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1 GENERAL
1.1 PREAMBULE

These General Technical Specifications cover principles, responsibilities and requirements for items which are of general nature and which will be applicable to all civil engineering and building work of the project.

They shall be read in conjunction with the Technical Specifications, the Conditions of Contract, the Bill of Quantities (BOQ.) and the Drawings.

1.2         DEFINITIONS

a)
General

Approved (Approval) - approved (approval) by the Engineer.

Agreed - Agreed in writing.

As Detailed - As detailed on the drawings.

Accepted / Ordered / Rejected - Accepted / ordered / rejected by the Engineer.

Designated - Shown on the drawings or otherwise specified by the Engineer or, in relation to an item scheduled in the bid documents, descriptive of an item to be priced by a bidder.

Indicated - Indicated in or reasonably to be inferred from the contract, or indicated in writing by the Engineer.

Instructed / Directed / Permitted - Instructed / directed permitted by the Engineer.

Satisfactory - Capable of fulfilling or having fulfilled the intended function.

Service - Any pipeline, cable, duct etc. for conveying or transmitting any fluid or other matter.

Submitted - Submitted with the tender or submitted to the Engineer, as appropriate.

b)
Tolerances
Deviation - The difference between the actual (i.e. measured) size or position and the specified size or position.

Permissible Deviation - The specified limit(s) of deviation.

Tolerance - The range between the limits within which a size or position must lie.

c)
Measurement and Payment

Bill / Schedule - The bill / schedule of quantities.

Billed / Scheduled Rate - The unit rate or price entered in the bill / schedule at which the Contractor undertakes to execute the particular work or to provide the required material, article or service, or to do any or all of these things, as set out in the item concerned.

Billed / Scheduled - Listed in the bill / schedule of quantities.

Fixed charge - A charge for work that is executed without reference to time.

Method-related charge - The sum for an item inserted in the bill by the Contractor when tendering, to cover items of work relating to his intended method of executing the Works.

Time-related charge - A charge for work the cost of which, to the Employer, is varied in proportion to the length of time taken to execute the particular item scheduled.

Value-related charge - A charge that is directly proportional to the value of the contract.

1.3 ACCESS TO AND POSSESSION OF SITE 

1.3.1 The Site

The Site includes any designated areas and any temporary working areas described herein. Final Possession of the Site, or Parts thereof, for the purpose of carrying out the execution of the Works to be given by the Employer shall be subject to any restrictions mentioned in the Contract. As such land acquisition is a slow process the Contractor shall himself obtain whatever temporary wayleaves are required by him.

1.3.2 Temporary Way leaves, Access Costs

The cost of obtaining way leaves for temporary working areas and for any additional areas outside the Site required by the Contractor in connection with the Works as well as for the access to all of these shall be borne by the Contractor himself. The Contractor shall arrange for the serving of any Statutory Notices as per Section 1.6 in connection with any temporary working area and shall give to the occupier of each such area seven days notice of his intention to enter and shall ensure that his methods of working cause the minimum of disturbance to the land and to its owners and occupiers. No tree shall be felled except as authorised by the Engineer.

The Contractor shall at all times provide proper facilities for access and inspection of the Works by the Engineer, his assistants, inspectors, agents and representatives of public agencies having jurisdiction.

The extent of each temporary working area and the period of time for its occupation shall be such as the Engineer considers necessary having regard to the Contractor's reasonable requirements which shall be submitted together with the Work Programme to the Engineer within 14 days after the Letter of Acceptance.

The Contractor shall reinstate any temporary working areas to the condition prevailing prior to his initial entry as soon as possible after the work in those areas has been completed so as to keep the period of occupation to a minimum. The Contractor shall in any event restore the areas to a tidy and workmanlike condition. Boundary walls, fences and other structures that have been damaged, removed or otherwise interfered with by the Contractor shall be restored to a condition at least equivalent to their original condition.

Prior to commencing work in the vicinity of overhead power lines the Contractor shall acquaint himself with all the regulations of the responsible electricity supply authority governing such work.

The Contractor shall be responsible for ensuring that all persons working in such areas are aware of the relatively large distance that high voltage electricity can "short" to earth when cranes or other large masses of steel are in the vicinity of power lines.

1.3.3 Access to Adjoining Property

If the Contractor's work will cause unavoidable interference with access to adjoining property, the Contractor shall first give 7 days notice to the occupier of such property and shall provide temporary means of access for vehicles, animals and pedestrians.

Convenient access to driveways, houses and buildings adjoining the work shall be maintained and temporary approaches to intersecting streets and alleys shall be provided and kept in good condition by the Contractor.

As soon as a section of surfacing, pavement, or a structure has been completed, it shall be opened for use by traffic at the request of the Engineer.

The Contractor shall not prevent the free access to public water taps, water hydrants, or utility valves.

In order that unnecessary delay to the travelling public may be avoided, the Contractor, when so ordered by the Engineer, shall provide competent flag men whose sole duty shall consist of directing traffic either through or around the work.

1.3.4 Permanent Right-of-way

The Employer will make all statutory arrangements necessary for obtaining the final possession of the Site and the permanent right-of-way in the shortest possible time.

1.4 SITE INSTALLATIONS

1.4.1 Contractor's Offices, Stores and Services

The Contractor shall provide, erect, construct, maintain and subsequently remove proper offices, stores, workshops, storage and parking areas for his own use. Such facilities shall be sufficiently sized and equipped to enable him to manage his operations and those of his Subcontractors in a professional manner and to enable him to carry out all his obligations under the Contract.

The Contractor shall, at his own expense, as necessary, make arrangements for housing all his employees.

Sheds for storage of materials that may deteriorate or corrode if exposed to the weather shall be weatherproof, adequately ventilated and provided with raised floors.

Should the Contractor require to store materials in public or private streets, highways, or lands, he shall first obtain the approval of the Engineer, the appropriate Local Authority and where appropriate the owner of the land. Should approval be given for such storage the Contractor shall abide by any instructions issued as to the location and duration of the various stores. Such approval shall not relieve the Contractor of his responsibilities under the Contract.

During the whole period of existence, from setting up through operation to final removal upon completion of the Works, the Contractor shall be fully responsible for constantly carrying out all measures necessary for safeguarding the natural environment affected by his site installations. He shall cause the least possible interference with existing amenities, whether man-made or natural. No trees shall be felled except as authorised by the Engineer.

Latrine and ablution facilities and first-aid services shall be provided in sufficient type and numbers to the satisfaction of the Engineer and shall be maintained in a clean and sanitary condition at all times.

On completion of the Works or as soon as the facilities provided by the Contractor are no longer required, the Contractor shall remove such facilities and clear away all surface indications of their presence.

1.4.2 Contractor's Plant

When working in built-up areas, the Contractor shall provide and use suitable and effective silencing devices for pneumatic tools and other plant that would otherwise cause a noise level exceeding 85 dB(A) during excavation and other work. Alternatively, he shall, by means of barriers, effectively isolate the source of any such noise in order to comply with above requirement.

1.4.3 Water Supply

The Contractor shall make his own arrangements for the supply of all water for the execution of the Works. Temporary water connection may, if available, be arranged with the responsible water supply authority at established rates. Water for testing of pipe sections, however, shall not be taken from the mains.

When using other sources of water the Contractor shall have due regard to and co-ordinate with other users. Water for drinking purposes shall be of drinking water quality.

The Contractor shall be responsible for the provision of all water and for the payment of all costs connected therewith.

At all sites where concrete mixing is in progress and where, in the opinion of the Engineer, continuity in the availability of water is desirable, the Contractor shall erect such water storage tanks as the Engineer may require.

Where water cannot be made available directly to the site through the mains of the Water Board, the Contractor shall arrange for the conveyance of bulk supplies of water to the site and he shall ensure that sufficient supplies of water are at all times available to ensure continuity of concreting or other operations.

All water used for concrete mixing and other purposes shall be clean and free from sand, grit or deleterious matter and shall be approved by the Engineer.

1.4.4 Sanitation

The Contractor shall maintain the Site and all working areas in hygienic conditions. In all matters of health and sanitation he shall comply with the requirements of the local Medical Officer of Health or other competent authority.

1.4.5 Sewage and Waste Disposal

The Contractor shall make provision for the discharge or disposal from his camp, offices and the Works of all water as well as of all liquid and solid waste products however arising. The methods of disposal shall be to the satisfaction of the Engineer and of any authority or person having an interest in any land or watercourse over or in which water and waste products may be so discharged.

1.4.6 Pollution

The Contractor shall take all reasonable measures to minimise any dust nuisance, pollution of streams and inconvenience to or interference with the public (or others) as a result of the execution of the Works.

1.4.7 Energy Supply

The Contractor shall install, operate, maintain and subsequently remove temporary supplies of electricity for power, heating, cooling, lighting and ventilation of all camps, offices, stores, laboratories and other temporary buildings used by the Contractor in addition to all electricity requirements in connection with the construction, testing and maintenance of the Works.

The Contractor shall ensure that all proposed temporary electrical installations comply with the requirements of the responsible electricity authority and shall be responsible for and shall bear all costs associated with obtaining the written approval of that authority for such installations and their operations.

Prior to placing orders for transformers, conductors, cables and associated equipment, the Contractor shall ensure by enquiry with the electricity authority that his proposed equipment is suitable for use with the existing or proposed medium / high tension electricity supply lines.

1.4.8 Supply of Fuel, Lubricants, etc.

The Contractor shall make his own arrangements for supply for all types of fuel, petrol, diesel oil. Motor oil. Kerosene, lubricants and other petroleum products required for the purposes of the Contract.

With regard to the transportation, storage and handling of all his fuel requirements, including all electrical connections, the Contractor must strictly comply with all relevant safety codes and regulations.

