
 The Contractor shall prepare his shop drawings and calculations showing grade of steel. sizes,
 dimensions and details required for the purpose of fabrication and erection. Prior to
 fabrication, two copies of the shop drawings shall be submitted to the SO for approval. Such
 approval shall not, however, relieve the Contractor of his responsibility for errors and
 inaccuracies contained in the shop drawings. The cost associated with the preparation of the
 shop drawings is deemed to have been included in the Contract Sum.
 10.7 FABRICATION
 General
 10.7.1 Fabrication shall in general be carried out in accordance with BS 5950, Addendum
 No. 1 to BS 449: Part 2 for buildings and BS 5400: Part 3 and Part 6 for bridges
 unless otherwise specified by the SO. All steelworks shall be fabricated from new
 sections and in such manner that they are not bent, twisted or damaged.
 Templates
 10.7.2 Full size templates necessary for fabrication when required shall be prepared by the
 Contractor and subject to the SO‘s approval.
 Cutting
 10.7.3 Cutting of steelworks may be by shearing, cropping, sawing or machine flame
 cutting. All cut edges shall be dressed to a neat workmanlike finish, and shall be
 free from distortions.
 Tolerances
 10.7.4 Members and components of rolled and built-up sections shall be checked for
 tolerances in accordance with Table 4 and Table 5 of BS 5400: Part 6 unless
 otherwise specified or approved by the SO.
 Protection of Hollow Section
 10.7.5 Unless special protection is provided for by other means, the interior of any hollow
 members, whether a structural hollow section or a fabricated member, shall be
 sealed up to prevent ingress of water.
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 10.8 ASSEMBLY AND ERECTION
 General
 10.8.1 Assembly and erection of structural steelwork shall be carried out in accordance
 with BS 5950, Addendum No 1 to BS 449: Part 2 for buildings and BS 5400: Part 3
 and Part 6 for bridges unless otherwise specified by the SO.
 Method of Erection
 10.8.2 The Contractor shall submit to the SO at least 4 weeks prior to the erection, the
 method and sequence of erection, temporary works, details of plant and equipment
 and their inspection certificates and all relevant drawings and calculations duly
 endorsed by a Professional Engineer, for his approval. The Contractor shall ensure
 that the structure is not subject to excessive deflection or stresses during erection.
 The approval of the SO shall not relieve the Contractor of his responsibility in
 ensuring safe and proper execution of the erection work.
 Trial Assembly and Erection
 10.8.3 The Contractor shall, when instructed by the SO, carry out trial assembly and
 erection of the steel structure at the fabrication yard or other convenient location at
 his own expense.
 Accuracy in the Structure
 10.8.4 Unless otherwise specified, all structural steelworks shall be fabricated, assembled
 and erected to the accuracies in accordance with BS 5606.
 10.9 WELDING
 General
 10.9.1 All metal arc welding shall be done in accordance with BS 5135 and SS CP 8. Spot
 welding of cold-formed steel sections shall conform to the requirements of BS
 1140.
 Welding Electrodes
 10.9.2 Electrodes shall be of approved types conforming to BS 639 and shall be kept in dry
 store in unbroken packets.
 Details of Welding Procedures
 10.9.3 The general procedures for shop and site welds and other details shall be submitted
 in writing, in accordance with Clause 23 of BS 5135, to the SO for approval before
 fabrication.
 Approval and Testing of Welding Procedure
 10.9.4 When required by the SO, the Contractor shall carry out welding procedure tests in
 accordance with BS 4870: Part 1 to demonstrate by means of a specimen on a steel
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 representative of that to be used, that he can produce satisfactory welds with the
 proposed welding procedure.
 Approval and Testing of Welders
 10.9.5 The Contractor shall satisfy the SO that his welders are suitable for the work upon
 which they are employed. Welders working to approved welding procedures shall
 satisfy the relevant requirements of BS 4871: Part 1. All other welders shall satisfy
 the requirements of BS 4872: Part 1.
 Measurement of Weld Sizes
 10.9.6 The Contractor shall provide gauges necessary for the measurement of weld sizes.
 Testing of Weld Quality
 10.9.7 As and when required by the SO, the following tests shall be carried out to verify
 the quality of the weld:
 (a) magnetic particle flaw detection test (to BS 6072)
 (b) penetrant flaw detection test (to, BS 6443)
 (c) ultrasonic examination (to BS 3923: Part 1 and Part 3)
 (d) radiographic examination (to BS 2600: Part 1 and BS 2910)
 (e) The tests shall be carried out by PSB or other testing agencies approved by the
 SO.
 Quality of Weld
 10.9.8 The quality of the welds shall be assessed in accordance with the details specified in
 Table 5 of BS 4870: Part 1. Any weld with defects greater than the maximum
 permitted in Table 5 shall be liable for rejection. The visual inspection of fusion
 welded joints shall be carried out in accordance with BS 5289.
 Frequency of Testing
 10.9.9 The type and frequency of testing shall be at the discretion of the SO.
 10.9.10 The cost of testing of welds which fail to meet the requirements of 10.9.8 shall be
 borne by the Contractor.
 10.10 BOLTING
 Ordinary Bolts and Nuts
 10.10.1 Ordinary bolts and nuts shall comply with BS 3692 or BS 4190 and BS 4933.
 10.10.2 All ordinary bolts shall be fitted with washers and nuts complying with BS 4320.
 Nut shall be of at least the strength grade appropriate to the grade of the bolt used.
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 High Strength Friction Grip Bolts
 10.10.3 The use of high strength friction grip bolts and associated nuts and washers
 complying with BS 4395 shall be in accordance with BS 4604.
 10.10.4 Other types of friction grip fasteners may also be used subject to the approval of the
 SO provided they have mechanical properties not inferior to bolts complying with
 BS 4395 and provided they are capable of being reliably tightened to the minimum
 shank tensions specified in BS 4604.
 Holes
 10.10.5 Holes for ordinary bolts shall not be more than 2 mm greater in diameter than the
 bolt for bolts not exceeding 24 mm diameter and not more than 3 mm for bolts over
 24 mm diameter, unless otherwise specifically required by the design.
 10.10.6 Holes for friction grip bolts shall be in accordance with BS 4604.
 10.10.7 Holes for bolts shall be formed by drilling and all burrs removed before assembly.
 10.10.8 Holes for fitted bolts or pins shall have a diameter equal to or not more than 0.15
 mm of the nominal diameter of the bolt or pin.
 Protection of Hollow Section
 10.10.9 Where a sealed hollow member is holed by a fastener or pin, provision shall be
 made to prevent ingress of moisture to the interior of the member.
 10.11 RIVETING
 The use of rivets shall be in accordance with BS 4620.
 10.12 INSPECTION
 The Contractor shall provide adequate facilities and bear the cost of everything necessary for
 the SO to inspect any part of the steelwork during the construction.
 10.13 LOAD TESTING
 In the event of defective materials or poor workmanship the SO may instruct the Contractor to
 carry out load test to any part of the steel structure. In general, the test shall be carried out in
 accordance with Appendix A of BS 449: Part 2 or as specified by the SO. The cost of testing
 shall be fully borne by the Contractor irrespective of the results of the tests.
 10.14 PROTECTION AGAINST CORROSION
 General
 10.14.1 All structural steelworks, including welds and connections shall be protected
 against corrosion in the manner specified by the SO and in accordance with BS
 5493 and BS CP 1021 where applicable.
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 Use of Red Lead Primer
 10.14.2 Painting using red lead primer shall be deemed to be the method of corrosion
 protection if no other method is specified. Surface preparation shall be by means of
 mechanical cleaning and no blast cleaning will be required unless otherwise
 specified. The Contractor shall apply a minimum of two primer coats to the
 steelwork, one of which shall be applied after surface preparation is completed and
 approved by the SO. The second coat shall be applied only before erection.
 10.14.3 The primer coat shall be applied at a rate of not more than 13 m2/litre of paint. Any
 painted areas which have been damaged must be properly repaired and touched up.
 10.14.4 No painting shall be needed at the steel bearing surfaces when high strength friction
 bolts are used.
 Structural Steel Encased in Concrete
 10.14.5 Unless otherwise specified, steel surfaces to be encased in concrete shall be left
 unpainted and shall be cleaned and free from loose rust and scale at the time of
 concreting.
 Other Corrosion Protection Measures
 10.14.6 Other methods of corrosion protection may include metallic coating, painting,
 bituminous coating, cathodic protection, etc. The Contractor shall provide
 equipment for measuring the thickness of coating when instructed by the SO. The
 cost of the equipment is deemed to have been included in the Contract Sum.
 10.15 SURFACE PREPARATION
 General
 10.15.1 All steel surfaces including welds and connections shall be thoroughly cleaned to
 remove all dirt, grease and the like. All rust and loose scales shall be completely
 removed by mechanical cleaning, blast cleaning, wire brushing and any other
 approved method. Application of coating, paint and bitumen, etc. shall be carried
 out as soon as the surface preparation has been completed.
 Mechanical Cleaning
 10.15.2 Mechanical cleaning shall be carried out by power driven tools, such as
 carborundum grinding discs and chipping hammers, followed by steel wire brushing
 and dusting to remove all loosened materials. Excessive burnishing of the steel
 through prolonged application of rotary wire brush shall be avoided.
 Blast Cleaning
 10.15.3 Blast cleaning shall be carried out in accordance with BS 4232. The maximum
 grade of abrasive permitted is specified in Table 2 of BS 4232. Non-metallic
 abrasive used for blasting shall be free from harmful contamination and recovered
 material, shall only be reused subject to the approval of the SO. Blasted surfaces
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 shall be brushed or cleaned by vacuum and shall not be touched by hand or
 contaminated in any other way.
 10.16 METALLIC COATING
 10.16.1 Either zinc or aluminium may be used as metallic coating material. The method of
 application shall be either hot-dip galvanising, sherardising, electroplating, metal
 spraying or as specified by the SO.
 Hot-dip Galvanising
 10.16.2 Hot-dip galvanising of structural steel shall be carried out in accordance with BS
 5493 and BS 729. The minimum thickness of the coating shall be as specified in the
 Contract.
 Sherardising
 10.16.3 This process shall only be used for coating of small parts or fasteners and shall be
 carried out strictly in accordance with BS 4921.
 Electroplating
 10.16.4 Electroplating shall only be done by specialist subcontractor approved by the SO.
 Spray-metal Coating
 10.16.5 This coating process, when specified by the SO, shall be carried out in accordance
 with BS 2569.
 10.17 PAINTING
 General
 10.17.1 Painting shall be carried out in accordance with BS 5493 and BS 6150 and
 manufacturer‘s recommendations and instructions.
 Paints
 10.17.2 All paints unless otherwise specified shall comply with SS 5, SS 6, SS 7, SS 34 and
 BS 2523 where applicable.
 Storage of Paint
 10.17.3 Paint shall be stored in sealed containers and must not be exposed to extreme
 temperature. Any storage conditions specified by the manufacturer shall be strictly
 observed.
 “Shelf Life” of Paint
 10.17.4 Paint which exceeds the ―shelf life‖ specified on the container by the manufacturer,
 or paint which in the opinion of the SO has deteriorated and is not fit for use shall
 be rejected.
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 Application Procedure Trials
 10.17.5 When instructed by the SO, the Contractor shall carry out paint application
 procedure trials, either at the fabricator‘s workshop or at the site where appropriate,
 with the equipment and labour to be used in the works. Where procedure trials are
 required no painting shall be permitted until the procedure trials have been
 completed and approved by the SO.
 10.18 BITUMINOUS COATING
 Bituminous coating may include bitumen and coal tar pitch and shall be applied in accordance
 with BS 1070, BS 3416, BS 4147 and BS 4164.
 10.19 CATHODIC PROTECTION
 Cathodic protection when specified shall be carried out in accordance with BS CP 1021.

Page 116
                        

SECTION 11
 FINISHES
 103
 11.1 PLASTERING
 Materials
 11.1.1 The materials shall be from approved sources and as described in Section 5 -
 Concrete Work. The Contractor shall be responsible for showing the cement,
 plasticiser, additives, etc. to the SO. All cement, plasticiser and additives shall be
 delivered to the site in their original packing.
 (a) Cement
 The cement shall be as described in Section 5 - Concrete Work.
 (b) Sand,
 The sand shall be clean natural uncrushed or partially crushed sand of a light
 colour, free from organic matter, suitable for use in plastering and approved by
 the SO. The clay-plus-fine-silt content shall not exceed 5 % by weight and 15
 % by volume as specified in BS 1199. The field test for determining the
 volume of silt shall be carried out in accordance with approved methods. All
 sand found to contain silt in excess of 15% by volume shall not be used for
 plastering or in mortars but shall be removed from the site at the Contractor‘s
 expense.
 (c) Waterproofing Compound
 The waterproofing compound shall be as approved by the SO and used strictly
 in accordance with the manufacturer‘s instructions.
 (d) Water
 The water shall be as described in Section 5 - Concrete Work.
 Workmanship
 11.1.2 Batching and Mixing
 Materials shall be batched by volume in proper gauge boxes, using one for each
 material. Materials shall be mixed mechanically or manually on a clean platform
 and to the satisfaction of the SO.
 11.1.3 Composition Of Cement and Sand Plaster
 Cement and sand plaster shall consist of one part of cement to four parts of sand
 mixed with an approved plasticiser.

Page 117
                        

FINISHES
 104
 11.1.4 Composition of Waterproof Cement and Sand Plaster
 Waterproof cement and sand plaster shall consist of one part of cement to three
 parts of sand mixed with an approved waterproofing compound.
 11.1.5 Preparation of Surfaces
 (a) All joints in brickwork, blockwork, etc. shall be raked at least 10 mm deep
 before mortar has set, for all walls to be plastered.
 (b) All concrete surfaces shall be hacked or roughened to provide key for
 plastering to satisfaction of the SO.
 (c) All surfaces shall be well brushed clean and wetted before applying each coat.
 The first coat of plaster shall be kept damp continually before applying the
 second coat.
 11.1.6 Thickness and Number of Coats
 20 mm thick plaster shall be applied in two coats, cross-scoring the first coat to
 receive the second. The second coat shall be levelled with a wooden float and
 smoothened with a steel trowel.
 11.1.7 Areas to be Plastered
 (a) 20 mm thick cement and sand (1:4) plaster shall be applied to all brickwalls
 unless otherwise described.
 (b) All exposed concrete surfaces shall be applied with 12 mm thick cement and
 sand (1:4) plaster unless otherwise described.
 11.1.8 Arrises and Angles in Plastering
 All arrises, internal angles, external angles, etc. shall be straight, plumb, slightly
 rounded and with neatly formed mitres.
 11.1.9 Curing
 All plastered surfaces shall be kept continually damp for at least 7 days after
 application of the final coat.
 Defects and Making Good
 11.1.10 All cracks, blisters and other defects shall be made good by hacking out plaster to a
 rectangular shape. Edges shall be undercut to form dovetailed keys, surfaces shall
 be cleaned, cement slurry shall be applied and plaster reapplied to match level of
 the surrounding plaster.
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 Samples
 11.1.11 Before commencing actual work, samples of size 500 x 500 mm of each type of
 quality, texture and finish shall be prepared until they are approved by the SO. All
 subsequent plastering shall be equal to the approved samples.
 11.2 GLAZED WALL TILING
 11.2.1 A base of 12 mm thick cement and sand (1:3) shall be provided, rendered, plumbed
 and floated to a surface suitable to receive tiling.
 11.2.2 Tiles shall be 6 mm thick first quality fully glazed tiles to SS 57, true to shape and
 free from all blemishes, complete with all necessary rounded edges, accessories,
 and shall be approved by the SO.
 11.2.3 Tiles shall be soaked in clean water before fixing. A layer of cement mortar (1:3) of
 3 mm thick shall be applied to the entire back of the tiles, pressing the tiles to the
 prepared surface firmly and tapping home to ensure bonding. Joints shall be kept as
 thin as possible and pointed with white cement.
 11.2.4 All tiles shall be cut neatly and edges ground smooth to ensure neat junctions. Tiles
 shall be carefully cut and fitted round all obstructions such as pipes, etc.
 11.2.5 Tiles shall be cleaned on completion and all surfaces left tidy and to the satisfaction
 of the SO.
 11.3 PAVING
 Paving Generally
 11.3.1 Preparation of Surfaces
 All surfaces to be paved must be thoroughly brushed and washed clean to the
 satisfaction of the SO and well wetted before each paving is applied. Smooth
 concrete surface shall be hacked to form keys to the satisfaction of the SO.
 11.3.2 Mixing of Mortars
 All mortars for paving shall be mechanically mixed unless otherwise directed by the
 SO. The Contractor shall make allowance for the use of additional cement
 necessitated by such other method of mixing as directed. Only whole bags of
 cement shall be used in any one batch of mix. The cement and sand shall be
 measured by volume in properly sized containers, one for each material.
 11.3.3 Partially or Wholly Set Mortar
 No partially or wholly set mortar will be allowed to be used or remixed.
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 11.3.4 Samples
 The Contractor shall prepare a sample of size 1 m2 of each type of paving as
 directed until the quality, texture and finish required is obtained and approved by
 the SO after which, all paving executed shall equal the approved samples.
 Materials
 11.3.5 Cement and Sand Paving
 The cement and sand paving shall be of the thickness required and shall consist of
 one part of cement to three parts of sand by volume laid on concrete to levels, falls
 and directions, trowelled smooth with a steel trowel or floated with a wooden float
 as required.
 11.3.6 Hardened Cement and Sand Paving
 (a) The hardened cement and sand paving shall be of the thickness required and
 shall consist of one part of cement to three parts of sand by volume with an
 approved hardener added to manufacturer‘s instructions, laid on concrete to
 levels, falls and directions, trowelled smooth with a steel trowel or floated as
 required.
 (b) All proprietory brands of cement paving hardeners must be submitted to the SO
 for approval and they shall be used strictly in accordance with the
 manufacturer‘s instructions.
 11.3.7 Granolithic Paving
 (a) The granolithic paving shall consist of two parts of cement, one part of clean
 washed sand and five parts of granite chippings to pass 6 mm mesh and be
 retained on 3 mm mesh washed free from dust.
 (b) The water content of the mix shall be only the absolute minimum required to
 give a workable mix. The paving shall be thoroughly rammed and compacted
 within 30 minutes of laying and the surface trowelling shall be delayed until the
 paving is stiffened sufficiently to prevent laitance being brought to the surface
 by the trowel.
 (c) The paving shall be of the thickness as shown on the drawings laid to levels,
 falls and directions, trowelled smooth with a steel trowel or floated with a
 wooden float required.
 11.3.8 Hardened Granolithic Paving
 (a) The hardened granolithic paving shall consist of two parts of cement, one part
 of clean washed sand and five parts of granite chippings to pass 6 mm mesh
 and be retained on 3 mm mesh washed free from dust. The hardener shall be
 added in accordance with the manufacturer‘s specification for a light duty floor
 unless otherwise specified.
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 (b) The water content of the mix shall be the absolute minimum required to give a
 workable mix. The paving shall be thoroughly rammed and compacted within
 30 minutes of laying and the surface trowelling shall be delayed until the
 paving is stiffened sufficiently to prevent laitance being brought to the surface
 by the trowel.
 (c) The paving shall be of the thickness as shown on the drawings laid to levels,
 falls and directions, trowelled smooth with a steel trowel or floated with a
 wooden float as required.
 (d) All proprietory brands of cement paving hardeners must be submitted for
 approval by the SO and they shall be used strictly in accordance with the
 manufacturer‘s instructions.
 11.3.8 Cement Skirtings
 The skirtings and risers shall be of the heights and the thicknesses shown on the
 drawings. Where the thickness is not indicated it shall be 1.2 mm thick. Junctions
 with pavings at bottom shall be coved and paving at top shall have a rounded edge.
 All vertical internal angles shall be coved and vertical external angles shall be
 rounded.
 11.3.9 Non-slip Finish
 Non-slip finish to treads of stairs and thresholds shall be formed with carborandum
 or any other approved material applied in accordance with manufacturer‘s
 instruction.
 Preparation and Laying of Paving
 11.3.10 General
 (a) The concrete floor shall be brushed with a stiff broom before it has hardened to
 remove laitance and to give a roughened surface. Where possible the pavings
 shall be laid whilst the concrete is green, i.e. within 24 hours after laying of the
 concrete.
 (b) All in-situ paving shall be laid in alternate bays not exceeding 10 m2, the ratio
 between the lengths of the sides should be no greater than 1:1½ where possible
 with aluminium or plastic strips anchored into the screed to SO‘s approval.
 (c) Joints in the paving must be provided exactly above the joints in the floors.
 11.3.11 Paving to Fall
 All paving shall he laid to level or to fall as shown on the drawings or as directed by
 the SO.
 11.3.12 Arrises and Angles in Paving
 All arrises, internal angles, external angles, etc. shall be cleaned and slightly
 rounded and with neatly formed mitres.
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 11.3.13 Curing
 (a) All in-situ pavings shall be kept damp and adequately cured to prevent
 shrinkage and cracking. Where possible as soon as the surface is hard enough,
 the completed areas shall be flooded with 25 mm depth of curing water for not
 less than 7 days retained by placing a line of mud or clay around the perimeter
 of each day‘s work.
 (b) The paving shall be kept free of traffic for a minimum period of 7 days.
 11.3.14 Making Good
 All making good shall be cut out to a rectangular shape, and finished flush with the
 face of surrounding paving. The cut surface shall be wetted with water to receive
 new cement mix at a same mix as the original paving. All cracks, blisters and other
 defects shall be cut out and made good and the whole of the work left perfect on
 completion.
 11.4 IN-SITU TERRAZZO FLOORING
 11.4.1 The in-situ terrazzo flooring work shall be carried out in accordance with the BS CP
 204.
 11.4.2 The terrazzo flooring shall be composed of one part of coloured cement of an
 approved colour to two and a half parts of coloured marble chippings of an
 approved colour, hardness, granular without being flaky, free from dust, dirt and
 other impurities by volume.
 11.4.3 The materials shall be thoroughly mixed in the dry state and only sufficient water
 shall be added, preferably by means of a fine spray, whilst the materials are being
 worked until the proper consistency is obtained. The mix shall be plastic and
 workable but not fluid.
 11.4.4 The minimum thickness of the terrazzo flooring shall be 13 mm for aggregate up to
 10 mm and 15 mm for aggregate up to 13 mm.
 11.4.5 The terrazzo flooring shall be laid on a screeded bed on concrete subfloor. The
 screeded bed shall be composed of one part of cement to three parts of sand. The
 materials shall be thoroughly and efficiently mixed and the amount of water added
 shall be the minimum necessary to give sufficient plasticity for laying and
 compacting.
 11.4.6 The screed shall be laid not less than 20 mm thick, true to level or to the necessary
 falls before the cement slurry sets.
 11.4.7 The surface of the screed shall be left rough to provide a good key for the terrazzo.
 11.4.8 Except in quite small areas, the screed shall be divided into panels not exceeding 1
 m2 with brass, zinc, ebonite or plastic strips as directed and anchored into the
 screeded bed with the top edges standing sufficiently proud to take the required
 thickness of the finished flooring.
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 11.4.9 Terrazzo surfaces shall be scaled with an approved sealer after final grinding and be
 protected before the flooring is opened to traffic. It shall be washed with clean
 water and a mild household cleansing detergent, free from alkali and handed over
 perfectly clean and free from blemish.
 11.5 MOSAIC TILING
 11.5.1 The mosaic tiles shall be well burnt, fully vitreous tiles of the quality, sizes, patterns
 and colours as directed, fixed face downwards with an adhesive on paper to patterns
 or designs and with borders as directed by the SO. The mosaic tiles shall be
 transferred to the cement screed on the job and when dry, the paper shall be washed
 off. Cement grout composed of one part of cement to one part of sand shall fill the
 joints of the tiles. When the grout is set, an surplus grout shall be cleaned off and
 the whole surface protected to the satisfaction of the SO.
 11.5.2 Mosaic tile floors shall be laid on cement and sand (1:3) screed to make up the total
 thickness as required.
 11.5.3 Mosaic tiles skirtings shall be formed on cement and sand (1:3) screed to the
 heights and total thickness as required. Bottom courses shall be provided on splay at
 junction with floor paving.
 11.6 CERAMIC FLOOR TILE PAVING
 11.6.1 The tiles supplied to the site shall be of first quality, first choice and shall conform
 to SS 301. Tiles shall be delivered to the site in the original packing or pallets and
 be accompanied by the certificate from the manufacturers to show proof of the
 grade and quality.
 11.6.2 Tiles shall be soaked in clean water before laying. Concrete floor shall be cleaned
 with a stiff broom or brush and a slurry of cement shall be applied before laying the
 tiles. The bedding mortar shall not be less than 25 mm thick and shall have a
 crushing strength of not less than 15 MPa. The mortar shall be carefully compacted
 and evened out before the wet tile is placed in position and tamped carefully into
 place. The area of tiles laid shall be limited to areas of not more than 6 m2 at any
 one time. Joints shall be filled with cement grout consisting of one part of cement
 and one part of sieved fine sand. All surplus grout shall be cleaned off and floor left
 to set for at least 4 days before allowing traffic.
 11.6.3 On completion of all work, all stains and cement residue, etc. shall be cleaned off
 with a non-corrosive tile cleaner. The floor shall be washed thoroughly and left to
 dry. No acid shall be used for cleaning purposes. The tiled floor must be left clean,
 free from stains and to the satisfaction of the SO.
 11.7 NON-SLIP NOSING TILES
 11.7.1 Non-slip nosing tiles at edge of treads shall be 150 x 75 x 19 mm approved vitreous
 bull-nosed nonslip nosing tiles of approved colour bedded in cement mortar (1:3) to
 full thickness of tread and pointed in cement.
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 11.7.2 Where plastic tiles are laid, non-slip preformed PVC or aluminium nosing tiles or
 strips shall be provided at edges of treads.
 11.8 VINYL TILES AND VINYL FLOORING
 Vinyl Tiles
 11.8.1 All tiles shall be asbestos free vinyl composite and homogeneous vinyl tiles. The
 tiles shall be 2 mm thick unless otherwise specified and be laid in a continuous butt
 joint with appropriate type of adhesive to manufacturer‘s instructions on cement
 and sand (1:3) screed of minimum thickness of 20 mm, trowelled smooth.
 Vinyl Sheet Flooring
 11.8.2 Surface of floor to receive vinyl tiles or sheets shall be free from dirt, sand and
 other particles. Minor undulating surfaces have to be improved with self-levelling
 compound.
 11.8.3 Flexible vinyl sheets shall conform to BS 3261 and laid with an approved adhesive
 onto an evenly trowelled 20 mm thick cement and sand (1:3) bed. All joints of the
 flexible vinyl sheets shall be welded by specialist workers.
 Vinyl Skirting
 11.8.4 PVC (vinyl) skirting shall be extruded vinyl, 3 mm thick, with small splay at the
 bottom and fixed with approved adhesive.
 Flooring
 11.8.5 On completion, apply and polish tile work with an approved finish to the
 satisfaction of the SO. Adequate protective measures shall be taken to prevent
 damage to the completed tile work whilst other trades are still in progress.
 11.9 COMPLETION
 11.9.1 On completion, apply and polish tile work with an approved finish to the
 satisfaction of the SO. Adequate protective measures shall be taken to prevent
 damage to the completed tile work whilst other trades are still in progress.
 11.9.2 On completion of buildings, all laitance shall be scraped and cleaned off and all
 floors, etc. left clean to the satisfaction of the SO.
 11.10 WALL AND FLOOR TILES
 Generally
 11.10.1 The following reference standards shall form part of this Specification and will
 serve as a basis for approval of minimum standards of materials applicable :
 (a) Codes and Regulations of C13PU and other Authorities having jurisdiction.
 (b) CP 202 and SS 301 (Homogenous Ceramic Floor and Wall Tiles)
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 (c) BS 5385 (Code of Practice for Wall Tiling)
 11.10.2 All wall tiles shall conform with the minimum requirement of SS 57: 1989 for
 geometrical characteristics and other technical characteristics not specified herein.
 11.10.3 All floor tiles shall conform to the minimum requirements of SS 301 : 1985 for
 geometrical characteristics and other technical characteristics not specified herein.
 The Contractor must state the country of origin / manufacture for the tiles offered.
 11.10.4 Supply and lay wall and floor tiles as specified, laid with tile adhesive in cement
 and sand (1:3) screed and pointed with coloured cement or grout including all
 matching angle tiles to area as shown on the drawings.
 11.10.5 All tiles shall be of first grade, first quality, well burnt, true to shape, size, evenly
 matched for colour and texture, free from blemishes and with all matching coved
 skirting, internal and external angles and all purpose made tiles.
 11.10.6 Samples of tiles displayed during the tender period where specifically mentioned
 are available for inspection and are only indicative and merely for the Contractor‘s
 guidance and convenience. Tiles of similar or better quality shall be offered.
 11.10.7 The Contractor shall submit the brand names of each type of tiles proposed stating
 the manufacturer's name and country of origin of the tiles to the SO for approval.
 11.10.8 All works shall be carried out by experienced first class tilers to standard approved,
 by the SO.
 11.10.9 The Contractor shall include allowance for the cost of forming patterns, all
 necessary fails and currents, non-slip grooves, expansion joints and skirting to the
 finishes specified including bordering required to match the whole, all to the
 satisfaction of the SO.
 11.10.10 Provide stainless steel division strips embedded at junctions of different floor
 finishes and door thresholds and finish flush.
 Packaging
 11.10.11 All tiles shall be packed in properly labeled wooden pallets complete with plastic
 covers.
 11.10.12 All tiles shall be kept in batches, numbered in accordance with the number of the
 containers and/or pallets.
 Delivery
 11.10.13 All tiles shall be delivered to the site in their original unopened containers with all
 labels intact and legible at time of use.
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 Samples And Mock-Up
 11.10.14 Samples of ceramic tiles shall be submitted free of cost to the SO for approval.
 Contractor shall provide 3 samples for each type of wall and floor tile for SO
 selection.
 11.10.15 The Contractor shall loose lay a mock-up (for all types of tiles) of approximate
 0.5m2, for SO's approval prior to manufacturing. The exact location, colours/pattern
 of tiles shall be directed by the SO. The mock-up shall be executed to the complete
 satisfaction of the SO. Upon acceptance of the mock-up by the SO, the Contractor
 shall be required to submit full tiling layout drawings to a minimum of 1: 100 scale.
 11.10.16 The Contractor shall submit 1 set of samples of the approved tiles mounted on
 display boards to the SO at the time of or immediately after the approval of the
 loose lay mock-up.
 11.10.17 All tiles delivered to the site will be gauged against the approved samples.
 Tests Reports
 11.10.18 The Contractor shall submit local test report from approved testing laboratories to
 show that the proposed tiles comply in all respect with the specification.
 Tests
 11.10.19 Notwithstanding the submission of test reports as separately provided for in the
 Specifcations the Contractor shall also allow for the cost of providing samples,
 transport, air freight (if any), testing fees and all other charges and expenses,
 incurred in sending 3-lots each of the tiles from each consignment to PSB or other
 approved laboratories separately for testing in 20 pieces per lot selected at random
 at the discretion of the SO.
 11.10.20 The Contractor shall provide the services of a fork-lift and any other necessary
 equipment for the sampling of tiles. Samples shall be picked at random by the SO or
 his authorised representative(s) and the Contractor shall ensure that any pallet or
 pallets be opened for this purpose.
 11.10.21 Tiles selected at random will be despatched separately in 3 lots of 20 pieces each to
 PSB or other approved laboratories for testing at Contractor's own expense.
 11.10.22 Tiles shall be tested in accordance with methods and procedures adopted by PSB or
 other approved laboratories.
 11.10.23 Upon failure of the tiles to meet with the specification, the entire pallet or the entire
 tiled area shall be removed from the site and made good at the Contractors own
 expense.
 Storage
 11.10.24 All tiles shall be stored under cover in such manner as to prevent damage and
 contamination, at designated locations on site.
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 Colour
 11.10.25 The Contractor shall provide full range patterns, colours and textures of the tiles.
 The SO shall have absolute prerogative in the selection of tiles on their particular
 patterns, colour ranges and textures and there shall be no additional cost to the
 Employer.
 11.10.26 To ensure consistent tonal quality, tiles shall, where possible be manufactured in a
 single process irrespective of delivery schedule. The Contractor shall ensure that
 tiles of the same type in any one area or in two or more adjoining areas shall be the
 same and shall show no sign of change in quality, colour, hue, shade, tone, texture,
 etc.
 Accessories
 11.10.27 The Contractor shall provide all accessory tiles in matching size and colour to trim
 round all water pipes and any other services pipes inclusive of concrete kerbs,
 windows and any other openings to the satisfaction of the SO. The Contractor is
 deemed to have included the cost of accessory tiles in his rates for tiles.
 Laying
 11.10.28 All tiling shall be carried out by trades people experienced in this specialist work.
 11.10.29 All tiling shall be laid strictly in accordance with approved shop drawings.
 11.10.30 Tiles to wet areas shall be laid neatly to falls to ensure no standing water. Fails
 should be dished from perimeter of room to maintain a horizontal skirting.
 11.10.31 Prepare sub-base as specified, moisten and then spread setting bed evenly over the
 whole area to ensure a good bond, screed bed to required levels and to a smooth
 surface to receive tiles. Approved additive such as acrylic resin shall be added to the
 screed bed to reduce water absorption. After screed bed has set sufficiently to be
 worked over, the laying of tiles shall begin.
 11.10.32 Straight edges shall be set to lines and then re-set at suitable intervals to keep joints
 parallel over the entire area. Tiles shall then be laid solidly onto the screed bed from
 the center of the floor outwards unless otherwise agreed and ensuring a solid
 bedding, free from depressions. Movement joints shall be provided around the
 perimeter of the floor with compressible filler approved by the SO.
 11.10.33 As soon as the bed under the tile has hardened sufficiently, joints shall be filled with
 dry mix of (1:3) cement and sand with tolerances of ±3mm in 3000mm, and pointed
 with selected color grout to the satisfaction of the SO.
 11.10.34 If surface to receive tiles is drywall or gypsum board partition, laying of tiles shall
 be with approved adhesive as recommended by the tile manufacturer.
 11.10.35 Check that there are no unintended colour/shade variations within the tiles for use in
 each area/room.
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 11.10.36 All surfaces on which tiling is to be laid shall be suitable for that purpose and the
 Contractor shall informed the SO of any factors that may affect the execution of a
 satisfactory tiling.
 11.10.37 Tiles are to be laid in accordance with good practice and the written instructions of
 the manufacturer.
 11.10.38 All items damaged in transit prior to acceptance shall be rejected and replaced at the
 Contractor's cost. The Contractor shall hold sufficient stocks of the specified
 materials for such replacements.
 11.10.39 Where there is a suspended false ceiling, the ceramic wall finishes shall rise a
 minimum of 150mm above the height of the suspended ceiling and finished off in a
 neat straight line.
 Wall And Floor Tiles
 11.10.40 All tiles selected shall be of grade and colour-matched first quality, and offer high
 resistant to chemical attack, wear, collision and loads.
 11.10.41 Joint shall be of 2mm width. Coloured cement grouting shall be used to match the
 colour of tiles.
 11.10.42 All purpose made tile such as skirting, step thread, and other accessories shall be
 provided. Such items cut from larger tile pieces are not acceptable.
 11.10.43 All homogeneous ceramic tiles shall conform to the minimum requirements of
 SS301:1985 for geometrical characteristics and other technical characteristics not
 specified herein. The Contractor must state the country of origin and manufacture
 for the tile offered.
 11.10.44 All polished/matt finished tiles shall be of similar calibration when delivered to site.
 Difference between calibration of polished and matt tiles shall not be accepted.
 11.10.45 The Contractor shall supply with reference to the tender samples the same approved
 type with its full colour range of unpolished, non-slip and coloured homogeneous
 ceramic tile, fully vitrified for heavy use on the floor at staircase, washroom,
 kitchen other areas as specified by SO.
 11.10.46 Joints shall be of 2mm width (±1 mm tolerance) grouted and pointed with approved
 colour grout as specified herein.
 11.10.47 All tiles shall be complete with all corner angles, matched coved skirting tiles or
 other purpose made accessory tiles.
 11.10.48 All wall tiles shall conform with the minimum requirement of SS 57:1989 for
 geometrical characteristics and other technical characteristics not specified herein.
 11.10.49 Approved surface expansion joints for floor tiles shall be provided at 6 metre
 centres bothways to alleviate the problems caused by thermal expansion and
 contraction. Surface expansion joints shall be made of weather resistant co-extruded
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 rigid and flexible pvc with integral semi-flexible metric in the centre of the profile
 to relieve lateral stress when temperature changes.
 11.10.50 All purpose made tiles such as skirting, step nosing and other accessories shall be
 provided. Such items cut from larger tile pieces are not acceptable.
 11.10.51 All floor tiles shall conform to the minimum requirements of SS 301:1985 for
 geometrical characteristics and other technical characteristics not specified herein.
 The Contractor must state the country of origin/manufacture for the tiles offered.
 Tiles For Maintenance Stock
 11.10.52 Wall and floor tiles to be supplied and delivered by the Contractor as maintenance
 stock shall be properly protected and upon the instruction of the SO passed on to the
 SO or persons authorised by the SO for keeping. Certified vouchers of the tiles by
 the recipient shall be forwarded to the SO.
 11.11 NATURAL STONE SLABS
 Generally
 11.11.1 All materials supplied shall conform with the minimum requirements of the relevant
 standards unless otherwise specified. All materials shall meet the minimum
 requirements in regard to the physical properties, trueness of shape, dimensional
 tolerances and finish for slabs.
 11.11.2 The Contractor shall allow for the cost of providing samples, transport, air freight,
 testing fees and other charges; and charges and expenses incurred in sending
 granite/marble slabs to PSB or any other overseas laboratory for testing (if required)
 at the discretion of the SO.
 11.11.3 The tenderer shall submit the name of the proposed granite/marble supplier(s) at the
 time of submission of tender.
 Quality And Compliance With Standards
 11.11.4 The stone shall be of best quality all from the same bed in Quarry, must follow the
 vein and of true straightness, free from cracks, chips, stains or other defects, of
 consistent and non-fading colours, of quality, grade, texture design, size, thickness
 and pattern to SO's approval. Patching and filling where permitted shall be carefully
 done to the satisfaction of the SO.
 11.11.5 The granite/marble slabs shall be obtained from quarries of sufficient capacity to
 supply the required selected quality and quantity of granite in accordance with the
 approved samples.
 11.11.6 Upon failure of the granite to meet with the relevant standards and specification, the
 entire batch or slabbed area shall be removed from the site and made good at the
 Contractor's own expense.
 11.11.7 All slabs are to be packed in properly labelled wooden cases and kept in batches
 numbered in accordance with the number of the containers.
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 11.11.8 The granite/marble slabs shall be to the dimensions as stated in the approved shop
 drawings. Dimensions appearing on shop drawings shall take into consideration all
 site dimensions and guideline slab dimensions as indicated on drawings.
 11.11.9 The allowable variation tolerance in slab thickness shall be 0 to 1.5mm and for out-
 of-square variation, it shall be maximum 3mm in diagonal measurement.
 11.11.10 Granite/marble slabs shall be carefully selected during installation to ensure that no
 excessive variations in background colour or density of pattern between adjacent
 tiles are present.
 11.11.11 All granite slabs shall comply with the following technical specification:
 (a) Granite shall have a minimum modulus of rupture of 10.342N/mm2 as tested
 per ASTM C99, and shall meet the minimum requirements of ASTM C615 and
 ASTM C119. Stone shall have a minimum flexural or bending strength of
 8.274N/mm2 as tested per ASTM C880 modified
 (b) Theoretical structural calculations of stone, stress shall be based on the lowest
 average of the four group averages of ASTM C99 or C880 modified tests
 minus one standard deviation. The working stress values shall have a minimum
 safety factor of 2.5 when compared to this modified average
 (c) All polished granite shall have natural mirror polished finish including the
 granite to be cladded to circular columns and skirting. Any surface inferior to
 natural mirror polished finish shall be rejected. All exposed edges shall also be
 of polished finish.
 11.11.12 All polished granite shall have natural mirror polished finish including the granite to
 be cladded to circular columns and skirting. Any surface inferior to natural mirror
 polished finish shall be rejected.
 11.11.13 All granite slabs on the external precast cladding shall be polished, honed or flamed
 granite as indicated on the drawings. All granite slabs to apron of the building shall
 be of flamed granite slabs.
 11.11.14 All granite slabs shall be provided with factory cut 1mm beveled edge prior to
 laying.
 11.11.15 All stone slabs for floor and wall shall be 20mm and 25mm thick respectively
 unless otherwise stated. Where stone is used as skirting up to 600mm high, slab
 thickness shall be 20mm with mortar infill behind.
 11.11.16 The Contractor shall ensure that there are adequate stocks of the slabs of the
 selected grade. The slabs must be selected to obtain consistency in colour, shade,
 tones, marking veins, intensity of grains or veins, etc. in accordance with the
 approved samples. Any deviations from the approved samples submitted will be
 rejected.
 11.11.17 The Contractor is deemed to have included inspection trips to the quarries and
 manufacturer's production factory by their representative to ensure all granite to be

Page 130
                        

FINISHES
 117
 delivered are in accordance with size, tone and shade specified prior to shipment to
 Singapore.
 11.11.18 Stone finish, as scheduled on the architectural drawings shall be on all visible
 surfaces and exposed edge returns. Locations shall be as shown on drawings.
 Degree of finish must meet with samples approved by the SO.
 11.11.19 Direction of grain, drift shall run generally parallel on all finished surfaces. Erected
 work shall be oriented in direction as approved by the SO.
 11.11.20 All stone shall be free from hones, seams, shakes, clay pockets, spalls, stains, starts,
 and other defects which, would impair the strength, durability and appearance of the
 work, as determined by the SO.
 11.11.21 All stone shall be of Grade A selection for background colour and veining. Marking
 and matching shall run in even shades and shall be set accordingly. Inherent
 variations characteristic of the stone and quarry from which the stone is obtained
 shall have been brought to the attention of the SO at time when the stone samples
 were submitted to the SO. These conditions shall be subject to SO's approval.
 11.11.22 Division Strip
 Brass or stainless steel (with non-directional finish) division strips of 40mm width x
 60mm depth shall be provided for the full width of openings at junction between
 different floor finishes bedded into the screeds and shall be set flush with the finish
 floor level.
 11.11.23 Waterproof Primer
 The back and unexposed edges of natural stones shall be coated with silicone
 waterproofing ‗Primer E‘ or other approved equivalent applied in two coats or in
 accordance with the Manufacturer's recommendation. The coating shall not stain,
 discolour or in any way disfigure the stone.
 Submission of Samples at Tender Stage
 11.11.24 Tenderers shall submit control samples of each type of granite slabs, when
 requested to do so by the Employer for the purpose of tender evaluation. The
 samples submitted shall be fully labelled and shall represent the shade, finish and
 characteristics of the granite to be supplied.
 Shop Drawings
 11.11.25 The Contractor shall prepare fully dimensioned shop drawings for the approval of
 the SO to show the fabrication and installation of the granite including:
 (a) layout of granite slabs, panel sizes and thickness
 (b) depth and manner of bedding and jointing
 (c) method of anchoring
 (d) movement joints