1.4.9 Temporary Telephone Connections

The Contractor shall arrange at his own cost for temporary telephone connections to his offices and at site. It shall be ensured by the Contractor that the key staff of the Contract can be contacted by the Employer, Engineer or Consultant any time during execution of works by mobile phone or fixed telephone. He shall be responsible for all installations, connection and disconnection charges and telephone fees for his and his Representative's offices.

1.4.10 First Aid

The Contractor shall make his own arrangements for treatment of casualties on the Site in such first-aid units as may be thought necessary. The Contractor shall be responsible for the construction of such first-aid units and their management and operation and the removal by ambulance of injured or sick employees to nearby hospitals. The first-aid service shall cover the Contractor's own personnel as well as that of the Employer, the Engineer and all Subcontractors.

1.4.11 Fire Protection

No naked fire shall be used by the Contractor on or about the Site otherwise than in the open air without the permission in writing of the Engineer. If in the Engineer's opinion the use of naked fire may cause a fire hazard, the Contractor shall at no extra cost to the Employer take such additional precautions and provide such additional fire fighting equipment as the Engineer considers necessary.

The term "naked fire" shall be deemed to include electric arcs and oxyacetylene or other flames used in welding or cutting metals.

Compliance with the requirements of the Engineer shall not relieve the Contractor of any of his obligations under the Contract.

1.4.12 Site Safety

The Contractor shall at all times in the conduct of his work and that of his Subcontractors adhere to the established rules and regulations concerning all safety matters at Site such as the recommendations contained in the "Manual of Accident Prevention in Construction", published by the Associated General Contractors of America, Inc., or other internationally recognised recommendations to the extent that such provisions do not conflict with the applicable laws. This is especially important wherever it is necessary to enable the free passage of the public through the Site.

The Contractor's Safety Officer shall have the qualification and the authority to issue instructions to the Contractor's personnel regarding protection measures to prevent accidents.

During construction the Contractor shall erect, maintain and subsequently remove sufficient barricades, guards, lighting, sheeting, shoring, temporary sidewalks and bridges, danger signals as well as temporary covering of potential accident areas.

If and where required the Contractor shall erect and maintain suitable and approved temporary fencing to enclose such areas of the works and areas of land occupied by the Contractor within the Site. Where temporary fencing has to be erected alongside a public road, foot-path, etc., it shall be of the type required by and shall be erected to the satisfaction of the authority concerned.

All open excavations along pipe lines shall be protected sufficiently to keep out live-stock, and ensure the safety of workmen and members of the public and be in accordance with the directives of the police and the other local regulations.

Where work is to be carried out in the proximity of buildings, bridges, tanks or other structures, the Contractor shall take all necessary precautions, including shoring and strutting, where necessary, to ensure the safety of the structures that are at risk.

The Contractor shall be responsible for all damages or injury which may be caused on any property by trespass by the Contractor's or his Subcontractor's employees in the course of their employment, whether the said trespass was committed with or without the consent or knowledge of the Contractor.

1.4.13 Protection of Overhead and Underground Services

The Contractor will be held responsible for any damage to known services (i.e. services that are within the Site and are shown on the drawings) and he shall take all necessary measures to protect them. All work or protective measures shall be subject to approval. In the event of a service being damaged, the Contractor shall not repair any such service unless instructed to do so.

It is the responsibility of the Contractor to coordinate with other utilities to locate underground services so they can be avoided by the Contractor during construction. However, if any damage occurs as a result of the construction activities of the Contractor, the Contractor is fully responsible for the correction of the damage at his own expense.

Where no underground services are shown on the drawings or scheduled but the possibility of their presence can reasonably be inferred, the Contractor shall, in collaboration with the Engineer, ascertain whether any such services exist within the relevant section of the Site. The Contractor shall complete such an investigation well in advance of the start of construction work in the said section and he shall submit a report in good time to enable the Engineer to make whatever arrangements are necessary for the protection, removal or diversion of the services before any construction works commences.

As soon as an existing water pipeline, sewer or other service not shown on the drawings is discovered in the excavation the contractor shall forthwith call the attention of the Engineer and the appropriate Utility Service Authority thereto. Such discovered underground services not shown on the drawings shall be deemed to be a known service and the Contractor will be held responsible for any subsequent damage to it. If such service is damaged during the course of its discovery, the cost of making good such damage will be met by the Employer unless he establishes that the Contractor did not exercise reasonable diligence and that the damage was avoidable.

Where the authority concerned elects to carry out on its own account any alterations or protective measures, the Contractor shall co-operate with and allow such authority reasonable access and sufficient space and time to carry out the required work.

Permanent alterations to or permanent diversion of services necessitated by the execution of the Works and authorised will be paid for in terms of the conditions of contract, but no such work will be paid for if it has not been previously inspected and if proper written instructions have not been given.

1.4.14 Signboards

Besides the signboards of waterworks in which information about the project is given, the Contractor shall not, except with the written authority of the Engineer, exhibit or permit to be exhibited on the site any other form of advertisement.

1.4.15 Site Roads

The Contractor shall provide and maintain such access to the various sections of the Works as he requires for the proper execution of the work. Access roads shall be so arranged as to minimise inconvenience to adjoining landowners or occupants and to the general public. The site roads shall be of gravel or equivalent material providing a hard surface for vehicles. Temporary roads shall be removed when they are no longer required.

1.4.16 Testing Facilities, Laboratory

The Contractor shall provide a site laboratory equipped and furnished with all testing facilities required to perform all mandatory tests stipulated in the various specific clauses of these Technical Specifications.

Other tests which may be required upon instruction of the Engineer and which cannot be performed in the site laboratory shall be carried out on behalf of the Contractor at other laboratories acceptable to the Engineer.

1.4.17 Cleaning-up of Site

Before application is made for the Employer to accept any substantially completed Section of the Works, all items shall be complete, ready to operate and in a clean condition. All trash, debris, unused building materials and temporary facilities shall have been removed from the Site. Tools, equipment and construction machinery not needed during the subsequent Defects Liability Period for repair and adjustment shall not remain on the Site. The temporary walkways, parking areas and roadways shall be completely swept and broomed.

1.4.18 Site Drainage

The Contractor shall keep each Section of the Works well drained until the Engineer certifies that it is substantially complete and shall ensure that, so far as is practicable, all work is carried out in the dry. Excavated areas shall be kept well drained and free from standing water except where this is impracticable having regard to methods of Temporary Works properly adopted by the Contractor.

The Contractor shall provide, operate and maintain in sufficient quantity such pumping equipment, well points, pipes and other equipment as may be necessary to minimise damage, inconvenience and interference and shall construct, operate and maintain all temporary ditches, drains and other temporary works as may be necessary to remove water from the Works while construction is in progress. Such Temporary Works and plant shall not be removed without the approval of the Engineer.

Notwithstanding any approval by the Engineer of the Contractor's arrangements for the removal of water, the Contractor shall be responsible for the sufficiency thereof and for keeping the Works safe at all times and for making good at his own expense any damage to the Works.

The Contractor shall be responsible to keep the Works clear of water at whatever pump rate found necessary.

1.4.19 Measurement and Payment

No separate measurement and payment will be made for any of the above listed items under this Section 1.4, Site Installation. All associated costs are deemed to be included in the unit rates of the BOQ.

1.5 Temporary Facilities

1.5.1 Temporary Diversions of Utilities

If in the opinion of the Engineer it is necessary to make temporary diversions of services in connection with the Works, the Contractor shall arrange with the relevant authority for the construction of diversions. The cost of these diversion shall be covered under the appropriate item in the Bill of Quantities.

The Contractor may at his own cost and subject to the approval of the Engineer and the authority concerned, make such temporary diversions as may facilitate the carrying out of the Works. These temporary diversions shall be reinstated to the full satisfaction of the Engineer and the relevant authority on completion of the Works.

1.5.2 Detours and Traffic Control

The Contractor shall program his work in such a way that, wherever the temporary closure of street sections to public thoroughfare cannot be avoided, the duration of traffic diversion can be kept as short as possible. No streets shall be closed and no detours shall be introduced and no traffic diverted until the Contractor's proposals have been approved by the Engineer and the appropriate municipal and police authorities.

Where work is to be carried out in public roads, the Contractor shall give notice to the Engineer sufficiently in advance of the date on which he wishes to commence such work.

The Contractor shall be responsible for obtaining the permission of the Employer, the responsible municipal authority and the Police for works he intends to carry out in public roads. Two copies of the Contractor's proposals to the relevant authorities shall be submitted to the Engineer. One copy of all obtained approval shall be submitted to the Engineer. The Contractor shall bear the full responsibility for and the cost of any road closure, which may be permitted and shall indemnify the Employer against any claim whatsoever arising therefrom. The Contractor shall not be entitled to any extra payment as a result of permission for a road closure being refused.

The Contractor's attention is advised to ascertain for himself in advance the length of time required by the relevant authorities for processing the documentation required prior to the cutting of existing public roads.

Detours shall be selected in such a way that the inconvenience to the affected traffic as well as to the inhabitants of the affected areas is kept to a minimum.

The Contractor shall furnish, install and maintain at all times during the execution of the Works all necessary traffic signs, barricades, lights, signals and other traffic control devices, including flagging and other means of guiding traffic through the work zone. Traffic control shall be managed in accordance with prevailing rules and regulations of the police or other authorised body regarding traffic safety measures for road works, and with the approval and to the satisfaction of the Engineer.

All devices mentioned above shall be in conformity with the requirements of the responsible municipal authority. All traffic signs and control devices to be furnished and installed by the Contractor shall be approved by the Engineer for their location, position, visibility, adequacy and manner of use under specific job conditions. All written traffic signs shall be in the local language.

All traffic control devices necessary for the initial stage of construction shall be properly placed and operational before any construction is allowed to start. When work of a progressive nature is involved, the necessary signs shall be moved concurrently where they are needed.

If the Engineer determines that proper provisions for safe traffic control are not being provided or maintained, he may restrict construction operations affected by such defective signs or devices until such provisions are established or maintained, or may altogether order suspension of the Work until a proper traffic control is achieved. In case of serious or wilful disregard by the Contractor of the safety of the public or his employees, the Engineer may take necessary steps to rectify the situation and deduct the cost thereof from money due or becoming due to the Contractor. The Contractor shall be responsible for all resulting delays.

The Contractor shall designate or otherwise employ personnel to furnish continuous surveillance of the traffic control operations. The designated personnel shall be available day and night to respond to calls involving damage due to vandalism or traffic accidents.

At sections where traffic is in operation and when ordered by the Engineer, the movements of the Contractor's equipment from one place of work to another shall be subject to traffic control. During rush hours movement of larger vehicles, such as trucks, cranes, dumpers, etc. through main thoroughfare are not permitted by the police. Spillage resulting from hauling operations along or across the road way shall be removed immediately at the Contractor's expense.

1.5.3 Provision of Temporary Services

When the rehabilitation or replacement of existing public utilities requires their temporary disconnection, the Contractor shall provide the affected users with temporary services in at least the same standard as the original services.

The Contractor shall provide suitable temporary piped supplies of water during construction, testing and maintenance of Works, in all circumstances where interruption of flow is expected to last more than 2 days. Provisions for this item shall be included in the items concerned with the laying of pipes or others. 

When forced to disconnect existing sewers the Contractor shall install temporary pipes of adequate size to carry off sewage from any private sewer facilities cut off by construction work. Connections to temporary pipes shall be made immediately by the Contractor upon cutting off the existing facility. No sewage shall be allowed to flow from any severed facility upon the ground surface or into the trench excavation. Pipes used in temporary sewers may be plastic or approved flexible material.

Upon completion of work the Contractor shall replace all severed connections and restore to operating order the existing sanitary facilities.

No valve or other controls in public service facilities shall be operated by the Contractor without approval of the Engineer. All users affected by such operation shall be notified by the Contractor at least one hour before the operation and advised of the probable time when service will be restored.

1.5.4 Protection of Adjoining Property

The Contractor shall control the movement of his crews and equipment on right-of-way including access routes approved by the Engineer so as to minimise damage to crops and property and shall endeavour to avoid marring the lands. Ruts and scars shall be obliterated and damage to land shall be corrected and the land shall be restored as closely as possible to its original conditions before final taking-over of the Works.

The Contractor shall be responsible directly to the Employer for any excessive or avoidable damage to crops or lands resulting from his operations whether on lands adjacent to right-of-way or on approved access road and deductions will be made from payment due to the Contractor to cover the amount of such excessive or avoidable damage as determined by the Engineer.

1.5.5 Reinstatement Upon Completion

Temporary facilities shall be provided by the Contractor, only for as long as required after which he shall dismantle and remove the same from their place of use as speedily as possible. Re-usable components shall be safely stored by the Contractor in his yard.

The place of use shall be cleared and reinstated immediately to at least the condition existing before the temporary facilities were provided to the satisfaction of the Engineer.

1.5.6 Measurement and Payment

Ordered temporary diversions of utilities under Sub-Section 1.5.1 and provision of temporary services under Sub-Section 1.5.3 shall be covered by a provisional sum in the BOQ. Payments will be according to measurements of the actual quantities performed.

1.6 Co-ordination with Other Authorities

1.6.1 Statutory Services

As far as possible the Contractor shall acquaint himself with the actual location of all existing public utilities such as sewers, water mains, drains, cables for electricity, telephone lines, lighting poles, masts, etc., before commencing any works likely to affect the existing utilities. The Contractor shall obtain with the assistance of the Employer through addressing letters such information directly from the responsible authorities as early as possible.

If any damage occurs during the execution of the works, the Contractor will be fully responsible to repair the damage to the full satisfaction of the relevant owning authorities at his own expense.

1.6.2 Notices, Permits

Well in advance of the programmed start of any work which may affect traffic or any existing utilities the Contractor shall give advance notice to the respective authority indicating the type, the exact location, the programmed starting time and the expected duration of the works and shall provide whatever particulars may be required by the authorities to issue any required permits and make all necessary arrangements. The Employer will provide whatever assistance possible to the Contractor to facilitate the permit procedure, which, however, will remain the sole responsibility of the Contractor.

1.6.3 Witnessing and Post-Construction Clearances

It is expected that the issue of these permits will be tied to the requirement that the work may only be carried out in the presence of authorised inspectors from the authorities concerned. Their job will be to witness and assess any damage or interference with their respective utility. Should such disturbances occur it will be at their discretion to authorise either the Contractor to correct them or to arrange for specialised repairs through their own personnel.

The Contractor shall be fully responsible for all costs whatever resulting from avoidable damages of or interferences with other utilities.

As proof that the works in question have been completed to the satisfaction of the authorities concerned the Contractor shall submit to the Engineer upon request official post-construction clearances issued by the respective authorities.

1.7 Submissions by the Contractor

1.7.1 Pre-Construction Surveys and Setting Out

Before commencing any of the permanent Works, the Contractor shall establish, by means of a closed traverse, a complete system of bench marks as may be required or as directed by the Engineer.

All new bench marks shall be constructed and protected to the approval of the Engineer and shall be checked periodically and whenever required by the Engineer. Wherever practicable such new bench marks shall be left as permanent bench marks after the completion of the Works. If required by the local authorities the bench marks shall be entered by an authorised institution in the cadastral register.

The Contractor shall prepare plans and schedules detailing the locations and reduced values of the bench marks and these shall be kept up to date throughout the Contract period. The Contractor shall make copies of the plans and schedules available to the Engineer as and when required by him.

Any checking or approval by the Engineer of the bench marks, plans or schedules will not relieve the Contractor of his responsibilities under the Contract.

The Contractor shall note that bench marks may be liable to damage or seasonal movement and in order to ensure the accuracy of those in use at any particular time such bench marks shall be regularly checked against adjacent bench marks.

Instruments and equipment for surveys shall be subject to rigorous inspection by both the Contractor and the Engineer and any item found to be defective, in the opinion of the Engineer, shall be promptly replaced, repaired or adjusted as directed. All surveying shall be done under the direct supervision of a qualified surveyor or engineer who, as an employee of the Contractor, shall be subject to the approval of the Engineer at all times during the progress of the work.

1.7.2 Detailed Design of Temporary Works

The Contractor shall submit for approval full particulars, including drawings of any of the site installations and Temporary Works. If required the Contractor shall also submit calculations of the stresses, strains and deflections, which will arise in false work or other Temporary Works and these calculations, shall be accompanied by detailed Working Drawings to show the Contractor's proposals. Approval by the Engineer of the Contractor's proposals, calculations or drawings shall not relieve the Contractor of any of his duties or responsibilities under the Contract.

1.7.3 Working Drawings

Working Drawings shall be submitted by the Contractor to the Engineer as called for by the Contract. Working Drawings shall include, but not be restricted to, reinforcement detail drawings and bending schedules, shop drawings for structural steel and miscellaneous metal work, working drawings for mechanical equipment, architectural items and electrical work and drawings for other work for which the Engineer's approval is required.

It shall be the Contractor's own responsibility to prepare such Working Drawings as he may require for the proper setting out and construction of all structures and facilities. Work shall not commence on an individual structure or facilities until the relevant Working Drawings have been approved by the Engineer.

Within 28 days of the date of the letter of Acceptance, the Contractor shall submit to the Engineer a Drawings Submittal Schedule for the Working Drawings listing the anticipated dates upon which they will be submitted for approval by the Engineer. The submission dates shall be spaced at reasonable intervals to allow at least 7 days for the Engineer to duly check and to either approve them or to request changes or modifications, as the case may be.

All dimensions shall be in metric units and each drawing shall be properly identified by a drawing head and a numbering code in the form prescribed by the Engineer upon commencement of the Works. ISO or DIN standard size sheets shall be used.

Drawings shall not be smaller than 210 x 297 mm (DIN A4) or larger than 841 x 1189 mm (DIN A0).

Prior to submittal, the Contractor shall also check the drawings prepared by his Subcontractors for accuracy and completeness, especially that the relation to adjoining work is accurately shown.

The Contractor shall submit 3 (three) copies of all drawings for approval. Any changes or modifications to the Working Drawings that the Engineer considers necessary shall be made by the Contractor promptly and the drawings resubmitted for approval.

Approval of Working Drawings will be given by the Engineer in the form of a stamp or note "APPROVED FOR CONSTRUCTION" together with the date and the authorised signature. Only those Working Drawings carrying the signed and dated stamp or note shall be used for execution.

Copies of all such approved Working Drawings together with one unreduced transparency shall be supplied to the Engineer by the Contractor immediately after approval. The cost of preparing and providing all Working Drawings shall be included in the Contract Rates.

Should it be found at any time after approval has been given by the Engineer to a Working Drawing submitted by the Contractor that the said Working Drawing does not comply with the terms and conditions of the Contract or that the details do not agree with the Working Drawings previously approved, such alterations and additions as may be deemed necessary by the Engineer shall be made therein by the Contractor and the work carried out accordingly without entitling the Contractor to extra payment on account thereof, except where such alternations and additions are to be made in direct consequence of written order by the Engineer to vary the Works.

No examination by the Engineer of any document submitted by the Contractor or of the Contractor's Working Drawings, nor the approval expressed by the Engineer in regard thereto, either with or without modification, shall absolve the Contractor from any liability imposed upon him by any provision of the Contract. Notwithstanding the Engineer’s approval of the Working Drawings the Contractor shall be responsible for any dimensional or other errors.

1.7.4 As-Built Drawings

Such approved Working Drawings as have been selected by the Engineer shall be correctly modified for inclusion in the As-Built Drawings incorporating such variations to the Works as have been ordered and executed. Such drawings shall be prepared by means of AutoCAD and shall show the actual arrangement of all structures and items of equipment installed under the Contract. The Contractor shall submit 1 (one) reproducible copy on floppy disc and 3 (three) prints of all As-Built Drawings clearly named as such to the Engineer for approval before applying for the Taking-Over Certificate for the respective Section of the Works.