Page 131
                        

FINISHES
 118
 (e) provisions for incorporating the work of other trades
 (f) support frames where indicated with Professional Engineer's endorsement.
 (g) provision of vertical and horizontal expansion
 (h) junctions and trims to adjoining surfaces
 Control Samples
 11.11.26 Upon award of Contract, the Contractor shall be required to submit to the SO for
 approval of samples of granite slab to thickness as specified, fully labeled which
 shall represent the shade, finish and characteristic of the granite to be supplied.
 11.11.27 All granite/marble slabs subsequently delivered to the site shall be gauged against
 the samples. Any slabs not complying with the approved samples shall be rejected
 and replaced at the Contractor's own cost.
 11.11.28 The Contractor shall provide on-site mock-up panels as directed by the SO for
 special or random tile pattern of agreed sizes to demonstrate quality of execution for
 each special condition for the approval of the SO. Once approved these panels shall
 be incorporated into the works and used as a basis for judging the execution of all
 subsequent equivalent installations.
 Replacement
 11.11.29 All damaged/defective/rejected granite/marble slabs shall be replaced by the
 Contractor at his own cost. The Contractor shall ensure that sufficient stock of
 granite slabs of consistent colour and tone are maintained for replacement of
 damaged/defective/rejected granite slabs throughout the contract period and the
 defects liability period.
 Marking, Packaging And Labeling
 11.11.30 The following marks shall be legibly and indelibly impressed on the back of each
 slab.
 (a) The name of the manufacturer and/or the manufacturer's identifying mark.
 (b) The name of the country where the slab is made.
 11.11.31 The slabs shall be securely packed in proper pallets to avoid breakage. The
 Contractor will be held liable should any damage arise from inadequate or careless
 packing and will be required to replace all damaged slabs entirely at his own cost.
 11.11.32 The Contractor must attach different colour labels for different batches of slabs
 delivered to all sides of palletised packages for easy identification.
 11.11.33 The Contractor shall also similarly mark, label and number all slabs for the external
 pre-cast concrete cladding and deliver these slabs to the pre-cast yard for
 incorporation into the external pre-cast concrete cladding.
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 Supplier's Certificate
 11.11.34 The Contractor shall satisfy that slabs at the time of their delivery comply with the
 requirements of this specification and, if requested, shall forward a certificate issued
 by the manufacturer to this effect to the SO that the slabs as supplied in the
 shipment are of first quality and first choice.
 11.11.35 The SO reserves the right to, consult a local recognized laboratory e.g. PSB for
 verification of the manufacturer's certificate and the cost incurred therein shall be
 borne by the Contractor should the properties of the slab samples proved otherwise
 from the certificate.
 Testing
 11.11.36 The slabs to be tested shall represent the average of those manufactured or supplied.
 The test samples shall be taken at random by the SO at the time of delivery and
 shall be identified and indelibly marked by the Contractor. Any slab which is found
 to be damaged, before testing, shall be rejected and another slab sampled from the
 bulk delivery in its place.
 11.11.37 The range/number of tests to be carried out shall be to the SO's discretion and the
 cost incurred in the testing shall be borne by the Contractor should the properties of
 the slab samples proved otherwise than that stated in the manufacturer's certificate
 or other assurances by the Contractor.
 Fixing Of Granite/Marble Slabs
 11.11.38 Installation of granite/marble slabs shall be by specialist workers fully experienced
 in this nature of installation.
 11.11.39 The Contractor shall provide dry lay of stone/marble slabs at areas as shown in the
 drawings for the SO‘s inspection before laying of the slabs. The SO may reject
 stone/ marble slabs if the colour, tone or vein of the slab is not acceptable. All
 rejected stone/ marble slabs shall be replaced by the Contractor at his own cost.
 11.11.40 The Contractor shall submit fixing details with all calculations endorsed by PE for
 the approval of the SO.
 11.11.41 The unpolished undersides and edges of granite/marble slabs for external concrete
 cladding, all building lobbies, lift lobbies and the external walkway and apron shall
 be coated with one coat of approved epoxy resin primer in accordance with
 manufacturer's instruction. The epoxy resin primer shall not stain, discolour or in
 anyway affect the granite and shall be compatible with the tile adhesive.
 11.11.42 For granite/marble slabs fixed to gypsum wallboard or plywood backings, an
 elastomeric non-staining contact adhesive of grade recommended by the
 manufacturer shall be used.
 11.11.43 All concrete/block walls shall be checked for plumb and square.
 11.11.44 For granite slabs for the external pre-cast concrete cladding, the fixing details and
 calculations shall comply with BS CP 8298.
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 11.11.45 For handset granite panels, the Contractor shall design, supply, install and complete
 using a proprietary stainless steel framing.
 11.11.46 The proprietary frames shall be of made from stainless steel grade 304 fixed to the
 shaft by stainless anchors. It shall be aligned and attached to the shaft structure by
 appropriate anchors and rods designed to meet the wind load. The distance between
 the frame and the structure shall vary according to the profile of the finished shaft to
 achieve the sloping effect towards the top.
 11.11.47 Where metal anchors and cramps are used, they must be of stainless steel type 316
 and complying with BS 970 or approved quality fixed with approved non-shrinking
 grout to manufacturer‘s instructions.
 11.11.48 The Contractor shall calculate the strength and size of anchors to be used depending
 on the size and weight of slab and all anchor holes must be drilled at least 100mm
 away from the edge of the slab.
 11.11.49 Anchor system must be approved by the SO prior to fixing and support, and
 restraint anchor be placed so that no transfer of load is effected between slabs. The
 method and positioning of anchorages are to be fully illustrated prior to granite
 installation.
 11.11.50 Joints between slabs shall not be more than 2mm butt jointed. The variation in joint
 width shall be ± 0.5mm. If sealant is used, the joint size shall be at least 4 - 6mm
 wide and filled with polyethylene backing strip. The sealant shall be non-staining
 and non-gasing. The backing material shall be compatible and non-staining to the
 sealant. The SO shall have the right to choose the colours of the joint filler and
 sealant. More than one colour of filler and sealant may be used and the Contractor
 shall allow for this in his rates for granite.
 11.11.51 Flatness of the overall finish shall be ensured by controlling planar alignment of
 adjacent slabs to within 0.025mm. The variation from level shall be 6mm in
 6100mm and 9mm maximum in total length.
 11.11.52 A backing bed of cement and sand (1:3) mortar shall be infilled up to 1 m high from
 the floor level for granite slabs fixed to walls and columns and shaft. This item is
 deemed to be included in the rates for granite slabs.
 11.11.53 All granite after installation shall be cleared with detergent and water solution using
 stiff fibre bristle brushes. No sand, acids, caustic cleaners or wire brushes shall be
 used.
 11.11.54 All granite after installation shall be protected with polythene sheeting so as to
 prevent staining from wood-work, oil and grease.
 11.11.55 All granite after installation shall be protected with polythene sheeting so as to
 prevent staining from wood-work, oil and grease.
 Joints
 11.11.56 All joint surfaces shall be clean of dirt, dust, grease or other deleterious material.
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 11.11.57 The Contractor shall be responsible for the accuracy of all setting out of joints. All
 joints must be water-tight and shall accommodate all differential movement e.g.
 thermal movement.
 11.11.58 Grouting of joints shall be carried out only 24 hours after the slabs have been fixed
 to allow the adhesive to set. All grouting shall be of proprietary grout to match
 colour of granite.
 11.11.59 Expansion joints shall be provided as directed by the SO.
 11.12 CARPETS
 Carpet Tiles Generally
 11.12.1 The technical specification of carpet specified are to indicate the minimum standard
 of quality and performance of the carpet tiles that are expected. Where references
 are made to the standards in the specification, relevant test certificate and reports
 from test laboratories shall be submitted.
 11.12.2 The dimensions or scales indicated on the drawings are approximate and are within
 general drafting tolerance. The Contractor shall carefully check all dimensions or
 other conditions affecting his work at the site and shall be responsible for supplying
 sufficient quantity and proper installation of carpets.
 11.12.3 The Contractor shall only offer carpet from reputable manufacturers who have job
 references of similar size in Singapore. Installation shall be by specialist workers
 fully experienced in this nature of installation. Installation shall be in accordance
 with manufacturer's printed instructions.
 11.12.4 The Contractor shall submit full size samples of the proposed carpet tile and a
 sample chart showing the range of texture and colour available for SO's selection
 and approval.
 11.12.5 Samples of carpet tiles, if any, displayed at the time of tender for inspection by
 tenderers and are only indicative and merely for the tenderer's guidance and
 convenience. Carpet tiles of similar or better quality shall be offered.
 11.12.6 The carpet tile shall be a modular free lay carpet. Tile modules cut from a finish
 broadloom shall not be acceptable. Carpet tiles are generally intended for access
 floor system except certain specific floors. Tenderers shall ensure compatibility
 with any access floor system adopted. Carpet tiles shall be interchangeable
 throughout the facility by colour and dye-lot with no visible sign of variation in
 texture, colour, uniformity and size.
 Scope of Contract Works
 11.12.7 The Contractor shall supply, deliver, install complete, maintain and warrant the
 whole of the Contract Works for a complete carpet tile system as indicated on the
 Contract Drawings and Specifications and in conformity with the Contract
 Conditions, Specifications and all Authorities regulations including providing any
 measures that may be required to that end notwithstanding any omissions or
 inadequacies of the Contract Drawing and Specification. Without limiting the
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 generalities of the foregoing, the Contract may include, but not be limited to the
 following : -
 (a) Carpet Tiles
 (b) Broadloom Carpet
 (c) All accessories inclusive of tackable adhesive
 11.12.8 The Contractor shall also be responsible for providing the following :
 (a) Shop drawings and test reports in connection with the supply and
 installation of the carpet tiles.
 (b) Scheduling and monitoring of the caret works in conjunction with other
 works.
 (c) Mock-up samples and test units.
 (d) Co-ordination with work of other trades.
 (e) Protection and cleaning.
 (f) Guarantees and Warranties.
 (g) All temporary services and ancillary work over and beyond those provided
 by the Contractor.
 (h) All materials and workmanship are to be fit for their purpose.
 Materials
 11.12.9 Unless otherwise indicated, all carpets shall be of one single dye-lot, first quality
 manufacture and shall meet the Specification. Yarn dye-lot shall be at least
 50,000m2.
 11.12.10 The carpet manufacturer shall provide a written manufacturer guide specially for
 the project.
 Accessories
 11.12.11 The Contractor shall provide accessories such as removable carpet edge guard,
 naplocks, etc. where necessary.
 Pattern
 11.12.12 Registration of pattern shall be precise so that no pattern mismatch is evident after
 installation. Consistency shall be such that any tile shall be interchangeable with
 any other tile, with no visual difference in colour of base shade or overprint.
 Colours And Pattern
 11.12.13 The carpet tiles shall be a patterned carpet with a wide range of colours and
 patterns. Patterns and colours are to be selected by the SO. The SO is at liberty to
 select any pattern from the whole standard pattern range available from the carpet
 specialist to be printed onto the selected carpet at no extra cost.
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 11.12.14 It is expected that each floor may have a different pattern and colour carpet and the
 Contractor shall allow for selection by the SO of different colours and patterns. No
 additional claim on account of this will be entertained.
 Manufacturer's Certification/Applicable Standards
 11.12.15 Prior to installation, the carpet manufacturer shall provide a letter to the Owner,
 signed by an officer of the firm, certifying that all specifications have been met on
 the manufacture of the carpet.
 11.12.16 The standards, codes and specifications referenced below and elsewhere in these
 Specifications shall apply. However, similar codes or standards used in the home
 country of the manufacturer may be used if applicable, at the sole discretion of the
 SO and subject to the acceptance of local Authorities. In such case the manufacturer
 shall submit documentation satisfactory to the SO that such code is essentially equal
 to the one specified.
 (a) specified documents for AACHEN
 (b) specified documents for AATCC
 (c) specified documents for ASTM
 (d) specified documents for DIN
 (e) specified documents for CPSC
 (f) specified documents for NFPA
 (g) Japan Industrial Standard (JIS)
 (h) British Standard ( BS )
 Installation
 11.12.17 The Contractor shall inspect the floors before the commencement of work and shall
 carry out all necessary rectification work to ensure that the conditions will not
 prevent him from producing good, finished work. The Contractor shall not proceed
 with any carpeting work until such conditions are entirely rectified or corrected.
 11.12.18 The workmanship for the carpeting work shall be of first class quality. It is essential
 to ensure that only highly specialised and experienced tradesmen are assigned to
 carry out the carpeting work. If in the SO's opinion that any tradesmen employed by
 the Contractor is incompetent to carry out the best quality workmanship, the
 Contractor shall at once remove such person from the works when so directed by
 the SO.
 11.12.19 The Contractor shall measure and check all dimensions and other conditions at site
 to ensure proper fit to designated areas for carpet tiles.
 11.12.20 The Contractor shall co-ordinate the installation of carpet with other works carried
 out by nominated sub-contractors or other contractors employed directly by the
 Employer.
 11.12.21 Carpet tiles shall be generally free lay without tacking or adhesive. The Contractor
 is to produce evidence from the manufacturer that its carpet tiles are recommended
 to be laid without tacking or adhesive.
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 11.12.22 Broadloom carpet shall be laid over an approved felt underlay complete with all
 accessories and in accordance with the manufacturer's instruction.
 11.12.23 Where carpet abuts adjacent different flooring surfaces, at the same or different
 level, approved stainless steel finishing strips with insert shall be used. The
 Contractor shall provide samples for the type of finishing strips to be used at
 different floorings and edges for the SO's approval.
 11.12.24 Carpet seams shall be overlapped, double out, glued and taped. Cross seams shall be
 kept to a minimum and be located in low traffic areas.
 11.12.25 Seams of underlay shall not coincide with those of carpet when laid in same
 direction and shall not shadow through carpet.
 11.12.26 Joint rubber based underlays with tape not less than 50mm wide.
 11.12.27 Lay carpets on underlay with seams straight and parallel to the main axes of the
 Room with all lengths having the pile lying in the same direction. Power stretch
 carpet for tackless fixing on to edge grippers and form a neat rolled edge at junction
 with walls or other vertical surfaces.
 11.12.28 Fix free edges of carpet with naplock binder bar. Use double binder bar for fixing
 where carpets of different types meet or where carpets are laid both sides of a
 doorway.
 11.12.29 The installation shall result in an even, continuous surface. All carpet tiles shall
 tightly adjoin with no gaps or irregularities.
 11.12.30 Tiles shall be installed in a continuous grid, and the finished installation shall be
 monolithic in appearance, with all "grain" laid in the same direction.
 11.12.31 Tiles shall be installed within each floor area so that all partial tiles occur only at the
 perimeter of the area or at vertical obstructions, columns, partitions, etc., and are of
 the maximum possible dimension.
 11.12.32 Cutting of tiles shall be done with a sharp blade and a straight-edge so that a straight
 line results, and no tears or gaps occur in the face or in the backing.
 11.12.33 The pattern match of the carpet shall be within 1/6 of an inch in both length and
 width when properly installed.
 11.12.34 The ‗bow and bias‘ on patterned carpet tiles shall be less than 1/6 of an inch in both
 length and width when properly installed.
 11.12.35 Carpet seams and edges between carpet tiles shall not be visible after completion of
 the installation.
 11.12.36 Cut edges of carpet tiles at fittings, opening cover locations, or any exposed edges
 shall be coated with approved silicone sealant or other approved method to prevent
 edge tufts from pulling out.
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 11.12.37 Upon completion of installation of carpet, the Contractor shall carefully and
 thoroughly vacuum clean the entire floor surface and provide adequate protection to
 all finished works.
 Preparatory Work
 11.12.38 All surfaces to receive carpet shall be thoroughly clean, dry, dust free by the carpet
 tile Contractor and in a condition satisfactory to the installation work. The
 Contractor shall notify the SO in writing of any conditions which will prevent him
 from producing satisfactory finish work. The start of carpet installation shall be an
 indication of his acceptance of the surfaces as being satisfactory for installing carpet
 and he will automatically assume the responsibility for any unacceptable finish
 work caused by the floor condition. Should there be any uneven/rough floors that
 are not suitable for laying of the carpet, the Contractor shall co-ordinate with the
 Main Contractor to ensure that it is suitable before laying. The Contractor shall
 inform the SO of any scheduling consequences. The Contractor shall make every
 effort to advise the Main Contractor of such problems within a fair and reasonable
 time frame to prevent delay to the overall programme of the Works.
 Submission of Installation List
 11.12.39 Tenderer shall submit a list of installation of similar size completed by the firm.
 Final Acceptance
 11.12.40 The Contractor shall be fully responsible for the installation. The installation shall
 be inspected by the SO prior to acceptance.
 Guarantee
 11.12.41 The Contractor shall guarantee in writing to re-lay any carpet that does not provide
 an attractive, wrinkle free or gap free appearance and to correct any condition due
 to faulty installation which may appear within one year of the acceptance of the
 completed installation including any loss of adhesion to the sub-floor, and frayed,
 open or ravel seams.
 11.12.42 In addition, the Contractor and the manufacturer shall jointly and severally offer
 warranties on the modular carpet tiles for each of the following in a format which
 would be acceptable to the SO.
 (a) Wear performance of carpet tile should not exceed 10% within 10 years.
 (b) Anti-static performance of below 3.0 kilovolts when relatively humidity not less
 than 20% and room temperature is 70ºF based on AATCC Test 134. Warranty is
 to be lifetime.
 (c) Dimensional stability of not more than 0.1 % within 10 years.
 (d) Colour fastness
 (e) No delamination of backing
 (f) No edge and corner curling or cupping
 (g) Latent defects
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 Carpet
 11.12.43 Contractors shall note that their proposed carpet must to fully comply with the
 specification. Full details/specification of the proposed carpet shall be submitted to
 the so for evaluation at the time of tender submission.
 Cleaning And Drawings
 11.12.44 Cleaning shall commerce immediately after completion of carpet installation in an
 area and all excess carpet, waste and all other resulting rubbish and debris shall be
 removed from the premises. This shall be followed by removal of all spots on the
 cleaned carpet with proper spot remover, including removal of all loose threads
 with sharp scissors and vacuum clean all carpeting.
 11.12.45 Protection immediately after cleaning of carpeting, protect cleaned carpet with 6 mil
 polyethylene sheets, taped in placed. In areas of main circulation, also install over
 the polyethylene sheets protection 6mm thick tempered hardboard panels.
 Immediately prior to the substantial completion, remove protection, clean and
 vacuum any carpeting that has become soiled and replace damaged carpeting with
 new, full section of carpeting (not "patches").
 Maintenance Quantity and Post Contract Service
 11.12.46 The Contractor has to make provisions for 5% quantity for maintenance purposes
 for each type of carpet. These are to be handed over to Employer upon completion
 of Contract. In addition, the Contractor has to ensure that all carpets will be
 available for delivery if required, within 28 days from the date of order. The price
 of the different type of carpets shall be stated and held for 1 year after completion of
 the whole Contract. All wastage quantity is deemed to be included in the tender
 pricing.
 Delivery And Storage
 11.12.47 Carpets are to be delivered in sealed cartons with protective wrapping. There shall
 be no storage on site.
 Maintenance Procedures
 11.12.48 Upon completion of the carpet installation, the Contractor shall submit write up of
 maintenance procedures for the end user. Demonstrations/training is to be provided.
 In addition, the Contractor shall provide 2 sets of the carpet cleaning maintenance
 product approved by the Manufacturer.
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 12.1 SANITARY PLUMBING AND SEWERAGE WORKS
 The whole of the works shall be executed in accordance with the current Standard
 Specification for Sewerage Works, the Sanitary Plumbing and Drainage System Regulation
 1984 and Code of Practice on Sanitary Plumbing and Drainage System.
 12.2 COMPLIANCE WITH REGULATION
 All standards, code of practices and technical guidelines referenced to shall be the latest
 editions which include the amendments and additions, at the time of the tender. Where a
 standard, code of practice, or technical guideline has been superseded by another, all
 references to the superseded document shall be deemed to be referred to the new document,
 even though the new document may not have the same designation number or title.
 12.3 DRAINAGE WORKS
 General
 12.3.1 The drainage work shall be executed in accordance with the Code of Practice on
 Surface Water Drainage and the Surface Water Drainage Regulations, ENV.
 Materials
 12.3.2 The concrete generally shall be as described in Section 5 - Concrete Work. Precast
 concrete pipes, slabs, culverts, channels and kerbs shall be as described in 5.30. The
 brickwork shall be as described in Section 6 - Brickwork, consisting of common
 bricks, set and jointed in cement and sand (1:3) gauged with mortar plasticiser. The
 steel reinforcement shall be as described in Section 5 - Concrete Work.
 Excavation
 12.3.3 Drainage Trenches
 Excavation of drainage trenches shall be to lines and gradients required for the
 pipes, channels, culverts, etc. The trench bottom shall be of sufficient width to
 allow adequate working space for the pipe joiners. Unless otherwise specified,
 excavated material shall not be deposited within 500 mm of the edges of the trench.
 The sides of the excavation shall be supported by planking and strutting if necessary
 to ensure the proper execution of the work. Trenches deeper than 1.5 m shall be
 provided with planking and strutting. The method and materials for planking and
 strutting are to be approved by the SO. In the event of excavation being made
 deeper than necessary, the sidewalls and base of the trenches shall be constructed in
 Grade C15 concrete at the Contractor‘s expense. The excavations shall be kept free
 from water by pumping, baling or otherwise.
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 12.3.4 Table Drains
 Table drains shall be provided at the outer edges of the berms in cuttings as shown
 on the drawings and at other locations as directed by the SO. Table drains shall be
 evenly graded throughout their lengths without stepping and shall be flared
 outwards from the formation. Table drains shall be diverted at intervals shown on
 the drawings so as to discharge stormwater into open drains, natural watercourses,
 culverts or upon the natural ground.
 12.3.5 Catch Drains and other Open Drains
 (a) Where the natural surface drains towards cuttings, catch drains shall be
 provided, before or during excavation of the adjacent roadway, above each
 cutting as shown on the drawings or as directed by the SO. The edges of catch
 drains shall not be less than 2.5 m away from the edges of cuttings nor more
 than is necessary to maintain the fall of drains. Unless otherwise shown on the
 drawings or directed by the SO, catch basins shall be at least 300 mm deep and
 side slopes not steeper than the batter applicable to the material through which
 they are cut. The gradient shall be designed to ensure free flow of water and
 unless otherwise directed by the SO, shall not be less than 1 in 100.
 (b) Catch drains shall be cut in uniform lines. Where obstructions occur in the line
 of a catch drain, the catch drain shall be diverted in the manner as directed by
 the SO. Where hard rock occurs along the line of a proposed catch drain, the SO
 may direct that graded banks be provided to intercept the water or that the catch
 drain be dispensed with and that provision be made for intercepting the drainage
 further away from the cutting, or for widening and deepening the table drain
 into which the water will flow. Where graded banks are required in lieu of catch
 drains, the Contractor shall construct in the same location an embankment not
 less than 450 mm high by 300 mm wide at top, with both side slopes not steeper
 than 2 horizontally to 1 vertically. Material for the embankment shall be
 obtained either from the excavation work or by neatly and uniformly trimming
 back the top edge of the batter of the adjacent cutting.
 (c) At side roads and vehicle entrances, catch drains shall be diverted to the table
 drains or other drainage system as directed by the SO. Where shown on the
 drawings or as directed by the SO, longitudinal median drains shall be provided
 between divided carriageways. Other open drains shall be provided at outlets
 from catch drains, table drains, subsoil drains, kerb and gutter and other points
 of water concentration to lead the water clear of the work to points of natural
 flow into culverts or into pits connected to underground drainage system. As far
 as practicable, the drains shall follow existing watercourses and depressions in
 the natural surface, unless other locations are shown on the drawings or as
 indicated by the SO.
 Lining of Drains
 12.3.6 Where shown on the drawings or directed by the SO, earth drains which have a
 gradient steeper than 5% shall be pitched with stone or lined with concrete. The
 pitching or lining shall conform to the profile of the drains for a depth of at least
 300 mm and shall be carried out as specified. Pitching shall consist of sound
 durable rock not less than 150 mm thick or precast concrete blocks not less than 100
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 mm thick, properly bedded on approved loam or sand to present a uniform surface.
 The exposed surface of each stone or block shall be flat and not less than 0.03 m2.
 Joints between adjacent stones or blocks shall not exceed 13 mm. Table drains
 pitching or lining (referred to on the drawings as Precast Concrete Composite
 Channel Drain or Block Drain) shall conform to the profile of the drain and shall
 make an even joint with the edge of the sidetable. The side of the drain nearest to
 the cutting shall be pitched or lined to the same level.
 Backfilling of Drainage Trenches
 12.3.7 No trench shall be filled until after the drain therein has been tested and approved.
 Earthfilling from the bottom of trenches and to a height of 300 mm above the top of
 the pipes shall be of selected materials, compacted, watered if necessary and well
 rammed on either side of the pipes. The remainder of the earthfilling shall be in
 layers of 300 mm each, watered if necessary and well rammed with mechanical
 rammers or other efficient means of effecting compaction.
 Construction of Precast Concrete Drains and Culverts
 12.3.8 The roadside drains shall be constructed section by section as directed by the SO
 and shall be generally completed before commencing work on the carriageway and
 kerbs. The precast units and sections shall be true to shape and of correct
 dimensions, finish and strengthened with required reinforcements wherever
 required. All precast units shall be approved for use by the SO before they are
 incorporated in any part of the works. Precast channels, revetment slabs, etc. shall
 be properly laid, bedded on a sand base at least 75 mm thick unless otherwise stated
 and joints pointed with cement mortar. Side connections where required or shown
 on the drawings shall be formed and secured in concrete and/or cement mortar as
 directed and shall be finished to a smooth and uniform appearance. All precast
 drains and culverts shall be laid to a gradient as indicated on the drawings or as
 directed by the SO. Box culverts shall be laid on a sand base of at least 150 mm
 thick compacted and screeded off to the required level unless otherwise indicated on
 the drawings.
 Scupper Drains
 12.3.9 Scupper drains shall be laid to the correct lines and levels from the kerbs to the
 roadside drains and shall be properly connected in cement mortar to the openings in
 the concrete kerbs and to the roadside drains. Revetment slabs and/or channels to
 the roadside drains shall be broken to take the outlet ends of scupper pipes and the
 connections made good in cement mortar. Each pipe shall be properly bedded down
 and all butt joints sealed all round with cement mortar filleted up to form a collar 50
 mm wide by 25 mm thick.
 Test for Precast Concrete Culverts
 12.3.10 The SO shall have access to the casting yards where the precast concrete culverts
 are being manufactured. A copy of the manufacturer‘s test certificate shall be
 provided to the SO on demand. The precast concrete pipe culvert shall be tested to
 SS 183.
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 Subsoil Drains
 12.3.11 Trenches for subsoil drains having pipes up to 150 mm diameter shall be excavated
 to a width of at least four times the nominal diameter of the pipe or as shown on the
 drawings. For pipe diameter above 150 mm, the width shall be the external diameter
 of pipe plus 450 mm or as shown on the drawings. Unless otherwise stated, subsoil
 drain shall consist of 19 mm size aggregate with a perforated 100 mm diameter
 PVC pipe at its bottom. The whole of the subsoil drain shall be wrapped round with
 a layer of fabric membrane complying with Class B Physical Properties of
 Geotextiles in Table 17.1. The subsoil drain shall be bedded on a 50 mm thick lean
 concrete base.
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 13.1 STANDARDS AND REGULATIONS
 PUB Act
 13.1.1 The water service installation shall be executed in accordance with the Public
 Utilities Board (Water Supply) Regulations of the Public Utilities Act, CP48 Code
 of Practice for Water Services and all requirements laid down by the PUB.
 PUB Approval
 13.1.2 Only PUB approved fittings, appliances and pipes shall be used for the water
 installation.
 13.1.3 On delivery of each batch of water fittings and pipes to the site, the Contractor hand
 over to the SO a copy of each document showing its origin, proof of manufacture
 and approval from PUB for its use.
 Licensed Plumber
 13.1.4 A licensed water service plumber shall be employed to carry out the installation.
 Stamp Fees
 13.1.5 All PUB stamp fees, if payable, shall be borne by the Contractor.
 Compliance with Regulation
 13.1.6 All standards, code of practices and technical guidelines referenced to shall be the
 latest editions which include the amendments and additions, at the time of the
 tender. Where a standard, code of practice, or technical guideline has been
 superseded by another, all references to the superceded document shall be deemed
 to be referred to the new document, event through the new document may not have
 the same designation number or title.
 13.2 PIPING AND FITTINGS
 Markings
 13.2.1 All pipes, fittings and appliances where applicable, shall be legibly marked with the
 following:
 (a) manufacturer‘s name or trade mark
 (b) reference number of the conformed standard
 (c) quality class reference
 (d) nominal size
 (e) the mark of PUB
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 Pipe Sizes and Materials
 13.2.2 Pipe sizes mentioned throughout this Specification are nominal sizes and those pipe
 sizes shown on the related drawings or indicated in the contract documents are the
 minimum acceptable sizes.
 13.2.3 Sizes for copper pipes indicate Nominal Outside Diameters (OD). Sizes for ductile
 iron and galvanised steel pipes with approved lining indicate Nominal Bore
 Diameters (NB)
 13.2.4 Unless otherwise specified in the contract documents, all pipe materials and joints
 for the cold water supply system from the external water meter to buildings and the
 distribution system within the building shall conform to Table 13.1.
 TABLE 13.1 SPECIFICATIONS FOR WATER SERVICE PIPE
 Nominal Bore
 Diameter (mm)
 Material Type of Joints
 External pipes(Buried
 or Exposed):
 75 and above
 Below 75
 Internal pipes:
 75 and above
 25 to 67
 Below 25
 Ductile iron to EN 545
 Class K9 with PUB
 approved internal lining
 Galvanised steel to SS 17
 with PUB approved
 internal lining
 Ductile iron to EN 545
 Class K9 with PUB
 approved internal lining
 Copper tubes to EN 1057:
 (Type X)
 or
 Stainless steel tubes to BS
 4127: Part 2
 Copper tubes to EN 1057:
 (Type X)
 or
 Stainless steel tubes to BS
 4127: Part 2
 Spigot & socket or
 approved equivalent
 Screw joints to threads
 Spigot & socket or flanged
 Compression fittings of
 Type B complying with BS
 864: Part 2
 Compression fittings
 Compression fittings of
 Type B complying with BS
 864: Part 2
 Compression fittings
 13.2.5 All hot water piping shall be copper tube to EN 1057 (Type X). Joints shall be
 capillary fittings complying with BS 864: Part 2.
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 Pipe Fittings
 13.2.6 Galvanised Steel Pipes - Every pipe fitting connected to any galvanised steel pipe
 with approved lining shall be galvanised and with approved internal coating to BS
 1965: Part 1.
 13.2.7 Copper Pipes - Capillary fittings and compression fittings shall comply with BS
 864: Part 2. Compression fittings shall be of Type B. All copper pipes embedded in
 masonry shall be jointed by an approved method of welding or jointing.
 13.2.8 Ductile Iron Pipes - Every socket pipe fitting used on ductile iron approved-lining
 pipes shall comply with BS 4772.
 Joints Between Dissimilar Materials
 13.2.9 Copper pipes of small diameter shall be jointed to cast iron, spun iron or steel
 piping by the use of copper-alloy unions or union ferrules.
 13.2.10 For joints between steel pipes and ductile iron pipes, copper-alloy unions or union
 ferrules shall be used and for large diameters the joints shall be made by flanged
 connecting pieces.
 13.3 VALVES
 General
 13.3.1 All valves shall be of PUB approved manufacture and, shall be installed in position
 where they are easily accessible for maintenance and operating purposes.
 13.3.2 All valves shall be constructed in accordance with the appropriate Standards.
 13.3.3 All water valves shall be selected for operating pressure of not less than two times
 the expected pressure in the system and shall have been tested to at least twice
 operating pressure.
 13.3.4 For working pressures up to and including 1000 kPa, all valves larger than 50 mm
 nominal bore shall be flanged. Valves operating at this pressure but below 50 mm
 nominal bore shall be screwed. For working pressure above 1000 kPa. all valves
 shall be flanged.
 Construction
 13.3.5 All valves shall have bronze valve faces and seats and manganese bronze spindle
 with instill screws.
 13.3.6 Valves installed in ferrous piping up to and including 75 mm nominal bore and in
 all copper piping (if any) shall be of bronze bodies.
 13.3.7 Valves installed in ferrous piping above 7.5 mm nominal bore shall have cast iron
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 Sluice Valve
 13.3.8 Sluice valve shall be provided on pipes 75 mm diameter and over and shall conform
 to BS 5163 rated at 16 bar.
 Draw-off Tap and Stop Valve
 13.3.9 Draw-off tap and stop valve shall be provided on pipes smaller than 75 mm
 diameter and shall conform to SS 75: Part 2.
 Ball Valve
 13.3.10 Ball valve shall be either piston type conforming to BS 1212: Part 1 or diaphragm
 type conforming to BS 1212: Part 2.
 13.3.11 Floats for ball valve shall be copper.
 Check Valve
 11.3.12 Check valve shall be of non-slam type and shall conform to BS 5154.
 Pressure Reducing Valve
 13.3.13 The valve shall be a hydraulically operated, diaphragm-actuated globe or angle
 pattern valve. It shall be pilot-controlled by a direct-acting, adjustable, spring
 loaded, normally open diaphragm valve which closes when downstream pressure
 exceeds the spring setting. The valve shall have a cast iron body with bronze valve
 faces and seats. It shall have a maximum pressure rating of 20 bar.
 13.3.14 The valve pressure reducing range and flow rate shall be as shown on the drawings.
 Installation of Flush Valves
 13.3.15 Only water closets and urinals may be fitted with flush valves. Flush valves for
 water closets shall incorporate approved check valves that comply with BS 5154
 and approved vacuum breakers that comply with American Society of Sanitary
 Engineering Standard No 1001. Alternatively, the flush valves for water closets
 shall derive water from a separate storage tank which is not connected in any way
 with all other fittings supplying basins, sinks, heaters, apparatus, etc. in the
 building.
 13.3.16 Every flush valve shall be controlled by an approved stop valve to SS 75: Part 2.
 13.3.17 All flush valves must be so adjusted to give a flush of not more than 1.5 litres of
 water per bowl urinal and not more than 4.5 litres of water for water closets.
 13.3.18 Every flush valve installed shall be compatible with the toilet bowl or urinal it
 serves.
 13.3.19 The minimum internal diameter of the flush pipe shall be 32 mm.
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 13.3.20 All exposed surfaces shall be bright chrome plated. The flush valve shall be able to
 operate without sticking, whistling or causing water hammer.
 13.4 PRESSURE GAUGE
 13.4.1 Pressure gauge shall be installed on the inlet and outlet water pipes of pressure
 reducing valves and where indicated on the drawings.
 13.4.2 Pressure tapping for the gauges shall be complete with cocks and screwed
 connections.
 13.4.3 Pressure gauge shall be of the Bourdon tube type with 100 mm diameter direct
 reading dial face and brass casing. The dial shall be calibrated in SI units (kPa) and
 shall have an accuracy of not more than 0.5 kPa. Each division of the scale shall not
 be more than 1 kPa. Pressure gauges shall be suitable for the range of pressure
 expected and the indicating needle shall be in the mid-range of the scale during
 normal use.
 13.5 WATER STORAGE CISTERN
 Material
 13.5.1 Water storage cisterns shall be built up of either stainless steel plates or made of
 glass-reinforced polyester (GRP) panels to SS 245.
 13.5.2 Stainless steel tank panel shall have a minimum thickness of Gauge 12 for one or
 two stack tank and a minimum thickness of Gauge 10 for three stack tank. The
 minimum grade of stainless steel shall be of Grade 316.
 Accessories
 13.5.3 Water storage cisterns shall be installed complete with high pressure ball valve
 mechanism with copper arm and copper ball float, valved inlets and outlets,
 overflow pipe, warning pipe, drainage valve and pipe, access manhole hatch with
 cover, air vents with insect screen, water level indicator, support stiffeners and
 internal bracings for panels. Water tanks of 2 m depth or more shall be provided
 with internal and external stainless steel or aluminium ladder. The ball valve shall
 be the same size as the inlet pipe.
 13.5.3 Internal Partitions
 The water tank shall be partitioned into two separate compartments. The inlet and
 outlet pipework shall be so arranged to enable one compartment to function in the
 event the other compartment is not available.
 13.6 EXTERNAL WATER SERVICE INSTALLATION
 Excavation
 13.6.1 All excavation shall be carried out to the required lengths, breadths, depths,
 inclinations and curvatures as may be necessary for the construction of the works or
 as shown on the drawings.
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 13.6.2 Pockets shall be formed for sockets, flanges, valves, etc. so as to give the barrel of
 each pipe a full support throughout its entire length.
 13.6.3 Sufficient timber support shall be provided to prevent the trenches from collapsing.
 13.6.4 The Contractor shall provide good dewatering system for keeping the excavation
 clear of water at all times.
 13.6.5 The bottom of all trenches shall be free from mud and water, trimmed clean and
 thoroughly consolidated by iron shot rammers or other methods. All soft or
 defective portions shall be cut out and filled in with selected excavated material
 well consolidated in layers as instructed by the SO.
 Laying of Underground Pipes
 13.6.6 Underground supply pipes shall be buried at least 600 mm but not exceeding 1 m
 depth below ground level unless otherwise indicated on the drawings or as
 instructed by the SO. The pipes shall be sufficiently protected to the satisfaction of
 the SO before backfilling.
 13.6.7 All pipes and fittings shall be cleaned internally before laying.
 13.6.8 Temporary pipe plug shall be used to cover each open end of the pipes, whenever
 work is stopped, so as to prevent foreign matter from entering the pipes after laying.
 13.6.9 Thrust blocks are required under the following cases:
 (a) change of pipeline direction
 (b) change of pipe size
 (c) dead end of pipeline
 (d) where thrust is expected to be developed at the valve
 13.6.10 The thrust blocks formed shall be strong enough to prevent the movement of the
 pipeline and fittings when test pressure is applied. Thrust blocks shall not be formed
 on pipe joints to facilitate inspection for leaks.
 Backfilling
 13.6.11 Backfilling shall commence only after the pipeline has been tested and approved by
 the SO. It shall be done in stages as follows:
 (a) Fine and dry material selected from the excavated earth shall be packed and
 well rammed underneath and at the sides of the pipeline up to half pipe height.
 (b) Filling shall then be carried up to 300 mm above the socket of the pipes with
 selected material and well rammed.
 (c) The remainder of the excavation shall be filled in with the most suitable
 portions of the excavated material in layers of not more than 300 mm deep.
 Each layer shall be well rammed before the next layer is placed.
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 (d) The top of trenches shall be filled with material originally taken from the
 surface and set aside for subsequent reinstatement or as instructed by the SO.
 13.7 INTERNAL WATER SERVICE INSTALLATION
 Pipe Supports
 13.7.1 Unless otherwise specified, piping shall be supported by approved clips, hangers or
 rollers at intervals not exceeding those given in Table 13.2.
 13.7.2 The supports shall permit appropriate movement for expansion and contraction in
 the desired direction and prevent transmission of vibration.
 13.7.3 Clips, rollers, hangers and supports shall be fabricated from mild steel or approved
 material and have sufficient strength to support the pipes and its contents. They
 shall conform to BS 3974 and as approved by the SO.
 TABLE 13.2 MAXIMUM DISTANCE BETWEEN SUPPORTS
 Pipe
 Norminal
 Size (mm)
 Steel Pipe to SS 17 Ductile Iron Pipe to
 EN 545 Class K9
 Copper Pipes to EN
 1057
 Horizontal
 Run (m)
 Vertical
 Run (m)
 Horizontal
 Run (m)
 Vertical
 Run (m)
 Horizontal
 Run (m)
 Vertical
 Run (m)
 15
 20
 25
 32
 40
 50
 65
 75
 100
 125
 150
 1.0
 2.5
 2.5
 2.7
 3.0
 3.0
 3.5
 3.5
 4.0
 4.0
 4.5
 2.5
 3.0
 3.0
 3.0
 3.5
 3.5
 4.5
 4.5
 4.5
 4.5
 5.0
 3.0
 2.7
 2.7
 3.5
 3.5
 4.0
 2.7
 2.7
 3.5
 3.5
 1.25
 1.75
 1.75
 1.75
 2.5
 2.5
 2.75
 3.0
 3.0
 3.0
 3.0
 1.75
 2.5
 2.5
 2.5
 3.0
 3.0
 3.0
 3.5
 3.5
 3.5
 3.5
 Clearance for Maintenance
 13.7.4 Pipework shall be installed with a minimum 80 mm clearance from all electrical
 conduits, trays and troughs and from finished floor, and 40 mm clearance from
 other parts of the building structure and any adjacent pipework.
 Buried Pipes
 13.7.5 Piping passing through foundation or loadbearing walls shall be protected against
 breakage by means of sleeves or arches. Space between sleeves or arches and the
 pipes shall be filled with coal tar, lead or other approved materials. The space shall
 be made watertight where it is essential to prevent surface water from entering the
 building
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 Insulation for Hot Water Pipes
 13.7.6 All hot water pipes shall be insulated with mineral rockwool, fibre-glass or calcium
 silicate of thickness given in Table 13.3.
 TABLE 13.3 THICKNESS OF INSULATION FOR PIPES
 Diameter of Pipes Insulation Thickness
 13 mm to 44 mm
 50 mm and above
 25 mm
 38 min
 Fittings and valves, including flanges except unions shall be insulated with moulded
 block mineral rockwool or an insulating cement made flush with the pipe covering.
 The valves shall be insulated with approved metal-covered insulating boxes arranged
 to be readily removable without damaging the insulation. The joints shall be gasketed.
 The insulation shall be coned down at flanges and fittings to allow fixing bolts to be
 removed without damage to the insulation.
 All joints in the lagged pipework shall be insulated and sealed to approval. This
 insulation shall be readily removable for repairs and maintenance.
 13.8 TESTING AND COMMISSIONING
 General
 13.8.1 Testing and commissioning shall not begin until the system has been completed and
 is in full working order. The Contractor shall put all systems and equipment into
 full operation after verifying that all drain connections and vents are clear. The
 pipework shall be flushed clean prior to testing.
 13.8.2 The testing and commissioning of the system shall include all items of equipment as
 specified individually. Equipment susceptible to damage under the test pressure
 shall be isolated and tested and commissioned separately.
 13.8.3 Each installation shall be adjusted as necessary to establish balanced flow rates as
 required for the efficient performance of the system.
 External Pipes
 13.8.4 The mains shall be tested in sections as the laying proceeds. Each section to be
 tested shall not exceed 200 m.
 13.8.5 All joints shall be left exposed for inspection during testing.
 13.8.6 Pipes with cement lining shall be allowed to stand full of water for at least 24 hours
 before proceeding with the test.
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 13.8.7 The test pressure shall be at least 12 bar or 11/2 times the maximum working
 pressure, whichever is greater. The pressure shall be maintained for a minimum of
 24 hours without excessive leakage.
 13.8.8 Any leakage shall be measured by the quantity of water pumped into the main in
 that time. The leakage shall not exceed 0.2 litres per millimetre of pipe diameter per
 kilometre of pipeline at each 100 metre test pressure head for every 24 hour test
 duration. Any visible individual leak shall be repaired.
 Internal Pipes
 13.8.9 All water service and distribution pipes shall be subject to a hydrostatic test
 pressure of 7 bar or 11/2 times the maximum working pressure, whichever is
 greater. The test period shall be 24 hours during which no leakage is allowed. The
 total length of the section to be tested shall not exceed 200 m.
 13.9 STERILIZATION
 13.9.1 All mains, service pipes, storage cisterns and distribution pipes to be used for water
 for domestic purposes shall be thoroughly sterilized before the completed works can
 be handed over to the Government. The Contractor shall carry out the sterilization
 of the installed pipes and cisterns in accordance with the procedures spelt out in
 PUB ―Code of Practice on Water Services‖.
 13.9.2 The Contractor shall hand over to the SO a copy of the water test certificate from
 the Department of Scientific Services or other approved laboratories certifying that
 the water supplied through the system is suitable for human consumption. All costs
 incurred shall be borne by the Contractor.
 13.9.3 After the sterilization process has been completed, the cisterns and pipes shall be
 thoroughly flushed out with clean water before any water is used for domestic
 purposes.
 13.10 PAINTING
 All paints used in the work must be selected from approved list of paints or as directed by the
 SO.
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 14.1 STANDARDS AND REGULATIONS
 PUB Act
 14.1.1 The fire hydrant and hosereel installations shall be executed in accordance
 with the Public Utilities Board (Water Supply) Regulations of the Public
 Utilities Act, CP 29 Code of Practice For Fire Hydrant Systems and Hosereels
 and all requirements laid down by the FSB and PUB.
 PUB Approval
 14.1.2 Only PUB approved fittings, appliances and pipes shall be used for the
 hydrant and hosereel installations.
 14.1.3 On delivery of each batch of water fittings and pipes to the site, the Contractor
 shall hand over to the SO a copy of the documents showing its origin, proof of
 manufacture and approval from PUB for its use.
 14.1.4 The hosereel shall be type tested by a recognised testing laboratory to meet
 EN671-1 and shall be inspected under PSB inspection scheme. It shall be
 provided with PSB labels.
 Licensed Plumber
 14.1.5 A licensed water service plumber shall be employed to carry out the
 installation.
 Stamp Fees
 14.1.6 All PUB stamp fees, if payable, shall be borne by the Contractor.
 Compliance with Regulation
 14.1.7 All standards, code of practices and technical guidelines referenced to shall be
 the latest editions which include the amendments and additions, at the time of
 the tender. Where a standard, code of practice, or technical guideline has been
 superseded by another, all references to the superceded document shall be
 deemed to be referred to the new document, event through the new document
 may not have the same designation number or title.
 14.2 PIPING AND FITTINGS
 Markings
 14.2.1 All pipes, fittings and appliances where applicable, shall be legibly marked
 with the following:
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 (a) manufacturer‘s name or trade mark
 (b) reference number of the conformed standard
 (c) quality class reference
 (d) nominal size
 (e) the mark of PUB
 Pipe Sizes and Materials
 14.2.2 Pipe sizes mentioned throughout this Specification are nominal sizes and
 those pipe sizes shown on the related drawings or indicated in the contract
 documents are the minimum acceptable sizes.
 14.2.3 Sizes for ductile iron and galvanised steel pipes with approved lining indicate
 Nominal Bore Diameters (NB).
 14.2.4 Unless otherwise specified in the contract documents, all pipe materials and
 joints for the fire hydrant and hosereel installations from the external water-
 meter to buildings and the distribution system within the building shall
 conform to Table 14.1.
 TABLE 14.1 SPECIFICATIONS FOR FIRE HYDRANT, HOSEREEL
 AND DRY RISER PIPES
 Type of
 System
 Size of
 Pipes
 Material Type of Joints
 Fire hydrant
 Hosereel and
 dry riser
 All sizes
 All sizes
 Ductile iron to EN 545 Class
 K9 with PUB approved lining
 Galvanised steel to SS 17 with
 PUB approved internal lining
 Spigot & socket
 or flanged
 Screwed joints to
 BS 21 pipe
 threads
 Pipe Fittings
 14.2.5 Galvanised Steel Pipes - Every pipe fitting connected to any galvanised steel
 pipe with approved lining shall be galvanised with approved internal coating
 to BS 1965: Part 1.
 14.2.6 Ductile Iron Pipes - Every socket pipe fitting used on ductile iron approved-
 lining pipes shall comply with EN 545.
 14.3 VALVES
 General
 14.3.1 All valves shall be of PUB approved manufacture and shall be installed in
 positions where they are easily accessible for maintenance and operating
 purposes.