During the course of the Works, the Contractor shall maintain a fully detailed record of all changes from the approval to facilitate easy and accurate preparation of the As-Built Drawing.

Irrespective of the other contractual prerequisites of the Conditions of Contract, no Section of the Works will be considered substantially completed until the respective As-Built Drawings have been approved by the Engineer.

1.7.5 Progress Reports

The Contractor shall furnish the Engineer, at no extra cost to the Employer, at regular monthly intervals 3 (three) copies in a form determined by the Engineer, with Progress Reports containing the following information:

(a)
physical progress for the report month and estimated progress for the next month;

(b)
completion schedules (target and actual) based on the approved construction programme

(c)
updated curves for physical progress at different sections of the Works

(d)
any report, which may be specifically requested by the Employer and/or the Engineer.

These monthly reports shall be submitted not later than 5 (five) days after the end of the report month.

1.7.6 Record of Progress Photographs

The Contractor shall arrange for at least 24 Nos. of photographs to be taken by a professional photographer monthly or as ordered by the Engineer as Record Photographs and shall provide the negatives (or a floppy) and 2 colour prints each on glossy paper unmounted and of a size not less than 210 mm x 297 mm (A 4) in transparent plastic pockets contained in hard cover album. Each print shall contain upon its back the date and description of the view taken. The Contractor shall ensure that no use is made of any negative or print without permission from the Employer.

Out of these Record Photographs the Contractor shall select 10 characteristic ones as Progress Photographs attached to the Progress Reports.

1.7.7 Measurement and Payment

No separate measurement and payment will be made for Section 1.7, the cost of which shall be deemed to be included in other unit rates of the BOQ.

1.8 Quality Control

1.8.1 Quality Control Plan and Procedures

The Contractor shall be responsible for establishing and maintaining procedures for quality control, which will ensure that all aspects of the Works comply with the requirements of the Contract.

As soon as reasonably practicable prior to the commencement of Works the Contractor shall submit for approval a Quality Control Plan giving detailed proposals for control of quality of all aspects of work on the Site and at suppliers' workshops.

The Quality Control Plan shall include the following:

(a)
a list of the Contractor's staff engaged in quality control

(b)
a list of any outside testing agencies employed by the Contractor for work in connection with quality control

(c)
a list of manufactured items and materials, obtained by the Contractor for the Works, which require inspection at the suppliers' premises, and the proposed procedures for ensuring quality control

(d)
a list of materials and operations to be inspected by the Contractor at the various stages of construction work on Site, together with inspection procedures, test types and frequencies

(e)
sample of proposed quality control records, testing forms and reporting forms.

Unless the Engineer permits otherwise, the approved Quality Control Plan shall be followed throughout the construction of the Works. Any approval by the Engineer of the Contractor's plan and procedures shall not relieve the Contractor of his obligation to ensure that the Works comply with the requirements of the Contract.

The Contractor shall appoint a suitably qualified member of his staff to be responsible for all aspects of quality control and to maintain effective liaison with the Engineer.

1.8.2 Sampling and Testing

The Contractor shall provide for the approval of the Engineer, samples of all construction materials and manufactured items required for the Permanent Works. All samples rejected by the Engineer shall be removed from Site. All approved samples shall be stored on Site by the Contractor for the duration of the Contract, and any materials or manufactured items subsequently delivered to Site for incorporation in the Permanent Works shall be of a quality at least equal to the approved sample.

Samples shall be submitted and tests carried out sufficiently early to enable further samples to be submitted and tested if required by the Engineer. Samples for testing will generally be selected by the Engineer from materials to be utilised in the project and all tests will be under the supervision of, and as directed by, and at such points as may be convenient to the Engineer.

Material requiring testing shall be furnished in sufficient time before intended use so as to allow for testing. No materials represented by tests may be used prior to receipt of written approval of said materials.

The Contractor shall give the Engineer at least 3 (three) days notice in writing of the date on which any of the materials will be ready for testing or inspection at the suppliers' premises or at a laboratory approved by the Engineer and unless the Engineer shall attend at the appointed place and time the test may proceed in his absence. The Contractor shall in any case submit to the Engineer within 3 (three) days after every test such number of certified copies of the test readings as the Engineer may require.

Approval by the Engineer as to the placing of orders for materials or as to samples or tests shall not prejudice any of the Engineer's powers under the Contract.

The provisions of this Clause shall also apply to materials supplied under any nominated subcontract.

After all construction at each Section is completed and before applying for taking-over, the Contractor shall perform field tests whenever required. The Contractor shall demonstrate to the Engineer the proper operation of the facilities and the satisfactory performance of the individual components. Any improper operation of the system or any improper, or faulty construction shall be repaired or corrected to the satisfaction of the Engineer. The Contractor shall make such changes, adjustments or replacement of equipment as may be required to make the same comply with the Specifications, or replace any defective parts or materials.

In addition to any special provision made herein as to sampling and testing materials by particular methods, samples of materials and workmanship proposed to be employed in the execution of the Works may be called for at any time by the Engineer and these shall be furnished without delay by the Contractor at his own Cost. Approved samples will be retained by the Engineer who will be at liberty to reject all materials and workmanship that are not equal or better in quality and character than such approved samples.

All costs incurred by the Contractor, in connection with sampling and testing of all materials and items required for the Works shall be deemed to be included and covered by the tendered Contract Rates.

Notwithstanding the provisions for payment in respect of testing, all costs in connection with conducting tests and delivery of samples to an approved laboratory shall be deemed to be included and covered by the Contract Rates for the following categories of tests:

(a)
tests conducted at the premises of the Contractor, Subcontractor, manufacturer or supplier which are normally or customarily carried out at such premises for the items or materials being supplied for the Works

(b)
tests which are normally or customarily conducted on the items or materials being supplied for the Works by the Contractor, Sub-Contractor, supplier or manufacturer but which have to be conducted at an approved laboratory because the necessary testing facilities are not available on the premises of the Contractor, Sub-Contractor, supplier and manufacturer

(c)
tests on locally obtained materials or items either on the Site or at an approved laboratory for the purpose of obtaining the approval of the Engineer to the classification, use and compliance with the Specifications of such items or materials

(d)
routine quality control tests conducted by the Contractor to ensure compliance with the Specifications

(e)
regular testing of concrete and other materials 

(f)
standard shop and Site acceptance tests, including trial assemblies, of mechanical equipment.

1.8.3 Preservation of Approved Samples

Where samples, including samples of materials and workmanship constructed on the Site, are submitted as a reference for materials and workmanship to be provided as part of the Permanent Works, they shall, after approval by the Engineer, be carefully preserved for this purpose on site by the Contractor to the satisfaction of the Engineer until permission is given by the Engineer for their disposal.

1.8.4 Inspection and Acceptance

The Engineer may appoint Inspecting Engineers to inspect and test materials and articles on his behalf prior to their dispatch to the Site. The Inspecting Engineer will examine, test and if necessary analyse all materials and articles to be used in the Works including all items of fabricated or finished work unless the Engineer shall direct otherwise. The Inspecting Engineer shall be granted free access at all reasonable times to the premises of the Contractor and/or any Subcontractor and shall be afforded every facility for making inspections, making tests, which it is normal or customary to undertake at the premises of the Contractor or Sub-Contractor and for taking samples for testing and analysis.

The Contractor and/or Sub-Contractor shall give adequate notice to the Engineer or the Inspecting Engineer as to when any materials, articles or fabricated work will be ready for inspection and shall take into account the possibility of delays in postal communication when giving such notice. Related requests by telephone or telex for an immediate inspection of particular items scheduled for transportation which cannot be met will not be sufficient reason for waiving inspection thereof and the Contractor shall be held solely responsible for all consequences arising out of any delay resulting from his failure to give adequate notice.

The Engineer and the Inspecting Engineer shall be kept properly informed of the progress of any work being carried out on materials and articles being prepared or supplied by the Contractor or any Sub-Contractor for use in the Works to enable them to make such arrangements for inspection, testing and analysis as they may consider appropriate.

The inspection of all items of fabricated or finished work will be carried out only against Working Drawings that have been approved by the Engineer and that bear his endorsement of approval.

Neither the Engineer nor the Inspecting Engineer will undertake the inspection of any item of fabricated or finished work until such time as the Contractor shall have forwarded to the Engineer the approved Working Drawings covering the items to be inspected, together with four copies of the respective orders.

The Engineer may require to inspect work being prepared and to witness tests at supplier's premises. The Contractor shall give the Engineer adequate notice of the programmes of work and testing at supplier’s premises to enable the Engineer to arrange such inspections.

Manufactured items and materials delivered to the Site shall be inspected by the Contractor on arrival. Any defects shall be notified to the Engineer. Minor defects to surface finishes and the like in manufactured items shall be made good in an approved manner to the satisfaction of the Engineer. Items with more serious defects shall be returned to the suppliers for correction or replacement as appropriate.

Inspections or tests carried out by or on behalf of the Engineer shall not relieve the Contractor of his responsibilities in connection with quality control.

1.8.5 Materials/Equipment Certificates

Where certificates are required by the Specifications or relevant Reference Standard, the original and one copy of each such certificate shall be provided by the Contractor.

Certificates shall be clearly identified by serial or reference number and shall include information required by the relevant Reference Standard or Specification clause.

The timing for submittal of certificates shall be as follows:

 (a)
manufacturer's and supplier's test certificates shall be submitted as soon as the tests have been completed and in any case not less than 7 (seven) calendar days prior to the time that the materials represented by such certificates are needed for incorporation into the Permanent Works

(b)
certificates of tests carried out during the construction or on completion of parts of the Permanent Works shall be submitted within 7 (seven) days of the completion of the test.

No materials, articles or items of fabricated or finished work to be supplied by the Contractor or Subcontractors which have been inspected and tested by the Engineer or the inspecting Engineer shall be dispatched unless a Passing Certificate has been requested by the Contractor from the Engineer and subsequently been issued by the Engineer to the effect that the same are approved. Neither the Contractor nor Sub-Contractors shall make use of any materials or articles ordered by them for the purpose of fabrication until a Passing Certificate covering the said materials and articles shall have been issued by the Engineer or inspecting Engineer.

1.8.6 Site Records

Daily records of on-site testing and inspection shall be kept on forms of approved format. Test results shall be certified by the responsible member of the Contractor’s staff. All test certificates and inspection records (including any from suppliers or other outside testing agencies) shall be clearly identified with the appropriate part of the Works to which they refer, and they shall be submitted to the Engineer together with the respective Passing Certificate.

Once each month, or at such longer intervals as the Engineer may allow, the Contractor shall submit in an approved form a summary of all quality control inspections and tests performed at Site and elsewhere in the intervening period.

Test results shall be summarised in tabular form or graphically or both in a way, which best illustrates the trends, specific results and specification requirements. Where the tests show that the specified requirements were not achieved, the report shall describe the action, which was taken.

Each report shall also contain a forecast of quality control work likely to be carried out during the period to be covered by the succeeding report.

The Contractor shall keep detailed and up-to-date inventories in an approved form of goods and materials already approved by the Engineer for which Passing Certificates have been issued as well as of all other goods and materials subject to quality control which are on order, delivered, found faulty, lost during the work or to be surplus to requirements. The Engineer shall have access to these records at all times.

1.8.7 Daily Log Book

The Contractor shall keep a Daily Log Book at each site. This Daily Log Book shall be in a form approved by the Engineer and shall contain, but not be limited to, the following major items of information

(a)
name of Contractor and Contract No.

(b)
date

(c)
weather conditions (max./min. temperature, hours and intensity of rainfall)

(d)
work carried out during the day per Section (description, quantities)

(e)
major equipment used per section (on contractual work, on extra work ordered, approximate operating time on either)

(f)
strength of labour force per Section (on contractual work, on extra work ordered, hours worked on either)

(g)
delays (cause, effects such as idle time, etc.)

(h)
unusual events (earthquakes, floods, fires, storms, accidents, etc.)

(i)
visitors at Site.

Each daily log shall be signed by the responsible Site Manager of the Contractor and "noted" by the Engineer.

1.8.8 Measurement and Payment

No separate measurement and payment will be made for Section 1.8, the cost of which shall be deemed to be included in other unit rates of the BOQ. 

1.9 Standards, Codes and Abbreviations

1.9.1 Reference Standards and Codes

The Works shall be carried out in accordance with the relevant quality standards, test procedures or codes of practice, collectively referred to as Reference Standards, listed in the relevant parts of the Specifications. The Contractor shall familiarise himself fully with the requirements of such standards. If no standard is indicated then the relevant ISO Standard or, in the absence of such standard, the relevant German, British, or American Standards shall apply, or others, if so approved.

The Contractor may propose, at no extra cost to the Employer, the use of any alternative relevant authoritative internationally recognised Reference Standard, which shall be no less exacting, in the opinion of the Engineer, than the corresponding standard quoted in the Specification. The Contractor shall demonstrate to the Engineer that the alternative standard is suitable and equivalent to the specified standard, as well as provide proof of previous successful use. The Engineer shall decide whether or not the use of such alternative will be allowed as a Reference Standard.

The Contractor shall obtain and keep on Site at least one copy of each approved Reference Standard and each Reference Standard referred to in the Specifications, and will make these accessible to the Engineer at any time upon request. The Contractor shall obtain the Reference Standards from the addresses given below

ISO
International Organisation for Standardisation, Rue de Varembe, Geneva, Switzerland

DIN
Deutsche Industrie Norm (German Industry Standard) from Deutsche Normenausschuss, Beuth-Vertrieb, P.O. Box 1045, W-1000, Berlin 30, Federal Republic of Germany

BSI
British Standards Institution, 101 Pentonville Road, London Nl 9ND, England

AASHTO
American Association of State Highway and Transportation Officials, Suite 341 National Press Building, Washington, D.C. 2004, U.S.A.

ACI
American Concrete Institute, P.O. Box 4754, Redford Station, Detroit, MI 48219, U.S.A.

AISC
American Institute of Steel Construction, 101 Park Avenue, New York, NY 10017, U.S.A.

ASTM
American Society for Testing and Materials, 2501 Race St., Philadelphia, PA 19103, U.S.A.

AWS
American Welding Society, Inc., 2501 N.W. 7th St., Miami, FL 33125, U.S.A.

AWWA
American Water Works Association, 6666 West Quincy Ave. Denver, Colorado 80235, U.S.A.

SIS
Swedish Standards

1.9.2 Equivalency of Standards and Codes

Wherever reference is made in the Contract to specific standards and codes to be met by the goods and materials to be furnished, and work performed or tested, the provisions of the latest current edition or revision of the relevant standards and codes in effect shall apply, unless otherwise expressly stated in the Contract. Where such standards and codes are national, or relate to a particular country or region, other authoritative standards which ensure an equal or higher quality than the standards and codes specified will be accepted subject to the Engineer's prior review and written approval. Differences between the standards specified and the proposed alternative standards must be fully described in writing by the Contractor and submitted to the Engineer at least 7 (seven) days prior to the date when the Contractor desires the Engineer's approval. In the event the Engineer determines that such proposed deviations so not ensure equal or higher quality, the Contractor shall comply with the standards specified in the documents.

1.9.3 Metric Units

S.I. units of measurement shall be used throughout the Contract. All information and data originating in another system shall be transferred by the Contractor into the S.I. system.

1.9.4 Abbreviations


A
=
Ampere


ACI
=
American Concrete Institute


AC
=
asbestos cement, alternating current


API
=
American Petroleum Industry


ANSI
=
American National Standard Institute


AASHTO
=
American Association of State Highway and Transportation Officials


ASTM
=
American Society for Testing and Materials


BOQ.
=
Bill of Quantities, Schedule of Quantities


BS
=
British Standard


CBR
=
California Bearing Ratio


Cl
=
chloride ion


cm
=
centimetre


cm²/g
=
square centimetre per gram


C02
=
carbon dioxide


d
=
day(s)


Cu
=
copper


DC
=
direct current


dia
=
diameter


DIN
=
Deutsche Industrie Norm (German Standard)


DN
=
diameter nominal (=ND)


EC
=
electro-conductivity


g/cm³
=
gram per cubic centimeter


g/m²
=
gram per square meter


h
=
hour


HDPE
=
high density polyethylene


HP
=
horse power


IEC
=
International Electro-Technical Commission


ISO
=
International Standard Organization


kg
=
kilogram


kg/cm³
=
kilogram per cubic centimetre


kg/cm²
=
kilogram per square centimetre


km
=
kilometre


kN
=
kilo Newton


KVA
=
kilo volt ampere


l
=
litre


m
=
metre


m²
=
square metre


MCB
=
miniature circuit breaker


MCCB
=
moulded case circuit breaker


m³
=
cubic metre


mg/l
=
milligram per litre


min
=
minute


mm
=
millimetre


m/min
=
metre per minute


m³/d
=
cubic metre per day


m³/min
=
cubic metre per minute


m/s
=
metre per second


MPa
=
Mega Pascal


mm/s
=
millimetre per second


MVA
=
mega volt ampere


N
=
Newton


ND
=
nominal diameter (=DN)


NH2
=
ammonia


nm
=
nanometer


N/mm²
=
Newton per square millimetre


NPSH
=
net positive suction head


NTU
=
nephelometric turbidity unit


OMC
=
Optimum moisture content


PC
=
personal computer


pH
=
hydrogen concentration (acidity)


PI
=
Process and Instrumentation


PN
=
nominal pressure (maximum permissible working pressure)


ppm
=
parts per million


RC
=
reinforced concrete 


r/min
=
revolution per minute


S
=
second


SI
=
Systeme International d’Unites


Si
=
silicon


T
=
temperature


to
=
metric tonne


uPVC
=
unplasticised polyvinyl chloride


V
=
Volt


VDE
=
Vereinigung Deutscher Electro-Ingenieure (German Electrical Standard)


VDU
=
visual display unit


W
=
Watt


°C
=
centigrade


0
=
degree


“
=
inch


%
=
percent


4WD
=
four wheel drive


<
=
smaller/less than


>
=
larger/more than


OPC
=
Ordinary Portland Cement


RHPC
=
Rapid Hardening Portland Cement


PBFC
=
Pozzolanic Blast Furnace Cement

2 INSTALLATIONS AND RELATED WORKS

2.1  Installations

2.1.1 General

The description of the major installation works to be undertaken by the Contractor is given in the following sections. These descriptions should be read in conjunctions with the Schedule of Rates for Variations with the intent that the completed works indicated in the items of the Schedule of Rates for Variations shall include all the requirements indicated in this section. Generally, DIN 1988 shall apply to all installation works. Excavation and refilling of trenches shall be carried out as specified in the chapter for Earthworks.

2.1.2 Handling and installation 

Throughout pipeline construction including the operations of offloading on delivery, handling, storing, and transporting pipes and valves on or about the Site, the Contractor shall use such methods and equipment as to prevent damage to the pipes and armatures and to any sheathing lining or paint work, and such methods shall include the use in appropriate cases of lifting beams, reinforced canvas slings, protective padding, struts, cradles and pipe trailers.

Temporary packing, crates coverings provided by the Suppliers for the protection of equipment and materials in transit shall not be removed (except for purposes of inspection after which they shall be replaced) until immediately before the equipment or armature is installed, and shall then be disposed off by the Contractor.