Page 155
                        

FIRE HYDRANT AND HOSEREEL INSTALLATION
 142
 14.3.2 All valves shall be constructed in accordance with the appropriate Standards.
 14.3.3 All water valves shall be selected for operating pressure of not less than two
 times the expected pressure in the system and shall have been tested to at least
 twice the operating pressure.
 14.3.4 For working pressure up to and including 1000 kPa, all valves larger than 50
 mm nominal bore shall be flanged. Valves operating at this pressure but below
 50 mm nominal bore shall be screwed. For working pressure above 1000 kPa,
 all valves shall be flanged.
 Construction
 14.3.5 All valves shall have bronze valve faces and seats and manganese bronze
 spindle with instill screws.
 14.3.6 Valves installed in ferrous piping up to and including 75 mm nominal bore
 shall be of bronze bodies.
 14.3.7 Valves installed in ferrous piping above 75 mm nominal bore shall have cast
 iron bodies.
 Sluice Valve
 14.3.8 Sluice valve shall be provided on pipes 75 mm diameter and over and shall
 conform to BS 5163 rated at 16 bar.
 Stop Valve
 14.3.9 Stop valve shall be provided on pipes smaller than 75 mm diameter and shall
 conform to SS 75: Part 2.
 Check Valve
 14.3.10 Cheek valve shall be of non-slam type and shall conform to BS 5154.
 Pressure Reducing Valve
 14.3.11 The valve shall be a hydraulically operated, diaphragm-actuated globe or
 angle pattern valve. It shall be pilot-controlled by a direct-acting, adjustable,
 spring loaded, normally open diaphragm valve which closes when
 downstream pressure exceeds the spring setting. The valve shall have a cast
 iron body with bronze valve faces and seats. It shall have a maximum pressure
 rating of 20 bar.
 14.3.12 The valve pressure reducing range and flow rate shall be in accordance with
 the table shown on the drawings.
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 Ball Valve
 14.3.13 Ball valve shall be either piston type conforming to BS 1212: Part 1 or
 diaphragm type conforming to BS 1212: Part 2. The valve shall be the same
 size as the inlet pipe.
 14.3.14 Floats for ball valve shall be copper.
 14.4 FIRE HOSEREEL
 Hosereels shall comply with BS 5274 or other approved equivalent standard. Hosereels
 shall be of the wall mounted, double swivel and recessed type complete with 30 m of 25
 mm diameter non-kinkable reinforced rubber hose, shut-off nozzle (6.35 mm), gunmetal
 control valves, wall brackets and all necessary fittings.
 14.5 FIRE HYDRANT PIPING INSTALLATION
 Excavation
 14.5.1 All excavation shall be carried out to the required lengths, breadths, depths,
 inclinations and curvatures as may be necessary for the construction of the
 works or as shown in the drawings.
 14.5.2 Pockets shall be formed for sockets, flanges, valves, etc. so as to give the
 barrel of each pipe a full support throughout its entire length.
 14.5.3 Sufficient timber support shall be provided to prevent the trenches from
 collapsing.
 14.5.4 The Contractor shall provide good dewatering system for keeping the
 excavation clear of water at all times.
 14.5.5 The bottom of all trenches shall be free from mud and water, trimmed clean
 and thoroughly consolidated by iron shot rammers or other methods. All soft
 or defective portions shall be cut out and filled in with selected excavated
 material well consolidated in layers as instructed by the SO.
 Laying of Underground Pipes
 14.5.6 Underground supply pipes shall be buried at least 600 mm but not exceeding 1
 m depth below ground level, unless otherwise indicated on the drawings or as
 instructed by the SO. The pipes shall be sufficiently protected to the
 satisfaction of the SO before backfilling.
 14.5.7 All pipes and fittings shall be cleaned internally before laying.
 14.5.8 Temporary pipe plug shall be used to cover each open end of the pipes,
 whenever work is stopped, so as to prevent foreign matter from entering the
 pipes after laying.
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 14.5.9 Thrust blocks are required under the following cases:
 (a) change of pipeline direction
 (b) change of pipe size
 (c) dead end of pipeline
 (d) where thrust is expected to be developed at the valve
 14.5.10 The thrust blocks formed shall be strong enough to prevent the movement of
 the pipeline and fittings when test pressure is applied. Thrust blocks shall not
 be formed on pipe joints to facilitate inspection for leaks.
 Backfilling
 14.5.11 Backfilling shall commence only after the pipeline has been tested and
 approved by the SO. It shall be done in stages as follows:
 (a) Fine and dry material selected from the excavated earth shall be packed
 and well rammed underneath and at the sides of the pipeline up to half
 pipe height.
 (b) Filling shall then be carried up to 300 mm above the socket of the pipes
 with selected material and well rammed.
 (c) The remainder of the excavation shall be filled in with the most suitable
 portions of the excavated material in layers of not more than 300 mm
 deep. Each layer shall be well rammed before the next layer is placed.
 (d) The top of trenches shall be filled with material originally taken from the
 surface and set aside for subsequent reinstatement or as instructed by the
 SO.
 14.6 HOSEREEL AND DRY RISER PIPING INSTALLATION
 Pipe Supports
 14.6.1 Unless otherwise specified, piping shall be supported by approved clips,
 hangers or rollers at intervals not exceeding those given in Table 14.2.
 14.6.2 The supports shall permit appropriate movement for expansion and
 contraction in the desired direction and prevent transmission of vibration.
 14.6.3 Clips, rollers, hangers and supports shall be fabricated from mild steel or
 approved material and have sufficient strength to support the pipes and its
 contents. They shall conform to BS 3974 and as approved by the SO.
 Clearance for Maintenance
 14.6.4 Pipework shall be installed with a minimum 80 mm clearance from all
 electrical conduits, trays and troughs and from finished floor, and 40 mm
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 clearance from other parts of the building structure and any adjacent
 pipework.
 TABLE 14.2 MAXIMUM DISTANCE BETWEEN SUPPORTS
 Pipe
 Nominal
 Size
 (mm)
 Steel Pipe to SS 17 Ductile Iron Pipe to
 EN 545 Class K9
 Horizontal
 Run (m)
 Vertical
 Run (m)
 Horizontal
 Run (m)
 Vertical
 Run (m)
 15
 20
 25
 32
 40
 50
 65
 75
 100
 125
 150
 1.0
 2.5
 2.5
 2.7
 3.0
 3.0
 3.5
 3.5
 4.0
 4.0
 4.5
 2.5
 3.0
 3.0
 3.0
 3.5
 3.5
 4.5
 4.5
 4.5
 4.5
 5.0
 3.0
 2.7
 2.7
 3.5
 3.5
 4.0
 2.7
 2.7
 3.5
 3.5
 Buried Pipes
 14.6.5 Piping passing through foundation or load bearing walls shall be protected
 against breakage by means of sleeves or arches. Space between sleeves or
 arches and the pipes shall be filled with coal tar, lead or other approved
 materials. The space shall be made watertight where it is essential to prevent
 surface water from entering the building.
 14.7 HYDROSTATIC AND LEAKAGE TESTING
 Fire Hydrant
 14.7.1 The hydrant line shall be tested in sections as the laying proceeds. Each
 section to be tested shall not exceed 200 m.
 14.7.2 All joints shall be left exposed for inspection during testing.
 14.7.3 Pipes with cement lining shall be allowed to stand full of water for at least 24
 hours before proceeding with the test.
 14.7.4 The test pressure shall be at least 12 bar or 1½ times the maximum working
 pressure whichever is greater. The pressure shall be maintained for a
 minimum of 24 hours without excessive leakage.
 14.7.5 Any leakage shall be measured by the quantity of water pumped into the main
 in that time. The leakage shall not exceed 0.2 litre per millimetre of pipe
 diameter per kilometre of pipeline at each 100 metre test pressure head for
 every 24 hour test duration. Any visible individual leak shall be repaired.
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 Fire Hosereel and Dry Riser
 14.7.6 All hosereel and dry riser pipes shall be subject to a hydrostatic test pressure
 of 7 bar or 1½ times the maximum working pressure, whichever is greater.
 The test period shall be 24 hours during which no leakage is allowed. The
 total length of the section to be tested shall not exceed 200 m.
 14.8 TESTING AND COMMISSIONING
 General
 14.8.1 Testing and commissioning shall not begin until the system has been
 completed and is in full working order. The Contractor shall put all systems
 and equipment into full operation and verify that all drain connections and
 vents are clear. The pipework shall be flushed clean prior to testing.
 14.8.2 The testing and commissioning of the system shall include all items of
 equipment as specified individually. Equipment susceptible to damage under
 the test pressure shall be isolated and tested and commissioned separately.
 14.8.3 Each installation shall be adjusted as necessary to establish balanced flow
 rates as required for the efficient performance of the system.
 Testing of Fire Hosereel System
 14.8.4 A minimum of two fire hosereels shall be tested simultaneously. They shall be
 located at the hydraulically worst points. Each nozzle shall maintain a
 minimum flow rate of 0.4 litre/sec and 10 m throw in a horizontal plane under
 test conditions. Each hosereel shall also be tested for withdrawal of the hose,
 absence of leaks and rigidity of the mounting.
 14.8.5 Hosereel pipes shall be subject to a hydrostatic pressure test of 7 bar. The test
 period shall be 24 hours during which no leakage is allowed.
 14.8.6 All tests shall be carried out in the presence and to the satisfaction of the SO
 and a representative from the Fire Service Bureau as deemed appropriate.
 14.9 PAINTING
 14.9.1 All hosereel and dry riser pipes shall be painted with one coat etch primer and
 two coats finishing paint to BS 1710 Safety Colour Red (Colour reference BS
 4800 04 E 53).
 14.9.2 All aboveground fire hydrant pipes shall also be similarly painted.
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 15.1 GLASS GENERALLY
 15.1.1 All glass shall be of approved manufacture complying with BS 952 or
 equivalent. They shall be of the qualities particularly specified and free from
 specks, air bubbles, wanes, scratches, air holes and other defects.
 15.1.2 The glass shall be delivered to site in cut or stock sizes and in packages
 bearing the manufacturer's name and/or trade mark. The type, quality,
 thickness of the glass shall be clearly marked on the package.
 15.1.3 The Contractor shall carry out all glazing works as specified and shown in the
 drawings including all approved wash leather, neoprene strips, silicone
 sealants, etc.
 15.1.4 All exposed glass edges shall be ground with carborundum stone and
 polished.
 15.1.5 Adequate glazing clearances must be allowed. Edges of glass must not be
 ripped, shelled or damaged in any way. Glazing with cracks or damages
 caused by faulty installation, incorrect tolerance, etc., must be replaced by the
 Contractor at his own expense.
 15.1.6 All glazing work shall be installed strictly in accordance with BS 6262 and the
 manufacturer's instructions.
 15.1.7 Samples of all types of glass and mirrors specified or proposed shall be
 submitted to the SO for approval prior to commencement of glazing work on
 site. The Contractor shall indicate where it is proposed to use each sample of
 glazing, compound and sealant. Each glass samples shall be minimum 200 x
 200 mm showing specific specific visual properties and the range of variation
 if any, for each of the following types of glass or glazing products:
 (a) Tinted or coloured
 (b) Surface modified or surface coated glass
 (c) Patterned or obscured glass
 (d) Ceramic coated glass
 (e) Wired glass
 (f) Mirror glass
 15.1.8 The Contractor shall submit shop drawings prior to fabrication to the SO for
 approval. No glazing work shall commence until the shop drawing submitted
 are approved.
 15.1.9 Upon completion, wash and clean all glass to remove all excess grout, dirt,
 stains etc. from glass surface to the satisfaction of the SO.
 15.2 CLEAR SHEET GLASS
 Clear sheet glass shall be Ordinary Glazing Quality (OQ) of the thicknesses as specified.
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 15.3 FLOAT GLASS
 15.3.1 Float glass shall be clear or tinted to thicknesses as specified, fixed to wood
 frames with fillets and beads or to aluminium frame with -neoprene or butt
 jointed with sealant.
 15.3.2 All clear float glass shall meet ASTMC 1036, Type 1, Class 1, Quality q3
 (glazing select).
 15.3.3 All tinted float glass shall meet ASTMC 1036, Type 1, Class 2, Quality q3
 (glazing select).
 15.4 TEMPERED GLASS
 15.4.1 Tempered or toughened glass shall be clear or tinted to thicknesses as
 specified. It shall be free from any scratches, chips, pinholes and warpage.
 15.4.2 All heat-treated (tempered and heat strengthened) glass shall meet ASTMC
 1048 and the following more stringent requirements.
 a) Compression Levels
 i) Heat Strengthened Glass
 Surface Compression - 5,500 psi. Range 4,000 psi to 7,000 psi
 for 8mm glass and thinner.
 Surface Compression - 6,500 psi. Range 5,000 psi to 8,000 psi
 for glass thickness exceeding 8mm.
 Edge Compression - 5,000 psi minimum
 ii) Tempered Glass
 Surface Compression - 10,000 psi minimum
 Edge Compression - 9,700 psi minimum
 b) Warp, Bow and Surface Conditions
 i) Overall Bow and Warp, when measured in accordance with the
 procedure listed in ASTMC 1048, shall not exceed 0.79mm per
 30Omm length.
 ii) Rollerwave Peak to Valley Distortion
 Within the main body - 0.0762mm maximum
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 Within 267mm of a leading and trailing edge - 0.203mm
 maximum
 iii) Rollerwave distortion shall run parallel to the width of the entire
 project. The only exception is when the width dimension exceeds
 2134mm
 15.4.3 All tempered glass shall meet ANSI Z97.1, CPSC Standard 16 CFR 1201.
 15.5 LAMINATED GLASS
 15.5.1 Laminated safety glass shall consist of two or more layers of tempered glass,
 as required by structural analysis, bonded together by one or more sheets of
 polyvinyl butynal interlayer between each piece of glass so that when
 fractured the glass will not separate from the interlayer and will provide
 increased resistance to penetration.
 15.5.2 All laminated glass shall meet ASTMC 1172 and ANSI Z97.1. CPSC
 Standard 16 CFR 1201.
 15.5.3 Laminated glass products to be fabricated in autoclave with heat, plus
 pressure-free of foreign substances and air pockets.
 15.6 SURFACE COATED GLASS
 All Low-Emissivity coating shall be applied to the glass using magnetically sputtered
 vacuum deposition (MSVD) and shall meet ASTM C 1376, Kind CV.
 15.7 SEALED INSULATING GLASS
 15.7.1 All insulating glass units shall be tested in accordance with ASTM E 546,
 ASTM E 576, and ASTM E 773, and must be certified through the Insulating
 Glass Certification Council (IGCC).
 15.7.2 Insulating glass units shall be composed of outer and inner panes of glass with
 dehydrated air space, hermatically double sealed with a primary seal of
 polyisobutylene and a secondary seal of structural silicone. Aluminium pacer
 construction shall be continuous with three (3) bent corners and one (1)
 keyed-soldered corner or four (4) bent corners.
 15.8 CERAMIC COATED GLASS
 15.8.1 Ceramic coated glass shall be heat strengthened or toughened glass with a
 coloured ceramic coating fused to and made an integral part of the surface.
 15.8.2 The ceramic paint shall be a lead-free ceramic frit panel, which fired directly
 into the glass at temperatures of 62WC.
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 15.8.3 All ceramics coating shall pass the following tests as specified in ASTM
 C1048:
 a) Expansion Fit Test
 b) Durability Tests
 c) Glass Test
 d) India Ink Test
 e) Alkaline Resistance Test
 f) Acid Resistance Test
 15.8.4 Grade A glass shall be used in curtain walls.
 15.8.5 Heat soaking treatment is required for all toughened glass used in curtain
 walls.
 15.9 SAFETY GLASS
 15.9.1 Grade A glass to be used in curtain walls.
 15.9.2 Heat soaking treatment is required for all toughened glass used in curtain
 walls.
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 This Section consists of two sub-sections, i.e., INTERNAL AND EXTERNAL PAINTING
 BASED ON NORMAL SPECIFICATION and EXTERNAL PAINTING BASED ON
 PERFORMANCE SPECIFICATION. The Contractor shall refer to the Particular Specification
 for the appropriate sub-section for external painting work.
 16.1 INTERNAL AND EXTERNAL PAINTING BASED ON NORMAL
 SPECIFICATION
 Materials Generally
 16.1.1 All paints required for the works shall be delivered to the site of the works,
 ready mixed in the manufacturer‘s containers with the seals, etc. unbroken and
 shall be clearly marked with the manufacturer‘s name or trademark and a
 description of the contents and colour and carry a PSB mark. All materials
 delivered shall be kept on the site of the works under lock and key by the
 Contractor and shall not be kept in a place under adverse temperature.
 16.1.2 The whole of the paints, enamel, emulsion, varnishes, etc. used in the works
 must be suitable for use in tropical climates. The Contractor may ascertain
 from the SO the names of such approved manufacturers. The names of other
 brands may be submitted but preference will be given to locally manufactured
 paints. Such paints shall be subject to approval and tests in accordance with
 SS 5 before use is permitted.
 16.1.3 Should the Contractor wish to change the brand of paint under a circumstance
 beyond his control, the Contractor shall seek approval from the SO two weeks
 before the commencement of the painting.
 16.1.4 All materials for multiple coat work, e.g. priming, undercoat and finishing
 coat shall be obtained from the same manufacturer and shall be those
 recommended by the manufacturer as suitable for using together and for the
 surface concerned.
 16.1.5 All paints unless otherwise described shall comply with the relevant
 Singapore Standards.
 Health Precautions
 16.1.6 During the execution of painting works, the ‗Contractor shall be held
 responsible for taking all precautions necessary for the health and safety of his
 workmen. The Contractor shall comply with the statutory rules affecting the
 trades engaged in this work which operate at the time and at the site during
 execution of the work.
 Painter
 16.1.7 None other than skilled painter shall be employed except apprentices and
 labourers. A properly qualified foreman shall be constantly on the job whilst
 the work is proceeding. He shall be regarded as an authorised person to
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 represent the Contractor to deliver sample of paint to PSB for testing and he
 must be available whenever his service is needed.
 Scaffolding
 16.1.8 All necessary scaffolding, stagings, tools and appliances and everything else
 required for the execution of the works shall be supplied by the Contractor
 and their costs allowed for in the Preliminaries.
 Dust Sheets
 16.1.9 An ample supply of clean dust sheets to protect the work during its progress
 shall be at hand.
 Primers
 16.1.10 All primers shall be appropriate for the surface and for the subsequent coats.
 All primers shall be applied by brush. Subsequent coats may be applied by
 brush, spray or roller unless specifically directed. No roller shall be used for
 oil paints unless approved by the SO.
 Primed Surfaces
 16.1.11 Primed or undercoated woodwork, metalwork, plasterwork, etc. shall not be
 left in an exposed or unsuitable situation for an undue period before
 completing the painting process.
 Application
 16.1.12 Each coat of paint shall be allowed to harden before the next is applied.
 Subsequent coats shall be applied within the period specifically specified by
 the paint manufacturer where necessary to secure a proper bond with the
 previous coat.
 16.1.13 No paint shall be applied to surfaces structurally or superficially damp (unless
 otherwise specially recommended by manufacturer), or extremely hot and all
 surfaces must be ascertained to be free from condensation, dirt, dust, etc.
 before the application of each coat.
 16.1.14 The Contractor shall bring to the attention of the SO for structurally damp
 surfaces before painting work commences.
 Mixing
 16.1.15 All paints shall be thoroughly mixed before use, unless there is a specific
 instruction to the contrary on the tin e.g. ‗do not stir‘. All partially used paint
 containers shall always be properly resealed and properly stored away from
 adverse temperature.
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 Thinning
 16.1.16 Paints shall not be thinned without specific approval but when necessary,
 thinning shall be carried out with the type of thinner and in the proportions
 recommended by the manufacturers of the paint.
 Adverse Weather
 16.1.17 No exterior or exposed painting shall be carried out under adverse weather
 condition such as extremes of temperature or during rain.
 Inspection
 16.1.18 No priming coats shall be applied until the surfaces have been inspected and
 the preparatory work has been approved by the SO. No undercoats or
 finishing coats shall be applied until the previous coat has been similarly
 inspected and approved.
 Differentiation of Coats
 16.1.19 No consecutive coats of paint shall be of the same shade except in the case of
 white. Where doubt exists appropriate alternative shades shall be ascertained
 from manufacturer.
 Colour and Trial Areas
 16.1.20 All colours and finishes shall be selected or approved by the SO and provision
 must be made for the execution of patterns or trial areas on the site if required.
 Samples
 16.1.21 Unless specifically directed, manufacturer‘s samples of all paints, varnishes,
 etc. shall be submitted, at the Contractor‘s expense, in scaled containers to the
 SO for his approval before bulk deliveries are made and before any paintwork
 is started.
 16.1.22 During the execution of the work, further samples of all or any of the
 materials shall be taken by the SO as he desires and the Contractor shall
 provide the containers with necessary seals and all samples at his own
 expense. The samples shall be taken from the sealed or open containers or
 from the workmen‘s kettles on the works at random and at varying times of
 the day while painting is in progress and in the presence of the Contractor‘s
 representative. The sample may also be taken by scraping or chipping off the
 actual paintwork from the site. The samples shall then be sent to PSB for
 testing. The samples, from the time they are taken till delivery to PSB, should
 be jointly and continuously accompanied by the SO or his appointed
 representative(s), and the Contractor. Under no circumstances shall any
 kerosene or other oil be added to the paint. Any tins, drums. kegs or other
 containers marked with the name of brand of materials or manufacturers
 different from those which the SO has selected shall not be present on the site
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 (even though such containers are being used as receptacles for brushes, as
 paint kettles, etc.).
 16.1.23 If any adulteration or substitution of inferior and poor quality of paint is found
 from the test, the Contractor shall burn off or otherwise remove and re-do the
 work as directed by the SO at the Contractor‘s expense. If the paint is found to
 be over-diluted or over-thinned and if it is accepted by the paint manufacturer
 that the quality is not seriously being affected, the Contractor shall re-do
 (without the need to remove the new paintwork) the work as directed by the
 SO at his own expense. The paint manufacturer shall also be given the same
 right to test paint samples. The Contractor shall pay for all testing fees
 charged by PSB if the test shows positively that the paint is adulterated or
 over-diluted. The Employer however, will bear the cost of testing if the paints
 used are up to the specified standard.
 16.1.24 If the Contractor is found to persistently use sub-standard materials,
 administrative action may be taken against the Contractor by the Employer.
 Painting Schedule
 16.1.25 A painting schedule shall be provided prior to the execution of the work to
 enable work to proceed at the appropriate time. The schedule shall give all the
 necessary information on colour, type of paint, surface to be coated and
 method of application.
 Workmanship Generally
 16.1.26 All brushes, rollers, spraying equipment, tools, pots, kettles, etc. used in
 carrying out the work shall be clean and free from foreign matter and shall be
 thoroughly cleaned out before being used with a different type or class of
 materials.
 16.1.27 All metal fittings, fastenings and ironmongery shall be removed before the
 preparatory processes are commenced and cleansed and refixed in position on
 completion.
 16.1.28 Before painting, varnishing, polishing, etc. are proceeded with, floors must be
 cleaned over and every possible precaution taken to keep down dust.
 16.1.29 Paints of different types shall not be permitted to be mixed together.
 16.1.30 All internal paintwork shall have a gloss finish unless otherwise described and
 all external paintwork shall be of special quality suited for external use.
 16.1.31 All surfaces shall be cleaned, dry and free from oil or grease. Paint shall not
 be applied to any surfaces upon which there is moisture or to any external
 surfaces during wet weather. Paint shall also not be applied on very hot
 surfaces.
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 16.1.32 Unless otherwise specifically stated, all materials shall be thoroughly stirred
 and mixed when the containers etc. are opened and when the contents are
 transferred to the painter‘s kettles. Where necessary, the paints shall be
 strained to remove all skin, etc. before application. Under no circumstances
 shall the addition of thinners or driers, of any kind, be permitted.
 16.1.33 Under no circumstances shall rollers be used in the application of enamel
 paint.
 16.1.34 Each coat of enamel paint shall be lightly rubbed down with fine glass paper
 before the next coat is applied. Under no circumstances shall any successive
 coat of paint be applied until the SO‘s permission has been obtained.
 16.1.35 The undercoat shall be ‗flat‘ in all cases.
 Timber Surfaces
 16.1.36 Repair
 Large, loose or resinous knots and gross defects shall be cut out and holes
 plugged with sound wood. Headless nails shall be punched well below
 surfaces.
 16.1.37 Rub Down
 Timber surface shall be rubbed down with fine glass paper in the direction of
 the grain and dust off.
 16.1.38 Knotting
 (a) All knots in woodwork shall be treated to prevent bleeding. Large or
 loose knots shall be cut out and replaced with sound wood or cut back
 and the surface made good with stopper. Smaller knots shall be treated
 with two thin coats of knotting. The knotting used shall be of approved
 made, free from resin and shall be as specified in subclause (ii).
 (b) Knotting shall consist of 1 kg of shellac mixed with 2.5 litres of Industrial
 methylated spirit or naptha and two thin coats shall be applied to cover all
 knots in painted timber or to such surfaces as may be directed by the SO.
 16.1.39 Primer
 A full coat of aluminium wood primer shall be vigorously brushed in,
 particular care being taken to fill end grain.
 16.1.40 Stopping
 All cracks, nail holes and the like shall be stopped, preferably with a
 proprietary hard stopping primer with putty applied and finished with a knife.
 Water soluble stopping shall not be used outdoors.
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 16.1.41 Undercoat
 (a) Before applying an undercoat, the primer film shall be examined
 carefully. A primer which has been weathered shall be thoroughly
 cleaned before recoating. If it is cracked, flaking or heavily chalking, it
 shall be removed and reprimed.
 (b) Undercoats shall be of the same brand as the finishing coat.
 (c) One undercoat shall be apglied to the primed timber surface.
 16.1.42 Finishing Coats
 Two coats of finishing paint shall be applied on the appropriate undercoat.
 Varnish
 16.1.43 The material shall be clear and transparent and when applied shall, on drying,
 give a glossy coating free from runs and specks. A minimum of four coats
 shall be applied on timber surface.
 16.1.44 Varnished work found ―tacky‖ 2 or 3 days after application shall be washed
 off with the appropriate solvent and revarnished at the Contractor‘s expense.
 Wood Preservative
 16.1.45 Wood preservative for brush, dipping or hot and cold open tank treatment
 shall comply generally with the requirements of BS 144.
 Backs of Frames Etc.
 16.1.46 Except for pressure impregnated timbers, all backs of timber frames, etc. shall
 be treated with one coat of approved primer before fixing.
 Polishing Hardwood Floors
 16.1.47 Hardwood strip of block floors, unless otherwise described, shall be cleaned,
 free of dust, rubbed over with drying oil at the rate of about 22 m2 per litre,
 well rubbed with a circular motion and the surface afterwards being wiped
 dry. After an interval of at least 48 hours, the floors shall be polished with an
 approved wax polish (free of ―lac‖) using a heavy dummy or electric
 polishing machine.
 Iron or Steel Surfaces
 16.1.48 Preparatory Work
 (a) Millscale and tightly adhering rust on iron and steel surfaces shall be
 completely removed by closed circuit grit blasting or phosphoric acid
 washes or as specifically stated by the SO or in factory by acid pickling or
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 blasting. Less serious rust and millscale may be removed by hand or
 power tools or by flame cleaning with oxyacetylene or butane gas
 followed by brushing. When using phosphoric acid washes,
 manufacturer‘s instruction shall be closely followed.
 (b) Oil or grease shall be removed by wiping over with white spirit and
 cleaned off with clean cloth. If in factory, an approved chemical solvent
 shall be used followed by thorough washing and drying.
 16.1.49 Priming
 Two coats of approved primers conforming to SS 6 shall be applied to the
 prepared surfaces of metal or iron work. Priming shall be done within 1 hour
 of preparation. The primers used shall be zinc-rich type, calcium plumbate,
 zinc chromate or other approved inhibitive primer as appropriate for the metal
 surface or as specifically directed by the SO.
 16.1.50 Undercoat/ Finishing Coat
 (a) In addition to priming and unless otherwise described, all iron and
 steelwork surfaces (including eaves gutters, rainwater, soil, waste and
 ventilating pipes) shall receive one undercoat and two finishing coats
 after fixing. Primed surface if damaged during handling, transporting and
 assembling shall be touched up with appropriate primer and the edge
 rubbed down with clean dry cloth. Coated pipes shall be knotted prior to
 painting. Eaves gutters and rainwater heads shall be painted inside and
 out.
 (b) Undercoat and finish type paint must be suited to primer coat as well as to
 the conditions of exposure.
 16.1.51 Application
 Brush or spray application are satisfactory on smooth and flat surfaces, but a
 brush shall be used on rough surface including frames, pipes, angles and the
 like. Paints shall never be applied to damp surfaces.
 Aluminium
 16.1.52 Surface Preparation
 The base aluminium surface shall be prepared by abrading with fine wet or
 dry abrasive paper using white spirit as lubricant. The surfaces shall be wiped
 off with clean cloth soaked in white spirit and all residues removed with dry
 clean cloth.
 16.1.53 Primer
 The prepared surface shall then be primed without excessive delay with an
 etch primer plus zinc chromate applying smooth even coats.
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 16.1.54 Undercoats/ Finishing Coats
 One undercoat and two finishing coats of approved paint shall be applied on
 the primed surface.
 Zinc/Galvanised/Stainless Steel Surface
 16.1.55 Surface Preparation
 Zinc surface shall be weathered, washed down and degreased with white
 spirit.
 16.1.56 Primer
 The Contractor shall ensure that all surfaces are etched, dried and primed
 immediately with two thin coats of zinc chromate or calcium plumbate on the
 prepared surface. For stainless steel surface, no primer is required after the
 surface is etched.
 16.1.57 Undercoat/ Finishing Coat
 One undercoat and two finishing coats of approved paint shall be applied on
 primed surface.
 Copper
 16.1.58 Surface Preparation
 Copper surface shall be prepared by abrading with emery using white spirit as
 a lubricant. The surfaces should be wiped off with clean cloth soaked in white
 spirit and all resides removed with clean dry cloth.
 16.1.59 Primer
 In exposed conditions, copper surface shall be primed with etch primer or
 aluminium pigmented primer. Internally, no primer may be needed.
 16.1.60 Undercoat/ Finishing Coat
 One undercoat and two finishing coats of approved paint shall be applied on
 primed surface.
 Cement and Sand Plaster
 16.1.61 Surface Preparation
 All plaster splashes and other surface contamination shall be removed. Cracks
 and surface defects shall be made good with the appropriate plaster. When set,
 all powdering residues shall be removed from the area surrounding the repair.
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 All efflorescence shall be removed as and when it appears, until such action
 ceases. Adequate ventilation shall be maintained to assist drying.
 16.1.62 Primer
 Before priming is applied, the wall must be allowed to have minimum 3
 weeks drying out time.
 16.1.63 Paint System
 (a) Unless otherwise specified, all plastered surfaces shall either be painted
 with:
 (i) One priming coat of cement paint and two subsequent coats of
 emulsion paint. The priming coat shall be freshly mixed on site and
 applied in accordance with the manufacturer‘s printed instructions.
 Unused paints more than 1 hour after mixing shall be condemned.
 (ii) One priming coat and two subsequent coats of emulsion paint. The
 priming coat may be diluted with not more than 20% of water by
 volume.
 (iii) One alkaline resisting primer and two subsequent coats of emulsion
 paint.
 (b) Wall surfaces shall be cleaned and wetted immediately before painting.
 The Contractor shall allow at least 24 hours interval between coats. No
 dilution shall be permitted for the second and finishing coats of emulsion
 paint.
 Plasterboard, Cement Building Board or Fibreboard
 16.1.64 Surface Preparation
 Surfaces shall be prepared by removing surface contamination and light
 rubbing down with glass paper.
 16.1.65 Primer
 Factory primed and ivory surfaced boards may need no further priming.
 Where ordinary plasterboard or fibreboard surfaces are to be decorated direct
 and the joints are covered with paper or cotton cover strip, the boards shall be
 given a coat of appropriate primer before the general surfaces are decorated.
 16.1.66 Undercoat/Finishing Coat
 One undercoat and two finishing coats of emulsion paint shall be applied,
 thinning the first coat if required.
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 Hardboard Surface
 16.1.67 Surface Preparation
 Surfaces shall be prepared by removing surface contamination and light
 rubbing down with glass paper.
 16.1.68 Priming
 Factory primed boards may need no further priming. Untreated boards shall
 be primed with a primer-sealer prior to undercoating. Primer sealer shall be as
 recommended by the manufacturer of the particular hardboard for the
 decoration required.
 16.1.69 Undercoat/ Finishing Coat
 One undercoat and two finishing coats of emulsion paint shall be applied,
 thinning the first coat if required.
 16.2 EXTERNAL PAINTING BASED ON PERFORMANCE SPECIFICATION
 General Requirements
 16.2.1 The painting works in this section shall be based on a performance
 specification. The recommended painting system shall be so designed that it
 meets the performance criteria as specified herein.
 16.2.2 The painting system shall be designed by an approved paint manufacturer.
 The successful Contractor shall arrange to obtain and furnish a guarantee from
 the approved paint manufacturer for the external painting works against algae
 and other biological growth, uneven fading/discolouring, peeling, blistering
 and/ or other decoration defects. The guarantee, to be submitted in an
 approved form, shall be executed by deed and shall be deposited with the
 Employer before the certification of the final payment. The guarantee period
 for all external painting works shall be 5 years from the date of certified
 completion of the external painting work.
 16.2.3 The external painting shall mean painting to all external surfaces except those
 within the enclosed walls of building and other enclosed spaces. All external
 doors, windows, shutters, grille gates and the like openable towards outside
 shall mean painting both sides including door edges and frames. The
 guarantee for external painting shall exclude perimeter chain link fencings,
 electrical and mechanical equipment and fittings, floors and roof surfaces and
 other areas as specifically mentioned in the Particular Specification. Any
 defects to these areas shall be made good during the defects liability period.
 16.2.4 The recommended painting system must be forwarded to the SO for approval
 2 weeks before the commencement of painting works with the following
 details:
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 (a) Name of system
 (b) Number and type of coats
 (c) Composition
 (d) Use
 (e) Characteristics
 (f) Colours available
 (g) Application method
 (h) Thinner
 (i) Thinning ratio - in percentage by volume
 (j) Spreading rate - m2/litre
 (k) Type of primer
 (l) Thinning ratio of primer - in percentage by volume
 (m) Spreading rate of primer - m2/litre
 (n) Drying time of concrete before primer coat
 (o) Drying time of each coat (at 30ºC)
 (p) Painting interval between coats
 (q) Surface preparation method if it is different from the requirements
 specified herein.
 16.2.5 The Contractor shall ensure by supervision, checks or any other means that all
 materials used conform to the intended specification and if any changes are
 necessary shall seek written approval from the SO with all the
 abovementioned details listed out.
 16.2.6 In proposing the painting systems and products to be used for this Contract,
 the Contractor shall comply with all local fire and health requirements. In
 addition, he must ensure that all paints brought to site must be free from
 organomercury compounds. He shall be fully responsible for his painting
 systems used. If the Contractor fails to comply with such requirements,
 necessary actions against the Contractor shall be taken by the SO in
 accordance with 16.1.21 to 16.1.24. The Contractor shall allow in his tender
 for different colour tones for all undercoats to distinguish the different
 coatings. Should the finished painting work be found unsatisfactory, i.e.
 brushy works, uneveness in applications, insufficient film thickness, original
 stains etc., the Contractor shall be required to scrape off the old paint and
 repaint with additional coat or coats at his own expense to the full satisfaction
 of the SO.
 16.2.7 The Contractor must rectify and make good all defects within 14 days of
 receipt of a written notice of any painting defects at his own costs and
 expenses, failing which the SO shall issue a similar notice to the paint
 manufacturer requiring them to rectify and make good the said defects within
 the next 14 days upon receipt of the written notice. If both the Contractor and
 the paint manufacturer fail to make good the said defects after the second 14
 days period, the SO shall engage other persons or contractors to make good
 the said defects. All costs and expenses incurred thereof shall be recoverable
 from or payable by or deductible from monies due or monies which at any
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 time thereafter may become due in respect of this Contract or any other
 contract, from the Contractor. If there is no outstanding monies left to offset
 against the Contractor‘s account to pay for the rectification works done by the
 other persons or contractors, the paint manufacturer (guarantor) shall
 reimburse the Employer the cost so incurred.
 16.2.8 Rectification work carried out by other persons or contractors in the event of
 the Contractor‘s failure to do so shall not vitiate or annul the guarantee.
 16.2.9 The necessity and extent of making good and rectification of the defects of the
 painting works shall be determined by the SO whose decision thereon shall be
 final.
 16.2.10 The undertaking given by the Contractor shall be absolute and shall not be
 restricted to or limited by any inspection and approval of the quality of the
 paint and materials which the SO may make.
 Materials and Workmanship Requirements
 16.2.11 Surface Preparation
 (a) The Contractor must ensure that surface preparation specification is
 adequate and compatible with the designed painting specification as any
 failure of the painting system due to inadequate surface preparation or
 preparation specification must be rectified at the Contractor‘s expense.
 No exemption from the guarantee and/or warranty will be allowed for
 poor surface preparation.
 (b) All surface preparatory work shall comply to the appropriate sub-clauses
 as specified in 16.1.26 to 16.1.69.
 16.2.12 Surface Application
 (a) Application method may be by brush, roller, spray or airless spray as
 recommended by the paint manufacturer. No roller shall be used on rough
 surface, framework and the like.
 (b) Unless otherwise specified, the paints used for external surfaces shall be
 solvent thinned paint. Use of higher quality paint such as chlorinated
 rubber bound or the two-pack polyurethane and epoxy resin bound shall
 be used in aggressive condition if it is recommended by the paint
 manufacturer. All materials used shall be of the type approved by the SO.
 (c) Application shall be in accordance with manufacturer‘s specification. A
 minimum of one primer coat, one undercoat and one finishing coat of a
 painting system is required for plasterboard, cement building board and
 the like surfaces. For timber and metal surfaces. the painting system shall
 comprise one primer, one undercoat and two finishing coats. Etch primer
 shall be used on all galvanised, stainless steel and non-ferrous metal
 surfaces. All surfaces shall be clean, dry and free from oil or other
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 deleterious matters. Paint shall not be applied to any surface which is very
 hot and upon which there is moisture or to any external surface during
 adverse weather condition such as extreme of temperature or during rain.
 (d) The finished surface shall be uniform in sheen, colour etc. and be free
 from defects detrimental to appearance or performance.
 (e) The Contractor‘s attention is brought to the fact that although a guarantee
 for the painting system is specified in the Contract, samples of the paints
 may be taken for test as specified in 16.1.21 to 16.1.24 throughout the
 duration of works by tile SO to ensure that the specified paints are used
 and no adulteration or over dilution takes place. If adulteration or over
 dilution is detected, the Contractor shall be penalised in accordance with
 16.1.21 to 16.1.24.
 16.3 EXTERNAL PAINTING (NEW WORKS)
 16.3.1 The external painting shall be minimum 3 coats paint system based on
 Performance Specification as laid down in 16.2.
 16.3.2 The Contractor shall execute the whole of the painting works to the
 satisfaction of the SO, and warrants that the works shall be executed using
 good materials and with all due care and professional skill. He further
 warrants the painting works against any decoration defects, fungus and other
 biological growth, uneven fading, peeling and discolouring in respect of the
 material and workmanship; that is any defects, whatsoever and howsoever
 arising for a period of five (5) years from the date of substantial completion of
 the Works. The Contractor shall make good all such defects appearing within
 the said five (5) years from the date of substantial completion of the Works at
 his own expense and to the satisfaction of the SO. If the Contractor shall
 refuse, neglect or fail to do so for any reason whatsoever, within such time as
 may be specified at the complete discretion of the SO in a notice in writing
 from the SO to make good any such defect, the Employer shall be entitled to
 engage others to make good the same and charge the costs thereof to the
 Contractor.
 16.3.3 The Contractor shall, in addition, furnish to the Employer a written guarantee
 in respect of the painting works or architectural coatings used or applied in the
 Works, valid for a period of five (5) years from the date of substantial
 completion of the Works, by a third party acceptable to the Employer, in the
 form and on the terms approved by the Employer for the due and faithful
 observance and performance of the aforesaid covenants and obligations on his
 part to be observed and performed throughout the said period of five (5) years.
 The guarantee shall be delivered to the SO two weeks prior to the
 commencement of the painting works.
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 16.4 DELIVERY/ STORAGE
 16.4.1 All materials for painting shall be delivered to the site in the original sealed
 containers supplied by the manufacturers and shall be carefully stored to
 minimize exposure to high temperatures.
 16.4.2 All materials for painting shall be kept in a locked, well-ventilated storage
 place. Storage space shall be kept clean and neat. Oily rags shall be removed
 and disposed of each day, and all other necessary precaution shall be taken to
 avoid danger of fires.
 16.5 COMPLETION
 On completion and before handing over the works, the Contractor shall touch up and
 make good all damaged and defective surfaces, clean all glass on both sides, wash off‘
 all paint droppings and stains from floors, walls and other surfaces. The Contractor shall
 clear away all debris and superfluous materials to the entire satisfaction of the SO.
 16.6 GENERALLY
 16.6.1 The Contractor shall paint all new works as specified herein and as shown on
 the Drawings.
 16.6.2 Colours shall be selected from the British Standards range of colours and shall
 be specially mixed or milled as necessary by the manufacturer. The colours
 shall be selected by the SO.
 16.6.3 The Contractor shall provide mock-up samples on selected areas for the SO's
 approval prior to commencement of painting work.
 16.6.4 Concrete/plastered surfaces to receive paint finishing shall be dry and free
 from laitance and contamination. Concrete surfaces shall be acid etched or
 whip blasted with loose particles removed.
 16.6.5 The Contractor shall note that the underside of all floor slab and all walls and
 columns above the ceiling shall be painted with one coat of anti-alkaline and
 one undercoat of acrylic emulsion paint on plastered surfaces or concrete bare
 surfaces. All walls and columns surfaces shall receive wallpaper and other
 finishes to 100mm above ceiling level.
 16.6.6 Unless descriptions are given separately for external and internal painting, all
 specifications should apply to both types of surfaces.
 16.6.7 The Contractor shall supply all materials, labour, equipment, scaffolding and
 protective coverings and workmanship required for all operations in
 conjunction with the painting works.
 16.6.8 All exposed concrete, plastered and dry partition wall surfaces shall be
 painted, unless otherwise stated.
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 16.6.9 Spray painting shall be carried out to the surfaces as indicated in the
 Drawings.
 16.6.10 The painting works shall comply with the following, which serve as the basis
 for the minimum requirement:
 (a) SS 7 : Finishing Paint for Gloss Enamel
 (b) SS 34 : Undercoat Paint for Gloss Enamel
 (c) SS 38 : Aluminium Wood Primer
 (d) SS 91 : Non-inflammable Solvent Based Paint Remover
 (e) SS 150 : Emulsion Paint for Decorative Purposes
 (f) SS 345 : Algae Resistant Emulsion Paint for Decorative
 Purposes
 (g) BS 3761 : Non-Flammable Solvent Based Paint Remover
 (h) BS 6150 : Painting of Buildings
 16.6.11 The whole of the paints, varnishes and other materials to be used internally
 shall, unless otherwise stated, obtain SO's approval prior to application.
 16.6.12 Paint systems shall have 1 (one) coat primer, 1 (one) undercoat and 2 (two)
 finishing coats of paint, be it brushed or spray painted, unless otherwise
 specified. The paint shall be fine sanded after each coat, prior to application of
 the next coat of paint.
 16.6.13 All painting materials shall be of "Nippon Paint", ICI" or approved equivalent
 and shall be used strictly in accordance with the Manufacturer's instructions.
 16.6.14 All surfaces to receive paint shall be thoroughly cleaned and free from loose
 dirt, dust, grease, oil, wax or any other foreign matter.
 16.6.15 Any defective paint products and/or workmanship rejected by the SO shall be
 replaced, repainted and made good at the Contractor‘s own expense.
 16.7 SAMPLES
 16.7.1 Manufacturer's samples of all paints, varnishes, distempers, etc. shall be
 submitted in sealed containers at no charge to the SO for his approval before
 bulk deliveries are made and before any painting work commence.
 16.7.2 The Contractor shall provide site sample panels of minimum 1 m2 for each
 type of painting system at areas designated by SO for review prior to
 commencement of painting works. The approved sample panels shall be
 retained in its original condition for the duration of the works for reference
 and comparison. Colours which do not match the approved sample panels
 shall be discarded.
 16.7.3 During the execution of the work, further samples of any of the materials will
 be taken by the SO as he deems necessary and the Contractor shall provide the
 containers with necessary seals and all samples at his own expense.
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 16.7.4 The samples shall be taken from the sealed or open containers or from the
 workmen's kettles on the works as may be directed by the SO. Any work
 executed with materials found on test not to fulfil the requirements of the
 specifications shall be removed and the work re-done as directed by the SO.
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 17.1 SUBGRADE
 Materials
 17.1.1 Subgrade Soil
 (a) The soil used for the top 500 mm of the subgrade shall have a soaked CBR
 (California Bearing Ratio) value of not less than the value as indicated on the
 plans or in the Contract Specification. In addition, the following requirements
 shall be complied with:
 (i) Subgrade in fill areas shall be formed of material defined as ―approved
 material‖ in Section 4 - Earthwork.
 (ii) In cut areas where the soaked CBR value of the top 500 mm of the
 subgrade is equal to or greater than the value as indicated on the plans or in
 the Contract Specification, the Contractor shall compact the top 200 mm of
 the subgrade to the density specified in Table 17.3.
 (iii) In the event of the soaked CBR value of the top 500 mm of the subgrade
 being less than the specified value, the Contractor shall remove and replace
 selected fill or stabilize the in-situ soil by approved means to a depth as
 required by the SO. The extra cost involved in removing and replacing the
 in-situ soil or in improving the soil shall be borne by the Employer.
 17.1.2 Geotextiles
 Unless otherwise specified, geotextiles shall be non-woven and shall be made of
 polypropylene, polyethylene, polyester or a combination of the aforesaid materials.
 Geotextiles shall not be susceptible to bacteria and fungus attack and shall be
 resistant to chemical action and not affected by exposure to ultra-violet light. Where
 the geotextiles serve a separation or reinforcement function, class A geotextiles
 shall be used. Where the geotextiles serve a filtration function, class B geotextiles
 shall be used. The requirements for class A and class B geotextiles shall be as
 specified in Table 17. 1. The Contractor shall submit method of laying and jointing
 to the SO for approval prior to commencement of work.
 17.1.3 Bitumen Emulsion
 Bitumen emulsion shall be slow setting cationic bitumen emulsion conforming to
 the requirements of 17.3.2.
 Preparation of Subgrade
 17.1.4 On areas to be paved, the specified depths in cut areas and fill areas shall be
 compacted to meet the requirements for density in Table 17.3. When completed the
 surface shall be true to the lines, grades and cross section shown on the plans or as
 directed by the SO. Any irregularities or depressions that develop under rolling
 shall be corrected by loosening the material at these places and adding, removing,
 or placing material until the surface is smooth and uniform. Any portion of the area