The Contractor shall, both during and after installation, ensure that the equipment is not temporarily overloaded by any cause whatsoever, and shall if so requested, provide the Engineer with weights and load distributions of any equipment used on the Site.

2.1.3 Transport from the store

If the Contractor is required to collect pipes and armatures from the Employer's stores, such collection shall be at times as required by the working programme and as agreed by the Engineer. The Contractor shall arrange to collect such pipes and valves during normal working hours of the Client and shall give the Engineer 24 hours notice of his intention.

2.2 Transport on site 

The Contractor shall make all arrangements for transport and handling installation materials on or about the Site to the point of installation, including, where necessary, any movement into and out of temporary storage.

2.2.1 Temporary storage

Materials shall be properly stored until it is required for installation and particular care shall be taken for the protection of any associated mechanical equipment. Jointing materials shall be stored under cover until they are required for installation.

Pipes in storage shall be laid on wedged timber bearers so as to be at least 75 mm clear of the ground; pipes shall be stacked in accordance with the Specifications for the particular type of pipe material. To prevent damage to the sheathing of pipes, which are sheathed with bitumen, the bearers shall be positioned at the (unsheathed) ends of the pipes.

Any period during which the pipes are strung out along the pipeline or placed alongside the Works awaiting installation shall be kept to a minimum. Jointing parts and materials shall in any case be stored under cover. 

Subject to the foregoing and to any restrictions on the duration of temporary occupation of parts of the Site, pipes may be strung out along the pipeline prior to installation provided that any necessary temporary fencing has first been erected.

2.2.2 Inspection at time of installation 

In addition to any inspection and tests made on delivery, equipment and materials, including any sheathing, lining or protective paint work, shall be inspected by the Contractor immediately before installation and any damage shall be repaired by the Contractor as directed by the Engineer before the equipment or material is installed or jointed. Any special material required for the repair of pipe coating or lining shall be obtained from the same supplier and shall be used with due regard to his recommendations.

The Engineer may himself, and without thereby relieving the Contractor of any of his obligations, inspect and test the pipes and equipment by any means he considers appropriate and any damage discovered by such inspection shall be repaired by the Contractor as aforesaid.

The Contractor shall remove from the Site and shall provide a replacement for any pipe or valve which in the opinion of the Engineer is so badly damaged as to be unfit for repair on the Site.

2.2.3 New installation

2.2.3.1 Definitions 

The following terms shall have the meanings hereby assigned to them, except where the context clearly renders these meanings inapplicable:

- "Pipes" means pipes, bends, T-pieces, tapers and other specials including jointing parts

- ''Armatures" means valves, hydrants, metering devices and the like and includes jointing parts, operating gear, and associated fittings

- "Installation" means handling, placing, fixing in position and jointing whether in trench or elsewhere in the Works

- "Pipeline" means those parts of the Works comprising pipes and armatures 

2.2.3.2 General installation instructions

Pipes shall be installed singly and shall be jointed at the time of installation or afterwards if appropriate. The construction of the pipelines in trenches shall be co-ordinated with the excavation and refilling of trenches so as to ensure expeditious completion of the whole operation.

Pipes shall be accurately installed to the lines, levels, grades and positions set out by the Contractor and in accordance with the Drawings and the Engineer’s instructions. Changes in direction or in grade of the pipeline shall be carried out by making use of any permissible deflection of joints between straight pipes or by the installation of special bends.

Where the grade of the installed pipe material is steeper than 1 in 20, installation of pipes shall proceed on an ascending grade and (where appropriate) with the socket end leading. Where the grade is not steeper than 1 in 20, installation may proceed without break on both ascending and descending grades unless the Engineer directs otherwise.

Pipes, which are required to be fixed onto or built into other structures, shall be positioned as shown on the Drawings or directed by the Engineer. Brackets, supports and like fixings shall be in accordance with typical details shown on the Drawings, or if not so detailed shall be to the approval of the Engineer. Steel brackets and fixings shall be painted with two coats of bituminous paint.

The Contractor shall keep the interior of pipes clean and free from water, dirt, stones, or other foreign matter as installation proceeds, and at the end of the day's work or at other times when installation work is not proceeding the open ends of pipes shall be sealed off by a wooden plug or other approved stopper.

2.2.3.3 Closing lengths

 Pipes which are required to be cut to form closing pieces in any portion of the pipeline shall not be cut until after all adjacent pipes have been installed and jointed. The Contractor shall determine the length of each closing piece and the required angle and shape of the cut. The cut shall be neatly performed and the end of the pipe shaped up and trimmed so as to ensure an accurate joint or termination as the case may be. Any damage to sheathing, coating, or lining shall be made good.

2.2.3.4 Bedding of pipes 

Pipes in trenches shall normally be laid directly on trimmed excavations in a sand bedding as shown in the drawings. Backfill shall be in accordance with the requirements of the specifications for Earthworks. 

2.2.3.5 Installation of armatures

Armatures shall be installed in the Works as shown on the Drawings or as directed by the Engineer. Installation of armatures shall include installation and fixing of any operating gear and associated fittings. Before installing armatures, the Contractor shall check gaskets, bolts and nuts on the equipment and associated equipment and ensure that they are in proper working order. After installation, armatures shall be left in closed position.

2.2.3.6 Concrete surrounding pipes

Where indicated on the Drawings or ordered by the Engineer pipes shall be bedded haunched in or surrounded by concrete. Concrete shall be non reinforced of class C 20 and shall comply with the requirements of the Specification for Concrete, except that vibration will not be required.

Such concrete shall not be placed until the joints at each end of the pipe have been completed. Each pipe shall be supported on at least two purpose made pre-cast concrete blocks, which shall be left in place, and the full width and depth of bedding concrete shall be placed and carefully punned beneath the pipe followed at once by the addition of any haunching and surround concrete. Unformed surfaces shall be of spade finish. The pipe shall be prevented from floating or other movement during concrete works.

Where ordered by the Engineer the continuity of concrete bed haunch or surround to pipes with flexible joints shall be broken at each joint to allow the required joint deflection.

2.2.3.7 Anchor and thrust blocks 

Concrete thrust and anchor blocks design shall be submitted to the approval of the Engineer in advance to the laying of pipes. The blocks shall be constructed, where directed by the Engineer, for the anchorage of the pipeline. Concrete shall be of class C 25 unless specified otherwise in the drawings or instructed by the Engineer.

The thrust faces of all blocks shall be cast directly against sound undisturbed faces of excavations and the shape and size of the blocks shall be such as to provide adequate anchorage of the pipeline or valve giving due consideration to the nature of the ground and the load or thrust to be imposed upon it.

2.2.3.8 General jointing requirements  

The requirements of this clause shall be read in conjunction with the particular requirements specified elsewhere for joints of particular kinds.

Before making any joint the Contractor shall ensure that the interior of each pipe or armature is clean and that it remains clean.

Immediately before starting a joint the Contractor shall clean the end of each pipe to be jointed and shall otherwise specially prepare the ends for jointing as may be necessary for the particular kind of joint. All mechanical joints shall be cleaned and have their paint work or coating made good before assembly.

The Contractor shall use only the proper approved jointing parts as specified and obtained through the suppliers of pipes or armatures. All joints shall be accurately made and shall be able to pass tests for individual joints and for the completed pipeline as may be specified thereafter.

After completing a joint any protective paint or other coating shall be made good, and any metal joint, which is not already coated, shall be cleaned and painted with two coats of bituminous paint. Additional external protection of joints, where ordered by the Engineer, shall be carried out.

2.2.3.9 Deflection at certain joints 

Where the Engineer orders or allows a change of direction to be achieved by the deflection of a flexible joint of any kind, the deflection shall not exceed half the maximum value for the size and type of joint as recommended by the manufacturer.

2.2.3.10  Detachable flexible couplings  

In jointing plain ended pipes with flexible detachable couplings the Contractor shall take into account the manufacturer's recommendations as to the methods and equipment to be used in assembling the joint. In particular the Contractor shall render the end of each pipe smooth so as to allow the joint sleeve to slide freely and, where necessary, shall re-coat the pipe ends with two coats of quick drying bituminous solution.

2.2.3.11  Flanged joints  

Flanged joints for ductile cast iron and steel pipes and fittings as well as for armatures shall be made unless specified otherwise with gaskets bolts, nuts and washers. 

Gaskets shall be made from 3 mm thick rubber reinforced with fabric and of such width as to cover the machined face of the joint inside the bolt holes. They shall have such physical properties as to be capable of forming permanent watertight joints against pressures up to the maximum test pressure. The use of jointing paste or grease will not be permitted. No jointing material is to be left protruding into the bore. All nuts shall first be tightened by hand and nuts on opposite sides of the joint circumference shall then be alternately and progressively tightened with a spanner so as to ensure even pressure all round the joint.

2.2.3.12    Welding of steel pipes 

Generally welding of joints for steel pipes shall be carried out manually by the metal­arc process. The Contractor shall employ only skilled welders with valid welding certificates.

Before starting any welding of pipe joints the Contractor shall submit for the Engineer's approval details of the equipment, methods and materials he proposes to use, including manufacturer, material and size of electrodes, number of welding runs and current strength.

All parts to be welded shall have loose scale, rust, paint and other foreign matter removed by means of a wire brush and shall be left clean and dry. All scale and slag shall be removed from each weld run when it is completed. Pipes manufactured with longitudinal or spiral welds shall be lined up before jointing so that these welds are at least 15° apart around the joint circumference.

All welds shall be of the full fillet convex type the length of each lay being not less than the thickness of the pipe to be welded.

2.2.3.13   Pipe protection

Pipes and equipment are supplied with a different tender with integral coatings and linings as specified in the Technical Specification for material supply.

Damage to coatings and linings during handling and installation by the contractor shall be made good in accordance with the requirements set out elsewhere in this section, and protection of the pipeline at joints and in exposed locations shall be completed as set out in the following.

Flanged joints and welded joints on ductile cast iron and steel pipelines shall be cleaned by wire brushing and exposed metal surfaces shall be painted with two coats of approved bituminous paint.

2.2.3.14   Testing and cleaning

Pressure testing shall generally be carried out in accordance with DIN 4279 or equivalent. Testing pressure shall be 1.5 time the nominal pressure of pipes. All armatures in pipelines shall be satisfactorily operated.

Pipelines shall be disinfected according to the relevant DIN standard.

2.2.4         Armatures

2.2.4.1 Installation of new armatures

Armatures shall be installed as shown in the drawings or according to the instructions of the Engineer. The location of the armature installation will be proposed by the Engineer. Before starting with the installation works the Contractor shall determine the exact position, taking account of the site topography and other already existing services.

2.2.4.2 Gate valves

Gate valves will be installed in valve chambers or underground as directed by the engineer or shown in the Drawings. Where a new valve is to be installed, it is assumed that a section of the existing main will need to be cut out and removed. The new valve to be fitted will be double flanged. The valve and adjoining pipe shall be connected with flange adapters or flexible joints and, if required, with a piece of double flanged pipe.

2.2.4.3 Fire hydrants

Fire hydrants will be installed underground by means of surface boxes.

2.2.4.4 Bulk water meters

The Engineer will inform the Contractor of the normal flow direction in each of the mains in which a bulk meter is to be installed. 

Immediately after the installation of the bulk meters, the Contractor shall continue with the construction, extension or rehabilitation of a meter chamber as shown on the Drawings.

2.2.4.5 Air-release valves

Air-release valves will be installed in chambers or in surface boxes for pipes laid above ground.

2.2.4.6 Pressure reducing valves

Pressure reducing valves will be installed in chambers. 

2.2.4.7 Service lines

The definition "service line" refers to the entire system of piping from the distribution main to the water meter located on consumers' premises as defined in detail in the following paragraphs. The service line includes some or all the following:

· Pipe saddle with service valve

· GMS pipe

· Nipple, elbow

· Adoption fittings

· Stopcock

New service lines will be installed at locations, indicated by the Engineer. If not otherwise specified in the Drawings, all new service connections shall be made of PE pipe material which is laid at a minimum depth of 100 cm. Main road crossings are to be laid in pipe conduits if instructed by the Engineer.

New service connections shall be installed only for premises, for which the consumer has got the connection approval of the Water Works. 

Existing service connection pipework shall be abandoned in the ground, or, if instructed by the Engineer removed and dumped by the Contractor at a dumping place or at a storage place specified by the Employer. 

If not otherwise shown in the Drawings, replaced service connections of any diameter shall be equipped with a stopcock directly after the pipe saddle and another one directly before the water meter. 

The Contractor's responsibility for service connections is limited to the part installed by himself as directed by the Engineer.. 

2.2.4.8 Domestic water meters

Domestic water meters will be installed by the Contractor in chambers or in the buildings. The Contractor shall report to the Engineer any malfunctioning or leaking water meter identified during installation or repair works at service lines.

2.3             Pressure Pipelines

2.3.1         Scope

This specification covers the installation of pipelines of diameter not exceeding 600 mm, complete with ancillary works, for transporting water under working pressures not exceeding 16 PN.

It also covers the construction of connections from a water reticulation main to the boundaries of (or other specified points on) individual plots or properties, and covers the pipework, meters, and the making of the connections.

2.3.2 Materials

Pipes and fittings are supplied within a different material supply tender.

Satisfactory temporary end covers are provided for the protection of threads, flanges, and prepared ends of plain-ended pipes and fittings, and to prevent damage to internal lining during transportation and during handling on Site.

Pipeline materials shall be so transported, stored, and handled that pipes are not overstressed at any time and fittings are not damaged in any way. Pipes damaged or cracked in any way shall be removed from the Site. The Contractor shall bear the costs for the replacement of damaged pipes during handling, transport and temporary storage. 

The Contractor shall not use pipes or fittings of such other material unless and until he has obtained written approval for their use from the Engineer. Bedding shall be a light sandy material.

2.3.3 Plant and Equipment

The plant and rigging equipment used by the Contractor for the handling and placing of pipes shall be subject to the approval by the Engineer and shall be such that no pipe is overstressed during any operation covered by the specification.

The Contractor may use any acceptable device, including one incorporating a laser beam, to control the alignment and laying of the pipeline.

The Contractor shall provide all the equipment, materials, tools, and fittings required for the performance of the tests given below.

2.3.4 Construction and Workmanship

2.3.4.1 Laying

The trench bottom shall be prepared as specified elsewhere. Trenches shall be kept sufficiently dry to allow proper and safe bedding, laying, and jointing of pipes and kept dry until the pipeline has passed the required tests and construction of the selected fill blanket over the pipes has been completed.

A pipeline shall be laid and bedded to even grades and to levels and alignments shown on the drawings or as directed. It shall be laid centrally in the trench and with the manufacturer's class and quality identification marks visible from the top of the trench, if possible. Control of laying and bedding shall be by means of boning rods and sight rails or an acceptable laser beam device. Sight rails shall be painted black and white and shall be fixed securely and accurately.

Each pipe and each fitting shall be thoroughly cleaned and carefully examined for damage and defects immediately before laying. Should any damaged or defective pipe or fitting be laid, it shall be removed and replaced at the Contractor’s expense and to the satisfaction of the Engineer.

Every reasonable precaution shall be taken to prevent the entry of foreign matter and water into the pipeline. At the close of each day's work or at any time when work is suspended for a significant period, the last laid pipe shall be plugged, capped, or otherwise tightly closed until laying is recommenced. During laying and jointing of pipes and until the pipeline(s) has/have passed the required acceptance tests and the trenches have been backfilled, all trenches shall be kept in a state which, in the opinion of the Engineer, is reasonably dry.

Unless otherwise shown on the drawings or specified in the Technical Specification, or ordered, the depth of trenches for pressure pipelines shall not exceed 3 m and shall be such that the cover over the top of the pipeline will be at least 1.0 m.

Where so required, the cover or the alignment of a pipeline may change gradually by deflection at pipe joints, but this deflection shall not be greater (and should generally be less) than the deflections permitted by the manufacturer of the pipe.

The minimum clearance between the outside of a pipeline being laid and the outside of any other pipe that it crosses shall be 150 mm. Where this requirement conflicts with the requirements for cover over the pipeline the Contractor shall ask the Engineer for written instructions and shall carry out the work in accordance with those instructions.

Before commencing connecting operations the Contractor shall deliver to the owner or occupier, as appropriate, of each house or building, a printed note informing the owner or occupier that any existing water supply may be interrupted at short notice. When a plot connection is to be disconnected or shut off, the Contractor shall give reasonable warning to the consumer, and should it be necessary to shut off the main supply, the Contractor shall make arrangements in good time with the Employer. Where any part of a plot connection is to be installed within the boundaries of a plot, the Contractor shall arrange with the Employer to ensure that the Contractor's employees have access to private properties at all reasonable hours for the purpose of installing each such connection, but shall regulate his work in such a way as to cause the least inconvenience to consumers. Holes for pipe saddles shall be drilled, not punched. On pipes in which pipe saddles are intended to be fitted while the pipes are under pressure, an approved special drilling and tapping machine shall be used.

In newly laid pipes, any connection showing leakage when tested under the test pressure specified for the water supply main will be considered defective and the pipe length with the defective connection shall be replaced and re-tested by the Contractor at his own expense. The Contractor shall record all relevant data (e.g. street name, number of plot, location measurements and distances in relation to boundary peg(s), size of connection, depths at connecting point etc.) for the preparation of "as-built" drawings, and shall make these records available to the Engineer.

2.3.4.2 Jointing

All pipelines shall be jointed in accordance with the manufacturer's instructions and to the approval by the Engineer.

Each end of pipes being jointed with detachable couplings shall be thoroughly cleaned by brushing and wiping immediately before being jointed. All rubber rings and seals shall be carefully inspected after being placed in position and before the joint is closed, to ensure that they have not suffered any cuts, tears, or other damage, and are not in any way defective. Only the lubricants (if any) recommended by the manufacturer of the pipe shall be used for sleeve-type couplings and rubber insertion rings.

In the jointing of pipes with flanges, special care shall be taken to align, grade, and level the pipes, specials, and valves to avoid straining of the flanges. All bitumen and paint shall be removed from the mating face of each flange immediately before jointing. Bolts shall be tightened up evenly in opposite pairs to ensure uniform bearing.

Care shall be taken to avoid damage to the internal surface of the pipes during assembly of the pipeline. Wherever loose flanges are welded onto pipelines, the Contractor shall ensure that the inner lining is restored to the thickness specified and that the new lining is soundly jointed to the existing one.

2.3.4.3 Setting of Valves, Specials, and Fittings

Unless otherwise specified or directed, gate valves shall be set upright. All valves, specials, and fittings, if to be placed in urban, industrial, or similar built-up areas, shall be located in the exact positions shown on the drawings or otherwise directed (and not merely to suit standard pipe lengths) but in all other (open) areas they may be located to suit the pipe lengths. After cutting a pipe to suit the position of a valve, special, or fitting, the Contractor shall, by means of an approved method, prepare the ends to suit the coupling sleeve etc.