Page 181
                        

PAVEMENTS – FLEXIBLE AND RIGID
 168
 which is not accessible to a roller shall be compacted to the required density by
 approved mechanical tampers.
 TABLE 17.1 PHYSICAL PROPERTIES OF GEOTEXTILES
 Physical Property Class of Geotextile
 Specification
 Class A Class B
 Minimum Unit
 Unit Weight, g/m2
 Minimum Grab
 Tensile Strength, N
 Minimum Elongation to
 Break, %
 Minimum Trapezoidal
 Tear Strength, N
 Minimum Mullen
 Burst Strength, N/mm2
 Water Permeability,
 cm/sec
 125
 530
 60
 180
 1.10
 2.0x1.0-2
 50
 270
 55
 80
 0.50
 2.7x10-2
 ASTM D3776
 ASTM D1682
 ASTM D1682
 ASTM D1117
 ASTM D774
 Manufacturer‘s test
 report to be submitted
 17.1.5 All soft and yielding material and material which will not compact readily when
 rolled or tamped shall be removed as directed by the SO and replaced with suitable
 material. After grading operations are completed, all loose stones larger than 50 mm
 in their greatest dimension shall be removed from the surface of all proposed graded
 paving areas and disposed off as directed by the SO.
 Protection of the Top of Subgrade
 17.1.6 At all times, the top of the subgrade shall be kept in such condition that it will drain
 readily and effectively. The Contractor shall take all necessary precautions to
 protect the subgrade from damage. He shall limit hauling over the finished subgrade
 to that which is essential for construction purposes. If ruts are formed, the subgrade
 shall be reshaped and rolled. Storage or stockpiling of materials on the top of the
 subgrade will not be permitted. Until the subgrade had been checked and approved,
 no sub-base, base course or pavement shall be laid thereon.
 17.1.7 When specified on the plans or in the Contract Specification, the subgrade shall be
 protected by the application of a bituminous prime coat. Immediately after the
 surface of the subgrade has been compacted and approved by the SO, bitumen
 emulsion shall be sprayed at the uniform rate of 0.75 litre/m2 onto the surface of the
 subgrade by means of an approved type of mechanical sprayer. Sand or approved
 granite dust shall then be spread on it to a thickness of 5 mm and rolled with a light
 roller.
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 Tolerances in Subgrade Levels
 17.1.8 The levels of subgrade shall be determined from the true finished pavement surface
 calculated from vertical profile and cross-falls as shown on the plans. The vertical
 depth below the true finished pavement surface of any point on the constructed
 surface of subgrade shall be within the appropriate tolerances stated in Table 17.2.
 TABLE 17.2 TOLERANCES IN SUBGRADE LEVELS
 Type of Pavement Tolerance in Subgrade Level
 Road Pavement ± 25 mm
 Aircraft Pavement ± 15 mm
 Compaction
 17.1.9 All materials shall be compacted in layers as soon as practicable after deposition.
 The depth of each compacted layer shall be compatible with the compaction plant
 used and shall not be greater than the maximum depth of compacted layer specified
 for each type of compaction plant in Table 17.4. Earthmoving plant shall not be
 accepted as compaction equipment.
 17.1.10 Each class of material to be compacted shall be tested, prior to compaction, by CPG
 Consultants Engineering Laboratory or other approved agencies, in accordance with
 BS 1377 to determine its maximum dry density and optimum moisture content for
 compaction.
 17.1.11 The moisture content of the in-situ material during compaction shall be maintained
 as close to the optimum moisture content, preferably within ±2% of optimum
 moisture content. If necessary, this shall be adjusted by wetting or drying on site to
 enable the required in-situ field densities of the fill material to be obtained
 consistently.
 17.1.12 Following the compaction process, each layer shall be tested and approved by the
 SO prior to the placing of the next layer. In-situ field density tests shall be carried
 out in accordance with BS 1377: Part 9 sand replacement method or water
 displacement method. The in-situ field density may also be determined by using
 nuclear density meters. At least one in-situ field test shall be made for each 3000 m2
 of surface area of each compacted layer.
 TABLE 17.3 COMPACTION REQUIREMENTS FOR SUBGRADE
 Type of
 Pavement
 Depth Measured from Top
 of Subgrade
 Minimum In-situ Dry Density as % of
 Maximum Dry Density Determined By
 BS 1377 Part 9
 Road
 Pavement
 0 - 500 mm
 Below 500 mm
 95%
 90%
 Aircraft
 Pavement
 0 - 500 mm
 500 - 1000 mm
 1000 - 2000 mm
 Below 2000 mm
 98%
 95%
 90%
 85%
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 17.1.13 The in-situ field densities of compacted material calculated as percentages of the
 maximum dry density derived from BS 1377 : Part 9 shall comply with the
 requirements of Table 17.3, unless otherwise specified by the SO.
 17.1.14 The Contractor may choose to establish by site trials the relationship among the in-
 situ material for compaction, compaction plant used, thickness of each layer, and
 compacting effort in terms of number of passes. If so established and agreed by the
 SO, the Contractor shall follow the same compaction arrangement for each and
 every subsequent layers in compaction. However, the SO may at any time carry out
 in-situ field density tests to determine whether the degree of compaction has
 satisfied the requirements of Table 17.3. When the compaction is found inadequate,
 the agreed compaction arrangement shall be adjusted.
 17.1.15 Table 17.4 may be used as a guide for the Contractor in establishing compaction
 arrangement. However, site trials shall be carried out to ensure that the density
 requirement is achieved.
 17.1.16 All costs incurred in executing compaction by whichever method the Contractor has
 adopted and any subsequent alteration as may be directed by the SO shall be
 deemed to be included in the Contract Sum.
 Definitions and Requirements Associated with Table 17.4
 17.1.17 The depth of compacted layer is the height by which an embankment is raised by
 each successive compacted layers.
 17.1.18 The number of passes is the number of times that each point on the surface of the
 layer being compacted has been traversed by the compaction plant (or struck in the
 case of power rammers or dropping weight compactors.) The effective width of a
 pneumatic-tyred roller, for this purpose, is the sum of the widths of the individual
 wheeltracks together with the sum of the spacing between the wheeltracks provided
 that each spacing does not exceed 225 mm. Where the spacing exceeds 225 mm
 effective width shall be taken as the sum of the widths of the individual wheeltracks
 only.
 17.1.19 The force per 100 mm width of roll is the total weight on the roller divided by the
 total roll width. Where a smooth-wheeled roller has more than one axle the machine
 shall be assessed on the basis of the axle giving the highest value of force per 100
 mm width.
 17.1.20 Wheel load is the total weight of the roller divided by number of wheels.
 17.1.21 Vibratory rollers are self propelled or towed rollers having means of applying
 mechanical vibration to one or more rolls.
 (a) The requirements for vibratory rollers are based on the use of the lowest gear
 on a self propelled machine and a towing speed of 1800 - 2400 m/hr for a
 towed machine. If higher gears or speeds are used, an increased number of
 passes shall be provided in proportion to the increase in speed of travel.
 (b) Vibratory rollers operating without their vibration mechanism in use will be
 classified as smooth-wheeled rollers.
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 (c) Vibratory rollers shall only be operated with their vibration mechanism
 operating at the frequency of vibration recommended by the manufacturers. All
 such rollers shall be equipped with a device automatically indicating the
 frequency at which the mechanism is operating.
 17.1.22 Vibrating-plate compactors are machines having a base plate to which is attached a
 source of vibration consisting of one or two eccentrically weighted shafts.
 (a) The static pressure under the plate of a vibrating-plate compactor is calculated
 by dividing the total weight of the machine in working order by the area in
 contact with compacted material.
 (b) Vibrating-plate compactors shall be operated at the frequency of vibration
 recommended by the manufacturer. They shall normally be operated at
 travelling speeds of less than 900 m/hr but, if higher speeds are necessary, the
 number of passes shall be increased in proportion to the increase in speed of
 travel.
 17.1.23 Vibro-tampers are machines in which an engine-driven reciprocating mechanism
 acts on a spring system, through which oscillations are set up in a base plate.
 17.1.24 Power rammers are machines which are actuated by explosions in an internal
 combustion cylinder, each explosion being controlled manually by the operator.
 17.1.25 For items marked with an asterisk (*), the rollers shall be towed by track-laying
 tractors. Self-propelled rollers are unsuitable.
 17.1.26 Where combination of different types of categories of plant are used, the
 compaction requirements shall be:
 (a) The depth of layer shall be that for the type of plant requiring the least depth of
 layer.
 (b) The number of passes shall be that for the type of plant requiring the greatest
 number of passes.
 (c) However, where the Contractor uses a lighter type of plant to provide some
 preliminary compaction only to assist the use of heavier plant, this shall be
 disregarded in assessing the above requirements.
 17.2 SUB-BASE AND BASE
 General
 17.2.1 Underlying Course
 (a) The underlying course shall be checked and accepted by the SO before placing
 and spreading of sub-base or base is started. Any ruts or soft, yielding places
 due to improper drainage conditions, hauling or from any other causes shall be
 corrected and rolled to the required density before the sub-base or base is
 placed thereon.
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 (b) To protect the underlying course and to insure proper drainage, the spreading of
 the sub-base or base material shall begin along the centreline of the pavement
 on a crowned section or on the high side of pavements with a one-way slope.
 17.2.2 Grade Control
 Grade control between the edges of the pavement shall be accomplished by means
 of grade stakes, steel pins or forms placed in lines parallel to the centreline of the
 pavement at intervals sufficiently close that string lines or cheek boards may be
 placed between the stakes, pins or forms.
 17.2.3 Tolerances in Surface Levels of Sub-base and Base Courses
 (a) The level of sub-base and base courses shall be determined from the true
 pavement surface, which unless otherwise stated shall be the surface of wearing
 course of flexible pavement or of the slab for concrete pavement, calculated
 from the pavement vertical profile and cross-falls as shown on the plans. The
 vertical depth below the true pavement surface of any point on the constructed
 surface of sub-base shall be within the appropriate tolerances stated in Table
 17.5.
 (b) For checking compliance with Table 17.5, measurements of surface levels shall
 be taken at a grid of points at 30 m centres longitudinally, 10 m centre on
 curves and 3 m centres transversely starting 1 m from the edge of the
 pavement. In any length of pavement represented by the grid, compliance with
 the requirements of Table 17.5 is deemed to have been met when not more
 than one measurement in ten exceeds the tolerance permitted in the table.
 17.2.4 Surface Regularity
 After the sub-base or base course has been completed, its surface shall be tested for
 trueness with a 3 m long straight edge applied parallel with and at right angles to the
 centre line. The maximum deviation of the surface below the straight edge shall not
 exceed 10 mm.
 17.2.5 Rectification
 (a) Where any tolerance is exceeded, the Contractor shall determine the full extent
 of the area which is out of tolerance and shall make good the surface of the
 pavement course.
 (b) When the sub-base or base courses consist of unbound material, the top layer
 shall be scarified and reshaped with added materials as necessary and re-
 compacted all to this Specification or any other approved means of rectification
 as approved by the SO. The area treated shall normally not be less than 30 m
 long and 2 m wide or such less length to be determined by the SO as necessary
 to obtain compliance with this Specification. Where the courses consist of
 cement treated material, except concrete slabs, the method of correction shall
 depend on the period which has elapsed between detection of the error and the
 time of mixing of the material. If this is less than 2 hours, the surface shall be
 scarified to a depth of not less than 50 mm, supplemented with freshly mixed
 material as necessary and re-compacted all to this Specification. If the period is
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 TABLE 17.4 COMPACTION REQUIREMENTS
 Type of
 Compaction
 Plant
 Category Cohesive Soil Well-graded
 granular and dry
 cohesive soils
 Uniformly-graded
 materials
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Smooth-
 wheeled
 roller
 Forced per 100
 mm width
 125
 125
 8
 6
 125
 125
 10
 8
 125
 125
 10*
 8* 2.1 – 2.6 kN
 2.61 – 5.2 kN
 More than 5.2 kN 150 4 150 8 Unsuitable
 Gridroller
 Forced per 100
 mm width
 2.6 – 5.2 kN 150 10 Unsuitable 150 10
 5.3 – 7.8 kN 150 8 125 12 Unsuitable
 More than 7.8 kN 150 4 150 12 Unsuitable
 Pneumatic-
 tyred roller
 Wheel Load
 125
 6
 1 - 1½ tonnes Unsuitable 150 10*
 1½ - 2 tonnes 150 5 Unsuitable Unsuitable
 2 - 2½ tonnes 175 4 125 12 Unsuitable
 2½ - 4 tonnes 225 4 125 10 Unsuitable
 4 - 6 tonnes 300 4 125 10 Unsuitable
 6 - 8 tonnes 350 4 150 8 Unsuitable
 8 - 12 tonnes 400 4 150 8 Unsuitable
 More than 12
 tonnes
 450
 4
 175
 6
 Unsuitable
 Vibratory
 roller
 Forced per 100
 mm width
 0.25 – 0.45 kN Unsuitable 75 16 150 16
 0.46 – 0.70 kN Unsuitable 75 12 150 12
 0.71 – 1.25 kN 100 12 125 12 150 6
 1.26 – 1.75 kN 125 8 150 8 200 10*
 1.76 – 2.3 kN 150 4 150 4 225 12*
 2.31 – 2.8 kN 175 4 175 4 250 10*
 2.81 – 3.5 kN 200 4 200 4 275 8*
 3.51 – 4.2 kN 225 4 225 4 300 8*
 4.21 – 4.9 kN 250 4 250 4 300 8*
 Vibrating-
 plate
 compactor
 Static pressure
 under base plate
 8.6 – 10.3 kN/m2 Unsuitable Unsuitable 75 6
 10.3 – 12.1 kN/m2 Unsuitable 75 10 100 6
 12.1 – 13.8 kN/m2 Unsuitable 75 6 150 6
 13.8 – 17.2 kN/m2 100 6 125 6 150 4
 17.2 – 20.7 kN/m2 150 6 150 5 200 4
 More than 20.7
 kN/m2
 200 6 200 5 250 4
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 TABLE 17.4 COMPACTION REQUIREMENTS
 Type of
 Compaction
 Plant
 Category Cohesive Soil Well-graded
 granular and dry
 cohesive soils
 Uniformly-graded
 materials
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Max
 depth of
 compacted
 layer (mm)
 Min
 No. of
 passes
 Vibro-tamper
 Mass kilogramme
 100
 125
 200
 50 – 65
 65 – 75
 More than 75
 3
 3
 3
 100
 125
 150
 3
 3
 3
 150
 200
 225
 3
 3
 3
 Power
 rammer
 Mass kilogramme
 100 150 4 150 6 Unsuitable
 More than 500 275 8 275 12 Unsuitable
 TABLE 17.5 TOLERANCES IN SURFACE LEVELS OF SUB-BASE
 AND BASE COURSES
 Tolerances in Surface Levels
 Base
 Sub-base
 ±15 mm
 ±20 mm
 2 hours or more the full depth of the layer shall be removed from the pavement and
 replaced to Specification. In either case the area treated shall not be less than 5 m
 long x 2 m wide. For areas corrected within 7 days of laying, no construction traffic
 or compaction plant shall use the surrounding satisfactory areas.
 Sub-base
 17.2.6 Material
 (a) Sub-base material shall be natural sand, crushed rock or crushed concrete or
 any other granular material approved by the SO. The material shall be well-
 graded and lie within the grading limits of Table 17.6. The particle size shall be
 determined in accordance with BS 1377.
 TABLE 17.6 GRADATION OF SUB-BASE MATERIAL
 BS Sieve Size % by Weight Passing
 75 mm
 37.5 mm
 10 mm
 5 mm
 600 µm
 75 µm
 100
 85 – 100
 45 – 100
 25 – 85
 8 – 45
 0 –10
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 (b) The material passing the 425 µm sieve, when tested in accordance with BS
 1377, shall have a plasticity index of less than 6.
 (c) If more than 10% of the material is retained on the 20 mm sieve, the whole
 material shall be assumed without test to have a CBR value of 30% or more. If
 10% or less of the material is retained on the 20 mm sieve, the fraction that
 passes that sieve shall satisfy the CBR requirements of 30% (soaked value)
 when tested by BS 1377 : Part 9 at the dry density and moisture content likely
 to be achieved in the field.
 17.2.7 Laying
 Sub-base material shall he placed and spread evenly. Spreading shall be undertaken
 immediately after placing material on site. The materials shall be laid using a
 mechanical aggregate spreader. Other mechanical equipment which can level off
 material to an even depth may be used subject to the approval of the SO. The sub-
 base material under unreinforced concrete pavements with warping joints shall,
 when laid and compacted, provide a smooth close textured surface.
 17.2.8 Compacting
 (a) The sub-base material shall be compacted in layers as soon as possible after
 deposition. The depth of each compacted layer shall be compatible with the
 compaction plant used and shall be in accordance with the requirements of
 Table 17.15. Each layer shall be tested and approved by the SO prior to the
 placing of the next layer. The in-situ field density of the compacted layer
 expressed as a percentage of the maximum dry density determined in
 accordance with BS 1377 : Part 9 shall not be less than 95% for road pavement
 or 98% for aircraft pavement.
 (b) The surface of any layer of material shall, on completion of compaction, be
 well closed, free from movement under compaction plant and from compaction
 planes, ridges, cracks or loose material. All loose/ segregated or otherwise
 defective areas shall be made good to the full thickness of the layer and re-
 compacted.
 Plant-mixed Graded Granite Aggregate Base
 17.2.9 Aggregate
 (a) The base aggregate shall consists of graded crushed, clean and hard angular
 aggregate complying with the requirements of SS 31 and conforming to the
 gradation shown in Table 17.7.
 (b) When used in a pavement which is to carry a bituminous surfacing, that portion
 of the soil-binder material (if any) which passes a 425µm sieve shall have the
 following properties:
 (i) Liquid Limit - not more than 25%
 (ii) Plasticity Index - not more than 6%
 (iii) Linear Shrinkage - not more than 3%
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 TABLE 17.7 GRADATION OF PLANT-MIXED CRUSHED GRANITE
 AGGREGATE
 Aggregates BS Sieve Size % by Weight Passing
 50mm 100
 Coarse 37.5mm 95 - 100
 Aggregate 20mm 60 - 80
 10mm 40 - 60
 5mm 25 - 45
 Fine 2.36mm 15 - 35
 Aggregate 425µm 6 - 18
 Mineral Filler 75 µm 0 – 10
 (c) The sand equivalent of the material passing the 4.8mm sieve shall not be less
 than 30.
 (d) When used in a pavement which is not to carry a bituminous surfacing, the
 portion of the soil-binder material (if any) which passes a 425µm sieve shall
 have the following properties:
 (i) Liquid Limit - not more than 35%
 (ii) Plasticity Index - between 4 and 9%
 (iii) Linear Shrinkage - between 2 and 4%
 17.2.10 Mixing
 (a) The aggregates shall be mixed at a mixing plant by continuous mixing using a
 pug-mill mixer, or batch type mixing using a revolving blade, rotary pan, or
 rotary tilting drum mixer. The plant shall be in sound mechanical condition and
 shall consistently produce a uniform mixture of aggregates and water at
 optimum moisture content or at a moisture content as directed by the SO.
 (b) To achieve the desired grading, the use any sand, granite dust or approved filler
 such as laterite, the quality of such materials and the amount to be added into
 the mixing plant shall be subject to the approval of the SO.
 (c) Water used for mixing shall be clean and substantially free from detrimental
 impurities such as oil, salts, acids, alkali and vegetable substance.
 17.2.11 Transporting
 Plant-mixed material shall be transported directly to the point where it is to be laid,
 and shall be covered with canvas or other approved material to prevent loss of
 moisture during transit from the mixer to the laying site and whilst awaiting tipping.
 Transport vehicles shall be equipped with discharge devices that will enable the
 plant- mixed material to be discharged or loaded into the hoppers of spreading
 machines without spillage and in such a way that segregation will be minimised.
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 17.2.12 Laying and compacting
 (a) The material shall be deposited and spread in lanes in a uniform layer without
 segregation of size to such loose depth that, when compacted, the thickness of
 the compacted layer shall not exceed 250mm. The base material shall be spread
 by an approved self-propelled mechanical spreader with an automatic tamping
 device.
 (b) After spreading, the base material shall be thoroughly compacted by rolling.
 The rolling shall progress gradually from the sides to the centre of the lane
 under construction, or from one side towards previously placed material by
 lapping uniformly each preceding rear wheel track by one-half the width of
 such track. Rolling shall continue until the entire area of the course has been
 rolled by the rear wheels. The rolling shall continue until the stone is
 thoroughly set, the interstices of the material reduced to a minimum, and until
 creeping of the stone ahead of the roller is no longer visible.
 (c) Rolling shall continue until the base material is compacted to a dry density of
 not less than 98% of the maximum dry density as determined by BS 1377 : Part
 9. In-situ dry density tests shall be carried out in accordance with BS 1377 :
 Part 9 sand replacement method using large pouring cylinder, or any other
 suitable methods approved by the SO. Blading and rolling shall be done
 alternately to obtain a smooth, even and uniformly compacted base.
 17.2.13 Quality Control
 (a) Samples of Graded Granite Aggregate shall be taken as, when and where
 directed by the SO for gradation analysis.
 (b) The Contractor shall supply all necessary labour and equipment to collect
 samples of graded granite aggregate at site and deliver such to the CPG
 Consultants Engineering Laboratory for the gradation analysis. The results shall
 be used for computing the deduction factors for graded granite aggregate which
 fails to meet the specified requirements.
 (c) Samples shall be taken at the rate of one per 100 m3 of graded granite aggregate
 laid and at least 3 samples shall be taken at each site in a day. For site where
 more than 400 m3 of graded granite aggregate is laid in a day, a maximum of 5
 samples shall be taken. These samples shall be marked with the date laid and
 location identification.
 17.2.14 Criteria for Acceptance of Graded Granite Aggregate Base
 (a) Deduction of payment due to Failure of Graded Granite Aggregate Base -
 Within the Specified Limits.
 Where any of the Gradation Analysis results fail to comply with the
 requirements stated in this Specification but within the specified limits, partial
 deduction of payment shall be imposed by the SO in accordance with Table
 17.7A column (A) for all graded granite aggregate laid and represented by the
 unsatisfactory samples.
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 (b) Deduction of Payment or Rejection of Material for Failure of Graded Granite
 Aggregate Base - Outside the Specified Limits.
 (c) Where any of the Gradation Analysis results fail to comply with the
 requirements stated in this Specification and outside the specified limits,
 deduction of payment shall be imposed by the SO in accordance with Table
 17.7A column (A) plus additional deduction in accordance with Table 17.7A
 column (B) for all graded granite aggregate laid and represented by the
 unsatisfactory samples.
 (d) Notwithstanding the above, the SO shall have the final decision to reject the
 material without payment to the Contractor if such failure are drastically
 outside the specified limits and will impair the performance of the material
 seriously. In this case, the rejected material shall be removed from the site and
 replaced with new material at the Contractor's expense.
 17.2.15 Method of Computing Deduction Factor for Graded Granite Aggregate Which Fails
 to Meet Specification Requirements
 Assume X = amount of deviation from design requirement
 Coarse Aggregate
 - For X > 8%
 Deduction factor = 7 + 7 = 14%
 - For X = 8%
 Deduction factor = 7%
 - For X < 8%
 Deduction factor = (X/8) x 7%
 Fine Aggregate
 - For X > 6%
 Deduction factor = 7 + 7 = 14%
 - For X = 6%
 Deduction factor 7%
 - For X < 6%
 Deduction factor = (X/6) x 7%
 Filler
 - For X > 2 %
 Deduction factor = 7 + 7 = 14%
 - For X = 2 %
 Deduction factor = 7%
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 - For X < 2 %
 Deduction factor = (X/2) x 7%
 From the above, the deduction factors for the various sieve points are
 computed and highest value of deduction factor shall be used as penalty for
 deviation from requirement.
 17.2.16 Sample Calculations for Deduction of Payment due to Graded Granite Aggregate
 Base Failing to Comply with Requirements in Specification:
 Example 1
 Deduction of Payment due to Graded Granite Aggregate Base Failing to Comply
 with Requirements but within the Specified Deviation Limits
 Suppose the gradation analysis results for a graded granite aggregate base are
 shown in Fig. 17.1A.
 Assume material cost of graded granite aggregate is $A/m3 as stated in the fixed
 schedule of rates and the volume laid as represented by the above gradatiom
 analysis results is B m3.
 Compute the amount to be deducted from payment due to the Contractor.
 Solution
 - Deduction factor for gradation analysis [See Fig.17.1A]
 (i) Coarse aggregate - 5mm sieve:
 X = deviation = 25-20 = 5%
 Deduction factor = 5/8 X 7 = 4.38%
 (ii) Fine aggregate - 2.36mm sieve:
 X = deviation = 15-10 = 5%
 Deduction factor = 5/6 X 7 = 5.83%
 In this case, the highest deduction factor for gradation analysis is 5.83% and this
 will be used to compute the deduction in payment.
 Therefore, amount to be = $5.83/100 x A x B
 deducted from payment
 Example 2
 Deduction of Payment due to Graded Granite Aggregate Base Failing to Comply
 with Requirements and Outside the Specified Deviation Limits
 Suppose the gradation analysis results for a graded granite aggregate base are
 shown in Fig. 17.1B.
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 Assume material cost of graded granite aggregate is $A/m3 as stated in the fixed
 schedule of rates and the volume laid as represented by the above gradation analysis
 results is B m3.
 Compute the amount to be deducted from payment due to the Contractor.
 Solution
 - Deduction factor for gradation analysis [See Fig.17.1B]
 (i) Coarse aggregate - 10mm sieve:
 X = deviation = 40-30 = 10%
 Deduction factor = 7 + 7 = 14%
 (ii) Coarse aggregate - 5mm sieve:
 X = deviation = 25-20 = 5%
 Deduction factor = 5/8 X 7 = 4.38%
 In this case, the highest deduction factor for gradation analysis is 14% and this will
 be used to compute the deduction in payment.
 Therefore, amount to be = $14/100 x A x B
 deducted from payment
 Mixed In-place Graded Granite Aggregate Base
 17.2.17 Aggregate
 The type and gradation of the aggregate intended for use shall comply with all the
 requirements of 17.2.9.
 17.2.18 Mixing in-place
 The base aggregate shall be deposited and thoroughly mixed in-place by means of
 approved graders, dics, harrows, rotary tillers, or a machine capable of combining
 these operations, supplemented by other suitable equipment if necessary. The
 mixing shall continue until the mixture is uniform throughout and accepted by the
 SO. Areas of segregated material shall be corrected by the addition of needed
 material and by remixing. water shall be uniformly applied, prior and during the
 mixing if necessary to maintain the material at the proper moisture content.
 17.2.19 The aggregate base material that is thoroughly mixed in-place shall be spread and
 compacted to the required density in the same manner as described in 17.2.12.
 17.2.20 Quality control on aggregate base material shall be carried in the same manner as
 described in 17.2.13.
 17.2.21 Criteria for acceptance of aggregate base material shall be in accordance with all
 requirements stated in 17.2.14 and 17.2.15.
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 TABLE 17.7A GRADATION ANALYSIS CRITERIA FOR ACCEPTANCE OF GRADED GRANITE AGGREGATE BASE
 AND DEDUCTION FACTORS
 Aggregates
 Requirement Deviation Limits Deduction from Payment (of Graded Granite Aggregate
 Cost Only) as Penalty for Deviation from Requirements*
 Within Specified Deviation
 Limits (A)
 Exceed Specified
 Deviation Limits (B)
 Coarse Aggregate
 Refer to Table 17.7 for
 aggregate grading
 requirements
 +8% 7% max (highest computed
 value of % deduction from
 the various sieve points shall
 be used as penalty).
 Rejection will be
 considered by the SO
 should anyone of the sieve
 points exceeds the
 specified deviation
 requirements limits.
 otherwise an extra 7%
 deduction will be imposed.
 Fine Aggregate
 +6%
 Filler +2%
 * Refer to 17.2.15 for method of Computing Deduction Factor and 17.2.16 for sample calculations
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 Coarse Granite Aggregate (Crusher-run) Base
 17.2.22 Aggregate
 (a) The coarse aggregate shall be either crushed stone or crushed gravel free from
 excess flat, elongated, or disintergrated pieces, dirt or other objectionable
 matter. The coarse aggregate shall have a percentage of wear of not more than
 45 at 500 revolutions as determined by AASHTO T96 (Los Angeles Rattler
 Test) and shall meet the gradation requirements of Table 17.8.
 TABLE 17.8 GRADATION OF COARSE AGGREGATE
 BS Sieve Size % by Weight Passing
 90 mm
 63 mm
 37.5 mm
 20 mm
 100
 80 – 100
 20 – 65
 0 –15
 (b) The fine aggregate shall be screenings obtained from crushed stone, gravel or
 other similar approved materials.
 17.2.23 Spreading
 The coarse aggregate shall be deposited and spread in lanes in a uniform layer and
 without segregation of size to such loose depth that, when compacted, the layer
 shall have the required thickness. However, the maximum compacted thickness of
 any layer shall not exceed 250 mm when vibrating roller is used for compaction,
 and not exceed 150 mm when static roller is used. The aggregate shall be spread by
 approved devices having positive thickness controls preferably spreader box that
 shall spread the aggregate in the required amount.
 17.2.24 Compacting
 After spreading the coarse aggregate shall be thoroughly compacted by rolling. The
 rolling shall progress gradually from sides to the centre of the lane under
 construction by lapping uniformly each preceding rear-wheel track by one-half the
 width of such track. This process shall continue and be repeated until the entire
 course has been rolled, the stones are thoroughly keyed, the interstices of the
 material are reduced to a minimum, and creeping of the stone ahead of the roller is
 no longer visible.
 17.2.25 Applying Screenings
 (a) First Application of Screenings
 (i) After the layer of the coarse aggregate has been thoroughly keyed and set
 by rolling, screenings in an amount equal to approximately 50% of that
 required to fill the interstices shall be applied gradually over the surface.
 Rolling shall continue while the screenings are being spread so that the
 jarring effect of the roller will cause them to settle into the voids of the
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 coarse aggregate. The screenings shall not be dumped in piles on the
 coarse aggregate but shall be spread in thin layer. When necessary, hand
 brooms shall be used to distribute the screenings and to sweep them into
 unfilled voids.
 (ii) The spreading, rolling and brooming of screenings shall continue until no
 more screenings can be forced into the unfilled voids of the coarse
 aggregate.
 (b) Second Application of Screenings
 The second application of screenings which consists of about 25% of the total
 required amount shall then follow. The spreading, rolling and brooming shall
 be carried out in the same manner as in the first application.
 (c) Third Application of Screenings
 The remaining 25% of the required screenings shall be applied after the
 completion of the second application of screenings. The spreading, rolling and
 brooming processes shall again be the same as in the first application.
 17.2.26 Sprinkling
 Immediately after the voids of the coarse aggregate have been filled with
 screenings, the surface of the base course layer shall be sprinkled with water. This
 shall be followed by rolling. The sprinkling and rolling shall continue and
 additional screenings applied where necessary until all voids are completely filled
 and the coarse aggregate firmly set and bonded.
 17.2.27 Laying of Coarse Aggregate (Crusher-run) on Existing Flexible Pavement
 (a) Where existing flexible pavements are to be raised with coarse aggregate, the
 Contractor shall scarify the existing bituminous pavement surfaces with
 scarifying tyres fixed to rollers or with scarifying tyres of a motor grader for a
 depth of at least 50 mm below the pavement surfaces.
 (b) All such scarified bituminous materials shall be removed before coarse
 aggregate is placed, rolled and applied with screenings as specified in this
 Specification. The scarified bituminous materials may be used as screenings for
 the coarse aggregate if approved by the SO.
 Cement-Bound Granular Material Base
 17.2.28 Material
 (a) Cement-bound granular material shall consist of naturally occurring gravel-
 sand, crushed rock or any other approved granular materials.
 (b) The sulphate content of the material shall not exceed 1% as determined by BS
 1377.
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 (c) The material shall be sufficiently well-graded to ensure a well closed surface
 finish and have a grading within the range given in Table 17.9.
 TABLE 17.9 GRADATION OF CEMENT-BOUND GRANULAR MATERIAL
 BS Sieve Size % by Weight Passing
 50 mm
 38 mm
 20 mm
 10 mm
 5 mm
 600 µm
 300 µm
 75 µm
 100
 95 – 100
 45 – 100
 35 – 100
 25 – 100
 8 – 65
 5 – 40
 0 –10
 17.2.29 Composition
 (a) The cement used shall be Ordinary or Rapid Hardening Portland Cement and
 shall comply with SS 26.
 (b) Water used for the mixing shall be clear and substantially free from detrimental
 impurities such as oil, salts, acids, alkali and vegetable or organic substances.
 (c) The granular material shall be mixed with sufficient cement to provide a
 crushing strength to the requirements as stated in this Specification.
 17.2.30 Mixing
 The material shall be mixed in a paddle or pan type mixer which may he batch or
 continuous type. If batch mixers are used, the mixing time shall not be less than one
 minute. If continuous mixing is used, the paddles, baffles and rate of feed of
 materials shall be adjusted to give a uniformly mixed material. If a spray is used for
 distributing water into the mixer, it shall be adjusted to give uniformity in moisture
 content throughout the mix.
 17.2.31 Moisture Content
 The moisture content of the mixed material shall not be more than 2% above the
 optimum or less than the optimum as determined in accordance with the Vibrating
 Hammer Method Test of BS 1924.
 17.2.32 Preliminary Site Trial
 At least 10 days before the main work with the cement-bound granular base is
 started, the Contractor shall construct a 500 m2 area of cement-bound base as a
 preliminary trial at a location approved by the SO. For the trial, the Contractor shall
 use the materials, mix proportions, mixing, laying, compaction plants and
 construction procedure which he proposed for the main work.
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 17.2.33 Laying and Compacting
 (a) The laying and compacting of the cement-bound granular roadbase shall be
 done using mechanical equipment which levels off the material to an even
 depth. The Contractor shall so organise his work that longitudinal joints against
 hardened material are avoided as far as possible. Before work proceeds against
 a longitudinal joint of such material, the earlier compacted edge shall, if it has
 been exposed for more than one hour, be cut back vertically to such an extent
 where the material has been well compacted, and to produce a face of the
 specified thickness of layer.
 (b) Compaction of the material shall be completed as soon as possible after the
 material has been spread. Compacting equipment shall not bear directly on the
 hardened or partially hardened cement treated material previously laid other
 than those that are necessary for achieving the specified compaction at the
 joint. Poorly compacted cement treated material in the vicinity of construction
 joints shall be removed and replaced with freshly mixed material.
 (c) The Contractor may use Table 17.15 as a guide for establishing compaction
 arrangement. However, site trials shall be carried out to ensure that the density
 requirement is achieved.
 17.2.34 Surface Finishing
 The surface of the cement-bound base on completion of compaction shall be well
 closed, free from movement under compaction plant and from compaction planes,
 ridges, cracks or loose materials. All loose, segregated or otherwise defective areas
 shall be made good to the full thickness of the layer and re-compacted. However, if
 this cannot be done within 2 hours of mixing, the rectification works shall comprise
 breaking up of the material to the full thickness of the layer, removal and
 replacement with freshly mixed material.
 17.2.35 Curing
 Any layer of the cement-bound material not covered within 2 hours either by
 another layer of such material or by another pavement course, shall immediately on
 completion of compaction, be cured for a period which shall not be less than 7 days,
 unless otherwise agreed by the SO.
 17.2.36 Crushing Strength Requirements
 (a) The average crushing strength at an age of 7 days for each batch of five test
 specimens of the cement-bound material shall not be less than 3.5 N/mm2 for
 cubical specimens. If an area of cement-bound layer represented by the five test
 specimens has an average strength less than the specified minimum values, the
 Contractor shall make good by replacing the defective areas with cement-bound
 material as stated in this Specification.
 (b) Test specimens of cement-bound granular material shall be made and tested as
 follows:
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 (i) Samples of the mixed cement-bound material shall be taken from the site
 immediately prior to the compaction of the material. Five samples shall be
 taken at random times and spacing over each 800 m2 of completed layer or
 such other area as directed by the SO.
 (ii) From each sample, a cylindrical or cubical test specimen as appropriate to
 the type of material shall be prepared, cured and tested using the procedure
 given in BS 1924.
 (iii) The specimen shall be compacted to a state of compaction within 0.3
 kN/m2 of the average density being achieved in the compacted stabilised
 layer.
 (iv) After preparation, the specimens shall be cured at constant moisture
 content within the range of curing temperatures given in BS 1924 for a
 period of 7 days. The specimens shall then be weighed, the dimensions
 checked and tested in unconfined compression.
 (v) The dry density of each test specimen shall then be determined using the
 weight, dimensions and moisture content of the material determined in
 accordance with BS 1924.
 (c) The results of the five test specimens shall be averaged to give a representative
 figure for the area from which the samples were taken.
 17.2.37 Field Density Test
 (a) To obtain a comparable average value for the state of compaction of the
 stabilised layer, five determinations of dry density shall be made at random
 over each 800 m2 of stabilised layer or such other area as the SO decides, and
 the results averaged. The method to be used for determining the dry density
 shall be the sand replacement method according to BS 1377. The measurements
 shall be made at least 4 hours after the completion of the compaction work and
 preferably within a period of 24 hours.
 (b) The average dry density of the compacted stabilised layer obtained from the
 five determinations shall not be less than 98% of the average dry density of the
 five test specimens determined in accordance with BS 1924.
 17.2.38 Uniformity of the Mixed Material
 In addition to complying with the minimum specified strength, the mixed material
 shall have such a uniformity that the root mean square value of the coefficients of
 variation of crushing strength of five successive batches of test specimens do not
 exceed 25%.
 17.2.39 Open to Traffic
 No traffic shall be allowed on the cement-bound granular material base course until
 at least 3 days after laying.
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 Lean Concrete Base for Road Pavement
 17.2.40 Aggregate
 (a) The aggregate shall consist of either coarse and fine aggregate batched
 separately or an all-in-aggregate having a maximum norminal size not
 exceeding 40 mm or not less than 20 mm. The quality shall comply with the
 requirements of BS 882.
 (b) The overall grading of the aggregate shall be within the limits shown in Table
 17.10 and additionally the grading of the aggregate passing the 5 mm sieve
 shall be within Zone 2 or Zone 3 of BS 882 subject to the following sub-
 clauses:
 (i) If the grading of the aggregate passing the 5 mm sieve is within Zone 1 or
 Zone 4 of BS 882, the SO may approve the use of the aggregate and permit
 the proportion passing the 5 mm sieve for a Zone 1 material to exceed by
 5% or for a Zone 4 material to fall below by 5% the figures given in Table
 17.10 provided that trial mixes and a trial area constructed with the plant to
 be used in the work shown that a mix can be obtained which can be
 satisfactorily compacted.
 (ii) If the mix tends to segregate or if it is found that the surface of the base is
 not scaled on completion of compaction, the proportion of fine material
 shall be increased by adding sand.
 TABLE 17.10 GRADATION OF AGGREGATE FOR LEAN CONCRETE
 BS Sieve
 Size
 Range of Grading
 % by Weight Passing
 40 mm nominal
 max size
 200 mm nominal
 max size
 75 mm
 37.5 mm
 20 mm
 5 mm
 600 µm
 150 µm
 100
 95 – 100
 45 – 80
 25 – 50
 8 – 30
 0 – 6
 -
 100
 80 – 100
 35 – 55
 10 – 35
 0 – 6
 17.2.41 Cement
 Ordinary Portland cement shall be used but rapid hardening cement may be used if
 the base must carry traffic as early as possible.
 17.2.42 Mix Proportions
 (a) The ratio by weight of cement to aggregate expressed in terms of its saturated
 surface dry condition shall be sufficient to produce average crushing strength to
 the requirements of this Specification. The ratio of cement to aggregate by
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 weight shall not, however be more than 1: 15 or less than 1 :20 except with the
 approval of the SO.
 (b) Lean concrete can be produced by any of the batching and mixing plants
 commonly used for ordinary concrete.
 17.2.43 Transportation
 The mixed material shall be transported directly to the point where it is to be laid.
 During transportation, the mix shall be covered with canvas or other approved
 material to protect it from wetting or evaporation.
 17.2.44 Laying
 Lean concrete shall be spread by mechanical equipments like bituminous finishers
 and concrete spreader. Formwork need not be used when spreading lean concrete
 unless otherwise stated. Lean concrete shall be spread to an adequate depth to allow
 for compaction. When spreading lean concrete, care must be taken to avoid
 longitudinal joints. The length of laying for each lane shall be limited so that a free
 longitudinal edge of spread material is not left for more than 1 hour. Where the
 thickness of lean concrete required exceeds 200 mm, two layers of spreading and
 compaction shall be required.
 17.2.45 Compaction
 (a) Compaction shall be carried out by means of a vibrating roller which applies a
 static load of more than 1.67 kN per 100 mm width of vibrating roller or by a
 vibrating plate compactor with a static pressure under the base plate of more
 than 20.7 kN/m2.
 (b) Where required by the SO, the vibrating roller shall be operated both
 longitudinally and transversely and the surface finished by rolling without
 vibration.
 (c) Compaction shall be continued until the surface is closed and the density of the
 compacted base meets the specified requirements.
 (d) The maximum period of time between mixing of the materials and completion
 of compaction for any given batch of the material shall be 1½ hours. The length
 of the haul must be limited in such a way that this maximum period of 1½
 hours shall not be exceeded.
 (e) The water content of lean concrete for compaction by rolling shall be decided
 solely on the amount required to give optimum compaction. On the average, the
 optimum moisture content shall be about 6% by weight of the dry materials.
 17.2.46 Curing
 Curing may be by spraying a bituminous emulsion or cutback applied onto the
 surface at the rate of 0.45 litre/m2
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 17.2.47 Crushing Strength Requirements
 (a) The average 28-day strength of groups of three lean concrete cubes made and
 tested in accordance with SS 78 shall be such that not more than one in any
 consecutive five such averages is less than 10 N/mm2 nor more than 12 N/mm
 2.
 (b) If however the overall average of any consecutive five groups of three cubes
 (i.e. fifteen cubes strengths) falls below 11 N/mm2 at 28 days, or if the average
 ranges of five consecutive groups exceeds 50% of the overall average strength
 of the fifteen cubes, the SO may require the use of different materials of mix
 proportions.
 (c) The average 7-day strength of groups of three cubes determined shall not be
 less than 7 N/mm2 or more than 9 N/mm
 2. If more than one of the average 7-
 day strength of groups of three cubes in any consecutive five such averages fall
 below 7 N/mm2, the cement content shall be increased, and if above 9 N/mm
 2
 the cement content shall be reduced to such a value as the SO may approve.
 (d) Dry Density of Compacted Material
 The average dry density obtained from groups of three determinations of the
 compacted lean concrete shall not be less than 95% of the theoretical dry
 density with zero air content. If more than one average density in any
 consecutive five such averages fail to meet this requirement the SO may require
 the Contractor to make good by removing the layer represented by the low
 densities and replacing it with further material to the requirements of this
 Specification.
 17.2.48 Preliminary Site Trial
 In the case of the aggregate passing the 5 mm sieve failing within either Zone 1 or
 Zone 4 of BS 882, the Contractor shall construct at least 10 days before the main
 work is started, an area of lean concrete base of not more than 500 m2 as a
 preliminary trial at a location approved by the SO. The Contractor shall use the
 materials, mix proportions, mixing, laying, compaction plants and construction
 procedure which he proposed for the main work. The average 7-day crushing
 strength of the three cubes shall not be less than 8 N/mm2 and not more than 10
 N/mm2.
 17.2.49 Open to Traffic
 No traffic shall be allowed on a lean concrete base until at least 3 days after laying.
 Lean Concrete Base for Aircraft Pavement
 17.2.50 Lean concrete base for aircraft pavement shall be prepared and constructed in
 accordance with the requirements of 17.4. Mix design parameters for rigid aircraft
 pavement given in Table 17.25 shall be used for proportioning the lean concrete
 mix. However, the requirements for 28-day flexural strength of lean concrete
 determined in accordance with BS 1881 shall be 2 N/mm2 for military airfields and
 2.5 N/mm2 for civilian airports, unless otherwise specified by the SO.
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 Bitumen-Bound Granular Material Base
 17.2.51 Aggregate
 (a) Aggregate used shall be crushed rock and shall be clean, hard and durable.
 (b) When aggregate is sand, it shall consist of clean, tough grains, free from clay,
 mica or foreign matter.
 (c) Quarry dust to be used shall consist of a uniformly graded product from the
 crushing of clean sound rock and shall comply with the grading limits of Table
 17.11.
 TABLE 17.11 GRADATION OF QUARRY DUST
 BS Sieve Size % by Weight Passing
 6.70 mm
 4.75 mm
 600 µm
 75 µm
 100
 70 – 100
 20 – 55
 6 – 20
 (d) The combined aggregate shall consist of either wholly crushed material or a
 mixture of crushed material and sand provided that, if sand is included in the
 mixture, the amount used shall be so limited that the fraction of the job mix
 passing the 4.75 mm sieve shall contain not less than 50% by weight of crushed
 fragments.
 (e) The grading of the combined aggregate shall conform to Table 17.12 with a
 nominal size of 40 mm.
 17.2.52 Filler
 Where filler is required to make the grading conform to Table 17.12, it shall consist
 of crushed rock, Portland cement or hydrated lime, to a grading such that at least
 75% of it pass the 75 µm sieve.
 TABLE 17.12 GRADATION OF COMBINED AGGREGATE
 BS Sieve Size % by Weight Passing
 50 mm
 37.5 mm
 20 mm
 14 mm
 6.3 mm
 3.35 mm
 300 µm
 75 µm
 100
 95 – 100
 70 – 94
 56 – 76
 44 – 60
 32 – 46
 7 – 21
 2 – 8
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 17.2.53 Binder
 Binder shall be petroleum bitumen complying with the requirements of 17.3.1(c).
 The binder grade and binder content for the 37.5 mm material shall conform to
 Table 17.13.
 TABLE 17.13 REQUIREMENTS FOR BINDER GRADE AND BINDER
 CONTENT
 Grade of Straight-run Bitumen Binder
 (Penetration at 25 ºC)
 % of Binder by Weight of Total Mixture
 (Crushed Rock Maximum Size 37.5 mm)
 60/70 & 80/ 100 3.5 - 4.5
 17.2.54 Temperature Ranges for Mixing, Transporting and Rolling
 The mixing, delivery to site and rolling temperatures of the mixed material shall
 conform to Table 17.14.
 17.2.55 Transporting and Laying
 (a) The mixed material shall be transported in clean vehicles and shall be covered
 over when in transit or awaiting tipping. The use of dust, coated dust, oil or
 water on the interior of the vehicles to facilitate discharge of the mixed
 materials is permissible but the amount shall be kept to a minimum, and any
 excess shall be removed by tipping or brushing.
 TABLE 17.14 TEMPERATURES OF BINDER AT MIXING,
 TRANSPORTATION TO SITE AND ROLLING
 Grade of Binder
 Temperature of Binder(ºC)
 Mixing Transporting to
 site
 Rolling
 Min Max Min Max Min Max
 60/70 penetration
 80/100 penetration
 150
 140
 165
 160
 100
 90
 -
 -
 85
 75
 -
 -
 (b) The mixed material shall as soon as possible after arrival at the site be supplied
 continuously to the paver and laid without delay. The rate of delivery of
 material to the paver shall be so regulated as to enable the paver to be operated
 continuously and it shall be so operated whenever practicable. The material
 shall be spread, levelled and tamped by approved self-propelled pavers.
 (c) The rate of travel of the paver and its method of operation shall be adjusted to
 ensure even and uniform flow of material across the full laying width, freedom
 from dragging or tearing of the material and minimum segregation.
 (d) The mixed material shall be laid in one or more layers so that the compacted
 thickness of each layer shall not exceed 100 mm.
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 17.2.56 Compacting
 (a) Material shall be compacted as soon as rolling can be effected without causing
 undue displacement of the mixed material and while this has at least the
 minimum rolling temperature stated in Table 17.14. The material shall be
 uniformly compacted by an 8-10 tonnes smooth-wheeled roller having a width
 of roll not less than 450 mm or by a multi-wheeled pneumatic-tyred roller of
 equivalent weight.
 (b) The material shall be rolled in a longitudinal direction from the low sides to the
 high sides of the pavement, overlapping on successive passes by at least half
 the width of the rear roll or in the case of a pneumatic-tyred roller, at least the
 nominal width of one tyre. Rollers shall not stand on newly laid material while
 there is a risk that it will be deformed thereby.
 Granite Blocks Pitching Base
 17.2.57 Granite Blocks
 Granite blocks shall consist of 200 mm - 300 mm sizes block, laid by hand-pitching
 tightly to the required depth in such a manner that the broadest side will be at the
 base and the long side parallel to the longitudinal direction of the road, and the
 interstices so formed shall be wedged and filled with smaller pieces of crushed
 stones.
 17.2.58 Binding
 The whole of the granite block pitched area shall then be blinded with a mixture of
 quarry waste or chippings, granite dust and laterite, rolled and brushed and watered
 if necessary until dense compact surface is obtained and no movement is observed
 under rolling.
 Definitions and Requirements Associated with Table 17.15
 17.2.59 The definitions and requirements stated in items (b) to (h) of 17.1.6 shall be
 applicable to Table 17.15. In addition where combinations of different types of
 plant are used, the number of passes for each type shall be of such proportion of the
 appropriate number in Table 17.15 as will together produce the same total
 compactive effort as any type operated singly, in accordance with Table 17.15.
 17.3 ASPHALTIC CONCRETE
 Materials
 17.3.1 Aggregates
 (a) Aggregates shall consist of crushed stone, crushed gravel or crushed slag with
 or without sand or other inert finely divided mineral aggregate.
 (b) Based on sieve analysis, aggregates shall be classified as shown in Table
 17.16.
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 TABLE 17.15 COMPACTION REQUIREMENTS FOR GRANULAR
 AND CEMENT-BOUND GRANULAR MATERIALS
 Type of
 compaction
 plant
 Category Number of passes for
 Not greater than
 100 mm layer
 Not greater than
 150 mm layer
 Not greater than
 225 mm layer
 Smooth-
 wheeled
 roller
 Force per 100 mm
 width
 2.6 kN
 5.2 kN
 more than 5.2 kN
 16
 8
 Unsuitable
 16
 Unsuitable
 Unsuitable
 Pneumatic
 tyred
 roller
 Wheel Load
 Tonnes
 4 - 6
 6 - 8
 8 - 12
 more than 12
 12
 12
 10
 8
 Unsuitable
 Unsuitable
 16
 12
 Unsuitable
 Unsuitable
 Unsuitable
 Unsuitable
 Vibratory
 roller
 Static force per 100 mm
 width of vibratory roller
 kN
 0.70 - 1.25
 1.26 - 1.75
 1.76 - 2.30
 2.31 - 2.80
 2.81 - 3.50
 3.51 - 4.20
 4.21 - 4.90
 16
 6
 4
 3
 3
 2
 2
 Unsuitable
 16
 6
 5
 5
 4
 4
 Unsuitable
 Unsuitable
 10
 9
 8
 7
 6
 Vibrating
 plate
 compactor
 Static pressure
 under base plate
 KPa
 13.8 - 17.2
 17.3-20.7
 more than 20.7
 8
 5
 3
 Unsuitable
 8
 6
 Unsuitable
 Unsuitable
 10
 Vibro-
 tamper
 Mass
 Kg
 50-65
 66 - 75
 more than 75
 4
 3
 2
 8
 6
 4
 Unsuitable
 10
 8
 Power
 rammer or
 dropping
 weight
 compactor
 Mass
 Kg
 100-500
 500
 5
 5
 8
 8
 Unsuitable
 12
 (See 17.2.59 for Definitions and Requirements Associated with this Table 17.15)
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 TABLE 17.16 AGGREGATE CLASSIFICATION
 Aggregates For Road Mixes For Airport Mix
 Coarse
 Aggregate
 Retained on BS 3.2 mm
 sieve
 Retained on ASTM No. 8
 (2.36 mm) sieve
 Fine
 Aggregate
 Passed BS 3.2 mm sieve and
 retained on 75 µm sieve
 Passed ASTM No. 8 (2.36
 mm) and retained on No.
 200 (75 µm)
 Mineral
 Filter
 Passed BS 75 µm sieve Passed ASTM No. 200 (75
 µm) sieve
 (i) Coarse Aggregate
 Coarse aggregate shall consist of sound, tough, durable particles, free
 from adherent coatings of clay, organic matter and other deleterious
 substances.
 When tested in accordance with ASTM C131, it shall not show more
 than 40% wear. The sodium sulphate soundness loss shall not exceed
 10% or shall the magnesium sulphate soundness loss exceed 13%, after
 five cycles, when tested in accordance with ASTM C88.
 Crushed coarse aggregate shall contain at least 70% by weight of
 individual pieces having two or more fractured faces and 85% by
 weight having at least one fractured face. The area of each fractured
 face shall be equal to at least 75% of the smallest mid-sectional area of
 the piece. When two fractures are contiguous, the angle between the
 planes of fractures shall be at least 30º to be considered as two fractured
 faces.
 Coarse aggregate shall contain not more than 8% by weight of flat or
 elongated pieces when tested in accordance with ASTM D4791. A flat
 particle is one having a width to thickness ratio of greater than 5 and an
 elongated particle is one having a length to width ratio of greater than
 5.
 Slag used as coarse aggregate shall be air-cooled blast-furnace slag and
 shall have a compacted weight of not less than 1.12 tonnes/m3 when
 tested in accordance with ASTM C29.
 (ii) Fine Aggregate
 Fine aggregate shall consist of clean, sound durable, angular particles
 produced by crushing stone, slag or gravel and shall be free from
 coatings of clay, silt, clay balls or other deleterious matter.
 Fine aggregate shall meet the soundness and wear requirements as
 specified for coarse aggregate.
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 The fine aggregate with any blended filler shall have a plasticity index
 of not greater than 6 and a liquid limit of not more than 25 when tested
 in accordance with ASTM D4318, and in addition shall have a silt
 content of not greater than 0.3% of the total weight when tested in
 accordance with SS 73.
 Natural sand, when added to produce the desired gradation or to
 increase the workability or compactability of the mixture shall be
 limited to 20% by weight to obtain optimum pavement properties.
 Fine aggregate shall have sand equivalent values of 35 or greater when
 tested in accordance with ASTM D2419.
 (iii) Filler
 Filler, in addition to those naturally present in the aggregate, shall meet the
 requirements of ASTM D242.
 17.3.2 Bitumen Emulsion
 (a) The bitumen emulsion shall be homogeneous. Within 30 days after delivery,
 and provided separation has not been caused by freezing, the bitumen emulsion
 shall be homogenous after thorough mixing.
 (b) The bitumen emulsion shall be rapid setting cationic bitumen emulsion
 conforming to the requirements of Table 17.17.
 17.3.3 Bitumen
 All bitumen shall be approved type petroleum bitumen of 60/70 penetration grade.
 No mineral matter other than that naturally contained in such bitumen shall be
 present. The bitumen shall be homogeneous, free from water and shall not foam
 when heated to 175ºC. The bitumen shall conform to the requirements of Table
 17.18.
 17.3.4 Admixture
 (a) The use of any admixture added to the asphaltic concrete mix shall be approved
 by the SO. The Contractor shall furnish all relevant technical information and
 specifications regarding the admixture intended for use and he shall submit test
 reports on the admixture certified by an approved Highway Laboratory
 Authority. The Authority testing the admixture may be from the same country
 where the product is manufactured.
 (b) In addition, the SO may require the Contractor to submit further test date from
 an approved laboratory showing that the admixture to be used meets all of the
 requirements in this Specification. Also, subsequent tests shall be made on
 samples, taken by the SO, from the supply of the admixture being furnished for
 the work, by local or overseas laboratory authorities, to determine whether the
 standard and quality of the admixture are in accordance with this Specification.
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 (c) Any admixture which fails to comply with the requirements shall be rejected
 and removed from the pavement at the Contractor‘s expense. All costs incurred
 in testing shall be borne by the Contractor.
 17.3.5 Water
 (a) Water used in diluting the bitumen emulsion or wetting the wheels of rollers
 shall be clean, fresh and free from organic or inorganic matter in solution or
 suspension in such amounts that may impair the strength and durability of the
 asphaltic concrete.
 (b) Water shall be obtained from a public supply where possible and shall be taken
 from any other source only if approved. No sea water or water from excavation
 shall be used.
 Mix Design
 17.3.6 Aggregate Grading
 All aggregate grading for the different types of mixes shall be in accordance with
 Table 17.19.
 TABLE 17.17 REQUIREMENTS FOR CATIONIC BITUMEN EMULSION
 Property
 Unit
 Rapid-setting
 (RS - 2K)
 Method of
 Testing
 Min Max
 Tests on emulsion
 Saybolt Furol viscosity at 50ºC
 Settlement 5 days
 Sieve test
 Particle charge test
 Residue from distillation
 Test on residue from
 distillation test
 Penetration at 25ºC,100g, 5s
 Ductility at 25ºC
 Solubility in trichloroethylene
 s
 % wt difference
 % wt
 % wt
 0.1 mm
 cm
 % wt
 20
 -
 -
 60
 60
 40
 97
 100
 5
 0.10
 positive -
 200
 -
 -
 SS 85
 SS 85
 SS 85
 SS 85
 SS 85
 SS 86
 SS 85
 SS 85
 SS 85
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 TABLE 17.19 MIX SPECIFICATION (SEE ALSO FIGS. 17.1, 17.2, 17.3, 17.4 FOR
 GRADATION OF AGGREGATE)
 Mix Classification Road Mixes Airport Mix
 Type of Mix W1 W3 B1
 Wearing Course Binder Course Wearing Course
 Thickness of Course 15-20 mm 24 –25 mm 50 – 100 mm
 Max Size of Stone 10 mm 20 mm 35 mm 19 mm
 (BS) Passing 50 mm - - - (ASTM) 19 mm 100
 37.5 mm - - 100 12.5 mm 82 – 96
 25 mm - - 95 – 100 9.51 mm 75 – 89
 19 mm - 100 84 – 92 No. 4 (4.75 mm) 59 – 73
 13.2 mm - 90 – 100 65 – 82 No. 8 (2.36 mm) 46 – 60
 9.5 mm 100 - - No. 16 (1.18 mm) 34 – 48
 6.3 mm 90 – 100 70 – 83 48 – 62 No. 30 (600 µm) 23 – 38
 3.35 mm 65 – 82 50 – 65 35 – 50 No. 50 (300 µm) 15 – 27
 1.18 mm 39 – 55 29 – 44 22 – 35 No. 100 (150 µm) 8 – 18
 300 µm 22 – 32 15 – 24 12 – 19 No. 200 ( 75 µm) 3 – 6
 75 µm 3 – 8 3 – 8 3 - 8
 % Soluble Bitumen
 (60/70 Pen Grade) (%
 by Wt of Total Mix)
 Min Max Min Max
 Min Max
 Min Max
 5.5 6.5 5.5 6.5 4.5 6.0 5.0 7.0
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 17.3.7 Marshall Design Criteria
 All the asphalt concrete samples tested for Marshall Design Criteria shall conform
 to the requirements of Table 17.20.
 17.3.8 Trial Mixes by Contractor
 (a) The required mix for each project shall be selected by the SO from the table of
 mixes set out in this Specification.
 (b) Work shall not begin nor shall any mixtures be accepted until the Contractor
 has submitted trial mix samples of the materials intended for use and the SO
 has established a satisfactory job mix formula for each type of mixture to be
 used. The job mix formula for each mixture shall be in effect until modified in
 writing by the SO.
 (c) The job mix formula for each mixture shall establish a single percentage of an
 aggregate passing each required sieve size, a single percentage of bituminous
 material to be added to the aggregate, and a single temperature at which the
 mixture is to be delivered at the point of discharge.
 TABLE 17.18 REQUIREMENTS FOR BITUMEN
 Property
 Unit
 60/70
 Penetration
 Grade
 Method of
 testing
 Min Max
 Pentration at 25ºC 100g, 5s 0.1 60 70 SS 86
 Flash Point Cleveland Open Cup ºC 232 - SS 86
 Ductility at 25ºC 5cm per min cm 100 - SS 86
 Solubility in trichloroethylene % wt 99 - SS 86
 Softening Point Ring and Ball ºC 47 56 SS 86
 Specific Gravity at 25ºC - 1.0 1.11 SS 86
 Thin-film oven test 3.2mm, 163ºC, 5 hrs SS 86
 a)Loss on heating % wt - 0.8 SS 86
 b) Penetration of residue at 25ºC % of original 54 SS 86
 c) Ductility of residue at 25ºC, 5cm per
 min
 cm 50 - SS 86
 TABLE 17.20 MARSHALL DESIGN CRITERIA
 Marshall Stability (kN)
 (Minimum) (Number of blows = 75)
 9.00 kN
 Flow value (0.254mm units) 8 - 16
 Voids in mix (%) 3 - 5
 % of aggregate voids filled with bitumen binder 75 - 82
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 (d) The aggregate gradation represent the limits which shall determine suitability
 of aggregate for use from the source of supply. The final gradation decided or
 within the limits designated in the tables shall be well graded from coarse to
 fine and shall not vary from the low limit on one sieve to the high limit on the
 adjacent sieves, or vice versa.
 17.3.9 Approval of Mix by the SO
 Work shall not begin until the job mix formula submitted by the Contractor has
 been approved in writing by the SO.
 Manufacture
 17.3.10 Asphaltic Concrete Mixing Plants
 (a) The Contractor shall furnish the SO in advance with full details of all asphalt
 mixing plants to be used in accordance with the format shown. The details shall
 include average output capacity, type, age, maintenance facilities and all other
 relevant particulars required by the SO.
 (b) The mixing plant shall have an average output capacity of not less than 100
 tonnes/hr.
 (c) Before mixing starts and during mixing, measuring and recording mechanism
 and temperature control gauges shall be checked by the manufacturer of the
 mechanism and gauges or by an independent testing authority. The Contractor
 shall then submit proofs certifying that each device is operating accurately or
 reporting deviation allowances required in respect of each dial to the SO for his
 retention. The submission made by the Contractor shall be in accordance with
 the format shown.
 (d) The SO shall have access at all times to all portion of the asphalt concrete plant
 storage yard and other facilities for processing the materials of construction. He
 shall be at liberty to take such samples of materials, temperature used in
 preparing and paving mixture and the proper operation required thereof.
 (e) All plant shall be maintained in good working order and shall be subject to
 inspection by the SO at any time without any notification to the Contractor.
 17.3.11 Heating of Binder (Bitumen)
 (a) The binder shall be separately heated in approved heating tanks. Thermometers
 shall be provided both in the storage tanks and also on the mixing platform.
 The temperature dials shall be readily accessible and kept clean at all times.
 (b) The bitumen of 60/70 penetration grade shall be heated to 150-165ºC.
 (c) The difference in temperature between the aggregate and the bitumen shall not
 exceed 15ºC.
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 FORMAT FOR SUBMITTING DETAILS OF ASPHALT MIXING PLANT
 Asphalt Mixing Plant
 1 Type, model and manufacturer of plant for
 production of premix
 *Batch/Continuous Feed
 Manufacture
 ___________________
 Model _____________
 Capacity Rating
 ___________________
 2 Age of plant ______________ years
 3 Average output capacity in tonnes per hour ____________tonnes/hr
 4 Location of plant
 5 State whether the location of plant is approved by
 the relevant authority and its permanency
 **
 6 If temporary site, state the period for which the
 plant is allowed to operate
 __________years/months
 *Delete where not applicable.
 **Proof of approval shall be required.
 Excessive heating of the bitumen binder shall be avoided as this would lead to
 hardening of the binder and result in the shortening of the useful life of the pavement.
 17.3.12 Drying and Heating of Aggregates
 (a) The plant shall include at least two cold-hoppers for coarse aggregate and one
 for fine aggregate. When two or more fine aggregate are being incorporated in
 the mixture, a separate hopper shall be provided for each. The feed gates or
 other devices provided for controlling the output from each hopper shall be
 capable of accurate adjustment to ensure uniform rate of feed.
 (b) When loading the cold hoppers, care shall be taken to avoid segregation of the
 aggregate and they shall be kept sufficiently full to allow an even flow through
 the feed gates.
 (c) Aggregates shall be thoroughly dry before mixing, and the Contractor shall
 carry out moisture test at least once a week on a sample from each hot bin to
 check the effectiveness of the drying processes. If at any time the tests indicate
 that the drying facilities are inadequate, mixing shall be ceased until the
 Contractor has augmented his drying capability to the satisfaction of the SO.
 All drying plant shall be equipped with efficient dust extractors.
 (d) A suitable thermometer for measuring the temperature of the aggregate shall be
 fitted at the drier discharge and shall be maintained in good working order.
 17.3.13 Mixing Temperature
 (a) The Contractor is responsible and shall ensure that the batching of the
 aggregates and bitumen, the dry and wet mixing time, the temperatures for the
 heating of the aggregates and the mix shall be accurately controlled to produce
 a uniformly coated and acceptable mix within the limits specified.
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 (b) The aggregate shall be heated to between 150 - 170ºC. Overheating of the
 aggregate or binder shall be prohibited. Reheating of mixture condemned
 because of overheating, or heat loss or for any other reasons shall not be
 permitted.
 (c) After heating, the hot aggregated shall be thoroughly and intimately mixed
 together with filler and bitumen binder in the correct proportion until every
 particle of aggregate is completely coated. The total mixing time may only be
 reduced if the SO is satisfied that thorough mixing can be achieved in less time,
 in which case the Contractor shall obtain the SO‘s written authority to reduce
 the mixing time to the specified periods.
 (d) Extracted dust shall not be automatically fed back into the dry or wet mixtures.
 When it satisfies the specified requirements for filler stipulated, it shall be
 weighted into the mixture as a separate proportion. All mixing plant shall
 incorporate means of access to each hot bin to enable samples to be taken. The
 aggregate after drying and heating, in a drum dryer shall be screened into at
 least 3 different sizes. The aggregate shall then be stored in separate hot bins
 for subsequent batching by weight. The use of drum mix plant which does not
 incorporate this requirement shall be prohibited.
 (e) The asphaltic concrete after mixing, shall then be discharged directly into a
 truck and properly covered with a canvas cover. The temperature of the mix at
 this stage shall be between 140ºC to 160ºC. The asphaltic concrete shall be
 rejected at the Contractor‘s own cost if the temperature of the hotmix measured
 at the truck is above 160ºC or below 140ºC.
 Construction Method
 17.3.14 Construction Equipment
 (a) Asphaltic Concrete Finisher
 (i) The Contractor shall furnish the SO in advance with full details of the
 bituminous paver to be used, including date of manufacture, model,
 whether tracked or wheeled, previous usage, maintenance facilities, and all
 other relevant particulars required by the SO.
 (ii) The bituminous paver shall be self-contained, power propelled units,
 provided with an adjustable activated screed or strike off assembly,
 heated if necessary and capable of‘ spreading and finishing courses of
 bituminous plant mix materials in lane widths applicable to the specified
 typical section and thickness as directed by the SO. The bituminous paver
 must be able to operate at various rates of travel consistent with the rate
 of delivery and the type of asphalt mixture to be laid. Pavers used for
 shoulders, and similar construction shall be capable of spreading and
 finishing courses of bituminous plant mix materials in widths shown on
 the plans.
 (iii) The paver shall be equipped with a receiving hopper having sufficient
 capacity for a uniform spreading operation. The hopper shall be equipped
 with a distribution system to place the mixture uniformly in front of the
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 screed which shall effectively produce a surface finish without tearing.
 shoving or grazing the surface.
 (iv) The Contractor may be required to equip his paver with automatic level
 control system e.g. wire sensor, sensor shoe or other approved automatic
 level control system to effect very precise level control on the finished
 level for major projects such as continuous paving of a minimum of 500
 m length or rehabilitation of surface courses to ensure that good riding
 quality of the road are produced. For such a degree of paving accuracy,
 the Contractor shall provide and use such paver with sensors at the
 instruction of the SO. Where automatic level control system is required
 the electronic screed control sensors must be installed on both sides of the
 paver capable of sensing grade from an outside reference line, sensing the
 transverse slope of the screed and providing the automatic signals which
 operate the screed to maintain the desired grade and transverse slope. The
 sensor shall be so constructed that it can be operated from a reference line
 or ski-line arrangement.
 (v) The Contractor shall be deemed to have allowed for paving with
 automatic level control system in his Contract Sum.
 (b) Compaction Plant
 (i) Rollers used for compaction shall be self-propelled and of types approved
 by the SO. Rollers shall be in good condition, capable of reversing without
 backlash. The use of equipment which results in excessive crushing of the
 aggregate shall not be permitted.
 (ii) The Contractor shall provide the following types of rollers:
 Static three-steel-wheeled, smooth-roll roller having a weight between 8 to
 12 tonnes and a weight per mm width of rear wheel between 5.4 kg and 7.2
 kg.
 Two-steel-wheeled, smooth-roll tandem roller having a weight of between
 8 and 12 tonnes and a weight per mm width of rear wheel between 3.5 kg
 and 7.2 kg.
 Self-propelled vibratory tandem roller with a net weight of 10 tonnes and
 static linear load in both drums of 30 N/mm. The roller shall be capable of
 transmitting vibrations at a rate between 2000 to 3000 vibrations per
 minute and giving an amplitude of 0.4 to 0.8 mm.
 Self-propelled pneumatic rubber wheel tyred roller having a weight
 between 10 and 30 tonnes and with tyre pressure varying between 545 and
 827 kN/m2.
 (iii) The Contractor shall employ at least three rollers, one of each type
 specified in the preceding clause at one paving site for the compaction of
 asphalt concrete mixes while the works are in progress.
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 (c) Concrete Cutting Saw
 The Contractor shall provide concrete cutting saw which shall be maintained in
 good working condition. The Contractor shall provide the transportation of the
 concrete cutting saw to the site. No claim of extra payment is allowed to the
 Contractor for the usage of the power saw.
 (d) Asphalt Emulsion Sprayer
 Mechanical sprayers operated by means of mechanical pumping apparatus
 shall be used to apply tack coat of bituminous emulsion onto the road. The
 emulsion shall be sprayed through a suitable nozzle to give a uniform
 application at the desired rate without atomization.
 17.3.15 Preparation of Site
 (a) Aggregate Base Course
 Prior to the application of any prime/tack coat or spreading of the asphaltic
 concrete on any surface, such surface shall be thoroughly cleaned and dried,
 and kept free from any loose or otherwise surplus materials, such as any loose
 granite dust or filler materials on the base course surface. Adherent patches of
 foreign materials shall be removed from the surface by the use of a scrapper or
 other suitable method. All waste materials removed from the surface shall be
 properly disposed of forthwith by the Contractor. Failure to observe these
 requirements may result in payment of this work being withheld at the
 discretion of the SO.
 (b) Premix Surface
 (i) The surface where the asphalt paving is to be laid shall be thoroughly
 swept, brushed, dried and cleared of all loose stones and foreign material.
 (ii) Where the base is irregular and uneven, it shall be brought to uniform
 grade and cross section as directed. Potholes and depressions in existing
 roads shall be repaired by removing all defective material to sound
 pavement and replaced with asphalt aggregate patching material. All
 materials used for patching works shall be measured and paid separately.
 (iii) All premix which has been laid on the previous day/night shall be
 powersaw cut back by at least 150 mm in a straight line and prime with a
 coat of bituminous emulsion prior to laying of asphaltic concrete. The
 ‗cut-off‘ premix shall not be taken in the final measurement and the
 Contractor shall be deemed to have allowed for this in his Contract Sum.
 (iv) All manholes, kerbs, channels and other projections against which asphalt
 paving is to be laid shall be cleaned and primed with a thin coat of
 bituminous emulsion.
 (v) Where manholes are lower than the premixed surface, the Contractor
 shall provide wooden frames to demarcate its position so that this can be
 recognised and raised subsequently by the respective service departments.
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 (vi) The Contractor shall, prior to commencement of work, inspect the site
 with the attending supervisor to mark, distinguish. and indicate by paint
 on the road kerb or footpath the types of manholes and distance of it from
 the indicated point.
 17.3.16 Transportation of Mix
 (a) Hauling Equipment
 (i) The Contractor shall possess a fleet of truck to ensure continuity of
 supply of asphalt concrete needed at respective job sites.
 (ii) Trucks used for hauling asphalt concrete shall have tight, clean, smooth,
 metal beds which have been thinly coated with an approved material to
 prevent the mixture from adhering to the beds. After loading of the
 hotmix, a canvas cover shall be placed over the mixture and securely
 fastened to protect it from the weather regardless of the ambient
 temperature or haul distance.
 (iii) The plant mixture shall be transported without delay from the mixing
 plant, with care, to prevent segregation to the laying sites. If the
 temperature of any batch is below the specified laying temperature
 immediately prior to discharge into the spreader, the whole of the load
 shall be rejected and shall be removed from site immediately. The use of
 dust, coated dust, oil or water on the surfaces of the transporting vehicles
 to facilitate discharge must be strictly regulated to the absolute minimum,
 and if the SO considers that contamination of the mixture is occurring,
 the vehicle shall be thoroughly cleaned out to his satisfaction before
 being used again.
 (b) Weighing of Asphaltic Concrete
 (i) All asphaltic concrete mixes for the purpose of surfacing, regulating or
 rehabilitating of road surface shall be weighed at approved weighbridges
 as directed by the SO.
 (ii) Asphaltic concrete quantities shall normally be computed by weight for
 payment purpose. If the asphaltic concrete is not weighed, the
 computation of the weight quantity shall be in direct proportion to the
 consolidated thickness as laid. For this purpose, one tonne of asphaltic
 concrete, irrespective of the type of mix used, shall be represented by a
 coverage area of about 17m2 for a compacted thickness of 25 mm laid.
 Otherwise, payment on asphaltic concrete quantities shall be computed
 by thickness and area covered by the asphaltic concrete.
 (iii) The Contractor shall provide a portable weighbridge when the total
 tonnage of asphaltic concrete to be supplied under the contract equals or
 exceeds 200 tons.
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 (iv) The Contractor shall allow for payment to utilise his weighbridge or any
 other weighbridge as directed by the SO at his own expense, and no claim
 in this connection whatsoever shall be entertained.
 17.3.17 Laying of Mix
 (a) Application of Prime Coat/Tack Coat
 (i) The Contractor shall supply and apply a suitable prime coat/tack coat of
 cationic bitumen emulsion of rapid setting type (RS-2K) to all surfaces
 receiving the asphalt paving after such surfaces have been thoroughly
 cleaned and dried.
 (ii) The emulsion shall be uniformly applied by means of a mechanical
 sprayer at the specified rate of application. Any excess or unevenly
 distributed shall be removed from the surface to be paved at the
 Contractor‘s expense.
 (iii) The bitumen emulsion shall be applied on only as much pavement as can
 be covered with asphalt paving at one time. It shall be allowed a period of
 not more than 10 minutes ‗to break‘ before asphalt concrete can be laid.
 (iv) The prime coat/tack coat of bitumen emulsion shall be sprayed at rates of
 1.14 litre/m2 and 0.54 1itre/m
 2 for aggregate base course surface and
 premix surface respectively immediately prior to the laying of the
 asphaltic concrete.
 (b) Laying Temperature
 (i) The temperature of the hotmix asphalt in the spreader hopper shall be
 130ºC to 140ºC at the time of spreading. If the hotmix on arrival at the site
 is above 140ºC, it should be allowed to cool down to the required
 temperature, before it is being discharged into the spreader hopper.
 However, if the hotmix temperature falls below 130ºC on arrival at the site,
 the hotmix shall be rejected at the Contractor‘s cost.
 (ii) The Contractor shall supply two small accurate thermometers of 100 mm
 length for checking the temperature of the newly laid premix and two large
 accurate thermometers for checking the temperature of the premix on the
 tippers. The large thermometers shall consist of a weather-proof dial head
 of diameter not smaller than 62 mm and a stainless steel stem of length 600
 mm.
 (iii) The Contractor shall check the temperature as and when the SO so directs.
 (c) Spreading and Finishing
 (i) On arrival at the site, the plant mixture shall be tipped onto the hopper of
 the paver and shall thereupon be spread, levelled, tampered and finished
 to correct profile, camber or cross-fall, without causing segregation,
 dragging, burning or other surface defects or irregularities. The
 Contractor shall follow the SO‘s instructions as to the rate of travel and
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 the mixture shall be fed to the paver at such a rate as to permit continuous
 laying, insofar as the supply and site conditions allow.
 (ii) Once the paver is set out and the first load laid, the texture of the
 uncompacted surface shall be checked to determine its uniformity.
 Spreading is to be discontinued until all the irregularities and other
 surface defects like segregation, dragging etc have been rectified while
 the surface is still hot and before the final rolling is completed.
 (iii) On areas where irregularities or unavoidable obstacles make the use of
 mechanical spreading and finishing equipment impracticable, the mixture
 shall be spread, raked, levelled and compacted by hand tools. For such
 areas, the asphalt mixture shall be spread, screeded and tampered to give
 the required compacted thickness.
 (d) Compaction
 (i) After the bituminous mixture has been spread, struck off, and surface
 irregularities adjusted, it shall be thoroughly and uniformly compacted by
 rolling.
 (ii) The mean density of the pavement placed on each production day shall be
 at least 90% of the Laboratory Marshall Density. If an individual test
 result should fall below 90% of the Laboratory Marshall Density, the
 Contractor shall further compact the pavement sublot represented by the
 test.
 (iii) The surface shall be rolled when the mixture is in proper condition and
 when rolling does not cause undue displacement, cracking or shoving.
 Both steelwheel and pneumatic-tyred rollers shall be used.
 (iv) Along forms, kerbs, headers, walls and other places not accessible to the
 rollers, the mixture shall be thoroughly compacted with hot hand tampers,
 smoothing irons or with mechanical tampers. On depressed areas, a
 trench roller may be used or cleated compression strips may be used
 under the roller to transmit compression to the depressed area.
 (v) Compaction of the asphaltic concrete shall commence as soon as it will
 bear the weight of a roller without undue movement. Initial rolling shall
 be carried out by a three-wheeled roller followed by intermediate rolling
 with a pneumatic-tyred roller. Final rolling shall be done with a tandem
 roller.
 (vi) Rolling shall be carried out in the direction of laying. The rollers shall
 proceed on to the fresh mix with their driving wheels leading and shall
 travel slowly enough to avoid displacement of the hot mixture. Rolling
 shall commence at the edge abutting any previously laid surfacing and
 shall progress gradually to the opposite edge of the lane, successive
 passes being lapped so that on completion all roller marks are obliterated.
 The point at which rollers reverse shall be staggered. Rollers shall never
 be allowed to stand on newly-laid asphaltic concrete.
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 (vii) The levels and surface accuracy of the asphalt surfacing shall be checked
 continuously during rolling and any displacement occurring from
 whatsoever cause shall be corrected immediately by the use of rakes and,
 if necessary, the addition of fresh hot mixture. If required to prevent
 adhesion, water or an approved parting fluid shall be applied to the
 wheels of the rollers, using the minimum quantities necessary.
 (viii) Rolling shall continue until all roller marks are eliminated, no further
 compression is possible and the surface is of uniform texture and true to
 grade and level. In this respect, rolling shall be continued for no less than
 45 minutes after the last tipper of asphaltic concrete have been laid.
 (e) Rolling Patterns
 (i) Rolling of a free lane shall normally start at one of the outer edges, and
 the edge of the drum shall project about 50 - 100 mm outside the
 pavement. Rolling shall subsequently continue in parallel lanes (Fig.
 17.5). If the surface has a transverse inclination, the rolling shall
 commence at the lowest side.
 (ii) On thick asphaltic concrete layers the mix may be pressed outwards when
 the outer edges are compacted. To counteract this, the initial passes may
 be carried out 300 - 400 mm from the edges, partly to allow the mix to
 cool somewhat and partly to provide for a stable bearing area for the
 roller before the outer edges are compacted (Fig. 17.6).
 (iii) On a newly laid lane running adjacent to a previously placed and
 compacted lane, rolling shall commence by compacting the longitudinal
 joint. Conventionally, the roller shall proceed along the previously placed
 lane with 100 - 200 mm of the drum width on the newly placed surface
 (Fig. 17.7).
 (f) Surface Tolerance
 Immediately after laying of the asphalt mixture and before the final rolling, the
 surface shall be checked and tested for irregularities with a rolling straight edge
 or an equivalent instrument or a straight edge made of light-weight material,
 preferably aluminium not less than 3 m long. A tolerance or variation of not
 more than ±5 mm (roads) or 0 - 5 mm (airports) longitudinally and transversely
 is permissible if a 3 metre straight edge is used.
 (g) Joints
 (i) The mixtures at the joints shall comply with the surface requirements and
 present the same uniformity of texture, density, smoothness etc., as other
 sections of the course. In the formation of all joints, provision shall be
 made for proper bond with the adjacent course for the specified depth of
 the course. Joints shall be formed by cutting back on the previous day‘s
 run to expose the full depth of the course; the exposed edge shall be given
 a light coat of bitumen emulsion as specified by the SO. The fresh
 mixture shall be raked against the joint and thoroughly tamped and rolled.
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 (ii) The placing of the course at transverse joint shall be as continuous as
 possible. The roller shall pass over the unprotected end of the freshly laid
 mixture only when discontinuing the laying of the course (See Fig. 17.8).
 (iii) The placing of the course at longitudinal joint shall be as specified in
 such a manner that the joint is exposed for the shortest period possible.
 The joint shall be placed so that it will not coincide with that in the base,
 binder, or existing surface course by at least 0.5 m (See Fig. 17.9).
 (iv) In a two layer construction, the longitudinal joint in one layer shall offset
 that in the layer immediately below by approximately 150 mm, however
 the joint in the top layer shall be at the centre line of the pavement if the
 roadway is two lanes in width or at lane lines if the roadway is more than
 two lanes in width.
 (v) All joints shall be constructed or power-saw cut as directed by the SO.
 Transverse joints shall be saw-cut to form a wedge-shaped groove of 25
 mm depth and 75 mm width to enable the newly laid asphaltic concrete to
 flush with existing surface.
 (h) Weather Limitations
 Plant-mix asphaltic concrete shall only be placed on a dry surface. The surface
 shall not be placed when weather conditions prevent proper handling,
 compaction and finishing.
 17.3.18 Quality Control
 (a) Sampling and Testing of Asphaltic Concrete General
 (i) Samples of Asphaltic Concrete shall be taken as, when and where
 directed by the SO. The sampling and testing shall as far as practicable be
 in accordance with American Standard methods for the sampling and
 testing of asphaltic concrete mixtures.
 (ii) Samples for determination of thickness and density of completed
 pavements shall be obtained by the Contractor at no extra cost. The size,
 number, and locations of the samples shall be as directed by the SO.
 Samples shall be neatly cut with a saw, core drill or other approved
 equipment. The Contractor shall furnish all tools, labour and materials for
 cutting samples and replacing pavement.
 (iii) The Contractor shall be entitled to be present during the carrying out of
 any tests, provided he has given one day‘s clear notice on each occasion
 of such intention. The Contractor shall be reimbursed for all tests
 necessary to determine conformity with requirements specified herein.
 However, if the tests results fall outside the deviation limits allowed, the
 Contractor shall bear the cost of such tests.
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 Finished Work Samples
 The SO may instruct the Contractor for cut samples from the pavement for
 testing. Samples shall be neatly cut by a 100 mm diameter core drill. The
 Contractor shall supply and finish new material to backfill voids left by
 sampling.
 The field density of the asphaltic concrete shall be determined from the
 100mm diameter core-samples extracted from the sites not later than 7
 days after the lay of the asphaltic concrete. No less than 6 (six) core
 samples shall be extracted at each site and the locations of the coring shall
 be determine solely by the S.O. on a random basis.
 The contractor shall supply all necessary labour and approved equipment
 for the purpose of extracting core samples as directed by the S.O.
 Five cores from each site shall be tested at the CPG Consultants
 Engineering Laboratory or other approved laboratory. The field density of
 the mix shall be determined by the mean value of the five samples.
 A field density of 98% or more of the Laboratory Density is deemed
 satisfactory. For results that fall below 98% but not below 90%, deduction
 in accordance with Table 17.21 shall apply. The S.O. may reject the works
 on sites where the field densities are less than 90% of the Laboratory
 Density.
 The Laboratory Density is the average of the laboratory density of all
 Marshall samples (75 blow on both sides of the samples) taken over the
 period of laying of asphaltic concrete at the corresponding site.
 In lieu of the core method of density determination, testing for acceptance
 may, be accomplished with nuclear device in accordance with ASTM
 D2950.
 The following procedures shall be followed:
 Compaction of the test section shall be continued until no discernible
 increase in density can be obtained by additional rolling.
 Upon completion of compaction, the density of the test section shall be
 determined by arranging the results of ten nuclear density tests taken at
 randomly selected sites within the test section.
 The nuclear density shall then be correlated with the density of cored
 samples. If the mean density of the test section, determined from cored
 samples, is at least 98% of the average density of Laboratory-
 Compacted Specimens, as determined by testing procedures contained
 elsewhere in this Specification, the remainder of the course which the
 test section represents will be accepted on the basis of nuclear tests
 without further correlation by cores. If the mean density is less than
 98%, the SO may order the construction of another test section.

Page 231
                        

PAVEMENTS – FLEXIBLE AND RIGID
 218
 A new test section may also be ordered by the SO or requested by the
 Contractor when:
 A change in the material or job mix formula is made.
 Ten days of production have been accepted without construction of a test
 section.
 There is reason to believe that the test section density is not representative
 of the material being placed.
 Laboratory Test
 Bituminous mixture sampled for laboratory specimens shall be chosen on a
 random basis.
 The specimens shall be compacted in accordance with ASTM D1559
 except that the temperature of the mixture immediately prior to compaction
 shall be 120ºC ± 5ºC and the number of blows to be applied with the
 compaction hammer shall be 75. The temperature of the mix at the time of
 sampling shall be recorded, and if Marshall tests are to be carried out
 specimens shall be compacted immediately before the mix has had time to
 cool. If for any reason it has to be kept for a while, insulated boxes shal1 be
 used to store the mix. Compaction of Marshall specimens shall take place
 on a standard pedestal mounted on a firm base.
 The contractor shall supply all necessary labour and equipment to collect
 sample of asphaltic concrete at site and deliver such to the CPG
 Consultants Engineering Laboratory for the testing. The results of these
 tests shall be used for computing the deduction factors for asphaltic
 concrete which fails to meet the specified requirements.
 Samples shall be taken at the rate of one per 50 tonnes of asphaltic concrete
 laid and at least 3 samples shall be taken at each site in a day. These
 samples shall be marked with the mix type, date laid, location and plant
 identification.
 The CPG Consultants Engineering Laboratory will select at random from
 all the samples taken on the particular day for each mix type per plant, a
 minimum of 3 and maximum of 10 samples to be tested for bitumen
 content and gradation. The results obtained for each mix type for each day
 shall be deemed to be representative of all the sites for that day. When the
 work for a site is done over a period longer than one day, the results from
 all relevant days shall be used.
 Similarly, the CPG Consultants Engineering Laboratory will select 3
 samples per day for each mix type per plant for the determination of the
 Marshall Laboratory Density and other Marshall properties. The average
 Marshall Laboratory Density per mix type shall be used for the
 determination of the field density.
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 (b) Site Testing Equipment
 The Contractor shall supply thermometers for testing the laying temperature of
 asphaltic concrete and all the wooden boxes that are required for taking cube
 samples for testing. The Contractor shall supply the nuclear meter if testing by
 the nuclear device method is chosen in lieu of the core method of density
 determination. The Contractor shall also supply approved containers for
 keeping specimens on site prior to transportation to the laboratory for testing.
 Straight edges of 3m length each shall also be supplied by the Contractor.
 (c) Site Control
 (i) Prior to laying of the asphaltic concrete, the Contractor shall establish the
 compaction effort required to compact the various asphaltic concrete
 mixes. He shall determine the working speed of his rollers and the
 number of passes required under various environmental conditions to
 compact the asphaltic concrete to the specified field density. These shall
 be submitted to the S.O. in writting which shall form the basis for site
 supervision of the compaction work.
 (ii) Notwithstanding the above, the responsibility of ensuring that the
 asphaltic concrete is compacted to the specified requirements shall
 remain with the Contractor.
 (iii) A representative from the Contractor well versed in premixing works
 must be on site and be present throughout the duration of the works to
 organise and supervise the works and to handle all contingencies which
 may arise.
 (iv) When laying old asphalt pavements, care must be taken to ensure that all
 necessary patches are made and all loose material removed.
 (v) The Contractor shall ensure that all surfaces that come into contact with
 the asphalt mix be cleaned and coated with bitumen emulsion. Checks
 must be made to ensure that a uniform tack coat of correct quantity has
 been properly applied.
 (vi) Before commencing the paving works, it shall be the responsibility of the
 Contractor to check that all tools, equipment and machines necessary for
 the job are on site and in proper working conditions. A competent power
 operator shall be operating the paving machine throughout the duration of
 the works. All rollers to be used must be checked to ascertain that they
 contain water which are not muddy or in any way contaminated with
 chemicals.
 (vii) Regular checks shall be made on the temperature of the mix during the
 course of the paving. The Contractor shall mark the places where the
 loads are laid from which the samples of mixed minerals have been taken.
 (viii) During the course of the compaction, the Contractor shall ensure that the
 proper rolling procedures and rolling patterns are being adhered to. All
 joints and edge, shall be properly rolled. The SO shall stop the paving
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 works and order immediate rectifications if at any time, the paving and
 compacting are not done according to the stipulated procedures. All extra
 costs accruing as such shall be borne by the Contractor.
 (ix) At all times during the course of the paving works, the SO shall, at his
 discretion, carry out tests to check that the finished surface conform with
 the specified crown and grade. Any variation shall be immediately
 corrected by the Contractor by the removal or addition of materials and
 by continuous rolling.
 (x) After the completion of final rolling, the smoothness of the course shall
 again be tested, humps or depressions exceeding the specified tolerances
 shall he immediately corrected by removing the defective work and
 replacing with new material, as directed by the SO. This shall be done at
 the Contractor‘s own expense.
 (xi) Upon completion of the works, the Contractor shall take measures to
 protect the works where necessary. All tools, equipment, etc., which shall
 become a hazard for the safe passage of human or vehicular traffic shall
 be removed.
 (d) Plant Control
 (i) The SO shall have access to the batching plant at all times to make
 surprise checks. The Contractor shall render all assistance and
 cooperation to the SO during such checks. The Contractor shall ensure
 that all scales for the measuring of weights are properly calibrated. Where
 directed, calibration reports stating, date, time as well as details of the
 calibration shall be furnished for the reference of the SO.
 (ii) Checks shall be made of the aggregate gradings in the various stockpiles
 to ensure that there are no great variations from those used in determining
 the job-mix formula.
 (iii) Regular checks shall be made on the temperature of the raw material
 during heating as well as that of the final mixture.
 (iv) The SO shall take samples of raw materials as well as the final mixture
 for testing to determine conformity to this Specification, as and when the
 need arises. In such cases, the Contractor shall furnish all necessary
 containers to assist the SO in his sampling. The cost of these containers
 shall be borne by the Contractor.
 (v) Any mix or material found not conforming to this Specification shall be
 immediately rejected at no cost to the Employer. The Contractor shall,
 moreover, take immediate steps to produce the correct specified mix and
 shall ensure that occurrences of such nature shall not happen again.
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 Criteria for Acceptance of Asphaltic Concrete Mixes
 17.3.19 Deduction of Payment due to Failure of Asphaltic Concrete Mixes - Within the
 Specified Limits
 Where any of the Extraction Test (Sieve Analysis and Bitumen Content) and Field
 Density Test results fail to comply with the requirements stated in this
 Specification, but within the specified limits, partial deduction of payment shall be
 imposed by the SO in accordance with Table 17.21 column (E) for all asphaltic
 concrete laid and represented by the unsatisfactory samples.
 17.3.20 Deduction of Payment or Rejection of Material for Failure of Asphaltic Concrete
 Mixes Outside the Specified Limits.
 (a) Where any of the Extraction Test (Sieve Analysis and Bitumen Content) and
 Field Density Test results fail to comply with the requirements stated in this
 Specification, and outside the specified limits, deduction of payment shall be
 imposed by the SO in accordance with Table 17.21 column (E) plus additional
 deduction in accordance with Table 17.21 column (F) for all asphaltic concrete
 laid and represented by the unsatisfactory samples.
 (b) Notwithstanding the above, the SO shall have the final decision to reject the
 material without payment to the Contractor if such failure are drastically
 outside the specified limits and will impair the performance of the material
 seriously. In this case, the rejected material shall be removed from the site and
 replaced with new material at the Contractor‘s expense.
 Method of Computing Deduction Factor for Asphaltic Concrete Which Fails to Meet
 Specification Requirements
 17.3.21 Gradation Analysis
 Assume X = amount of deviation from design requirement
 (i) Coarse Aggregate
 — For X>8%
 Deduction factor = 10 + 10 = 20%
 — For X=8%
 Deduction factor = 10%
 — For X < 8%
 Deduction factor = X x 10%
 8
 (ii) Fine Aggregate
 — For X>6%
 Deduction factor = 10 + 10 = 20%
 — For X = 6%
 Deduction factor = 10%
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 TABLE 17.21 CRITERIA FOR ACCEPTANCE OF ASPHALTIC CONCRETE MIXES AND DEDUCTION FACTORS
 No Description of Test Requirement Deviation
 Limits
 Deduction from Payment (of Asphaltic Concrete Material Cost Only) as
 Penalty for Deviation from Requirements*
 (A)
 (B)
 (C)
 (D)
 Within Specified Deviation Limits
 (E)
 Exceed Specified Deviation Limits
 (F)
 1 Extraction Test
 (a) Gradation Analysis
 Coarse Aggregate
 Refer to Table
 17.16 for
 aggregate grading
 requirements for
 various mixes
 ±8% 10% max (highest computed value
 of % deduction from the various
 sieve points shall be used as
 penalty)
 Rejection will be considered by the
 SO should any one of the sieve
 points exceeds the specified
 deviation limits. Otherwise an extra
 10% deduction will be imposed.
 Fine Aggregate
 ±6%
 Filler ±2%
 (b) Bitumen Content
 Airport Mix 5% to 7%
 ±1%
 25% Maximum
 Rejection will be considered by the
 SO. Otherwise an extra 10%
 deduction will be imposed.
 Road Mixes W1 5.5% to 6.5%
 W3 5.5% to 6.5%
 W3N 5.5% to 6.5%
 B1 4.5% to 6.0%
 2 Marshall Density Tests
 Field Density (FD) 98% of Marshall
 Density
 90% FD
 98%
 16 % Maximum Rejection will be considered by the
 S.O. Otherwise an extra 20%
 deduction will be imposed.
 * Refer to 17.3.6 for method of Computing Deduction Factor and 17.3.7 for sample calculations
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 — For X < 6%
 Deduction factor = X x 10%
 6
 (iii) Filler
 — For X > 2%
 Deduction factor = 10 + 10 = 20%
 — For X = 2%
 Deduction factor = 10%
 — For X < 2%
 Deduction factor = X x 10%
 2
 From the above, the deduction factors for the various sieve points are computed and
 the highest value of deduction factor shall be used as penalty for deviation from requirement.
 17.3.22 Bitumen Content
 Assume X = amount of deviation from design requirement
 - For X> 1%
 Deduction factor = 25 + 10 = 35%
 - For X= 1%
 Deduction factor = 25%
 - For X < 1%
 Deduction factor = X x 25%
 17.3.23 Field Density
 Assume Y = Field Density from test
 - For 90% < Y < 98%
 Deduction factor = 2 (98 - Y)%
 - For Y = 90%
 Deduction factor = 2 x 8% = 16%
 - For Y < 90%
 Deduction factor = (16 + 20)% = 36%
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 Sample Calculations for Deduction of Payment due to Asphaltic Concrete Mix Failing to
 Comply with Requirements in Specification
 17.3.24 Deduction of Payment due to Asphaltic Concrete Mix Falling to Comply with
 Requirements but within the Specified Deviation Limits
 Example 1
 Suppose the test results for ail airport wearing course are as follows:
 Sieve Analysis - See Fig. 17.10
 Bitumen Content - 7.2%
 Field Density - 96%
 Assume material cost of asphaltic concrete is $A/tonne and the tonnage laid as
 represented by the above test result is B tonnes.
 Compute the amount to be deducted from payment due to the Contractor.
 Solution
 Deduction factor for sieve analysis [See Fig. 17. 10]
 (i) Coarse aggregate - sieve no. 8
 deviation = 46 - 44 = 2%
 sieve no. 16
 deviation = 34 - 31 = 3%
 sieve no. 3
 deviation = 23 - 20 = 3%
 Deduction factor for sieve no. 8 = 2 x 10=2.5%
 8
 Deduction factor for sieve no. 16 = 3 x 10 = 5%
 6
 Deduction factor for sieve no. 30 = 3 x 10 = 5%
 6
 (ii) Filler - within requirement, no deduction
 In this case, the highest deduction factor for sieve analysis is 5% and this figure
 will be used to complete the deduction in payment.
 Deduction factor for bitumen content
 X = Deviation = 7.2 - 7.0 = 0.2%
 Deduction factor = 0.2 x 25 = 5%
 1
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 Deduction factor for field density
 Y = field density from test = 96%
 Deduction factor = 2 (98 - 96) = 4%
 In this case, total deduction factor = 5 + 5 + 4
 = 14%
 Therefore, amount to be = $14 x A x B
 deducted from payment 100
 Example 2
 Suppose the test results for a roadbase course (mix B1) are as follows
 Sieve Analysis - See Fig. 17.11
 Bitumen Content - 4.0%
 Field Density - 94%
 Assume material cost of asphaltic concrete is $A/tonne and the tonnage laid as represented by
 the above test results is B tonnes.
 Compute the amount to be deducted from payment due to the Contractor.
 Solution
 Deduction factor for sieve analysis [See Fig. 17.11]
 (i) Coarse aggregate - 6.4mm sieve:
 X = deviation = 70 - 62 = 8%
 Deduction factor = 8 x 10 = 10%
 8
 (ii) Fine aggregate - 3.2mm sieve:
 X = deviation = 55 - 50 = 5%
 Deduction factor = 5 x 10 = 8.33%
 6
 (i) Filler - 0.075mm sieve:
 X = deviation = 10 - 8 = 2%
 Deduction factor = 2 x 10 = 10%
 2
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 In this case, the highest deduction factor for sieve analysis is 10% and this will be used to
 compute the deduction in payment.
 Deduction factor for bitumen content
 X = deviation = 4.5 - 4.0 = 0.5%
 Deduction factor = 0.5 x 25 = 12.5%
 1
 Deduction factor for field density
 Y = field density from test = 94%
 Deduction factor = 2 (98 - 94) = 8%
 In this case, total deduction factor = 10 + 12.5 + 8
 = 30.5%
 Therefore amount to be = $30.5 x A x B
 deducted from payment 100
 (b) Deduction of Payment due to Asphaltic Concrete Mix Failing to Comply with
 Requirements and Outside the Specified Deviation Limits
 Example 3
 Suppose the test results for an airport wearing course are as follows:
 Sieve Analysis - See Fig. 17.12
 Bitumen Content - 3.8%
 Field Density - 89%
 Assume material cost of asphaltic concrete is $A/tonne and the tonnage laid as represented by
 the above test results is B tonnes.
 Compute the amount to be deducted from payment due to the Contractor.
 Solution
 Deduction factor for sieve analysis [See Fig. 17.12]
 (i) Coarse aggregate - No. 4 sieve:
 X = deviation = 86 - 73 = 13%
 Deduction factor = 10 + 10 = 20%
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 (ii) Fine aggregate - within requirement, no deduction
 (iii) Filler - within requirement, no deduction
 In this case, deduction factor for sieve analysis is 20% and this percentage will be used to
 compute the deduction in payment.
 Deduction factor for bitumen content
 X = deviation = 5 - 3.8 = 1.2%
 Deduction factor = 25 + 10 = 35%
 Deduction factor for field density
 Y = field density from test = 89%
 Deduction factor = 16 + 20 = 36%
 In this case, total deduction factor = 20 + 35 + 36
 = 91%
 Therefore, amount to be = $91 x A x B
 deducted from payment 100
 Example 4
 Suppose the test results for a road wearing course (mix W3) are as follows:
 Sieve Analysis - See Fig. 17.13
 Bitumen Content - 6.0%
 Field Density - 97%
 Assume material cost of asphaltic concrete is $A/tonne and the tonnage laid as represented by
 the above test results is B tonnes.
 Compute the amount to be deducted from payment due to the Contractor.
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 Solution
 Deduction factor for sieve analysis [See Fig. 17.13]
 (i) Coarse aggregate - within requirements, no deduction
 (ii) Fine aggregate - 1.2mm sieve:
 X = deviation = 52 - 44 = 8%
 Deduction factor = 10 + 10 = 20%
 (iii) Filler - 0.0751-nm sieve:
 X deviation = 10 - 8 = 2%
 Deduction factor = 2 x 10 = 10%
 2
 In this case, the highest deduction factor for sieve analysis is 20% and this figure will be used
 to compute the deduction in payment.
 Deduction factor for bitumen content - within requirement, no deduction
 Deduction factor for field density
 Y = field density from test = 97%
 Deduction factor = 2 (98 - 97) = 2%
 In this case, total deduction factor = 20 + 2
 = 22%
 Therefore, amount to be = $22 x A x B
 deducted from payment 100
 17.4 RIGID PAVEMENT
 Materials
 17.4.1 Cement
 (a) Cement shall be Portland cement complying with one of the following
 specifications:
 (i) Ordinary Portland cement……………………………SS26
 (ii) Portland blast-furnace cement………………………..BS 4246 : Part 2
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 (b) If for any reason, cement becomes partially set or contains lumps of caked
 cement, it shall be rejected. Cement salvaged from discarded or used bags shall
 not be used.
 17.4.2 Fine Aggregate
 Fine aggregate shall be crushed stone, sand, crushed gravel sand or may be natural
 sand complying with the requirements of SS 31 and conforming to the gradation
 shown in Table 17.22.
 TABLE 17.22 GRADATION FOR FINE AGGREGATE
 BS Sieve Size % by Weight Passing
 10 mm
 5 mm
 2.36 mm
 1.18 mm
 600 µm
 300 µm
 150 µm
 100
 95 - 100
 80 - 100
 80 - 85
 25 - 60
 10 - 30
 2 - 10
 17.4.3 Coarse Aggregate
 Coarse aggregate shall be stone or gravel, crushed or uncrushed, complying with the
 requirements of SS 31 and shall be furnished in two separate sizes as shown in
 Table 17.23. In addition, the percentage of wear shall not exceed 40 when tested in
 a accordance with ASTM C131 for aggregates smaller than 37.5 mm and ASTM
 C535 for aggregates larger than 20 mm.
 TABLE 17.23 GRADATION FOR COARSE AGGREGATE
 BS Sieve Size % by Weight Passing
 37.5 mm to 20 mm 20 mm to 5 mm
 50 mm
 37.5 mm
 25 mm
 20 mm
 10 mm
 5 mm
 2.36 mm
 100
 90 - 100
 25 - 55
 0 - 15
 0 - 5
 -
 -
 -
 -
 100
 95 - 100
 20 - 55
 0 - 10
 0 - 5
 17.4.4 Tie Bars
 Tie bars shall be deformed bars of high yield stress complying with the
 requirements of SS 2.
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 17.4.5 Dowel Bars
 (a) Dowel bars shall be plain mild steel bars complying with the requirements of
 SS 2 and shall be free from burring or other deformation restricting slippage in
 the concrete. Before delivery to the construction site, a minimum of two-thirds
 of the length of each dowel bar shall be painted with one coat of rust
 preventative paint.
 (b) The sleeves for dowel bars used in expansion joints shall be metal, of an
 approved design to cover 50 mm to 75 mm of the dowel, with. a closed end and
 with a suitable stop to hold the end of the bar at least 25 mm from the closed
 end of the sleeve. Sleeves shall be of such design that they will not collapse
 during construction.
 17.4.6 Water
 Water used in mixing or curing shall be clean and free of oil, salt, acid, alkali,
 sugar, vegetable or other substances injurious to the finished product. Water shall be
 tested in accordance with BS 3148. Water known to be of potable quality may be
 used without testing.
 17.4.7 Admixtures
 The use of plasticisers or water-reducing agents or other admixtures shall be
 approved by the SO. The Contractor shall submit certificates indicating that the
 admixture to be furnished meets all the requirements of BS 5075. In addition, the
 SO may require the Contractor to submit complete test data from an approved
 laboratory showing that the admixture to be furnished meets all the requirements of
 the cited specification.
 17.4.8 Steel Reinforcement
 Steel reinforcement shall comply with the following specifications:
 (a) mild steel or deformed bars - SS 2
 (b) mild steel wire - SS 18
 (c) welded steel fabric - SS 32
 17.4.9 Premoulded Joint Filler
 (a) Premoulded joint filler for expansion joints shall comply with the requirements
 of ASTM D1751 or ASTM D1752, Type II or III and shall be punched to admit
 the dowel bars where called for on the plans. The joint filler must be
 compatible with the joint sealer.
 (b) For contraction joints, the filler shall be a resin-impregnated fibreboard or self-
 expanding cork complying with the requirements of ASTM D1752, unless
 otherwise specified by the SO.
 17.4.10 Joint Sealers
 Joint sealers shall comply with the specifications given in Table 17.24.
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 17.4.11 Curing Materials
 Curing materials shall comply with the following specifications:
 (a) liquid membrane-forming compounds - ASTM C309, Type 2, Class B
 (b) white polyethylene film - ASTM C171
 (c) white burlap-polyethylene sheeting - ASTM C171
 TABLE 17.24 SPECIFICATIONS FOR JOINT SEALERS
 Sealing Material Specification
 Road Pavement Aircraft Pavement
 Hot-poured Sealant
 Cold-poured Sealant
 Preformed
 Compression Seal
 BS 2499 Type A2
 BS 5212
 ASTM D2628
 ASTM D 1854 or
 ASTM D3569 or
 ASTM D3581
 FAA. Spec. SS-S-200
 ASTM D2628
 17.4.12 Waterproofing Membrane
 A waterproofing membrane complying with the requirements of BS 1521 Class BIF
 shall be provided on top of the prepared subgrade or sub-base, unless otherwise
 specified by the SO. Where an overlap of the membrane is necessary this shall be at
 least 300 mm.
 Proportioning Of Concrete Mix
 17.4.13 Mix Design
 Concrete mix shall be designed by the Contractor to comply with the requirements
 of Table 17.25 and to have a mean strength greater than the required minimum
 strength by at least the current margin specified in Table 17.26.
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 TABLE 17.25 REQUIREMENTS FOR PAVEMENT QUALITY
 Requirements Type of Pavement
 Road Pavement Aircraft Pavement
 Minimum Indirect Tensile
 Strength at 28 days, N/mm2
 Minimum Flexural Strength at
 28 days, N/ mm2
 a) For Military Airfield
 b) For Civilian Airport
 Minimum Cement Content, kg/m2
 Maximum Water-Cement Ratio
 Slump, mm
 a) For Slip-form Paving
 b) For Side-form Paving
 Compacting Factor
 a) For Slip-form Paving
 b) For Side-form Paving
 2.3
 -
 -
 280
 0.55
 13 - 38
 38 - 65
 0.83 - 0.87
 0.87 - 0.91
 -
 3.5
 4.2
 300
 0.50
 13 - 38
 38 - 65
 0.83 - 0.87
 0.87 - 0.91
 TABLE 17.26 CURRENT MARGINS USED IN CONCRETE MIX DESIGN
 Type of Pavement Current Margin, N/mm2
 Road Pavement
 Aircraft Pavement
 a) For Military Airfield
 b) For Civilian Airport
 0.40
 0.50
 0.60
 17.4.14 Submission of Details of Mix Design
 The Contractor shall submit details of his mix design to the SO for approval. The
 details submitted shall include:
 (a) the type and source of cement
 (b) the source and specific gravity of fine and coarse aggregates
 (c) the gradation of the fine and coarse aggregates shown in tabular and graphical
 forms
 (d) the proportions in which the fine and coarse aggregates are to be combined,
 together with the gradation of the combined aggregates shown in tabular and
 graphical forms
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 (e) the designed mean strength for the concrete mix
 (f) the cement content
 (g) the water-cement ratio by weight
 (h) the aggregate-cement ratio by Weight
 (i) if used, the type of admixture and proportioning
 (j) the workability of concrete in terms of slump
 17.4.15 Trial Mixes
 (a) The Contractor shall carry out trial mixes on receipt of SO‘s approval of his
 mix design. The trial mixes shall be prepared in the presence of the SO, and
 shall be repeated until the proportions necessary to produce a concrete
 complying in all aspects with the requirements of this Specification have been
 determined.
 (b) The workability of concrete from each mix shall be assessed by means of
 slump test and compacting factor test in accordance with SS 78.
 (c) For the purpose of determining the strength of concrete, four test specimens,
 dimensions of which are given in Table 17.27, shall be made from each mix for
 test at 28 days. The test specimens shall be made, cured and tested in
 accordance with BS 1881. They shall be tested in a laboratory approved by the
 SO who shall receive certified copies of the results of all tests.
 (d) The appropriate strength requirement shall be considered to be satisfied if for
 each set of four test specimens tested at 28 days, both the following conditions
 are met:
 (i) None of the strengths of the four test specimens is below the required
 minimum strength specified in Table 17.25.
 (ii) The average strength of the four test specimens is greater than the
 required minimum strength by at least half the current margin specified in
 Table 17.26.
 TABLE 17.27 DIMENSION OF TEST SPECIMENS USED IN THE
 STRENGTH TESTS
 Type of Pavement Dimensions of Test Specimen
 Road Pavement
 Aircraft Pavement
 150 mm diameter x 150 mm long
 150 mm x 150 mm x 750 mm long
 17.4.16 Approval of Mixes
 (a) Concrete work shall not begin until the SO has approved the use of a particular
 mix.
 (b) When the mix has been approved, no variations shall be made in the
 proportions, the type of the admixture, if used, the original source of the cement

Page 251
                        

PAVEMENTS – FLEXIBLE AND RIGID
 238
 and aggregates or in the type, size and gradation of the latter without the
 consent of the SO who may require further tests to be made.
 Construction Methods
 17.4.17 Equipment
 Equipment and tools necessary for handling materials and performing all parts of
 the work shall be approved by the SO as to design, capacity, and mechanical
 condition. The equipment shall be at the job site before the start of construction
 operations for examination and approval.
 (a) Batching Plant and Equipment
 (i) The batching plant shall include bins, weighing hoppers and scales for
 the fine aggregate and coarse aggregate. If bulk cement is used, a bin,
 hopper and separate scale for cement shall be included. The weighing
 hoppers shall be properly sealed and vented to preclude dusting during
 operation.
 (ii) Bins and Hopper - Bins with adequate separate compartments for fine
 aggregate and coarse aggregate shall be provided in the batching plant.
 Each compartment shall discharge efficiently and freely into the
 weighing hopper. Means of control shall be provided so that, as the
 quantity desired in the weighing hopper is approached, the material may
 be added slowly and shut off with precision. A port or other opening for
 removing an overload of any one of the several materials from the hopper
 shall be provided. Weighing hoppers shall be constructed to eliminate
 accumulations of materials and to discharge fully.
 (iii) Scales - The scales for weighing aggregate and cement shall be of either
 the beam or the springless dial type. They shall be accurate within 0.5%
 throughout their range of use. When beam-type scales are used,
 provisions such as a ―telltale‖ dial shall be made for indicating to the
 operator that the required load in the weighing hopper is being
 approached. A device on the weighing beams shall clearly indicate
 critical positions. Poises shall be designed to be locked in any position
 and to prevent unauthorised change. The weight beam and ―telltale‖
 device shall be in full view of the operator while charging the hopper,
 and the operator shall have convenient access to all controls.
 (iv) Scales shall be inspected and sealed as often as the SO may deem
 necessary to assure their continued accuracy. The Contractor shall have
 on hand not less than ten 20 kg weights for testing of all scales when
 directed by the SO.
 (b) Mixers
 (i) Concrete may be mixed at a central plant, or wholly or in part in truck
 mixers. Each mixer shall have attached in a prominent place, a
 manufacturer‘s nameplate showing the capacity of the drum in terms of
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 volume of mixed concrete and the speed of rotation of the mixing drum
 or blades.
 (ii) A device accurate within 3% and satisfactory to the SO shall be provided
 at the mixer for determining the amount of admixture to be added to each
 batch requiring such admixtures.
 (iii) Mixers shall be examined daily for the accumulation of hard concrete or
 mortar and the wear of blades.
 (iv) Central Plant Mixer - Mixing shall be in an approved mixer capable of
 combining the aggregates, cement and water into a thoroughly mixed and
 uniform mass within the specified mixing period, and of discharging the
 mixture without segregation. Central plant mixers shall be equipped with
 an acceptable timing device that will not permit the batch to be
 discharged until the specified mixing time has elapsed. The water system
 for a central mixer shall be either a calibrated measuring tank or a meter
 and shall not necessarily be integral part of the mixer.
 (v) The mixer shall be examined daily for changes in condition due to
 accumulation of hard concrete or mortar or wear of blades. The pickup
 and throwover blades shall be replaced when they have worn down 19
 mm or more. The Contractor shall have a copy of the manufacturer‘s
 design on hand showing dimensions and arrangement of blades in
 reference to original height and depth.
 (vi) Truck Mixers and Truck Agitators - Truck mixers used for mixing and
 hauling concrete and truck agitators used for hauling central-mixed
 concrete shall conform to the requirements of ASTM C94.
 (vii) Non-agitator Trucks - Non-agitating hauling equipment shall conform to
 the requirements of ASTM C94.
 (c) Finishing Equipment
 (i) Finishing Machine - The finishing machine shall be of sufficient weight
 and power for proper finishing of the concrete. It shall be designed and
 operated to strike off, screed and consolidate the concrete such that
 laitance on the surface is less than 3 mm thick.
 (ii) Vibrators - For side-form construction, vibrators may be either the
 surface pan type for pavements less than 200 mm thick or the internal
 type with either immersed tube or multiple spuds, for the full width of the
 concrete slab. They may be attached to the spreader or the finishing
 machine, or they may be mounted on a separate carriage. They shall not
 come in contact with the joint, load-transfer devices, subgrade, or side
 forms. The frequency of the surface vibrators shall be between 3000 and
 6000 vibrations per minute, and the frequency of the internal type shall be
 between 8000 and 12000 vibrations per minute. Average amplitude for
 internal vibrators shall be 0.6 mm – 1.3 mm. Hand vibrators shall be used
 to consolidate the concrete along forms and other isolated areas.
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 (iii) For slip-form construction, the paver shall vibrate the concrete for the full
 width and depth of the strip of pavement being placed. Vibration shall be
 accomplished by internal vibrators with a frequency range variable
 between 8000 and 12000 vibrations per minute. The amplitude of
 vibration shall be between 0.6 mm and 1.3 mm.
 (iv) The number, spacing, frequency and eccentric weights shall be provided
 as necessary to achieve an acceptable concrete density and finishing
 quality. Adequate power to operate all vibrators at the weight and
 frequency required for a satisfactory finish shall be available on the
 paver. The internal vibrators may be supplemented by vibrating screeds
 operating on the surface of the concrete. The frequency of surface
 vibrators shall not be less than 3500 vibrations per minute. The
 Contractor shall furnish a tachometer or other suitable device for
 measuring the frequency of the vibrators. The vibrators and tamping
 elements shall be automatically controlled so that they shall be stopped as
 forward motion ceases. Any override switch shall be of the spring-loaded,
 momentary contact type.
 (d) Concrete Saw
 When sawing of joints is specified, the Contractor shall provide sawing
 equipment adequate in number of units and power to complete the sawing to
 the required dimensions and at the required rate. The Contractor shall provide
 at least one standby saw in good working order. An ample supply of saw
 blades shall be maintained at the site of the work at all times during sawing
 operations. The Contractor shall provide adequate artificial lighting facilities
 for night sawing. All of this equipment shall be on the job both before and at
 all times during concrete placement.
 (e) Forms
 Straight side forms shall be made of steel having a thickness of not less than 6
 mm and shall be furnished in sections not less than 3 m in length. Forms shall
 have a depth equal to the prescribed edge thickness of the concrete without
 horizontal joint, and a base width equal to the depth of the forms. Flexible or
 curved forms, of proper radius shall be used for curves of 30 m radius or less.
 Flexible or curved forms shall be of a design acceptable to the SO. Forms shall
 be provided with adequate devices for secure settings so that when in place
 they will withstand, without visible spring or settlement, the impact and
 vibration of the consolidating and finishing equipment. Flange braces shall
 extend outward on the base not less than two-thirds the height of the form.
 Forms with battered top surface and bent, twisted, or broken forms shall be
 removed from the work. Repaired forms shall not be used until inspected and
 approved. Built-up forms shall not be used, except as approved by the SO. The
 top face of the form shall not vary from a true plane more than 3 mm in 3 m,
 and the upstanding leg shall not vary more than 6 mm. The forms shall contain
 provisions for locking the ends of abutting sections together tightly for secure
 setting.
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 (f) Pavers
 The paver shall be fully energised, self-propelled and designed for the specific
 purpose of placing, consolidating and finishing the concrete pavement, true to
 grade, tolerances and cross section. It shall be of sufficient weight and power to
 construct the maximum specified concrete paving lane width as shown in the
 plans, at adequate forward speed, without transverse longitudinal or vertical
 instability or without displacement. The paver shall be equipped with
 electronic or hydraulic horizontal and vertical control devices.
 17.4.18 Form Setting
 (a) Forms shall be set sufficiently in advance of the concrete placement to insure
 continuous paving operation. After the forms have been set to correct grade, the
 grade shall be thoroughly tamped, either mechanically or by hand, at both the
 inside and outside edges of the base of the forms. Forms shall be staked into
 place sufficiently to maintain the form in position for the method of placement.
 (b) Form sections shall be tightly locked and shall be free from play or movement
 in any direction. The forms shall not deviate from true line by more than 3 mm
 at any joint. Forms shall be so set that they will withstand, without visible
 spring or settlement, the impact and vibration of the consolidating and finishing
 equipment. Form shall be cleaned and oiled prior to the placing of concrete.
 (c) The alignment and grade elevations of the forms shall be checked and
 corrections made by the Contractor immediately before placing the concrete.
 When any form has been disturbed or any grade has become unstable, the form
 shall be reset and rechecked.
 17.4.19 Conditioning of Underlying Course
 (a) Slip-form Construction
 The compacted subgrade on which the pavement will be placed shall be
 widened approximately 1 m to extend beyond the paving machine track to
 support the paver without any noticeable displacement. After the subgrade has
 been placed and compacted to the required density, the areas which will
 support the paving machine and the area to be paved shall be trimmed to the
 proper elevation and profile by means of a properly designed machine. The
 grade of the subgrade on which the concrete pavement is to be placed shall be
 controlled automatically using lasers, stringlines or steel guide wires erected
 and maintained by the Contractor. If the density of the subgrade is disturbed by
 the trimming operations, it shall be corrected by additional compaction before
 the concrete is placed except when stabilised sub-base are being constructed. If
 damage occurs on a stabilised sub-base, it shall be corrected full depth by the
 Contractor or the damaged areas filled with concrete integral with the
 pavement. If traffic is allowed to use the prepared subgrade, the subgrade shall
 be checked and corrected immediately before the placement of concrete. The
 prepared subgrade shall be moistened with water, without saturating,
 immediately ahead of concrete placement to prevent rapid loss of moisture
 from concrete.
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 (b) Side-form and Fill-in Lane Construction
 The prepared subgrade shall be moistened with water, without saturating,
 immediately ahead of concrete placement to prevent rapid loss of moisture
 from the concrete. Ruts or depressions in the subgrade caused by hauling or
 usage of other equipment shall be filled as they developed with suitable
 material (not with concrete or concrete aggregates), and thoroughly compacted
 by rolling. If damage occurs to a stabilised sub-base, it shall be corrected full
 depth by the Contractor, or the damaged areas filled with concrete integral with
 the pavement. A multiple-pin template weighing not less than 450 kg per 6 m
 or other approved template shall be provided and operated on the forms
 immediately in advance of the placing of the concrete. The template shall be
 propelled only by hand and not attached to a tractor or other power unit.
 Templates shall be adjustable so that they may be set and maintained at the
 correct contour of the underlying course. The adjustment and operation of the
 template shall be such as to provide an accurate retest of the grade before
 placing the concrete thereon. All excess material shall be removed. Low areas
 may be filled and compacted to condition similar to that of the surrounding
 grade, or filled with concrete integral with the pavement. The template shall be
 maintained in accurate adjustment at all times by the Contractor and should be
 checked daily. The work described shall not constitute a regular subgrading
 operation, but rather a final accurate check of the underlying course.
 17.4.20 Handling, Measuring and Batching Material
 (a) The batch plant site, layout, equipment and provisions for transporting material
 shall assure a continuous supply of material to the work. Stockpiles shall be
 built up in layers of not more than 1 m in thickness. Each layer shall be
 completely in place before beginning the next layer and shall not be allowed to
 ―cone‖ down over the next lower layer. Aggregates from different sources and
 of different grading shall not be stockpiled together. Improperly placed
 stockpiles will not be accepted by the SO.
 (b) Aggregates shall be handled from stockpiles or other sources to the batching
 plant in such manner to secure the specified grading of the material. Aggregates
 that have become segregated or mixed with earth or foreign material shall not
 be used. Washed aggregates and all aggregates produced or handled by
 hydraulic methods shall be stockpiled or binned for draining at least 12 hours
 before being batched. Rail shipments requiring more than 12 hours will be
 accepted as adequate binning only if the car bodies permit free drainage. The
 fine aggregate and coarse aggregate shall be separately weighed into hoppers in
 the respective amounts set by the SO in the job mix. Cement shall be measured
 by weight. Separate scales and hopper, with a device to positively indicate the
 complete discharge of the batch of cement into the batch box or container, shall
 be used for weighing the cement.
 (c) When required by the Contract or when permitted, batching plants shall be
 equipped to proportion aggregates and bulk cement, by weight, automatically
 using interlocked proportioning devices of an approved type. When bulk
 cement is used, the Contractor shall use a suitable method of‘ handling the
 cement from weighing hopper to transporting container or into the batch itself
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 for transportation to the mixer, such as a chute, boot or other approved device,
 to prevent loss of cement.
 (d) The device shall be arranged to provide positive assurance of the actual
 presence in each batch of the entire cement content specified.
 (e) When cement is placed in contact with the aggregates, batches may be rejected
 unless mixed within 1½ hours of such contact. Batching shall be conducted so
 that the results in the weights of each material required will be within tolerance
 of 1% for cement and 2% for aggregates.
 (f) Water may be measured either by volume or by weight. The accuracy of
 measuring the water shall be within ± 1 % of required amounts. Unless the
 water is to be weighed, the water-measuring equipment shall include an
 auxiliary tank from which the measuring tank shall be filled. The measuring
 tanks shall be equipped with an outside tap and valve to provide for checking
 the setting, unless other means are provided for readily and accurately
 determining the amount of water in the tank. The volume of the auxiliary tank
 shall be at least equal to that of the measuring tank.
 (g) Methods and equipment for adding admixtures to the batch, when required
 shall be approved by the SO. All admixtures shall be measured into the mixer
 with an accuracy of ±3%.
 17.4.21 Mixing Concrete
 (a) The concrete may be mixed at the work site, in a central mix plant or in truck
 mixers. The mixer shall be of an approved type and capacity. Mixing time shall
 be measured from the time all materials, except water, are emptied into the
 drum. Ready-mixed concrete shall be mixed and delivered in accordance with
 the requirements of ASTM C94, except that the minimum required revolutions
 of the mixing speed for transit mixed concrete may be reduced to not less than
 that recommended by the mixer manufacturer. The number of revolutions
 recommended by the mixer manufacturer shall be indicated on the
 manufacturer‘s serial plate attached to the mixer. The Contractor shall furnish
 test data acceptable to the SO verifying that the make and mode of the mixer
 will produce uniform concrete conforming to the provisions of ASTM C94 at
 the reduced number of revolutions shown on the serial plate.
 (b) When mixed at the work site or in a central mixing plant, the mixing time shall
 not be less than 50 seconds nor more than 90 seconds. Mixing time ends when
 the discharge chute opens. Transfer time in multiple drum mixers shall be
 included in mixing time. The contents of an individual mixer drum shall be
 removed before a succeeding batch is emptied therein.
 (c) The mixer shall be operated at the drum speed as shown on the manufacturer‘s
 nameplate on the approved mixer. Any concrete mixed less than the specified
 time shall be discharged at the Contractor‘s expense. The volume of concrete
 mixed per batch shall not exceed the mixer‘s nominal capacity in cubic metres,
 as shown on the manufacturer‘s standard rating plate on the mixer. An overload
 up to 10% above the mixer‘s nominal capacity may be permitted provided
 concrete test data for segregation and uniform consistency are satisfactory, and

Page 257
                        

PAVEMENTS – FLEXIBLE AND RIGID
 244
 provided no spillage of concrete takes place. The batch shall be charged into
 the drum so that a portion of the mixing water shall enter in advance of the
 cement and aggregates. The flow of water shall be uniform and all water shall
 be in the drum by the end of the first 15 seconds of the mixing period. The
 throat of the drum shall be kept free of such accumulations as may restrict the
 free flow of material into the drum.
 (d) Mixed concrete from the central mixing plant shall be transported in truck
 mixers, truck agitators, or non-agitating trucks. The time elapsing from the time
 water is added to the mix until the concrete is deposited in place at the work
 site shall not exceed 30 minutes when the concrete is hauled in non-agitating
 trucks, or 90 minutes when the concrete is hauled in truck mixers or truck
 agitators. Retampering concrete by adding water or by other means shall not be
 permitted, except when concrete is delivered in transit mixers. With transit
 mixers, additional water may be added to the batch materials and additional
 mixing performed to increase the slump to meet the specified requirements, if
 permitted by the SO. All these operations must be performed within 45 minutes
 after the initial mixing operations and the water-cement ratio must not be
 exceeded. Admixtures for increasing the workability or for accelerating the set
 shall be permitted only when specified for in the Contract.
 17.4.22 Limitations on Mixing and Placing
 (a) No concrete shall be mixed, placed or finished when the natural light is
 insufficient, unless an adequate and approved artificial lighting system is
 operated.
 (b) During periods of hot weather when the maximum daily air temperature
 exceeds 30ºC, the following precautions shall be taken. The forms and/or the
 underlying material shall be sprinkled with water immediately before placing
 the concrete. The concrete shall be placed at the coolest temperature
 practicable, and in no case shall the temperature of the concrete when placed
 exceed 35ºC. The aggregates and/or mixing water shall be cooled as necessary
 to maintain the concrete temperature at or not more than the specified
 maximum.
 17.4.23 Placing Concrete
 (a) Slip-form Method
 For the slip-form method, the concrete shall be placed with an approved
 crawler-mounted slip-form paver designed to spread, consolidate and shaped
 the freshly placed concrete in one complete pass of the machine so that a
 minimum of hand finishing will be necessary to provide a dense and
 homogeneous pavement in conformance to requirements of the plans and
 specifications. The concrete shall be placed directly on top of the joint
 assemblies to prevent them from moving when the paver moves over them.
 Side forms and finishing screed shall be adjustable to extent required to
 produce the specified pavement edge and surface tolerance. The side forms
 shall be of dimensions, shapes and strength to support the concrete laterally for
 a sufficient length of time so that no appreciable edge slumping will occur,
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 final finishing shall be accomplished while the concrete is still in the plastic
 state.
 (b) Side-form Method
 (i) For the side-form method, the concrete shall be deposited on the
 moistened grade to require as little rehandling as possible. Unless truck
 mixers, trucks agitators, or non-agitating hauling equipment are equipped
 with means for discharge of concrete without segregation of the
 materials, the concrete shall be unloaded into an approved spreading
 device and mechanically spread on the grade to prevent segregation of
 the materials. Placing shall be continuous between transverse joints
 without the use of intermediate bulkheads. Necessary hand spreading
 shall be done with shovels and not rakes. Workmen shall not be allowed
 to walk in the freshly mixed concrete with boots or shoes coated with
 earth or foreign substances.
 (ii) When concrete is to be placed adjoining a previously constructed lane of
 pavement and when mechanical equipment will be operated upon the
 existing lane of pavement, the concrete shall be at least 7 days old and at
 a flexural strength approved by the SO. If only finishing equipment is
 carried on the existing lane, paving may be permitted after 3 days, if
 approved by the SO.
 (iii) Concrete shall be thoroughly consolidated against and along the faces of
 all forms, along the full length and on both sides of all joint assemblies
 by means of vibrators and shall not be permitted to come in contact with
 a joint assembly, the grade, or a side form. In no case shall the vibrator
 be operated longer than 15 seconds in any one location or shall the
 vibrators be used to move the concrete.
 (iv) Concrete shall be deposited as near to expansion and contraction joints as
 possible without disturbing them but shall not be dumped from the
 discharge bucket or hopper into a joint assembly unless the hopper is
 well centred on the joint assembly.
 (v) Should any concrete materials fall on or be worked into the surface of a
 completed slab, they shall be removed immediately by approved methods
 17.4.24 Strike-off of Concrete and Placement of Reinforcement
 (a) Following the placing of the concrete, it shall be struck off to conform to the
 cross-section shown on the plans and to an elevation such that when the
 concrete is properly consolidated and finished, the surface of the pavement
 shall be at the elevation shown on the plans. When reinforced concrete
 pavement is placed in two layers, the bottom layer shall be struck off to such
 length and depth that the sheet of reinforcing steel fabric or bar mat may be laid
 full length on the concrete in its final position without further manipulation,
 The reinforcement shall then be placed directly upon the concrete, after which
 the top layer of the concrete shall be placed, struck off, and screeded. If any
 portion of the bottom layer of concrete has been placed more than 30 minutes
 without being covered with the top layer or if initial set has taken place, it shall
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 be removed and replaced with freshly mixed concrete at the Contractor‘s
 expense. When reinforced concrete is placed in one layer, the reinforcement
 may be positioned in advance of concrete placement or it may be placed in
 plastic concrete by mechanical or vibratory means after spreading.
 (b) Reinforcing steel, at the time concrete is placed, shall be free of mud, oil, or
 other organic matter that may adversely affect or reduce bond. Reinforcing
 steel with rust, mill scale, or a combination of both will be considered
 unsatisfactory, provided the minimum dimensions, weight and tensile
 properties of a hand wire-brushed test specimen are not less than the applicable
 ASTM specification requirements.
 17.4.25 Joints
 (a) General
 (i) Longitudinal and transverse joints shall be constructed as indicated on the
 plans and in accordance with these requirements. All joints shall be
 constructed true to line with their faces perpendicular to the surface of
 the pavement. Joints shall not vary more than 13 mm from a true line or
 from their designated position. The vertical surface of the pavement
 adjacent to all expansion joints shall be finished to a true plane and edged
 to a radius of 6 mm or as shown on the plans. The surface across the
 joints shall be tested with a 3 m straight edge as the joints are finished
 and any irregularities in excess of 6 mm shall be corrected before the
 concrete has hardened. When required, keyways shall be accurately
 formed with a template of metal or wood. The gauge or thickness of the
 material in the template shall be such that the full keyway, as specified, is
 formed and is in the correct location. Transverse joints shall be at right
 angles to the centerline of the pavement and shall extend the full width of
 the slab. The transverse joints in succeeding lanes shall be placed in line
 with similar joints in the first lane. All joints shall be so prepared,
 finished, or cut to provide a groove of the width and depth shown on the
 plans.
 (ii) Tie bars shall be placed at right angles to the centerline of the concrete
 slab and shall be spaced at intervals of 750 mm, unless otherwise
 specified. They shall be held in position parallel to the pavement surface
 and midway between the surfaces of the slab. When tie bars extend into
 an unpaved lane, they may be bent at right angles against the form at
 longitudinal construction joints, unless threaded bolt or other assembled
 tie bars are specified. These bars shall not be painted, greased, or
 enclosed in sleeves.
 (iii) Dowel bars or other load-transfer units of an approved type shall be
 placed across transverse or other joints in the manner as specified on the
 plans. They shall be of the dimensions and spacings as shown and held
 rigidly in the middle of the slab depth in the proper horizontal and
 vertical alignment by an approved assembly device to be left
 permanently in place. The dowel or load-transfer and joint devices shall
 be rigid enough to permit complete assembly as a unit ready to be lifted
 and placed into position. A metal, or other type dowel expansion cap or
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 sleeve shall be furnished for each dowel bar used with expansion joints.
 These caps shall be substantial enough to prevent collapse and shall be
 placed on the ends of the dowels as shown on the plans. The caps or
 sleeves shall fit the dowel bar tightly and the closed end shall be
 watertight. The portion of each dowel painted with rust preventative
 paint, as required in 17.4.1(e), shall be thoroughly coated with asphalt
 MC-70, or an approved lubricant, to prevent the concrete from binding to
 that portion of the dowel. In lieu of using dowel assemblies at contraction
 joints, dowel bars may be placed in the full thickness of the pavement by
 a mechanical device approved by the SO.
 (iv) For slip-form construction, the following shall apply. When keyed
 construction joints are called for, a sheet metal keyway liner shall be
 required. The liner may remain in place permanently and become part of
 the keyed joint and shall be galvanized, copper clad, or of similar rust-
 resistant material, of sufficient stiffness to support the upper keyway
 flange. Two-piece hook bolts may be installed in either the male or
 female side of the keyed joint provided the installation is made without
 distorting the keyed dimensions or causing edge slump. If a bent tie bar
 installation is used, the tie bars shall be inserted through the sheet metal
 keyway liner only on the female side of the joint. The bent tie bar
 installation may cause breaking of some small amount of laitance where
 the bar goes through the liner when the exposed portion of the bar is bent
 for extension into the adjacent lane. In no case shall a bent tie bar
 installation for male keyways be permitted which will require chipping
 away of concrete to perform the straightening of the tie bar. Alternative
 methods of bar installation may be approved by the SO if the keyway can
 be formed to a tolerance of 6 mm in any dimension and without distortion
 or slumping of the top of the male flange. Transverse joints with dowels
 will require particular care to insure the dowels are accurately placed and
 not disturbed during concrete placement. Transverse dowels will require
 use of all apparatus to firmly hold the dowels perpendicular to the joint,
 and parallel to the slab surface. During the concrete placement operation,
 it is advisable to place plastic concrete directly on the dowel assembly
 immediately prior to passage of the paver to help maintain dowel
 alignment. In lieu of using dowel assemblies at contraction joints, dowel
 bars may be placed in the full thickness of pavement by a mechanical
 device approved by the SO.
 (b) Installation
 (i) The top of an assembled joint device shall be set at the proper distance
 below the pavement surface and the elevation shall be checked. Such
 devices shall be set to the required position and line and shall be securely
 held in place by stakes or other means during the pouring and finishing of
 the concrete. The premoulded joint material shall be placed and held in a
 vertical position; if constructed in sections, there shall be no offsets
 between adjacent units. Dowel bars shall be checked for exact position
 and alignment as soon as the joint device is staked in place, and the
 device shall be tested to determine whether it is firmly supported. The
 maximum permissible tolerance on dowel bar alignment in each plane,
 horizontal and vertical, shall not exceed 2% or 6 mm per 300 mm of a
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 dowel bar. The most effective way to obtain proper alignment is with
 well-fabricated dowel baskets and dowel assemblies. In lieu of using
 dowel assemblies at contraction joints, dowel bars may be placed in the
 full thickness of pavement by mechanical device approved by the SO.
 (ii) When joints in concrete pavements are sawn, the joints shall be cut as
 shown on the plans. The circular cutter shall be capable of cutting a
 groove in a straight line and shall produce a slot at least 3 mm wide and
 to the depth shown on the plans. When shown on the plans or required by
 the specifications, the top portion of the slot or groove shall be widened
 by means of a second shallower cut or by suitable and approved beveling
 to provide adequate space for joint sealers. Sawing of the joints shall
 commence as soon as the concrete has hardened sufficiently to permit
 cutting without chipping, spalling, or tearing. Sawing shall be carried out
 both during the day and night as required. The joint shall be sawn at the
 required spacing consecutively in sequence of the concrete placement,
 unless otherwise approved by the SO.
 (c) Longitudinal Joints
 (i) Longitudinal construction joints necessary for lane construction shall be
 formed against suitable side forms (usually made of steel) with or
 without keyways, as indicated on the plans. Wooden forms may be used
 under special conditions, when approved by the SO. When the concrete
 is placed using slip-forms pavers, the keyway shall be formed, in the
 plastic concrete by means of preformed metal keyway lines which are
 inserted during the slip-form operations to form the female side of the
 key and which may be left in place. The dimensions of the keyway form
 shall not vary more than ±3 mm from the dimensions indicated and shall
 not deviate more than ±6 mm from the mid-depth of the pavement. A
 male keyway may be used providing the keyway dowels are designated,
 the dowels for this type shall be painted and greased. The edges of the
 joint shall be finished with a grooving tool or edging tool, and a space or
 slot shall be formed along the joint of the dimensions as indicated to
 receive the joint sealing material. Unless or otherwise stated by the SO,
 longitudinal construction joints shall be sawn to provide a groove at the
 top conforming to the details and dimensions indicated on the plans.
 Provisions shall he made for the installation of tie bars as noted on the
 plans,
 (ii) The longitudinal groove formed or sawn at the top of the slab shall be
 installed where indicated on the drawings. The groove shall be formed in
 the plastic concrete with suitable tools or material to obtain the width and
 depth specified, or it shall be sawn with approved equipment in the
 hardened concrete to the dimensions required. When the groove is
 formed in plastic concrete, it shall be true to line with not more than 6
 mm variation in 3 m. It shall be uniform in width and depth, and the sides
 of the groove shall be finished even and smooth with an edging tool. If
 an insert material is used, the installation and edge finish shall be
 according to the manufacturer‘s instructions. The sawn groove shall be
 straight and of uniform width and depth. In either case, the groove shall
 be clean cut so that spalling will be avoided at intersections with
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 transverse joints. The bars shall be installed across these joints where
 indicated on the plans.
 (iii) Longitudinal expansion joints shall be installed as indicated on the plans.
 Unless otherwise specified by the SO, the premoulded filler, of the
 thickness as shown on the plans, shall extend for the full depth and width
 of the slab at the joint except for space for sealant at the top of the slab.
 The filler shall be securely staked or fastened into position perpendicular
 to the proposed finished surface. A metal cap shall be provided to protect
 the top edge of the filler and to permit the concrete to be placed and
 finished. After the concrete has been placed and struck off, the cap shall
 be carefully withdrawn leaving the space over the premoulded filler. The
 edges of the joint shall be finished and tooled while the concrete is still
 plastic.
 (d) Transverse Joints
 (i) Transverse expansion joints shall be installed at the locations and spacing
 as shown on the plans. The joints shall be installed at right angles to the
 centreline and perpendicular to the surface of the pavement. The joints
 shall be installed and finished to insure complete separation of the slabs.
 Expansion joints shall be of a premoulded type conforming to the
 specification. Unless otherwise specified by the SO, the premoulded
 filler shall extend for the full depth and width of the slab at the joint
 except for space for sealant at the top of the slab
 (ii) All devices used for the installation of expansion joints shall be approved
 by the SO. They shall be easily removable without disturbing the
 concrete and held in proper transverse and vertical alignment.
 Immediately after forms are removed, any concrete bridging the joint
 space at the ends shall be removed for the full width and depth of the
 joint.
 (iii) When specified, expansion joints shall be equipped with dowels of the
 dimensions and at the spacing and location indicated on the plans. The
 dowels shall be firmly supported in place and accurately aligned parallel
 to the subgrade and the centreline of the pavement by means of a dowel
 assembly which will remain in the pavement and will ensure that the
 dowels are not displaced during construction.
 (iv) Other types of load-transfer devices may be used, when approved by the
 SO.
 (v) Transverse contraction joints, weakened-plane joints, or both, shall be
 installed at the locations and spacing as shown on the plans. These joints
 shall be installed by forming a groove or cleft in the top of the slab while
 the concrete is still plastic or by sawing a groove into the concrete
 surface after the concrete has hardened. Dowel bar assemblies shall be
 installed, when required, as shown on the plans.
 (vi) Transverse construction joints shall be installed at the end of each day‘s
 placing operations and at any other points within a paving lane when
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 concrete placement is interrupted for more than 30 minutes or it appears
 that the concrete will obtain its initial set before fresh concrete arrives.
 When the installation of the joint can be planned in advance, it shall be
 located at a contraction or expansion joint. The joint shall not be allowed
 within 2.4 m of a regularly spaced transverse joint. If the pouring of the
 concrete has been stopped causing a joint to fall within this limit, it shall
 not be installed and the fresh placed concrete shall be removed back to
 the 2.4 m limit.
 17.4.26 Final Strike-off, Consolidation and Finishing
 (a) Sequence
 The sequence of operations shall be the strike-off and consolidation, floating
 and removal of laitance, straight-edging, and final surface finish. The addition
 of superficial water to the surface of the concrete to assist in finishing
 operations shall generally not be permitted. If the application of water to the
 surface is permitted, it shall be applied as a fog spray by means of approved
 spray equipment.
 (b) Finishing at Joints
 The concrete adjacent to joints shall be compacted or firmly placed without
 voids or segregation against the joint material; it shall be firmly placed without
 voids or segregation under and around all load transfer devices, joint assembly
 units, and other features designed to extend into the pavement. Concrete
 adjacent to joints shall be mechanically vibrated as required in 17.4.3(g). After
 the concrete has been placed and vibrated adjacent to the joints, the finishing
 machine shall be operated in a manner to avoid damage or misalignment of
 joints. If uninterrupted operations of the finishing machine to, over, and
 beyond the joints cause segregation of concrete, damage to or misalignment of
 the joints, the finishing machine shall be stopped when the screed is
 approximately 200 mm from the joint. Segregated concrete shall be removed
 from the front of and off the joint, the screed shall be lifted and set directly on
 top of the joint, and the forward motion of the finishing machine shall be
 resumed. Thereafter, the finishing machine may be run over the joint without
 lifting the screed, provided there is no segregated concrete immediately
 between the joint and the screed or on top of the joint.
 (c) Machine Finishing
 The concrete shall be spread as soon as it is placed, and it shall be struck off
 and screeded by an approved finishing machine. The machine shall go over
 each area as many times and at such intervals as necessary to give the proper
 consolidation and to leave a surface of uniform texture. Excessive operation
 over a given area shall be avoided. When side forms are used, the tops of the
 forms shall be kept clean by an effective device attached to the machine, and
 the travel of the machine on the forms shall be maintained true without lift,
 wobbling or other variation tending to affect the precision finish. During the
 first pass of the finishing machine, a uniform ridge of concrete shall be
 maintained ahead of the front screed for its entire length. When in operation,
 the screed shall be moved forward with a combined longitudinal and transverse
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 shearing motion, always moving in the direction in which the work is
 progressing, and so manipulated that neither end is raised from the side forms
 during the striking-off process. If necessary, this shall be repeated until the
 surface is of uniform texture, true to grade and cross section, and free from
 porous areas.
 (d) Hand Finishing
 Hand finishing shall not be permitted, except under the following conditions.
 In the event of breakdown of the mechanical equipment, hand methods may be
 used to finish the concrete already deposited on the grade, in areas of narrow
 widths or of irregular dimensions where operation of the mechanical
 equipment is impractical. Concrete, as soon as placed, shall be struck off and
 screeded. An approved portable screed shall be used. A second screed shall be
 provided for striking off the bottom layer of concrete when reinforcement is
 used.
 The screed for the surface shall be at least 500 mm longer than the maximum
 width of the slab to be struck off. It shall be of approved design, sufficiently
 rigid to retain its shape, and shall be constructed either of metal or of other
 suitable material covered with metal. Consolidation shall be attained by the use
 of a suitable vibrator.
 (e) Floating
 (i) After the concrete has been struck off and consolidated, it shall be further
 smoothened, trued and consolidated by means of a longitudinal float,
 using one of the following methods:
 (ii) The hand-operated longitudinal float shall not be less than 3 m in length
 and 150 mm in width, properly stiffened to prevent flexing and warping.
 The longitudinal float, operated from foot bridges resting on the side
 forms and spanning but not touching concrete, shall be worked with a
 sawing motion, while held in a floating position parallel to the pavement
 centreline and passing gradually from one side of the pavement to the
 other. Forward movement along the centreline of the pavement shall be in
 successive advances of not more than one-half the length of the float.
 Any excess water or soapy material shall be washed over the pavement
 edge on each pass.
 (iii) The Contractor may use a machine composed of a cutting and smoothing
 float, suspended from and guided by a rigid frame. The frame shall be
 carried by four or more visible wheels riding on and constantly in contact
 with the side forms or pavement subgrade. If necessary, longhandled
 floats having blades not less than 1.5 m in length and 150 mm in width
 may be used to smooth and fill in open-textured areas in the pavement.
 Long-handled floats shall not be used to float the entire surface of the
 pavement in lieu of the mechanical methods. When strike-off and
 consolidation are done by hand and the crown of the pavement will not
 permit the use of the longitudinal float. the surface shall be floated
 transversely by means of a long-handled float. Care shall be taken not to
 work the crown out of the pavement during the operation. After floating,
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 any excess water and laitance shall be removed from the surface of the
 pavement by a straight edge 3 m or more in length. Successive drags shall
 be lapped one- half the length of the blade
 (f) Straight Edge Testing and Surface Correction
 After the pavement has been struck off and consolidated and while the concrete
 is still plastic, it shall be tested for trueness with a 3 m straight edge. For this
 purpose, the Contractor shall furnish and use an accurate 3 m straight edge
 swung from handles 1 m longer than one-half the width of the slab. The
 straight edge shall be held in contact with the surface in successive positions
 parallel to the centreline and the whole area gone over from one side of the slab
 to the other as necessary. Advancing shall be in successive stages of not more
 than one-half the length of the straight edge. Any excess water and laitance
 shall be removed from the surface of the pavement. Any depressions shall be
 immediately filled with freshly mixed concrete, struck off, consolidated, and
 refinished. High areas shall be cut down and refinished. Special attention shall
 be given to assure that the surface across joints meets the requirements for
 smoothness. Straight edge testing and surface corrections shall continue until
 the entire surface is found to be free from observable departures from the
 straight edge and until the slab conforms to the grade and cross section. The
 use of long-handled wood floats shall be to a minimum; they may be used only
 in emergencies and in areas not accessible to finishing equipment
 17.4.27 Surface Texture
 The surface of the pavement shall be finished with either a broom or burlap drag
 finish for all newly constructed concrete pavements.
 (a) Brush or Broom Finish
 If the pavement surface texture is to be a type of brush or broom finish, it shall
 be applied when the water sheen has practically disappeared. The equipment
 shall operate transversely across the pavement surface, providing corrugations
 that are uniform in appearance and approximately 2 mm in depth. It is
 important that the texturing equipment does not tear or unduly roughen the
 pavement surface during the operation. Any imperfections resulting from the
 texturing operation shall be corrected.
 (b) Burlap Drag Finish
 If a burlap drag is used to texture the pavement surface, it shall be at least 500
 g/m2. To obtain a rough-textured surface the transverse threads of the burlap
 shall be removed approximately 300 mm from the trailing edge. A heavy
 buildup of grout on the burlap threads produces the desired wide sweeping
 longitudinal striations on the pavement surface. The corrugations shall be
 uniform in appearance and approximately 2 mm in depth.
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 17.4.28 Alignment and Surface Tolerances
 (a) Extreme care must be exercised in all phases of the operation to assure that the
 pavement will pass the specified tolerances. The following tolerances are
 applicable:
 (i) Lateral deviation from established alignment of the pavement edge shall
 not exceed ±30 mm in any lane.
 (ii) Vertical deviation from established grade shall not exceed ±6 mm at any
 point. However, the combination of permitted tolerances in different
 pavement levels shall not result in a reduction of the thickness of the
 concrete slab by more than 5 mm from that specified.
 (iii) Surface smoothness deviation shall not exceed 6 mm from a 3 m straight-
 edge placed in any direction including placement along and spanning any
 pavement joint or edge.
 (b) Where any specified tolerances are exceeded, the pavement section which is
 out of tolerance shall be removed and replaced at the Contractor‘s expense
 unless the SO directs otherwise. Any section so removed shall not be less than
 3 m in length or less than the full width of the lane involved. When it is
 necessary to remove and replace a section of pavement, any remaining portion
 of the slab adjacent to the joints that is less than 3 m in length shall also be
 removed and replaced.
 17.4.29 Curing
 Immediately after the finishing operations have been completed and marring of the
 concrete will not occur, the entire surface of the newly placed concrete shall be
 cured in accordance with one of the methods below. In all cases in which curing
 requires the use of water, the curing shall have prior right to all water supply or
 supplies. Failure to provide sufficient cover material of whatever kind the
 Contractor may elect to use, or lack of water to adequately take care of both curing
 and other requirements, shall be cause for immediate suspension of concreting
 operations. The concrete shall not be left exposed for more than half an hour during
 the curing period. The following are alternate approved methods for curing concrete
 pavements.
 (a) Impervious Membrane Method
 The entire surface of the pavement shall be sprayed uniformly with white
 pigmented curing compound immediately after the finishing of the surface and
 before the set of the concrete has taken place. The curing compound shall not
 be applied during rainfall. Curing compound shall be applied by mechanical
 sprayers under pressure at the rate of 4 litres to an area not more than 14 m2.
 The spraying equipment shall be of the fully atomising type equipped with a
 tank agitator. At the time of use, the compound shall be in a thoroughly mixed
 condition with the pigment uniformly dispersed throughout the vehicle. During
 application the compound shall be stirred continuously by effective mechanical
 means. Hand spraying of odd widths or shapes and concrete surfaces exposed
 by the removal of forms shall be permitted. Curing compound shall not be
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 applied to the inside faces of joints to be scaled, but approved means shall be
 used to insure proper curing for 72 hours. The curing compound shall be of
 such character that the film will harden within 30 minutes after application.
 Should the film become damaged from any cause within the required curing
 period, the damaged portions shall be repaired immediately with additional
 compound. Upon removal of side forms, the sides of the exposed slabs shall be
 protected immediately to provide a curing treatment equal to that provided for
 the surface.
 (b) Polyethylene Films
 The top surface and sides of the pavement shall be entirely covered with
 polyethylene sheeting. The units shall be lapped at least 450 mm. The sheeting
 shall be placed and weighed to cause it to remain in contact with the surface
 covered. The sheeting shall have dimensions that will extend at least twice the
 thickness of the pavement beyond the edges of the pavement. Unless otherwise
 specified by the SO, the sheeting shall be maintained in place for 72 hours after
 the concrete has been placed.
 (c) White Burlap-Polyethylene Sheets
 The surface of the pavement shall be entirely covered with the sheeting. The
 sheeting used shall be of such length (or width) that will extend at least twice
 the thickness of the pavement beyond the edges of the slab. The sheeting shall
 be placed and weighed to remain in contact with the surface covered, and the
 covering shall be maintained fully wetted and in position for 72 hours after the
 concrete has been placed.
 17.4.30 Removing Forms
 Unless otherwise specified by the SO, forms shall not be removed from freshly
 placed concrete until it has set for at least 12 hours, except where auxiliary forms
 are used temporarily in widened areas. Forms shall be removed carefully to avoid
 damage to the pavement. After the forms have been removed, the sides of the slab
 shall be cured as outlined in one of the methods indicated above. Major
 honeycombed areas shall be considered as defective work and shall be removed and
 replaced. Any area or section so removed shall not be less than 3 m in length or less
 than the full width of the lane involved. When it is necessary to remove and replace
 a section of pavement, any remaining portion of the slab adjacent, to the joints that
 is less than 3 m in length shall also be removed and replaced.
 17.4.31 Scaling Joints
 (a) Unless otherwise specified by the SO, the joints in the pavement shall be sealed
 immediately following the curing period or as soon thereafter as weather
 conditions permit, and before the pavement is opened to application of the
 sealing compound, the weather shall not be rainy or foggy.
 (b) All equipment necessary for the proper construction of this work shall be on the
 project and in first-class working condition. The equipment shall be as
 recommended by the manufacturer of the sealant and approved by the SO
 before construction is permitted to start.
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 17.4.32 Protection of Pavement
 The Contractor shall protect the pavement and its appurtenances against both public
 traffic and traffic caused by the Contractor‘s employees and agents. This shall
 include watchmen to direct traffic and the erection and maintenance of warning
 signs, lights, pavement bridges, or crossovers, etc. The plans or special provisions
 shall indicate the location and type of device or facility required to protect the work
 and provide adequately for traffic. Any damage to the pavement occurring prior to
 final acceptance shall be repaired or the pavement replaced at the Contractor‘s
 expense. In order that the concrete be properly protected against the effects of rain
 before the concrete is sufficiently hardened, the Contractor shall be required to have
 available at all time materials for the protection of the edges and surfaces of the
 unhardened concrete. Such protective materials shall consist of rolled polyethylene
 sheeting at least 0.1 mm thick of sufficient length and width to cover the plastic
 concrete slab and any edges. The sheeting may be mounted on either the paver or a
 separate movable bridge from which it can be unrolled without dragging over the
 plastic concrete surface. When rain appears imminent, all paving operations shall
 stop and all available personnel shall begin covering the surface of the unhardened
 concrete with the protective covering.
 17.4.33 Opening to Traffic
 The SO shall decide when the pavement shall be opened to traffic. The pavement
 shall not be opened to traffic until test specimens made from concrete placed in the
 pavement have attained a strength of not less than 90% of the specified 28-day
 strength when tested in accordance with BS 1881. If such tests are not conducted,
 the pavement shall not be opened to traffic until 14 days after the concrete was
 placed. Prior to opening to traffic, the pavement shall be cleaned.
 Trial Lanes
 17.4.34 The Contractor shall submit a detailed description of plant, equipment and method
 of construction to the SO for approval, and shall subsequently demonstrate the
 plant, equipment and method of construction by laying a trial lane, the length of
 which shall be decided by the SO but not more than 100 m. Unless otherwise
 specified by the SO, the first lane laid by the Contractor for the pavement will be
 regarded as the trial lane.
 17.4.35 For the trial lanes to be acceptable, the pavement in the trial lane shall comply with
 all the requirements of this Specification. In addition, the Contractor shall
 demonstrate that he can achieve the required degree of compaction so that there is
 no honeycombing in the pavement concrete.
 17.4.36 In order to check whether there are honeycombs in the pavement concrete, at least
 two cores shall be cut at locations selected by the SO. Core cutting shall not be
 carried out until 7 days after the placing of the pavement concrete.
 17.4.37 Should the first trial lane be rejected by the SO, the Contractor shall make
 adjustments to the method of construction, plant and equipment, and shall construct
 another trial lane for the approval of the SO. Any third and subsequent trial may be
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 necessary until such trial is approved. Trial lanes which are rejected shall be
 removed by the Contractor unless the SO permits otherwise.
 Field Control Tests and Acceptance Criteria
 17.4.38 Slump Test and Compacting Factor Test
 The workability of pavement quality concrete shall correspond to that of the
 accepted trial mix and shall be within the limits specified in Table 17.25. The
 Contractor shall in the presence of the SO, carry out slump test and compacting
 factor test on the concrete produced each day. Sampling of the concrete and
 determination of slump and compacting factor shall be in accordance with SS 78.
 The number, frequency and location of batches to be sampled shall be decided by
 the SO. If the workability of the concrete fails to meet the specified requirements,
 all the concrete in all the batches from which samples were taken (including any
 batches with the sequence which were not sampled) shall be rejected and removed
 from the site.
 17.4.39 Indirect Tensile Strength Test
 The strength of rigid road pavement shall be assessed using the indirect tensile
 strength test.
 (a) Test Specimens
 During the whole progress of concreting, test cylinders of 150 mm diameter x
 150 mm long shall be made in pairs at intervals, each pair being from a
 different batch of concrete. A total of not less than six pairs shall be made each
 concreting day. Test cylinders shall be prepared, cured and tested in accordance
 with BS 1881.
 (b) Acceptance Criteria
 (i) One of each pair of test cylinders shall be tested at the age of 28 days. If
 the average value of any four consecutive results of tests at the age of 28
 days is greater than or equal to 2.3 N/mm2, the required strength of the
 concrete shall be deemed to have been achieved. In the event of failure to
 comply with the strength requirement, all the concrete in all the batches
 represented by such specimens (including any batches within the
 sequence which were not sampled) shall be removed and replaced to
 specification or otherwise rectified to the satisfaction of the SO.
 (ii) The other cylinder of each pair shall be tested at the age of 7 days to
 provide an early indication of any changes in the quality of concrete
 being produced. If at any time the average value of four consecutive
 results of tests at the age of 7 days falls below 1.85 N/mm2, the cement
 content of the concrete shall, without extra payment, be increased by at
 least 15 kg/m3 of compacted concrete. The increased cement content shall
 be maintained unless otherwise instructed by the SO.

Page 270
                        

PAVEMENTS – FLEXIBLE AND RIGID
 257
 17.4.40 Flexural Strength Test
 The strength of rigid aircraft pavement shall be assessed using the flexural strength
 test.
 (a) Test Specimens
 (i) For every 200 m3 or part thereof of concrete produced each day, at least
 six test beams and six test cylinders or cubes shall be made from batches
 chosen by the SO. The test beam shall be 150 x 150 x 750 mm long and
 the test cylinder shall be 150 diameter x 300 mm long. If test cube is
 selected for use, it shall be a 150 mm cube. All the test specimens shall
 be made by the Contractor in the presence of the SO. As the test
 cylinders or cubes are required for compressive strength tests to
 determine the degree of correlation between the compressive strength
 and the flexural strength, the making of cylinders or cubes may be
 discontinued or resumed at the discretion of the SO. Test beams shall be
 prepared, cured and tested in accordance with BS 1881 whereas test
 cylinders or test cubes shall be prepared, cured and tested in accordance
 with SS 78.
 (ii) Two of the six beams and two of the cylinders or cubes shall be tested at
 the age of 7 days to provide an early indication of possible variation from
 the specified strength, and the remaining four beams and four cylinders
 or cubes shall be tested at the age of 28 days. Nevertheless, the testing at
 the age of 7 days for the two beams and two cylinders or cubes may be
 discontinued or resumed at the discretion of the SO. The average flexural
 strength of the four beams tested at the age of 28 days shall be used as
 the controlling criteria for acceptance, whereas the compressive strength
 of each of the four cylinders or cubes tested at the age of 28 days shall be
 used in the determination of the correlation between the compressive
 strength and the flexural strength.
 (iii) If, however, sufficient number of test beams and test cylinders or cubes
 have been made and tested, and the correlation between the compressive
 strength and the flexural strength has been established, the SO may direct
 the Contractor to carry out only compressive strength tests on the
 cylinders or cubes. The flexural strength of the pavement concrete shall
 then be obtained from the correlation between the compressive strength
 and the flexural strength established earlier.
 (b) Acceptance Criteria and Pay Factor
 The lot of 200 m3 or part thereof of concrete will be accepted without
 adjustment in payment if the average 28-day flexural strength, based on four
 consecutive tests on beams made from the lot. i.e. greater than or equal to the
 acceptance limit shown under the 1.00 pay factor in Table 17.28. If the
 average strength does not meet this limit, all the concrete in the lot shall be
 removed and replaced to specification. However, if in the judgement of the SO
 the sub-standard concrete will not affect the structural integrity of the
 pavement, the SO may allow the Contractor to leave the lot in place at a
 reduced payment determined in accordance with Table 17.28. The pay factor
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 for concrete which is allowed to remain in place when the flexural strength is
 below the 0.75 pay factor limit will be 0.50.
 TABLE 17.28 PAY FACTOR SCHEDULE FOR FLEXURAL
 STRENGTH AT 28 DAYS
 Pay Factor Acceptance Limits
 Average Flexural Strength (4 tests)
 1.00
 0.95
 0.85
 0.75
 greater than M + 0. 1 20R
 M to M + 0.1 15R
 M - 0.090R to M - 0.005R
 M - 0.170R to M - 0.095R
 where: M = Modulus of Rupture (specified 28-day flexural strength) of
 the pavement concrete
 R = the range of a sample of size N = 4; the difference between
 the largest and smallest test
 17.4.41 Deficiency in Pavement Thickness
 (a) Concrete shall be accepted for thickness on a lot basis. A lot shall consist of
 200 m3 and it shall not exceed a day‘s pour. One core shall be taken at random
 by the SO in each lot. When the measurement of the core from a lot is not
 deficient by more than 5 mm from the plan thickness, full payment shall be
 made. When such measurement is deficient by more than 5 mm and not more
 than 25 mm from the plan thickness, two additional cores shall be taken at
 random and used in determining the average thickness for that lot. An adjusted
 unit price, as provided in Table 17.29, shall be paid for the lot. The thickness
 of the pavement shall be determined by average caliper measurement of cores
 tested in accordance with ASTM Cl74.
 (b) In calculating the average thickness of the pavement, measurements which are
 in excess of the specified thickness by more than 5 mm shall be considered as
 the specified thickness plus 5 mm, and measurements which are less than the
 specified thickness by more than 25 mm shall not be included in the average.
 (c) When the measurement of any core is less than the specified thickness by more
 than 25 mm, the actual thickness of the pavement in this area shall be
 determined by taking additional cores at not less than 3 m intervals parallel to
 the centerline in each direction from the affected location, until in each
 direction a core is found which is not deficient by more than 25 mm. Areas
 found deficient in thickness by more than 25 mm shall be evaluated by the SO
 and, if the deficient areas warrant removal, they shall be removed and replaced
 with concrete of the thickness shown on the plans. Exploratory cores for
 deficient thickness shall not be used in average for adjusted unit price. Core
 holes shall be filled with non-shrink grout.
 (d) When the thickness of the pavement is deficient by more than 25 mm, and in
 the judgement of the SO, the area of such deficiency should not be removed
 and replaced, there shall be no payment for the area retained.
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 TABLE 17.29 PAY FACTOR SCHEDULE FOR DEFICIENCY
 IN PAVEMENT THICKNESS
 Pay Factor
 Deficiency in Thickness
 Determined by Cores
 (Average of 3 Tests), mm
 1.00
 0.80
 0.72
 0.68
 0.57
 0.50
 0 to 5
 5 to 8
 8 to 10
 10 to 13
 13 to 19
 19 to 25
 17.4.42 Responsibilities of the Contractor
 The Contractor shall be responsible for the following at his own expense:
 (a) Provide slump cones, compacting factor apparatus, and moulds of test beam
 and test cylinder or cube for use at construction site. These items of test
 equipment shall become the Contractor‘s property at the expiry of the Contract.
 (b) Determine slump and compacting factor of fresh concrete samples chosen from
 batches by SO in accordance with SS 78.
 (c) Make, cure and store test beams for flexural strength test in accordance with BS
 1881.
 (d) Make, cure and store test cylinders for indirect tensile strength test in
 accordance with BS 1881.
 (e) Make, cure and store test cylinders or cubes for cylinders or cubes for
 compressive strength test in accordance with SS 78.
 (f) Provide and maintain sufficient number of watertight curing tanks which can be
 locked up for safe storage and curing of test specimens. Each curing tank shall
 have a capacity for storing at least 40 test beams or 60 test cylinders or cubes.
 (g) Carry out core cutting in the rigid pavement as specified in this Specification
 and as directed by the SO.
 (h) Deliver test specimens, cored samples and samples of materials proposed for
 use in the work to the CPG Consultants Engineering Laboratory or other
 approved laboratories for testing as required by the SO. The Contractor shall
 pay testing fees for tests on concrete or materials which fail to meet the
 requirements of this Specification.
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 17.5 PAVEMENT MARKINGS
 Normal Pavement Marking
 17.5.1 Material
 (a) Pavement Marking Paint (Normal temperature application)
 All paints used for pavement marking shall be quickdrying, chlorinated rubber
 based and shall comply in all respects with the requirements specified in SS
 221. The material shall be white or yellow.
 TABLE 17.30 QUANTITATIVE REQUIREMENT OF PAINT
 Characteristic Requirement
 Minimum Maximum
 Pigment content, % by weight of paint
 Non-volatile matter, % by weight of
 paint
 Viscosity, Krebs unit
 Specific gravity
 Fineness of grind, microns
 ―No pick-up‖ drying time, mins
 Opacity (contrast ratio), %
 white
 yellow
 red
 40
 60
 70
 1.22
 70
 60
 50
 60
 80
 50
 15
 (b) Paint Quantitative Requirement
 The paint shall meet the quantitative requirements specified in Table 17.30.
 (c) Paint
 (i) Colour - The colour of yellow shall visually match with colour 356 of BS
 381C. However, by special arrangement between purchaser and vendor,
 paints of slightly different shades of the standard colour may be allowed
 (ii) Condition in container - The paint shall not show excessive settling in a
 freshly opened can containing the specified quantity and shall be easily
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 homogenised by simple stirring with a spatula. The paint shall be free
 from lumps, skin pieces and foreign matters.
 (iii) Brushing properties - The paint when applied at wet film thickness of 200
 microns on a glass panel shall brush and flow satisfactorily. The resultant
 dry film shall have a matt or eggshell appearance and shall be uniform
 and free from wrinkles and other surface imperfections.
 (iv) Spraying properties - The paint, when tested as in subclause 4.1.3 of SS
 221 shall spray satisfactorily in all respects, and shall show no running,
 sagging, streaking, or pronounced orange peel. The dried film shall show
 no seeding, floating, hazing or other film defects.
 (v) Skinning properties - The paint shall not skin within 48 hours in a three-
 quarter filled closed container.
 (vi) Flexibility and adhesion (Bend test) - A paint film as prepared and tested
 shall withstand bending without cracking or flaking and remain firmly
 adherent to the test panel, with no visible peeling off to be observed.
 (vii) Scratch resistance - A paint film as prepared and tested shall withstand
 test load of 750 g.
 (viii) Resistance to bleeding - When the paint film is prepared and tested, the
 degree of bleeding shall not be less than 4 when evaluated in accordance
 with the photographic reference standard of ASTM D868.
 (ix) Abrasion resistance - When the paint film is prepared and tested, shall not
 expose the underlying surface over all area 2.5 mm in diameter.
 (x) Dilution ability - The thinned paint shall be uniform and show no
 separation, curdling or precipitation after dilution in the proportion of 8
 parts of volume of paint with not more than 1 part by volume of the
 appropriate thinner recommended by the vendor.
 (xi) Resistance to water - When the paint film is prepared and tested, it shall
 show no wrinkling, blistering or loss of adhesion and not more than slight
 softening immediately after removal from the water. After 2 hours
 recovery, the film shall have regained its hardness and shall show no
 appreciable whitening.
 (xii) Packaging - The paint shall be supplied in a clean and dry container with
 the quantity as specified.
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 (xiii) Marking - The following information shall be legibly and durably marked
 on each container:
 Name of the paint
 Type
 Colour
 Name of the manufacturer and/or recognised trade mark
 Batch or code number
 Quantity
 (d) Statement of Characteristics
 The successful tenderer shall be required to submit a certified ―Statement of
 Characteristics‖ on the prescribed form provided. This statement shall be
 completed by the paint manufacturer whose paint the Contractor proposes to
 use in the works. This statement shall be used to make periodic assessment of
 the Contractor‘s paints as sampled from time to time and is for the strict
 confidential use of the SO. The information in the statement would not be
 revealed by the SO but will serve and assist in identifying and testing the paint
 samples taken during the execution of the works.
 17.5.2 Equipment
 (a) General
 Mechanisation in all aspects of painting of pavement line and pavement
 markings shall be compulsory under this Contract. Therefore, it shall be a
 prerequisite for the Contractor to own and make available the following
 equipment for use under the Contract.
 (b) Pavement Marking Machines
 (i) The apparatus shall be self-propelled and constructed so as to apply or
 spray paint under pressure in continuous uniformity to dimensions of the
 markings. It shall be equipped with devices for agitation of the paint
 while in operation.
 (ii) The apparatus shall be capable of adjustment to provide a uniform spray
 wet film thickness of between 200 to 500 microns and in this respect shall
 be automatically self-driven and be capable of travel at uniform speed. It
 shall be mobile and manoeuvrable to the extent that straight lines can be
 followed and regular curves be prescribed in a true arc. The apparatus
 shall have the capacity of selection of either automatic or manual skip
 marking operations preferably to four preset programmes. The apparatus
 shall also be capable of marking line widths varying from 100 mm to 600
 mm with extended facilities of applying paint to symbolic signs and
 messages using templates.
 (iii) The marking apparatus shall also be equipped with devices capable of
 applying glass beads ballotini in such a manner that the ballotini are
 dispersed almost instantly upon the freshly painted surface at a rate of
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 0.72 kg/litre of paint or at the recommended rate of the paint
 manufacturer. The ballotini depositor shall be synchronised with the cut
 off of the paint application control. The ballotini shall be applied with
 sufficient velocity to ensure retention in the surface of the paint.
 (c) Pavement Line Erasing Machine and Thermoplastic Erasing Machine
 The apparatus shall be mechanically propelled and be able to erase pavement
 lines uniformly in cold state.
 (d) Flow Cups and Wet Film Gauges
 All painting machines shall be provided with approved flow cups (ISO Flow
 Cup or Equivalent) for measuring the consistency or viscosity of the paint used
 and wet film gauges with a measuring range of 0 to 600 microns having an
 accuracy of 25 microns for the determination of the wet film thickness of paint
 laid. The Contractor shall also supply six aluminium plates 200 x 200 mm of
 15 SWG (1.83 mm) for the purpose of testing the thickness of the road line
 paint.
 17.5.3 Method of Application
 (a) All pavement line paints and pavement marking which include pedestrain
 crossing box junctions, continuous broken lines, numerals, bus zones, arrows,
 letterings, etc, must be fully mechanised and drawn or spray painted by
 pavement line painting machine. On no account shall paint be applied by
 brushes to pavement lines and markings and in the event that such lines and
 markings are drawn no payment shall be considered.
 (b) No painting shall be done on surfaces which are wet or damp from rain, dew or
 an other causes until they have been properly dried.
 17.5.4 Quality Control
 (a) Testing
 The test required by this Specification shall be carried out in accordance with
 the appropriate methods indicated in Table 17.31.
 (b) Sampling on Site
 The SO shall be permitted to take samples of reasonable quantity of any paint
 used in the works and despatch the same to PSB for testing. The Contractor
 shall be advised of the results of testing by PSB through the SO. The cost of all
 testing shall be borne by the Employer. If the paint tested fails to meet the
 approved requirements on the corresponding statement of characteristics, then
 all testing shall be borne by the Contractor. Further all works represented by
 the paint sample or the entire pavement painted on the same day where such
 paint was taken for testing shall be rejected and no payment shall be made for
 such paintings.
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 TABLE 17.31 TEST FOR NORMAL PAVEMENT MARKING
 Item Test Method of Test (refer
 to SS 5)
 i
 ii
 iii
 iv
 v
 vi
 vii
 viii
 ix
 x
 xi
 xii
 xiii
 xiv
 xv
 xvi
 xvii
 Non volatile matter
 Colour
 Flexibility and Adhesion (Bend test)
 Scratch resistance
 Condition in container
 Skimming properties
 Specific gravity
 Dilution stability
 Brushing properties
 Spraying properties
 Viscosity (Stormer viscosimeter)
 Fineness of grind
 Pigment content
 Opacity (Contrast ratio)
 ―No pick-up‖ drying time
 Resistance to bleeding
 Abrasion resistance
 Part 6
 Part 10
 Part 12
 Part 13
 Part 16
 Part 17
 Part 19
 Part 20
 Part 21
 Part 22
 Part 23A
 Part 24
 Part 26
 Part 29
 Part 39
 Part 40
 Part 41
 (c) Wet Film Thickness
 (i) All paints for pavement marking shall be supplied ready-mixed by the
 manufacturer and no thinning with any material to the already mixed
 paints shall be permitted.
 (ii) All paints for pavement marking shall be applied by apparatus approved
 by the SO to a wet film thickness of 375 microns subject to a tolerance of
 50 microns.
 (iii) The SO may request the Contractor to mark measurements with respect to
 the thickness of wet paint film measuring with the appropriate gauge. For
 this purpose, the Contractor shall supply at least five pieces of clean
 aluminium plates each of size 200 x 200 x 1.83 mm thick. The marking
 apparatus with set settings shall run over one plate and the wet film
 thickness measured expeditiously. If the paint fails to meet the wet film
 thickness requirement, then the paint and all works represented by the
 sample shall be rejected and no payment shall be made for such paintings.
 (d) Viscosity
 When determined on site with the ISO Flow Cup to DIN standards with a
 diameter of 4 mm, the time to empty the flow cup shall be from 60 to 70
 seconds. If the paint fails to meet this viscosity requirement, then the paint and
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 all works represented by the test shall be rejected and no payment shall be
 made for such paintings.
 (e) Adulteration
 (i) Under no circumstances shall any oil or spirit be added to the paint. All
 oil or spirit found in the possession of any painter or the presence on the
 site of any tins, drums, kegs or other containers marked with the name of
 a brand or material or manufacturer different from those which the SO
 has selected to be used as receptacles for brushes, as paint kettles, etc.
 shall be taken as evidence of adulteration.
 (ii) At any time during the actual painting the SO shall have the right to take
 samples of paint, or scrap or chip off actual painted work for the purpose
 of laboratory testing. Where paint has been found to be adulterated, or
 different from the original sample as tested under the Specification, the
 cost of testing shall be borne by the Contractor.
 (iii) If during the course of the work, any adulteration of paint is discovered
 the Contractor shall be required to erase off, and clean all the paint
 applied up to that time and to repaint same at his own expense.
 (iv) Before any paint is applied, the prepared surfaces must have been
 inspected and approved by the SO.
 (v) After a coat has been applied, the succeeding coat shall not be applied
 until the work has similarly been inspected and approved and not before
 24 hours have lapsed after the first application.
 (f) Maintenance Period
 (i) The Contractor is required to maintain all pavement lines and markings
 executed by him for three months. All paintings must have a durability
 period of three months and the degree of visibility shall not be decreased
 by more than 50% at any time during the maintenance period.
 (ii) If the painting has faded below 50% visibility and the paint fails to meet
 the stipulated requirements, the Contractor shall at his own expense,
 repaint the entire works to the satisfaction of the SO.
 (iii) The decision of the SO in determining the 50% visibility is final and
 binding.
 Thermoplastic Pavement Marking
 17.5.5 Material
 (a) Thermoplastic Material
 (i) The thermoplastic material to be used under this Specification shall
 comply generally with BS 3262. The material shall be able to resist
 damage caused by the spillage of petroleum on the road. The material
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 shall be tough, durable. elastic and of heavy duty product formulated to
 adhere excellently to pavement of all descriptions and to provide superior
 resistance to abrasion. The material shall be able to withstand the ravages
 of traffic impacts, staling and flaking.
 (ii) The thermoplastic material shall be of white and yellow thermoplastic
 materials which are melted and applied hot to roads, by screeded or
 sprayed application, as thin superimposed markings for centre lines, edge
 lines, pedestrian crossing stripes and the like; it shall not apply to
 thermoplastic materials intended to be inset into the road surface. The
 material shall consist of a light coloured aggregate, pigment and
 extender, bound together with a thermoplastic resin, plasticized as
 necessary. Reflectorization with solid glass beads of a suitable grading
 may be used to improve the visibility of road markings at night.
 (b) Aggregate
 The aggregate shall consist of light coloured silica sand, calcite, quartz and
 calcined flint.
 (c) Pigment
 (i) White material shall be titanium dioxide complying with the requirements
 of Type A (anatese) or Type R (rutile) of BS 1851.
 (ii) Yellow material shall consist of sufficient yellow pigment or lead
 chromate of sufficient heat stability when heated to temperature of 200ºC
 to substitute part or all of the titanium dioxide.
 (d) Extender
 The extender shall be whiting (calcium carbonate prepared from natural chalk)
 complying with BS 1795.
 (e) Binder
 Binder shall consist of synthetic hydrocarbon resin plasticized with mineral oil.
 Gum or wood resin shall be used only at the approval of the SO.
 (f) Solid Glass Beads
 (i) The reflectorization shall be done by solid glass bead, of which the
 following classes shall be appropriate for use:
 Class Application
 A
 B
 Incorporation in thermoplastic pavement marking compounds.
 Surface applied for thermoplastic pavement marking
 compounds and pavement marking paints.
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 (ii) The solid glass bead shall be made from soda glass and not less than 70%
 by mass shall be of transparent glass, reasonably spherical and free from
 flaws. The gradation and defective requirements are indicated in Table
 17.32 and Table 17.33.
 (iii) The solid glass bead used shall be of the qualities given in Table 17.34.
 (g) Composition of Mixture
 (i) The proportions of the constituents of the mixed materials shall comply
 with the requirements of Table 17.35.
 (ii) The grading of the combined aggregates. pigment, extender and solid
 glass beads as found on analysis shall comply with the requirements of
 Table 17.36.
 TABLE 17.32 CLASS A GLASS BEADS: PARTICLE SIZE
 DISTRIBUTION, ROUNDNESS AND DEFECTS
 Sieve
 % retained
 Minimum % spherical
 beads by mass tested in
 accordance with Appendix
 C of BS 3262
 Maximum % of
 defective beads as
 tested in accordance
 with Appendix D of
 BS 3262
 1.18 mm
 850 µm
 425 µm
 0 to 3
 0 to 10
 90 to 100
 70
 30
 TABLE 17.33 CLASS B GLASS BEADS: PARTICLE SIZE
 DISTRIBUTION ROUNDNESS AND DEFECTS
 Sieve
 % retained
 Minimum % spherical
 beads by microscope
 tested in accordance
 with Appendix D of BS
 3262
 Minimum % of
 defective beads by
 microscope tested in
 accordance with
 Appendix D of BS 3262
 850µm
 600 µm
 300 µm
 180 µm
 Below
 180 µm
 0 to 5 )
 5 to 20 )
 30 to 75 )
 10 to 30 )
 0 to 15 )
 80
 20
 NOTE: These glass beads may be applied by either gravity feed or air assisted feed and may
 have a moisture proof coating or a flotation coating. Flotation coatings are most useful for
 paint applications
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 TABLE 17.34 SOLID GLASS BEAD CHEMICAL COMPOSITION
 Chemical Composition Requirement
 Silicon dioxide SiO2
 Calcium oxide CaO )
 Magnesium oxide MgO )
 Sodium oxide Na2O )
 Potassium oxide K2O )
 Aluminium oxide Al2O3 )
 Ferric oxide Fe2O3 )
 not less than 70%
 together not less than 8%
 together not more than 18%
 TABLE 17.35 COMPOSITION OF MIXTURE
 Item Constituent % by mass of total mixture
 Minimum Maximum
 1
 2
 3
 Binder (resin and oil)
 Solid glass beads
 Aggregate, pigment, extender
 and solid glass beads*
 18
 20+
 78
 22
 -
 82
 * Where specified
 + 20% will be maintained even in the case of material to which solid glass beads are to be
 applied by pressure application.
 TABLE 17.36 SIEVE REQUIREMENT
 Sieve Size % by mass passing
 2.80 mm 100
 600 microns 75 - 95
 17.5.5 Equipment
 Mechanisation in all aspects of painting of road lines and carriageway markings is
 compulsory. Therefore it shall be a pre-requisite for the Contractor to own and
 make available the following equipment for use under the Contract..
 (a) Carriageway Marking Machine
 (i) The equipment shall be self propelled and constructed so as to apply
 thermoplastic using screed/spray method. It shall be equipped with
 devices to provide uniform heating, continuous mixing and agitation of
 the material with solid glass beads while in operation.
 (ii) The equipment shall be capable of adjustment to insure continuous
 uniformity in the dimensions of the stripe. It shall be mobile and
 manoeuvrable to the extent that straight lines can he followed and regular
 curves can be prescribed in a true arc. It shall provide a means of clean

Page 282
                        

PAVEMENTS – FLEXIBLE AND RIGID
 269
 cutting-off square stripe ends upon the installed line. The finished lines
 shall have well defined edges and be free of waviness.
 (iii) The marking equipment shall also be equipped with devices capable of
 applying solid glass beads in such a manner that the solid glass beads are
 dispensed almost instantaneously upon the freshly painted surface. The
 solid glass beads depositor shall be synchronised with the cut-off of the
 paint application control. The solid glass beads shall be applied with
 sufficient velocity to ensure retention in the surface of the paint.
 (iv) A special inciting kettle shall be provided for heating, melting and mixing
 of the thermoplastic material. The kettle must be equipped with a correct
 thermometer so as to provide positive temperature control and prevent
 overheating of the thermoplastic material.
 (b) Roadline Erasing Machine
 The apparatus shall be mechanically propelled and be able to erase pavement
 lines uniformly in the cold state.
 17.5.6 Application Technique
 (a) Preparation of Site
 (i) The pavement surface shall be clean and absolutely dry before markings
 are placed over. The pavement surface shall be swept by a handsweeper,
 and any damp spot or grease stain must be burned off with a gas burner.
 (ii) An approved adhesive primer coat shall be applied at the rate of 200 g/m2
 on old polished surfaces of bituminous pavement, existing pavement
 markings and on concrete before the markings are applied to ensure
 optimum adhesion.
 (iii) The thermoplastic material shall not be laid over loose debris, mud or
 extraneous matter or over old flaking markings of pavement line paint or
 thermoplastic material.
 (b) Preparation of Material on Site
 To avoid discoloration and embrittlement of the material due to heating at a
 temperature in excess of that laid down by the manufacturer, the thermoplastic
 material shall be heated in sufficient quantities in a heater flitted with a
 mechanical stirrer. Once molten, the material shall be laid on expeditiously. It
 shall not remain in a molten state for more than 6 hours for hydrocarbon resins
 or 4 hours for wood or gum resins and shall not at any time be heated above the
 manufacturer‘s declared safe heating temperature.
 (c) Laying of Thermoplastic Material
 (i) The application of the material to the pavement shall be by machines
 using the screed/spraying method. The Contractor shall equip his
 machine with various sizes of shoes or to employ a range of machines
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 that would enable him to mark the required lines in one pass. The
 materials shall be laid within the temperature range specified by the
 manufacturer. The thermoplastic markings shall be uniform in texture and
 thickness and free from blisters, bubbles and streaks. The finished lines
 shall be sharp and free of ragged edges.
 (ii) Templates shall be used for marking of arrows and lettering.
 (iii) The thermoplastic material shall be applied at the specified thickness
 excluding surface applied solid glass bead or otherwise specified.
 (iv) The Contractor shall be responsible for pavement surface preparation to
 ensure satisfactory adhesion of the thermoplastic material.
 (v) The material shall have minimum 20% (by weight) of solid glass beads
 incorporated in the thermoplastic as specified in the composition of
 mixture.
 (vi) To achieve immediate reflection, a further quantity of glass beads shall be
 sprayed onto the hot material at the time of application. The beads shall
 be applied by gravity at the rate of approximately 300 ± 50 g/m2,
 immediately after the thermoplastic material has been deposited on the
 pavement but before it has hardened so as to ensure retention on the
 surface of the line. The solid glass beads so applied shall give uniform
 cover and immediate reflectivity over the whole surface of the marking.
 (d) Thickness
 Unless otherwise specified by the SO, the material shall be laid to the
 following thickness:
 (i) For synthetic hydrocarbon resin binder:
 Screed lines - not less than 2 mm or more than 5 mm.
 Sprayed lines other than yellow - not less than 1.5 mm.
 Sprayed yellow edge lines (no waiting etc.) - not less than 0.8 mm.
 (ii) For gum or wood resin binder:
 The minimum thicknesses specified are exclusive of surface applied solid
 glass beads. The method of thickness measurement shall be in accordance
 with Appendix H of BS 3262.
 17.5.7 Quality Control
 (a) Tenderers shall at the time of tendering present the proposed grading of the
 glass beads, aggregates and samples of the following materials intended for use
 in this Specification to an approved Highway Authority Material and Research
 Laboratory for test. The Authority testing the material may be the same country
 where the product is manufactured. Details of testing requirements and the test
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 methods shall conform to BS 3262 of a method and standard acceptable to the
 SO.
 (b) The Contractor shall be advised of the results of testing by PSB through the
 SO. The cost of all testing shall be borne by the Employer. If the paint tested
 fails to meet the approved requirements, then testing shall be borne by the
 Contractor. Furthermore, all works represented by the paint sample shall be
 rejected and no payment shall be made for such paintings.
 17.5.8 Warranty of Material Quality
 (a) The thermoplastic pavement marking material furnished and installed basing on
 this Specification shall be guaranteed by the Contractor against failure due to
 poor adhesion resulting from defective materials or method of application for a
 period of 12 months in conjunction with the Defects Liability Period.
 (b) The Contractor shall submit certificates of the test reports of the samples to the
 SO for consideration.
 TABLE 17.37 TEST METHODS
 Item Test Method of Test BS 3262
 i Softening Point Appendix C
 ii Colour Luminance Appendix D
 iii Heat Stability Appendix E
 iv Flow Resistance Appendix F
 v Skid Resistance Appendix G
 vi Thickness Appendix H
 vii Abrasive Resistance Appendix K
 (i) Sampling
 The SO may establish that the material complies with this
 Specification at these stages:
 at the manufacturer‘s plant or upon delivery from the
 manufacturer, and
 after it has been remelted by the pavement application contractor.
 From any consignment or batch at the manufacturer‘s depot or
 received from the manufacturer, three containers shall be selected at
 random. The materials from all three shall be broken up and, from
 visual examination, shall be uniform in texture and colour. A portion
 of not less than 2 kg shall be taken from the material near the centre of
 each of the three containers and these portions shall then be combined
 in a clean container clearly labelled with the relevant details, e.g.
 supplier, batch number, type and date. Heat shall not be applied at any
 stage of the sampling process.
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 Three portions each of not less than 2 kg shall be taken from the outlet
 of the laying apparatus at agreed intervals during application of the
 marking material. The first and last 5% of the charge shall not be used.
 Where the material is being screeded by hand the portions may be
 taken from the outlet of the melter. The portions shall be combined in
 a clean container clearly labelled with the relevant details, e.g.
 contractor, type of material, site and date. No heat shall be applied at
 any stage of the sampling process once the material has issued from
 the inciting or laying apparatus.
 (ii) Testing
 All material properties and their related test methods shall as far as
 practicable conform to BS 3262 as indicated in Table 17.37, unless
 otherwise stated or approved by the SO.
 Testing will be carried out by PSB or an approved Highway Authority
 Testing Laboratory to be selected by the SO whose decision shall be
 final.
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 18.1 SETTING OUT SURVEY AND LEVELLING
 18.1.1 The Contractor shall employ a licensed surveyor throughout the contract period for the
 setting out and levelling of the horizontal and vertical alignments, and all other
 ancillary works as shown on the drawings.
 18.1.2 All setting out works shall be demarcated on site by masonry nails or wooden pegs at
 30 m intervals along the straight and 5 - 30 m intervals along the curves in accordance
 with Table 18.1.
 TABLE 18.1 CHORD INTERVALS FOR SETTING OUT CURVES
 Radius of curve Chord Intervals
 R < 600 m
 600 m < R < 900 m
 900 m < R < 1800 m
 1800 m < R
 5 m
 10m
 15 m
 30m
 18.1.3 Tangent points of curves shall also be demarcated if they fall within the
 demarcating intervals. Reference pegs indicating the chainages and reduced levels
 of the corresponding stations shall be driven alongside the demarcating pegs.
 18.1.4 The setting out plan as marked out on site shall be endorsed by the licensed
 surveyor and submitted to the SO. The works of the licensed surveyor shall include
 setting out the following:
 (a) the centreline of the road reserve/ pavement
 (b) the limits of the road reserve
 (c) the inner edge and outer edge of all sliproads
 (d) the positions of culverts, bridges/underpasses and all structures
 (e) all drainworks
 (f) kerblines of carriageway
 18.1.5 The Contractor shall submit to the SO a set of tracings, forming part of the ―as
 constructed drawings‖ after the completion of the works. The ―as constructed
 drawings‖ shall be certified as correct by a licensed surveyor or a Professional
 Engineer as appropriate.
 18.2 MATERIALS FOR DEMARCATION
 18.2.1 For demarcation in existing road surface or hard surface, 4 mm diameter masonry
 nail of length not less than 100 mm shall be used and driven flush with the road
 surface or hard surface. The top surface shall be painted with a circle in accordance
 with the colour codes set out in Table 18.2.
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 18.2.2 For demarcation on other grounds, durable wooden pegs of not less than 50 mm
 diameter and 600 mm long shall be used and be driven 300 mm into the ground and
 embedded in concrete foundation. Other means of securing the pegs in position may
 be used subject to the approval of the SO.
 18.3 COLOUR CODES FOR DEMARCATION
 Unless otherwise approved by the SO, all protruding stems of wooden pegs shall be painted
 shown in Table 18.2.
 TABLE 18.2 COLOUR CODES FOR DEMARCATION
 Nature of Peg Colour
 Centreline
 Kerbline
 Road Reserve
 Reference peg
 Intersection point
 Yellow
 Yellow and White
 Orange
 White
 Red
 18.4 HORIZONTAL ALIGNMENT
 Horizontal alignments shall be determined as shown on the setting out plans. Edges of
 carriageways (kerblines), unless otherwise indicated, shall be set out by constant offsets from
 a reference line (centre or inner edge lines) as shown on the drawings. The edges of the
 carriageways as constructed shall be correct within a tolerance of ±25 mm. The setting-out of
 the horizontal alignment shall have a minimum accuracy of 1 in 5000.
 18.5 SURFACE LEVELS
 18.5.1 The levels of pavement courses shall be determined from the true finished pavement
 surface, which unless otherwise stated, shall be the surface of the wearing course
 for flexible pavement, calculated from the carriageway vertical profile and cross-
 falls as shown on the drawings. The depth of the constructed pavement courses/
 formation at any point below the true pavement surface shall be within the
 appropriate tolerances stated in Table 18.3.
 TABLE 18.3 SURFACE TOLERANCES
 Asphaltic Base Course Roadbase Sub-base Formation
 ±5 mm ±15 mm ±20 mm ±25 mm
 18.5.2 The surface level of the laid wearing course shall not deviate vertically at any point
 from the true pavement surface by more than ±5 mm. However, for flexible
 pavements, negative tolerance shall not be permitted in conjunction with the
 positive permitted tolerance for the surface of the base course if the thickness of the
 wearing course is thereby reduced by more than 10 mm.
 18.5.3 For checking compliance with Table 18.3, measurements of surface levels shall be
 taken at a grid of points at 30 m centres longitudinally, 10 m centres on curves and
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 3 m centres transversely starting 1 m from the edge of the pavement. In any length
 of pavement represented by the grid, compliance with the requirements of Table
 18.3 shall be deemed to be met when not more than 1 measurement in 10 exceeds
 the tolerance permitted in Table 18.3.
 18 6 SURFACE REGULARITY
 18.6.1 The longitudinal regularity of the surfaces of wearing course and base course shall
 be within the relevant tolerances stated in Table 18.4. An irregularity is a variation
 in the profile of the road surface as measured by a 3 m long rolling straight edge or
 equivalent instruments. No irregularity exceeding 10 mm shall be permitted.
 TABLE 18.4 MAXIMUM PERMITTED NUMBER OF SURFACE IRREGULARITIES
 a) Flexible wearing course a) Flexible base course
 b) Concrete carriageway b) Hard shoulder, lay-by
 Irregularity exceeding 3mm 6mm 3mm 6mm
 Traverse length 300 m 75 m 300 m 75 m 300 m 75 m 300 m 75 m
 Expressways, major arterials,
 secondary distributors
 20 9 2 1 40 18 4 2
 Local access roads 40 18 4 1 66 27 6 3
 18.6.2 Compliance with Table 18.4 shall be tested by a rolling straight edge, of the type
 designed by the Transport and Road Research Laboratory, United Kingdom or
 equivalent instrument operated parallel to the centreline of the carriageway and 1.2
 m from the nearside edge of each lane of the carriageway. The Contractor shall
 provide the rolling straight edge or equivalent instrument as and when required by
 the SO.
 18.6.3 The traverse length of 300 m and its associated numbers of irregularities shall apply
 whenever the continuous length of completed carriageway is 300 m or more,
 whether or not it is constructed in shorter lengths.
 18.6.4 For surfaces of wearing course and base course, the surface shall be tested where
 necessary, at points decided by the SO with a straight edge of 3 m length placed
 parallel with or at right angles to the centreline of the road. The maximum
 allowable deviation of the surface below the straight edge shall be:
 (a) for pavement surfacing…..… 5 mm
 (b) for base course surfacing……10 mm
 18.7 RECTIFICATION
 18.7.1 Where any tolerance is exceeded, the Contractor shall determine the full extent of
 the area which is out of tolerance and shall make good the surface of the pavement
 course.
 Formation or Subgrade Level
 18.7.2 If the surface is too high it shall be re-trimmed and re-compacted in accordance
 with 18.6. If the surface is too low the deficiency shall be corrected by the addition
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 of fresh suitable material of the same classification laid and compacted to this
 Specification.
 Roadbases and Sub-bases
 18.7.3 Where these consist of unbound material, the top layer shall be scarified and
 reshaped with added materials as necessary and re-compacted all to this
 Specification or any other approved means of rectification as approved by the SO.
 The area treated shall normally not be less than 30 m long and 2 m wide or such less
 length to be determined by the SO as necessary to obtain compliance with this
 Specification. Where the courses consist of cement treated material, except concrete
 slabs, the method of correction shall depend on the period which has elapsed
 between detection of the error and the time of mixing, of the material. If this is less
 than 2 hours, the surface shall be scarified to a depth of not less than 50 mm,
 supplemented with freshly mixed material as necessary and re-compacted all to this
 Specification.
 18.7.4 If the period is 2 hours or more, the full depth of the layer shall be removed from
 the pavement and replaced to this Specification. In either case the area treated shall
 not be less than 5 m long and 2 m wide. For areas corrected within 7 days of laying,
 no construction traffic or compaction plant shall use the surrounding satisfactory
 areas.
 18.7.5 Coated macadam or asphalt roadbases shall have the full depth of the top layer
 removed and replaced with fresh material laid and compacted to this Specification.
 Any area so treated shall be at least 5 m long and not less than one lane wide.
 18.7.6 The Contractor may, at his own expense, make up low areas with the material of the
 layer immediately above the one being rectified, but within the limits of 18.6.
 Base Course and Wearing Course
 18.7.7 These shall have the full depth of the layer removed and replaced with fresh
 material laid and compacted.
 18.7.8 For rectification of the surface level of base course or wearing course, the area
 rectified shall be at least 5 m or 15 m long respectively and not less than one lane
 wide.
 18.8 USE OF SURFACES BY VEHICULAR TRAFFIC
 Construction Traffic on Pavement Under Construction
 18.8.1 Construction traffic used on pavements under construction shall be suitable in
 relation to the thickness of the pavement courses it traverses so that damage is not
 caused to the subgrade or the material already laid. The tyres or tracks of plant
 moving over the various pavement courses shall be kept free from deleterious
 materials. Restrictions on use are as follows:
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 (a) On Lean Concrete or Other Cement Treated Layer
 No construction traffic shall be permitted until the curing period for the
 material has expired.
 (b) On Concrete Slabs
 No construction traffic shall be permitted until all joints and grooves have been
 temporarily sealed and for a minimum period of 7 days after completion.
 (c) On Bituminous Base Course Materials
 Construction traffic is permitted on bituminous base course materials only 3
 hours after laying. The base course, however, shall be kept clean and
 uncontaminated.
 Normal Traffic on Pavement Under Construction
 18.8.2 Restrictions on use are:
 (a) On Lean Concrete or Other Cement Treated Layer
 As for construction traffic.
 (b) Concrete Slabs - Ordinary Portland Cement
 Vehicular traffic is permitted when the concrete compressive strength exceeds
 24 N/mm2 or 7 days, whichever is greater.
 (c) Concrete Slabs - Rapid Hardening Cement
 Vehicular traffic is permitted when the concrete compressive strength exceeds
 24 N/mm2 or 3 days whichever is greater.
 (d) Bituminous Base Course
 Vehicular traffic is permitted 9 hours after initial laying of the bituminous base
 course. This may be reduced with the approval of the SO but it must not be less
 than 3 hours.
 Responsibility of the Contractor
 18.8.3 The Contractor shall be responsible for rectifying all defects in the pavement, even
 after the road has been opened to both construction and normal traffic with the
 approval of the SO, until the expiry of the defects liability period.
 18.9 SERVICES TO BE COMPLETED
 Before any work on any pavement commences, all work under the relevant sections of
 pavement shall be completed including backfilling and reinstatement as may be required by
 the SO.
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 18.10 KERB EXTRUSION MACHINE
 18.10.1 Before the kerb extrusion machine is used, the Contractor shall lay a test section of
 not less than 15 m long for the approval of the SO.
 18.10.2 Concrete used shall be Grade 20 concrete and shall be of such a consistency that
 after extrusion it will maintain the shape of the kerb section without support. It shall
 contain the maximum amount of water which can achieve the result.
 18.10.3 The grade line for the top of the kerb shall be indicated by offset guide lines set by
 the Contractor. The forming tube portion of the extrusion machine shall be readily
 adjustable vertically during the forward motion of the machine to provide whenever
 necessary a variable height and shall be attached to the machine in such a manner
 that a continuous comparison can be made between the kerb being placed and
 established kerb grade as indicated by the offset guide line.
 18.10.4 Concrete shall be fed to the machine at a uniform rate. The machine shall be
 operated under sufficient uniform restrain to the forward motion to produce a well
 compacted mass of concrete free from surface pitting larger than 5 mm in diameter.
 18.10.5 The kerb shall be rendered to produce a surface finish as specified in Section 5 -
 Concrete Work and must be to the complete satisfaction of the SO. Joints shall be
 constructed at regular intervals not exceeding 60 m.
 18.11 UTILITY SERVICES
 Utility Services Information
 18.11.1 Details of existing utility services and installations within the project site are shown
 on the drawings. These have been prepared from information provided by the
 respective services providers but neither Employer nor its agents accept any
 responsibility whatsoever for the accuracy of the drawings or for the information
 contained therein and the Contractor shall make such further enquiries and
 investigation as are required.
 Location of Utility Services
 18.11.2 Electronic Detectors
 Before excavation is carried out on site the Contractor shall carry out full and
 adequate preliminary investigations to locate utility services by using electronic
 detectors. The Contractor shall provide electronic detectors as approved by the SO
 at his own cost.
 18.11.3 Trial Trenches
 The Contractor shall confirm the exact locations of all services by manually digging
 trial trenches across the lines of the services. After the trial trenches have been dug,
 the Contractor shall use the electronic detector again, this time at the bottom of the
 trench.
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 Care of Utility Services
 18.11.4 Avoid Damage to Utility Services
 The Contractor shall exercise the greatest care during the progress of work to avoid
 damage to or interference with any utility services within the limits of the site and
 shall be responsible for any such damage caused by him or his agents directly or
 arising indirectly from anything done or omitted to be done.
 18.11.5 Manual Excavation
 If, in the SO‘s opinion, damage may be caused by the operation of mechanical plant
 over or adjacent to any utility services, the Contractor shall be required to excavate
 manually in the vicinity. The Contract Sum shall allow for such manual excavation.
 18.11.6 Utility Services Exposed
 (a) Should any cables, ducts and/or cover slabs (identification markers) be
 exposed, the Contractor shall inform the SO and contact the respective services
 providers to determine if all the services had been located.
 (b) The Contractor must not attempt to shift the cables or ducts and must not
 remove any cover slab (identification markers) without the permission of the
 SO and respective services providers.
 (c) The Contractor shall carry out all temporary works necessary to adequately
 support and protect such services, at his own cost.
 18.11.7 Protection of Traffic Lights
 The Contractor shall be responsible for the safe-keeping and protection of any
 controllers, cables or other equipment connected with traffic light installations
 within the site. The installation, maintenance, removal and resiting of permanent
 traffic light installations shall be undertaken by the Employer or its agents.
 Costs of Investigations
 The costs of all investigations required in 18.11.1 to 18.11.3 shall be borne by the
 Contractor.
 Diversion of Utility Services
 18.11.8 Where alterations to or diversions of services are necessitated by the works, the
 Contractor shall suspend all adjacent works until such alterations/ diversions have
 been completed.
 18.11.9 Alterations/diversions of utility services can only be carried out by the respective
 services providers. The Contractor shall therefore maintain a close liaison with the
 services providers to ensure that his programme is not delayed unnecessarily. The
 Contractor shall allow for such contingency in his tender price.
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 18.11.10 To minimise the delay, the Contractor shall be required to assist in the diversion of
 existing utility services. As and when directed by the SO, the Contractor or his
 agents shall excavate trenches, prepare beddings and reinstate the trenches to the
 satisfaction of the SO and respective services providers. No trenches shall be
 covered up without the permission of the SO and the respective services providers.
 18.11.11 The Contractor shall also be responsible for the maintenance of such trenches
 reinstated by him or his agents until the expiry of the defects liability period.
 18.11.12 The Contractor shall be reimbursed for such trenching, preparation of beddings,
 reinstatement and maintenance as stated above according to the Conditions of
 Contract, unless otherwise provided for.
 Trenching -Generally
 18.11.13 All utility services trenches shall be located on sidetable (except road crossings as
 mentioned in 18.11.5) at a minimum distance of 500 m away from the edge/kerb of
 the carriageway unless otherwise directed by the SO.
 18.11.14 All trenches shall have dimensions such that the top of the services or identification
 slabs if such exist, shall not be less than 1 m below the level of the nearer edge of
 carriageway. When the reduced levels of any trench are indicated on the drawings
 or directed by the SO, the depth shall be excavated within the tolerance of ±50 mm.
 18.11.15 Trenches shall be excavated in a manner as described in Section 4 - Earthwork.
 Vertical faces shall be upheld by adequate means when necessary or as directed by
 the SO.
 18.11.16 Sufficient warning signs, flashing beacons, barricades and the like shall be placed in
 accordance with the rules and regulations of the LTA. No trench shall be left
 unattended at any time. The Contractor shall ensure that there is no ponding of
 water in the trench at all times. Adequate implements for dewatering must be made
 readily available when required by the SO.
 Trenching in Existing Carriageway
 18.11.17 The Contractor shall comply with all the requirements and obtain the necessary
 permit from the LTA for every proposed trenching in existing carriageway.
 18.11.18 He shall submit a works programme and propose the method of trenching in
 existing carriageway for the prior approval of the SO.
 18.11.19 Trenching shall be conducted in a manner so that disruption to the existing flow of
 traffic can be minimised. If necessary, the SO may direct that the works be carried
 out within a certain period of time.
 18.11.20 All trenches in existing carriageway shall be covered up when left unattended,
 unless otherwise permitted by the SO. The Contractor shall obtain the prior
 approval from the SO on the methods of covering.
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 Preparation of Bedding
 18.11.21 The bottom of the service trench shall be trimmed level and smooth without stones
 or hard lumps. When soil is such that trimming is difficult, a layer of unwashed
 sand 75 mm thick, shall be laid on the bottom of the trench.
 Reinstatement of Trenches
 18.11.22 All trenches shall be backfilled immediately upon completion of installation of
 services mains, pipelines or cables.
 18.11.23 The trench shall first be filled with unwashed sand, well consolidated to a level 150
 mm above the services mains, pipelines or cables.
 18.11.24 The second stage of earth filling shall consist of special filling material as specified
 in Section 4 - Earthwork. For trenches in sidetable, the original excavated material
 may be used subject to the approval of the SO.
 18.11.25 Backfilling shall be compacted in layers to the formation level in accordance with
 the requirements as specified in Section 4 - Earthwork.
 18.11.26 Road sub-base and base courses shall be constructed in a manner as specified in
 Section 17 Pavements - Flexible and Rigid. Existing surfacing course of minimum
 width 150 mm next to the trench shall be cut square and to a depth of 125 mm prior
 to laying the surfacing course on trench.
 18.11.27 The Contractor shall carry out routine checks on the reinstated trench. He shall
 promptly provide all necessary labour, plant and materials to repair any defective
 reinstated trench to the satisfaction of the SO. If the reinstatement is not satisfactory
 and the SO deems necessary, the Contractor shall excavate the defective reinstated
 trench and reinstate with selected materials all at no extra cost to the Employer.
 18.12 COMPLIANCE WITH LAND TRANSPORT AUTHORITY
 Roadworks shall be carried out in compliance with the requirements of the LTA. These shall
 include road furniture such as bus shelters, vehicles impact guard rails. Traffic arrangement
 shall also comply with the latest rules and regulations from the LTA.
 18.13 BRIDGE WORKS
 General
 18.13.1 The specification and workmanship for the materials for the construction of bridges
 shall comply with the relevant sections of BS 5400 unless otherwise stipulated in
 this Specification. The Contractor shall register the worksite with the Ministry of
 Manpower and obtain a Certificate of Registration under the Factories Act 1973
 prior to the commencement of the works.
 Pile Foundation
 18.13.2 See Section 3 - Piling
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 Concrete Work
 18.13.3 See Section 5 - Concrete Work
 Structural Steelwork
 18.13.4 See Section 10 - Structural Steelwork
 Bridge Bearings
 18.13.5 General
 (a) The Contractor shall use the type and model of bridge bearings as shown on the
 drawings but if he wishes to propose alternative types of bridge bearings, they
 shall meet the functional requirements intended on the drawings and the
 requirements of BS 5400: Part 9. The details of alternative proposal required to
 be submitted to the SO for approval shall include:
 (i) type of bridge bearings and the schedule of the bearings
 (ii) calculations to show that the bearings meet the requirements of BS 5400:
 Part 9
 (iii) shop drawings of bearings
 (iv) details of corrosion protection to metal components
 (v) stresses induced in the structural members
 (vi) details of fixings
 (vii) method of installation
 (viii) any other information that the SO may require to assist him in
 considering the proposal
 (b) The SO may require the Contractor to submit a sample of each class of bearing
 for his inspection. No bearing shall be incorporated in the works without the
 written approval of the SO. The installation of bridge bearing shall be carried
 out by experienced and competent personnel, preferably under the supervision
 of the supplier.
 18.13.6 Common Types of Bridge Bearings
 (a) Sliding Bearings
 The term ―sliding bearing‖ shall include bridge bearings consisting of sliding
 surfaces and the sliding parts of a bridge bearing which accommodates
 rotational movement by means of elastomeric or metallic components. Sliding
 surfaces shall normally comprise a stainless steel upper surface sliding on a
 polytetrafluoroethylene (PTFE) lower surface. The upper stainless steel
 component shall be larger than the lower PTFE component. PTFE sliding
 surfaces shall be bonded to or recessed into suitable backing plates. Stainless
 steel sliding surfaces shall be bonded to a metal backing plate. In addition,
 bonding the corners and edges of the stainless steel plate shall be secured to the
 backing plate by positive mechanical means without interfering with the
 sliding surface. The interface of upper and lower surfaces of sliding bearings
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 shall always be in contact to prevent the ingress of dust, dirt and other abrasive
 particles. The departure from flatness of flat sliding surfaces measured with a
 straight edge and feeler gauge shall not exceed 1/2000 the length of the straight
 edge.
 (b) Rocker/Roller Bearings
 A rocker bearing is a bearing which allows rotational movement to take place.
 A roller bearing can allow both rotational and translational movements to take
 place. Rollers shall be turned so that opposite faces are parallel within a
 tolerance of ± 0. 1 mm. Seatings shall be ground in the direction of travel of
 the rollers so that the flatness parallel to the axes of the rollers does not vary by
 more than ±0.05 mm. The upper and lower surfaces of assembled bearings
 shall be parallel within a tolerance of ± 0.10 mm. Rockers and rollers shall
 generally be of steel complying with the requirements of BS 4360 for grades
 43, 50 or 55, or of cast iron complying with the requirements of BS 1452 for
 grade 23. Other material may be used with the approval of the SO.
 (c) Elastomeric Bearings
 Elastomeric bearings are defined as bearings consisting of pads or strips of
 elastomer or comprising elastomer slabs sandwiched between, and bonded to
 steel plates to form laminated bearings. Vulcanised natural elastomer shall
 comply with the requirements of BS 1154 for Groups Z40, Z50 or Z60.
 Vulcanised synthetic elastomer shall comply with the requirements of BS 2752
 for compounds C50, C60 or C70. Steel plate reinforcement for laminated
 bearings shall comply with the requirements of BS 4360 and shall be free from
 sharp edges. The thickness of outer plates shall not be less than 3 mm and of
 inner plates not less than 1.5 mm. No welding operation may be carried out on
 an elastomeric bearing.
 (d) Pot Bearings
 A pot bearing is defined as a bearing in which the rotational capacity is
 provided by an elastomeric pad totally contained within a rigid housing. A
 closely fitting sealing washer shall be provided under the piston, on top of the
 elastomeric pad, to prevent elastomer flowing from the cylinder when
 underload.
 18.13.7 Installation of Bearings
 (a) Bridge bearings shall be installed accurately to the lines and levels shown on
 the drawings. Bearings shall be located so that their centrelines shall be within
 ±3 mm of their correct position. The level of a single bearing or the mean levels
 of more than one bearing at any support shall be within a tolerance of ±0.0001
 times the sum of the adjacent spans of a continuous girder but not exceeding ±5
 mm. Bearings shall be set to their correct inclination within a tolerance of 1 in
 200 in any direction unless otherwise specified by the SO.
 (b) Every bearing except elastomeric bearing, whether providing a horizontal
 restraint capacity or not, shall be positively fixed to both the superstructure and
 substructure with fixing bolts or by similar means. Reliance on the friction
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 between the surfaces of the bearing and its bedding medium only is not
 permitted. An elastomeric bearing required to support a precast concrete beam
 shall be fixed in position on the substructure by means of an approved adhesive
 and shall be covered with a mortar skim before the beam is lowered to allow
 for soffit irregularities. An elastomeric bearing required to support a cast-in-
 place concrete superstructure shall be fixed in position on the substructure by
 means of an approved adhesive before the soffit formwork is constructed.
 (c) The Contractor shall check the level of any surface, plinth or bed upon which a
 bridge bearing will rest and shall make due allowance for any difference in
 depth of the bearing to be installed from that assumed on the drawings.
 Bearings shall be set directly to level on the concrete of the substructure on a
 layer of approved adhesive or a mortar skim. If mortar plinths are used, the
 plinths shall not exceed 25 mm in height. The SO may direct that the adhesives
 or mortar on which the bearings sit be tested for its compressive strength.
 (d) Holding down bolts and shear keys shall preferably be cast-in or alternatively,
 they may be positioned in holes boxed out for that purpose after the bearing has
 been set in position, with grout made from an approved mortar
 (e) Any temporary locking devices for bearings shall be removed before a post-
 tensioned cast-in-place superstructure is stressed. All temporary locking
 devices shall be removed before the bridge is opened for use.
 (f) After the bearings have been installed, the Contractor shall take all protective
 measures necessary to ensure that the bearings remain free from damage.
 18.13.8 Testing of Bridge Bearings
 The SO may direct that tests on the bridge bearings be carried out to check
 compliance with this Specification. The manufacturer‘s test certificates of the
 bearings shall be submitted to the SO and the SO may direct that further tests be
 carried out if necessary.
 Bridge Expansion Joints
 18.13.9 General
 (a) Bridge expansion joints shall be formed at the locations shown on the drawings
 and shall be of the types and specifications shown therein.
 (b) If the Contractor wishes to propose alternative types of expansion joints, they
 shall be submitted to the SO for approval. The proposed joints shall:
 (i) be able to accommodate the design movements of the structure and the
 design loadings
 (ii) not impart any undue stress to the structure unless the structure has been
 designed accordingly
 (iii) have good riding characteristics
 (iv) not present a skid hazard
 (v) not present a danger to cyclists and pedestrians
 (vi) be silent and vibration-free in operation
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 (vii) give reliable operation throughout the expected temperature range
 (viii) be sealed against water and foreign matter or make provision for their
 disposals
 (ix) resist corrosion and withstand attack from grit, ultra-violet rays, zone and
 petroleum derivatives
 (x) facilitate easy inspection, maintenance and repair
 (c) In addition to the above, a 5-year guarantee on the satisfactory performance of
 the bridge expansion joint shall be given jointly by the manufacturer and the
 Contractor.
 18.13.10 Test
 The SO may require tests to be carried out on the proprietary materials of the
 expansion joints in accordance with the appropriate standards.
 18.13.11 Installation
 (a) The installation of expansion joint shall be in accordance with the
 recommendations of the manufacturer. The installation of expansion joints shall
 be supervised by specialists from the manufacturers or their approved trained
 local personnel.
 (b) Relative movements between joint components and supports shall be prevented
 during installation. The size of the gap shall be compatible with the mean
 bridge temperature at the time of installation. This temperature shall be
 determined in accordance with arrangements agreed with the SO.
 (c) The holding-down arrangements of expansion joint shall be compatible with
 the reinforcement of the underlying structural concrete. Rebates for expansion
 joints shall be carefully boxed out to the correct line and level from the
 structural concrete and the holding down bolts cast into the concrete to make
 direct mounting possible. If grouting of holding-down bolts is for any reason
 unavoidable, grout based on polyester resins, rather than epoxy resins shall be
 used.
 (d) If rubber seal type of expansion joint is used, the rubber seal shall be installed
 such that the seal does not protrude above the road surface under all conditions.
 Expansion joint shall be installed in one length rather than in sections unless
 otherwise approved by the SO and shall be completely sealed to prevent ingress
 of water and granular material.
 (e) The gap between deck slab where the expansion joint is to be installed shall be
 filled with foam before the premix is laid over it. After the premix had been
 rolled and compacted, it shall be sawcut and the joint installed. This operation
 shall not apply to buried expansion joints.
 (f) Vehicles shall not cross any expansion joint after installation unless with the
 approval of the SO. This approval shall only be given if specially designed
 ramps are provided to prevent any loading on an incomplete joint.
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 Vehicle Parapet and Railing
 18.13.12 Alignment
 The finished parapet shall be true to line throughout its length. Bridge railing shall
 provide a smooth, continuous face of rail on the traffic side with the posts set back
 from the face of rail. There shall be continuity in the rail members. The railing
 system shall be able to resist the applied loads at all locations.
 18.13.13 Welding
 Welding for aluminium and aluminium alloy parapets shall comply with the
 requirements of either BS 3019: Part 1 or BS 3571: Part 1.
 18.13.14 Alternative Designs
 Metal parapets shall be constructed as shown on the drawings. If the Contractor so
 wishes, he may propose a proprietary brand which has been designed to comply
 with the requirements of the ―United Kingdom Department of Environment
 Technical Memorandum No. BE 5 - The Design of Highway Bridge Parapets‖,
 subject to the approval of the SO. The Contractor shall submit details of the design
 and of the manufacturer to the SO for approval before any order is placed.
 18.13.15 Fabrication and Erection
 Vehicle parapets shall be fabricated and erected generally in accordance with the
 drawings. Bridge parapet railings fabricated from aluminium materials shall comply
 with the following standards:
 (a) posts and rail end caps to BS 1490
 (b) rail tubes to BS 1474
 (c) plates to BS 1470
 (d) stainless steel bolts to BS 970: Part 4
 18.13.16 Test
 The SO may direct the Contractor to submit calculations for static loading which
 would simulate the impact loads assumed in the design of the bridge railings.
 Launching of Precast Elements
 18.13.17 The Contractor shall inform the SO at least four weeks in advance of the launching
 process and put up a proposal of traffic diversion if required subject to the SO‘s
 approval. A programme of the beam launching shall be submitted to the SO for
 approval. The Contractor shall ensure that the necessary clearances (including the
 Forms of Notice to Highway Authorities and Police Permits) from the Registry of
 Vehicles, Traffic Police and LTA for the transportation of the beams and movement
 of the cranes to the launching site are obtained.
 18.13.18 The Contractor shall ensure that the vehicles transporting the beams and the cranes
 are parked safely at or near the launching site and appropriate and sufficient
 warning signs, lights and barricades are put up in accordance with the requirements
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 of the LTA. A certificate of maintenance of crane shall be submitted to the SO
 together with particulars of the experiences of the operator of the crane. The ground
 in the vicinity of the launching area shall be compacted.
 18.13.19 The Contractor shall ensure that appropriate and sufficient warning signs, lights,
 barricades and at least one rotating amber light are placed at each point of road
 closure or diversion in accordance with the requirements of the LTA.
 18.13.20 The Contractor shall station at least one person in a safe position at each point of
 road closure or diversion to advise and guide motorists and to equip the person with
 a torch, reflective vest and walkie-talkie or other‘ means of communications within
 the launching site.
 18.13.21 The Contractor shall have one person controlling the whole launching operation
 with a whistle or other means of communication with the crane operators.
 18.13.22 The Contractor shall ensure that there is sufficient lighting at the launching site
 including the use of spotlights.
 18.13.23 The Contractor shall install 4.5 m height restriction signs of standard design
 immediately after launching.
 18.13.24 The Contractor shall measure and record the actual height clearance of the bridge at
 every 2 m along the span of the bridge above the carriageway by means of an
 extensometer or other similar device and identify the location of the lowest height
 clearance.
 18.13.25 The Contractor shall submit plans showing the above height clearance of the bridge
 to the SO within 48 hours after the launching.
 18.13.26 The Contractor shall ensure that no welding work on the bridge is carried out unless
 a protective screen is used to prevent sparks and other materials from falling onto
 the road.
 18.13.27 For launching of beams and erection of other precast elements, utmost precautions
 shall be taken to eliminate any danger to the workers and general public. All lifting
 equipment shall be designed with a factor of safety such that if the primary lifting
 mechanism fails, a secondary mechanism will ensure that the lifting equipment or
 precast element does not fail. Upon erection, a fail safe method shall be used to
 temporarily secure the precast unit in place pending the permanent fixing
 arrangements Three independent securing methods shall be used subject to the SO‘s
 approval. These are:
 (a) chains between beams and columns
 (b) welding of protruding bars of beams
 (c) wedges to the beams
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 Falsework
 18.13.28 Design and Erection
 (a) The design of falsework shall conform to BS 5975 unless otherwise stipulated
 in the relevant Singapore Standards. The design and drawings of falseworks
 shall be endorsed by a Professional Engineer and submitted to the SO for
 approval. The Professional Engineer shall supervise the erection of falseworks
 and certify that it has been erected according to drawings.
 (b) Falseworks shall be built on firm and secure foundations safe from scour and
 shall be of sufficient strength to carry the loads including redistribution of
 loading resulting from any application of prestressing. The falsework shall be
 built to strict levels and alignment and shall be adequately braced in all
 directions. The Contractor shall make allowance for the deflection of falsework
 accompanying loading including any prestressing and shall be fully responsible
 for determining the allowance required.
 (c) Where falsework is to be built across any road or railway, the minimum
 specified clearances for road or rail traffic shall be provided in the falsework.
 Approval of the SO shall be obtained before any prop is placed outside the site
 boundary.
 18.13.29 Test
 The SO may direct that the Contractor carry out tests on the soil on which the
 falsework would rest. The SO may send samples of props materials for testing. All
 costs involved shall be borne by the Contractor.
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 19.1 TURFING
 Supply and Spreading of Topsoil
 19.1.1 All topsoil supplied by the Contractor shall be of approved quality, free from
 rubbish, roots, stumps, stones or other extraneous materials, and well mixed with
 sludge in proportion of 3:1. Sludge delivered to site shall be used for the turfing
 work as soon as possible. Sludge stockpiled on the site for turfing work shall be
 evenly covered with a layer of lime and a layer of topsoil.
 19.1.2 The soil and sludge mixture shall be laid 50 mm below the desired turf level and
 spread uniformly over the site, slopes and/or berms etc. where directed and shall be
 lightly watered if necessary, and then tamped with wooden tampers and trimmed to
 the consolidated thickness required. The turf sods shall be planted using topsoil
 only.
 19.1.3 The Contractor shall be responsible for providing and fixing the turves promptly
 after topsoiling in order to prevent erosion thereof due to wet weather or other
 causes. Any loss of unprotected or inadequately protected topsoil shall be made
 good at the Contractor‘s expense. A thin layer of topsoil shall be broadcast on the
 turf to fill all depressions and give a smooth finish.
 19.1.4 The Contractor may be required to excavate, load, transport and spread topsoil from
 sources as directed by the SO. In such cases, the Contractor shall not be held
 responsible for the quality of such topsoil, unless clay, rubbish, roots, etc. have been
 introduced into such topsoil due to careless or excessively deep excavation by the
 Contractor, whereafter the unsuitable topsoil shall be replaced at the Contractor‘s
 expense.
 Supply and Fixing of Turves
 19.1.5 For playing fields and for general turfing, Cow Grass (Axonopus compressus) shall
 be used. Where a very fine lawn is specified in the Particular Specification, the
 following finer grasses shall be used:
 (a) Serangoon Grass (Digitaria didactyla) - normally used for golf greens
 (b) Bermuda Grass (Cynodon dactylon) - often used for lawn tennis courts
 (c) Siglap Grass (Zoysia matrella) - found in the better house gardens
 19.1.6 The choice of which species to be used shall be decided by the SO.
 19.1.7 All turves supplied by the Contractor shall be of healthy and vigorous stock and
 from approved sources. The grass or turf shall be cut square and approximately 0.3
 x 0.3 m (0.09 m2) in size, and be 50 mm in thickness. All turves supplied shall be
 free from weeds, especially Mimosa pudica and care shall be taken to include as
 much of the root growth as possible.
 19.1.8 The turves shall not be broken up into small pieces for planting and shall be planted
 as soon as possible after being cut.
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 19.1.9 Turves shall be laid side by side on the ground with gaps not exceeding 30 mm
 where close turfing is specified. When spot turfing is specified, gaps on all sides of
 the turves shall not be more than 100 mm. In the case of banks, close turfing is
 required, and each sod shall be held in position by wooden pegs to prevent
 movement or displacement of any kind, and the turfing shall thereafter be tamped
 down and rolled (except on slopes) with a suitable hand roller. The pieces of turf
 shall be sunk into the ground so that they are flush with the surface. All depressions
 between the pieces of turf shall be filled with topsoil. The turfing shall on
 completion present a uniform and regular appearance. After planting of turf and
 watering of the turfed areas no additional spreading of sludge on the turfed areas
 shall be allowed.
 19.1.10 Playing fields shall be finished with a 25 mm thick topdressing consisting of topsoil
 only and spread evenly over the grass. The topdressing shall be repeated at monthly
 intervals until an even surface is obtained. Normally this is achieved after six
 topdressings and rollings.
 Maintenance of Grass
 19.1.11 Throughout the maintenance period of the Contract, all turfing shall be watered
 regularly and weeded until it is accepted by the SO. The Contractor shall allow for
 such watering and tending. Any dead turves, badly growing turves or otherwise
 unsatisfactory turves shall be removed and replaced with approved quality turves by
 the Contractor at his own expense. All weeds shall be removed at least twice a
 month.
 19.1.12 About one month after planting, the grass shall be manured with a complete
 chemical fertiliser which supply Nitrogen, Phosphorus, Potassium and Magnesium
 approximately in the following proportion 18:12:6:3. This shall be applied at the
 rate of 125 kg/ha of grass after all weeds have been removed. The fertiliser shall be
 mixed with the topdressing and spread evenly over the field. This application shall
 be repeated after three months.
 19.1.13 After one month‘s growth, the grass shall be cut with a suitable rotary mower to
 encourage the grass to creep on the ground instead of growing upright. This
 operation shall be repeated at fortnightly intervals until the ground is completely
 covered with grass. A mechanised reel cut mower shall now be used to cut the
 grass. This normally shall be done about three months after planting. Thereafter
 mowing shall be done fortnightly by reel cut mower until the end of the defects
 liability period.
 19.1.14 Approximately two months after planting, when the grass has grown and produced
 a continuous cover over the whole area, the whole of the turfed areas shall be lightly
 rolled (roller shall not exceed 150 kg in weight) to an even surface. Rolling shall be
 repeated at monthly intervals until the surface is accepted by the SO. A heavy roller
 shall not be used as it is likely to damage the subsoil drainage system if one has
 been installed. A heavy roller will also compact the ground unduly and this is
 detrimental to good turf growth.
 19.1.15 Grass shall be close cut as short as possible following the general contours of the
 ground. The stock or blade of the grass after each cutting shall not stand higher than
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 20 mm above the ground level. On fairly extensive and open grass areas, sidetables
 or fields, the Contractor shall use mechanical mowers powered by small tractors.
 19.1.16 The edges of all sidetables, and other grassed areas adjoining roadways, footpaths,
 kerbs, dividers and concrete paved areas shall be cut back to proper straight lines or
 curves as the case may be, and trimmed thereafter to produce a neat and tidy
 appearance. This work shall be carried out immediately after the grass in the area
 has been cut.
 19.1.17 Grass growing in the cement joints of footpaths and along the edge of the roads
 adjacent to or directly fronting the sidetables, centre medians, circuses etc. shall be
 cut or manually weeded out and cleared. The Contractor shall allow for such
 provision in his tender.
 19.1.18 Where the existing ground is around established and mature tree (with girth of
 above 200 mm measured at 1 m above ground level) or around street furniture, the
 Contractor shall level the surrounding ground and employ a weed eater or other
 grasscutting machine operated by nylon string cutting ―blade‖, to close cut the grass
 right up to the bases of trees or street furniture without damaging the bark or
 furniture. To avoid damaging shrubs, flowering plants or young trees (with girth
 less than 200 mm), the Contractor shall cut grass right up to the edge of the flower
 beds only or the weeded areas of such plants.
 19.1.19 All cut grass, cuttings together with trimmings, loose stones, rubbish etc. shall be
 collected and removed from the site and disposed off expeditiously to the
 Contractor‘s own dumping ground or other approved dumping grounds.
 19.2 TREE PLANTING
 The preparation of tree planting holes, planting and the maintenance of trees will be carried
 out by the NParks. The Contractor shall in his tender allow for the supply of water to the
 NParks for the watering of trees and/or shrubs prior to practical completion of the project.
 19.3 NON-SUSPENDED APRONS
 19.3.1 Generally, aprons around building and connecting covered ways, etc. shall be of in-
 situ concrete laid on a prepared bed of hardcore to a compacted thickness of not less
 than 100 mm or as detailed on the drawings, with a layer of an approved fabric
 reinforcement. The top of concrete apron shall be finished smooth with a wooden
 float to fall or paved with cement and sand (1:3) paving of the thickness of not less
 than 20 mm or as shown on the drawings. The joint between the building and apron
 shall be filled with 12 mm wide bitumen.
 19.3.2 The concrete shall be laid either in panels as shown on the drawings or in alternate
 bays with sides not exceeding 1.5 m in length.
 19.4 CHANNELS AROUND BUILDINGS AND OUTFALL DRAINS
 19.4.1 Surface water channels around buildings, covered ways, etc. shall be of in-situ or
 precast as shown on the drawings or as directed and finished internally and on top
 with 20 mm thick cement and sand (1:3) trowelled smooth. Channels shall be laid
 on a bed of prepared sand or hardcore and where required, or if directed by the SO,
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 reinforced with a layer of an approved fabric reinforcement. Layout of channels
 shall be as shown on the drawings with all bends and junctions being carefully
 made to allow smooth and even flow. Minimum depth of channels shall not be less
 than 150 mm and minimum fall not less than 1 in 180 unless otherwise stated on the
 drawings to suit site conditions.
 19.4.2 Main outfall drains, generally, shall be approved precast concrete ‗V‘-shaped
 composite drains, with half round inverts and sides of the sizes as shown on the
 drawings and cast in 600 mm lengths with 50 mm diameter weep hole in each side
 of each length and laid to fall on a bed of sand of the thickness shown on the
 drawings with joints grouted and pointed in cement and sand W3).
 19.4.3 The outfall drains shall be laid to the lines and depths as shown on the drawings and
 close turfing shall be laid to the revetments above the tops of drains.
 19.4.4 Precast concrete cover slab of the sizes shown on the drawings shall be laid over
 surface water channels, cast in 600 mm lengths with notched handholes at both ends
 and reinforced with one layer of an approved fabric reinforcement. Cover slabs
 shall be set in rebates properly cut or left in the channel sides.
 19.5 FENCING
 19.5.1 Chainlink fencing shall be 50 mm square PVC coated chainlink mesh with wire
 diameter of 3.251 mm (10 SWG) or mesh with overall diameter (inclusive of PVC
 coating) of 4.064 mm (8 SWG). Three stranded galvanised barbed wires shall be
 provided. The fencing shall be erected along boundary of site or as detailed on the
 drawings and to the extent as shown on the drawings.
 19.5.2 Intermediate posts shall be spaced at not more than 3 m centres. Corner posts shall
 each be supported with two additional 25 x 75 x 6 mm thick mild steel angle struts
 welded to corner posts. At every 30 m centres, additional intermediate posts shall be
 provided, each supported with two additional 50 x 50 x 6 mm thick mild steel angle
 struts welded to the intermediate posts.
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 LIST OF STANDARDS AND CODES OF PRACTICE
 REFERRED TO IN THIS SPECIFICATION
 Singapore
 Standards
 (SS)
 Title
 1 Plywood
 2 Hot rolled steel bars for the reinforcement of concrete
 5 Methods of test for paints, varnishes and related materials
 6 Red lead based primers for iron and steel surfaces
 7 Paint: finishing, gloss enamel
 17 Steel tubes suitable for screwing to BS 21 pipe threads
 18 Hard drawn mild steel wire for the reinforcement of concrete
 26 Portland cement (ordinary and rapid-hardening)
 31 Coarse and fine aggregates from natural sources for concrete
 32 Welded steel fabric for the reinforcement of concrete
 34 Undercoat paint for gloss enamel
 38 Aluminium wood primer
 57 Glazed ceramic tiles and fittings for internal walls
 72 Treatment of timber and plywood with copper/ chrome/arsenic wood
 preservatives
 73 Methods of sampling and testing of mineral aggregates, sand and fillers.
 75:Part 2 Draw-off taps arid above-ground stopvalves
 76M Precast concrete blocks
 78 Method of testing concrete
 85 Bitumen emulsion for road construction
 86 Method of sampling and testing bitumen
 91 Non-inflammable solvent based paint remover
 103 Burnt clay and shale bricks
 118 Steel windows and doors for domestic and similar buildings
 119 Ready-mixed concrete
 141 Unplasticized PVC pipe for cold water service and industrial uses
 150 Emulsion paint for decorative purposes
 183 Concrete cylindrical pipes and fittings including manholes and street gullies
 186 ISO metric screw threads: basic profile, standard thread series and limits and
 tolerances for coarse pitch series and constant pitch series threads
 215 Adjustable galvanised steel louvre windows
 221 Road marking paint
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 245 Glass reinforced polyester sectional water tanks
 271 Concrete masonry units (for non loadbearing applications)
 301 Ceramic floor and wall tiles
 345 Algae resistant emulsion paint for decorative purposes
 Codes of
 Practice (CP) Title
 1 The use of timber in building construction
 4 Foundations
 8 Use of manual metal-arc welding in the steel building construction
 11 Demolition
 23 Formwork
 26 Drainage of roofs
 65 Structual use of concrete
 British
 Standards
 (BS)
 4 Structural steel sections
 4 : Part 1 Specification for hot rolled sections
 21 Specification for pipe threads for tubes and fittings where pressure-tight joints
 are made on the threads (metric dimensions)
 144 Coal tar creosote for the preservation of timber
 340 Specification for precast concrete kerbs, channels, edgings and quadrants
 368 Precast concrete flags
 381C Specification for colours for identification, coding and special purposes
 449 The use of structural steel in building
 449 : Part 2 Metric units
 Addendum
 No. 1 to 449:
 Part 2
 The use of cold formed steel sections in building
 460 Cast iron for rainwater goods
 544 Linseed oil putty for use in wooden frames
 639 Covered electrodes for the manual metal-are welding of carbon and carbon
 manganese steels
 729 Hot dip galvanised coatings on iron and steel articles
 743 Materials for damp proof courses. Metric units
 912 Testing aggregates
 864 Capillary and compression tube fittings for copper and copper alloy
 864 : Part 2 Specification for capillary and compression fittings for copper tubes
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 British
 Standards
 (BS)
 Titles
 882 Specification for aggregates from natural sources for concrete
 952 Glass for glazing
 970 Specification for wrought steels for mechanical and allied engineering purposes
 970 : Part 4 Valve steels
 1014 Pigments for Portland cement and Portland cement products
 1070 Black paint (tar-based)
 1140 Specification for resistance spot welding of uncoated and coated low carbon
 steel
 1154 Specification for natural rubber compounds (high quality)
 1199 Building sands from natural sources
 1212 Specification for float operated valves (excluding floats)
 1212 : Part 1 Piston type
 1212 : Part 2 Diaphragm type (brass body)
 1377 Methods of test for soils for civil engineering purposes
 1377 : Part 9 In-situ tests
 1449 Steel plate, sheet and strip
 1449 : Part 1 Specification for carbon and carbon manganese plate, sheet and strip
 1452 Specification for grey iron castings
 1470 Wrought aluminium and aluminium alloys for general engineering purposes -
 plate, sheet and strip
 1474 Wrought aluminium and aluminium alloys for general engineering purposes -
 bars, extruded round tubes and sections
 1490 Aluminium and aluminium alloy ingots and castings
 1521 Waterproof building papers
 1615 Anodic oxidation coatings on aluminium
 1704 Specification for solid-stem general purpose thermometers
 1710 Specification for identification of pipelines and services
 1780 Specification for bourdon tube pressure and vacuum gauges
 1795 Specification for extenders for paints
 1851 Titanium dioxide pigments
 1881 Methods of testing concrete
 1924 Methods of test for stabilized soils
 1965 Butt-welding pipe fittings for pressure purposes
 1965 : Part 1 Carbon steel
 2499 Hot applied joint sealants for concrete pavements
 2523 Lead-based priming paints
 2569 Sprayed metal coatings
 2600 Radiographic examination of fusion welded butt joints in steel
 2600 : Part 1 Methods of steel 2 mm up to and including 50 mm thick
 2752 Specification for chloroprene rubber compounds
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 British
 Standards
 (BS)
 Titles
 2871 Copper and copper alloys. Tubes
 2871 : Part 1 Copper tubes for water, gas and sanitation
 2910 Methods for radiographic examination of fusion welded circumferential butt-
 joints in steel pipes
 2994 Specification for cold rolled steel sections
 3019 TIG welding
 3019 : Part 1 Specification for TIG welding of aluminium, magnesium and their alloys
 3100 Specification for steel castings for general engineering purposes
 3148 Methods of test for water for making concrete (including notes on the suitability
 of the water)
 3261 Unbacked flexible PVC flooring
 3262 Hot-applied thermoplastic road marking materials
 3416 Black bitumen coating solutions for cold application
 3532 Unsaturated polyester resin systems for low pressure fibre reinforced plastics
 3571 General recommendations for manual inert-gas metal-arc welding
 3571 : Part 1 Specification for MIG welding of aluminium and aluminium alloys
 3692 ISO metric precision hexagon bolts, screws and nuts
 3892 Pulverized-fuel ash
 3761 Non-flammable solvent based paint remover
 3923 Methods for ultrasonic examination of welds
 3923 : Part 1 Manual examination of fusion welds in ferritic steels
 3923 : Part 3 Manual examination of nozzle welds.
 3974 : All
 Parts
 Pipe supports
 4027 Specification for sulphate-resisting Portland cement
 4127 : Part 2 Light gauge stainless steel tubes
 4147 Specification for bitumen based hot applied coating material for protecting iron
 and steel including suitable primers.where required
 4164 Specification for coal-tar based hot applied coating materials for protecting iron
 and steel including suitable primers Where required
 4190 ISO metric black hexagon bolts, screws and nuts
 4232 Surface finish of blast
 4246 : Part 2 Low heat Portland – blast furnance cement
 4248 Supersulphated cement
 4320 Metal washers for general engineering purposes
 4360 Specification for weldable structural steels
 4395 : All
 Parts
 High strength friction grip bolts and associated nuts and washers for structural
 engineering
 4466 Specification for bending dimensions and scheduling of reinforcement for
 concrete
 4604 : All
 Parts
 The use of high strength friction grip bolts in structural steelwork. Metric series
 4620 Rivets for general engineering purposes
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 British
 Standards
 (BS)
 Titles
 4772 Specification for ductile iron pipes and fittings
 4800 Specification for paint colours for building purposes
 4842 Specification for liquid organic coatings for application to aluminium alloy
 extrusions, sheet and preformed sections for external architectural purposes, and
 for the finish on aluminium alloy extrusions, sheet and preformed sections
 coated with liquid organic coatings
 4848 Hot-rolled structural steel sections
 4848 : Part 2 Hollow sections
 4848 : Part 4 Equal and unequal angles
 4870 Specification for approval testing of welding procedures
 4870 : Part 1 Fusion welding of steel
 4871 Specification for approval testing of welders working to approved welding
 procedures
 4871 : Part 1 Fusion welding of steel
 4872 Approval testing of welders when welding procedure approval is not required
 4872 : Part 1 Fusion welding of steel
 4878 Large (vee-throated) haulage rope pulleys for mines and quarries
 4921 Sherardised coatings on iron and steel articles
 4933 ISO metric black cup and countersunk head bolts and screws with hexagon nuts
 5075 Concrete admixtures
 5075 : Part 1 Specification for accelerating admixtures, retarding admixtures and water-
 reducing admixtures
 5135 Specification for the process of arc welding of carbon and carbon manganese
 steels
 5154 Copper alloy globe, globe stop and check, check and gate valves for general
 purposes
 5163 Double flanged cast iron wedge gate valves for waterworks purposes
 5212 Cold poured joint sealants for concrete pavements
 5274 Specification for fire hose reels (water) for fixed installations
 5289 Code of practice for visual inspection of fusion weld joints
 5328 Methods for specifying concrete, including ready-mixed concrete
 5400 Steel, concrete and composite bridges
 5400 : Part 1 General statement
 5400 : Part 2 Specification for loads
 5400 : Part 3 Code of practice for design of steel bridges
 5400 : Part 4 Code of practice for design of concrete bridges
 5400 : Part 6 Specification for materials and workmanship: steel
 5400 : Part 7 Specification for materials and workmanship: concrete, reinforcement and
 prestressing tendons
 5400 : Part 8 Recommendation for materials and workmanship: concrete, reinforcement and
 prestressing tendons
 5400 : Part 9 Code of practice for design of bridge bearings
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 British
 Standards
 (BS) Titles
 5493 Code of practice for protective coating of iron and steel structures against
 corrosion
 5606 Code of practice for accuracy in building
 5950 : All
 Parts
 Structural use of steelwork in building
 5975 Code of practice for falsework
 6072 Method for magnetic particle flaw detection
 6150 Code of practice for painting of buildings
 6262 Code of practice for glazing for buildings
 6265 Specification for resistance seam welding of uncoated and coated low carbon steel
 6363 Specification for welded cold formed steel structural hollow sections
 6443 Method for penetrant flaw detection
 Codes of
 Practice
 (CP)
 204 In-situ floor finishes
 1021 Cathodic protection
 8298 Design and installation of natural stone cladding and lining
 American
 Standards
 (ASTM)
 A153 Specification for Zinc Coating (Hot Dip) on Iron and Steel Hardware
 A307 Specification for Carbon Steel Externally Threaded Standard Fasteners
 A525 Specification for General Requirements for Steel Sheet, Zinc Coated (Galvanised)
 by the Hot Dip Process
 A563 Specification for Carbon and Alloy Steel Nuts
 B6 Specification for Zinc (Slab Zinc)
 B117 Standard Practice for Operating Salt Spray (Fog) Apparatus
 B499 Standard Test Method for Measurement of Coating Thicknesses by the magnetic
 Method Nonmagnetic Coatings on magnetic Basis Metals
 C29 Test Method for Unit Weight and Voids in Aggregate
 C88 Test Method for Soundness of Aggregates by Use of Sodium Sulphate or
 Magnesium Sulphate
 C94 Specification for Ready-Mixed Concrete
 C99 Standard Test Method for Modulus of Rupture of Dimension Stone
 C119 Standard Terminology Relating to Dimension Stone
 C131 Test Method for Resistance of Degradation of Small Size Coarse Aggregate by
 Abrasion and Impact in the Los Angeles Machine
 C171 Specification for Sheet Materials for Curing Concrete
 C174 Method for Measuring Length of Drilled Concrete Cores
 C207 Standard Specification for Hydrated Lime for masonry Purposes
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 American
 Standards
 (ASTM) Titles
 C309 Specification for Liquid Membrance-Forming Compounds for Curing Concrete
 C535 Test Method for Resistance to Degradation of Large Size Coarse Aggregate by
 Abrasion and Impact in the Los Angeles Machine
 C615 Standard Specification for Granite Dimension Stone
 C880 Standard Test Method for Flexural Strength of Dimension Stone
 C1036 Standard Specification for Flat Glass
 C1048 Standard Specification for Heat-Treated Flat Glass—Kind HS, Kind FT Coated
 and Uncoated Glass
 C1172 Standard Specification for Laminated Architectural Flat Glass
 C1376 Standard Specification for Pyrolytic and Vacuum Deposition Coatings on Glass
 D242 Specification for Mineral Filler for Bituminous Paving Mixtures
 D523 Standard Test Method for Specular Gloss
 D774 Test Method for Bursting Strength of Paper
 D868 Method for Evaluating Degree of Bleeding of Traffic Paint
 D968 Standard Test Methods for Abrasion Resistance of Organic Coatings by Falling
 Abrasive
 D1117 Standard Method of Testing Non-Woven Fabric
 D1559 Test Method for Resistance to Plastic Flow of Bituminous Mixtures Using
 Marshall Apparatus
 D1682 Test Methods for Breaking Load and Elongation of Textiles Fabrics
 D1730 Standard Practices for Preparation of Aluminum and Aluminum-Alloy Surfaces
 for Painting
 D1751 Specification for Preformed Expansion Joint Fillers for Concrete Paring and
 Structural construction (Non-Extruding and Resilient Bituminous Type)
 D1752 Specification for Preformed Sponge Rubber and Cork Expansion Joint Fillers for
 Concrete Paving and Structural Construction
 D1854 Specification for Jet-Fuel-Resistant Concrete Joint Sealer, Hot Poured Elastic
 Type
 D2247 Standard Practice for Testing Water Resistance of Coatings in 100% Relative
 Humidity
 D2419 Sand Equivalent Value of Soils and Fine Aggregate
 D2628 Specification for Preformed Polychloropene Elastomeric Joint Seals for Concrete
 Pavements
 D2950 Test Method for Density of Bituminous Concrete in Place by Nuclear Method
 D3569 Specification for Joint Sealant, Hot-Poured, Elastomeric, Jet-Fuel-Resistant Type
 for Portland Cement Concrete Pavements
 D3581 Specification for Joint Sealant, Hot-Poured, Jet-Fuel-Resistant Type for Portland
 Cement Concrete and Tar-Concrete Pavements
 D3776 Test Methods for Weight (Mass) per Unit Area of Woven Fabric
 D4318 Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils
 D4791 Flat or Elongated Particles in Coarse Aggregrate
 E546 Standard Test Method for Frost Point of Sealed Insulating Glass
 E576 Standard Test Method for Frost Point of Sealed Insulating Glass units in the
 Vertical Position
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 E546 Standard Test Method for Accelerated Weathering of Sealed Insulating Glass
 Units
 American
 Standards
 (AASHTO)
 M120 Specification for Zinc Metal (Slab Zinc)
 M180 Corrugated Sheet Steel Beams for Highway Guardrail
 M232 Zinc Coating (Hot-Dip on Iron and Steel Hardware)
 T44 Solubility of Asphalt Test
 T48 Flash and Fire Point by Cleveland Open Cup
 T49 Asphalt Penetration Test
 T51 Asphalt Ductility Test
 T59 Emulsified Asphalt Distillation
 T65 Weight of Coatings of Zinc Coated (Galvanised Iron or Steel Articles)
 T96 Los Angeles Rattler Test
 T99 Moisture Density Relations of Soil Using a 5.5 lb Rammer and a 12-inch Drop
 T179 Thin Film Oven Test for Asphalt
 T180 Moisture Density Relations of Soil Using a 10 lb Rammer and a 18-inch Drop
 American
 Standards
 (ASSE)
 1001 Performance Requirements for Pipe Applied Atmospheric Type Vacuum Breakers
 1391 Methods for tensile testing of metals
 1650 Galvanised coatings
 2041 Corrugated steel pipes, pipe-arches and arches
 2042 Corrugated steel pipes, pipes-arches and arches
 ANSI Z97.1 CPSC Standard 16 CFR 1201
 FAA Spec
 SS-S-200
 Sealing Compounds, Two-Component, Elastomeric, Polymer Type, Jet-Fuel-
 Resistant, Cold Applied.
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PWD GENERAL SPECIFICATION Third Edition July 2001 Errata: Page 70 Section 5.28.46 (c) (i), 1
 st line, to read “… a minimum compressive ...”
 Page 107 Section numbering for Cement Skirting to be “11.3.9” instead of “11.3.8” Section numbering for Non-slip Finish to be “11.3.10” instead of “11.3.9” Section numbering for Preparation and Laying of Paving – General, to be “11.3.11” instead of “11.3.10” Section numbering for Paving to Fall to be “11.3.12” instead of “11.3.11” Section numbering for Arrises and Angles in Paving to be “11.3.13” instead of “11.3.12” Page 108 Section numbering for Curing to be “11.3.14” instead of “11.3.13” Section numbering for Making Good to be “11.3.15” instead of “11.3.14” Page 131 Section 13.1.3, 1
 st line to read “… the Contractor shall hand ...”
 Section 13.1.6, 5th line to read “… new document, even though the …”
 Page 134 Section numbering 11.3.12 to be “13.3.12” Page 135 Section numbering for Internal Partitions to be “13.5.4” instead of “13.5.3” Page 140 Section 14.7.5, 5
 th line to read “… new document, even though the ...”
 Page 147 Section 15.1.7, 5
 th line to read “…showing specific visual properties …”
 Page 151 Section 16.1.6, 1
 st line to read “…painting works, the Contractor shall ...”
 Page 156 Section 16.1.41 (c) to read “One undercoat shall be applied to the primed timber surface” Page 161 Section 16.2.6, 10
 th line to read “…brushy works, unevenness in applications ...”
 Page 176 Section 17.2.10 (b), 1
 st line to read “To achieve the desired grading, the use of any sand, granite, ...”
 Page 179 Section 17.2.16, para 5, 2
 nd line to read “… as represented by the above gradation ...”
 Page 180 Section 17.2.18, 2
 nd line to read “… approved graders, discs, harrows, ...”
 Errata ● Page 1 of 2 ●
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PWD GENERAL SPECIFICATION Third Edition July 2001 Errata: Page 184 Section 17.2.22, 2
 nd line to read “…elongated, or disintegrated pieces, dirt ...”
 Page 186 Section 17.2.30, 1
 st line to read “…in a paddle or pan type mixer which may be batch or continuous type.
 …” Page 189 Section 17.2.40, (a), 2
 nd line to read “…a maximum nominal size ...”
 Page 194 Section 17.2.59, 1
 st line to read “…requirements stated in items 17.1.18 to 17.1.24 shall be ...”
 Page 204 Section 17.18 item 1 under “Property” column to read ”Penetration at 25°C 100g, 5s” Page 205 Section 17.3.10 (d), 1
 st line to read “The SO shall have access at all times to all portions of the
 asphalt ...” Page 207 Section 17.3.10 (d), 1
 st line to read “After heating, the hot aggregate shall be thoroughly ...”
 Section 17.3.14 (a) (ii), 3rd line to read “heated if necessary and capable of spreading and ...” Page 219 Section 17.3.18 ( c) (i), 6
 th line to read “…to the S.O. in writing which ...”
 Page 246 Section 17.4.25 (a) (i), 14
 th line to read “…angles to the centreline of the pavement ...”
 Section 17.4.25 (a) (ii), 1st line to read “Tie bars shall be placed at right angles to the centerline of the
 concrete slab…” Page 258 Section 17.4.41 ( c) 4
 th line to read “…the centreline in each direction ...”
 Page 263 Section 17.5.3 (a), 1
 st line to read “…marking which include pedestrian ...”
 Page 297 Title for Codes of Practice 65 to read “Structural use of concrete” Page 299 Title for British Standards 4246: Part 2 to read “Low heat Portland – blast furnace cement” Page 302 Title for American Standards (ASTM) C309 to read “Specification for Liquid Membrane-Forming Compounds for Curing Concrete” Title for American Standards (ASTM) D4791 to read “Flat or Elongated Particles in Coarse Aggregate”
 Errata ● Page 2 of 2 ●


                        

                                                    
LOAD MORE
                                            

                

            

        

                
            
                
                    
                        Related Documents
                        
                            
                        

                    

                    
                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            MYSON - VERTICAL · 2021. 1. 4. · 38 vertical 39 general....

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Clinical practice guideline of major depressive disorder for...

                                            
                                                
                                                    Category: 
                                                    Health & Medicine
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            TR2500 GENERAL SPECIFICATION FORM

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            General Technical Specification - HVAC

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            cpg.0 & cpg.1

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            General Specification - Maine

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                                
                                                                                              
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Material Purchasing Specification (General)

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            05 Sec01 General Specification

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            General SIP Specification v1.4 - dasboard.eu · DLM...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                                                               
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            2018 Standard Civil Contract Specification (General...

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            General Electrical Specification (HK)

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                                                                                                            
                                    
                                        
                                            
                                                
                                            
                                        

                                        
                                            Group 0 - General Specification

                                            
                                                
                                                    Category: 
                                                    Documents
                                                

                                            

                                                                                    

                                    

                                

                                 
                                                     

                                            

                

            

        

            



    
        
            	Powered by Cupdf


            	Cookie Settings
	Privacy Policy
	Term Of Service
	About Us


        

    


    

    
    
    

    
    
    

    
    
        
    
    