2.3.4.4 Concrete Casing

Where the Engineer requires pipes to be encased, a concrete of strength of mass concrete C25 shall be used. No part of the concrete casing shall be closer than 150 mm to any flexible joint of a concrete encased pipeline. The pipe trench for a concrete-encased pipeline shall be excavated to the depth below the bottom of the pipe, as ordered or shown on the drawings, and to sufficient width to allow for the concrete to be placed to the full specified width. The bottom of the trench shall be trimmed true to line and grade. A light concrete screed shall be placed on the bottom of the trench, concrete saddles or pads of the requisite thickness spaced suitably and the pipeline laid on them true to line, grade, and level. After being jointed the pipes shall be tested in accordance with the applicable tests given below, care being taken to ensure that the pipes do not move during testing. After the pipeline has been tested, suitable formwork shall be erected and concrete carefully placed and vibrated in position underneath the pipe and up both sides. The concrete level shall be raised equally on both sides of the pipe until encasement is complete and a cover over the surface of the pipe is provided that is nowhere less than that ordered or shown on the drawings. No earth filling over the concrete shall be commenced until at least 5 d after the concrete has been placed or until the concrete has attained a strength of at least 10 MPa.

2.3.4.5 Anchor / Thrust Blocks and Pedestals

At tees, bends, terminal valves, end caps, and where otherwise directed, anchor/thrust blocks shall be constructed to dimensions ordered or shown on the drawings. Unless otherwise specified in the Technical Specification, anchor/thrust blocks and pedestals shall be constructed of strength of mass concrete of C25. The concrete shall be well punned around the pipe, if in trenches, against the undisturbed faces and bottom of the trench. Backfilling behind or under thrust faces will not be permitted. Excess excavation shall be replaced with the prescribed mix concrete given above at the Contractor's expense.

Care shall be taken to leave all joints accessible. No anchor/thrust block and pedestals shall be concreted until the approval of the Engineer has been obtained.

2.3.4.6 Disinfection of Potable Water Pipelines

On completion of the laying and testing, each potable water pipeline shall be disinfected as follows:

a)
The pipeline shall be flushed out with clean water until all sediment and other foreign matter have been removed.

b)
The pipeline shall than be filled with water containing 0.15 g/l of calcium hypochlorite. The solution shall be allowed to flow slowly into the pipeline until it is filled completely and shall be left there for at least 24 h.

c)
The pipeline shall then be thoroughly and repeatedly flushed with clean water until a sample of the washwater drawn from the pipeline complies with the requirements for potable water set out by norms.

2.3.4.7 Installation of Surface Boxes

Each surface box shall be set according to the ground slope, clear off, and in such a way as to afford adequate protection for the meter and stop tap. The inside of the box shall be backfilled to the underside of the meter.

2.3.5 Tolerances

2.3.5.1 General

No deviation will be permitted from the minimum cover specified or as shown on the drawings.

2.3.5.2 Control Points

For the purpose of this specification valves set on the centre line of the pipeline and designated changes in gradient shall be regarded as control points and shall be located with a permissible deviation of + 100 mm on the centre line. The same deviation will be permissible laterally except where the Contractor is required to lay the pipeline at a designated distance from a boundary, curb line, or fence line, in which case the permissible deviation shall be + 30 mm.

Unless otherwise directed and subject to a permissible deviation (measured along the centre line) of + 5 m, scour valves shall be located at the lowest points in pipelines and air valves at the highest points.

2.3.5.3 Alignment (Plan and Level)

Unless otherwise directed, the permissible deviation in alignment between control points from a straight line joining the control points, when measured on the top centre of the pipeline, shall be + 100 mm or + 20 % of the nominal diameter, whichever is the larger, and the permissible deviation per pipe length shall be + 30 mm. The permissible deviation from the designated level at any point on the invert of the pipeline shall be 50 mm or 10 % of the nominal diameter of the pipe, which ever is the larger.

2.3.6 Testing and Acceptance

2.3.6.1 General

As the work proceeds, pipelines shall be tested in convenient lengths by means of test equipment supplied by the Contractor.

Each test shall be carried out in the presence of the Engineer or his representative. The Contractor shall be responsible for carrying out all tests and for all expenses incurred in this connection. When carrying out the hydraulic test, the Contractor shall ensure that all valves, tees, and bends are properly secured and shored to prevent movement of pipes and fittings and, should any such movement occur, the Contractor shall, at his own expense, reposition and, if necessary, repair the pipes and fittings and the securing means

The section of the pipeline that is to be tested shall be gradually filled with water while avoiding pressure surges due to too rapid filling

Until each section of the pipeline has been subjected to the hydraulic test and has complied with the requirement for leakage rates specified, the pipeline will not be accepted. The hydraulic test shall be repeated until the Engineer is satisfied that the section under test complies with the said requirement.

2.3.6.2 Standard Hydraulic Pipe Test

Unless otherwise directed, hydraulic testing shall be commenced only after pertinent anchor blocks have attained their specified strength, i.e. after 7 d, or any other time as approved by the Engineer.

After the pipe trench has been partially backfilled and before the trench is filled in at the pipe joints and the fittings, the pipeline shall be tested in sections between isolating valves and/or end caps, blank flanges, or other isolating devices, at the pressure appropriate to the type and, when relevant, class of pipe in the pipeline under test. Where mixed types or classes of pipe occur, and where the pipeline traverses a wide range of altitudes, the Engineer may require that temporary valves or blank flanges be inserted and that the pipeline be tested in reduced lengths and, in addition, at the point of maximum pressure.

Unless otherwise directed or specified in the Technical Specification, the test pressure for field testing shall be 1.5 times the maximum permissible working pressure (nominal pressure) specified or 1.5 times the actual working pressure at the point of testing, whatever is the greater.

The test pressure applied over any section of pipeline under test, taking any differences in elevation along the pipeline into account, shall be such that the pressure at any point along the section is not less than the design pressure or more than 1.5 times the design maximum working pressure at these points.

Where applicable, each section shall be filled with water 24 h before the test pressure is applied to ensure saturation of the pipeline.

Care shall be taken to ensure that all air is expelled from the line to be tested after it has been filled and before the test commences.

The specified test pressure shall be maintained for a period of at least 24 h by means of a suitable pump, fittings shall be carefully inspected for leaks. All during which period all pipes, specials, joints, and visible leaks shall be made good and any pipe, special, or fitting found to be defective shall be removed and replaced at the expense of the Contractor and shall, after installation, be tested at the expense of the Contractor again.

The test pressure shall be maintained for a further period of 1 h after the completion of the test period given above, during which time the volume of water required to be pumped into the pipeline for maintaining the pressure shall be measured.

3 Earthworks

3.1 Site clearance

The Site shall be cleared, of bushes, shrubs, grass and other vegetation over the Works area and to the satisfaction of the Engineer.

Removal of the vegetation, trees, etc., resulting from Site clearance operations and transport to a dumping place shall be organised and executed by the Contractor and approved by the Engineer.

Any additional areas required to be cleared for the Contractor’s temporary works shall be dealt with as indicated above but such additional areas will not be measured and the cost of such clearing shall be deemed to be included in the Contractor’s general rates.

3.2  Surface levels

After the area of any section of the Works has been cleared, but before any other work is commenced, surface levels of the ground shall be taken.

Levels shall similarly be taken on the surface of sound ground exposed after the removal of unsuitable overburden prior to placing filling for any embankment, etc.

All such levels so taken are to be agreed with the Engineer and, if so foreseen in the Schedule of Rates for Variations , subsequently used for measuring the final quantities of excavation and filling.

3.3 Removal of topsoil

Where necessary the Contractor shall remove topsoil and shall store it clear of excavations and separate from other excavated materials. Such topsoil shall be re-used as and where directed by the Engineer.

Topsoil stockpiles shall be protected by proper sheeting or by other approved means.

3.4 Excavation  -  general

Trench and bulk excavation shall be made to such dimensions and inclinations as the Engineer may direct or as specified in the Contract and as may be necessary to construct the Works according to the Drawings or to the orders of the Engineer.

Before commencing excavation the Contractor must obtain the approval of the Engineer. The Engineer has the right to direct the Contractor as to the lengths or portions of excavations, which shall be opened at any one time.

Before commencement of excavations the Contractor shall examine if the excavations interfere with the stability of any adjacent structures or properties.  If such interference will occur or is likely to occur the Contractor shall inform the Engineer and shall take precautions to avoid such interference. No extra payment will be made for such precautions.

The Contractor shall be responsible for any damages that may occur to any adjacent structures or property resulting from the Works excavations or any consequence thereof.

3.5 Minimum Base Width

Unless otherwise shown on the drawings, or as directed, the base width of a trench shall be not less than stated in the Preamble to the Bill of Quantities.

Where two or more pipes are to be placed in one trench, the base width of the trench shall not be less than the sum of the external diameters of the pipes plus the side allowance for each outer pipe plus, between each pair of adjacent pipes, the average of the side allowance for each pipe.

3.6 Excavation  -  open cut

The last 100 mm over formation level shall be excavated and surface trimmed by hand.

Trench excavation and bulk excavation shall be carried out, true to line and gradient as near as practicable to the size required to construct the permanent work.

No extra payment will be made to the Contractor for working in a confined space or if the position of the Works as set out or ordered will not allow the use of mechanical excavators.

All excavated material stored on site for backfilling purposes shall be deposited compactly alongside the excavation in such a manner that it will cause no damage and as little inconvenience as possible. In the case of trenches such stored material shall not be nearer than 1000 mm from the edge of the trench.

The Engineer reserves the right to direct the Contractor as to the lengths of trench or portions of bulk excavations, which shall be opened up at any one time. In the case of trench excavation, the excavation shall not be carried out more than 50 metres in advance of pipelaying without the express approval of the Engineer which approval will only be given in exceptional circumstances.

No pipes or concrete shall be laid or any permanent works commenced until the Engineer has inspected and approved the excavation.

The prices for excavation shall include for working in such a manner as not to interfere with the stability of adjacent structures and property; for the cost of all timbering or other support required; for ground stabilisation by means of dewatering, chemical processes or other approved method; for pumping and dealing with water whether affected by floods, storms or otherwise; for the provision and sealing of temporary grips, channels, sub-drains and sumps; for temporary storing of excavated materials required for backfill or other purposes, for temporarily supporting, protecting, diverting and maintaining utility services; for maintaining flows in drains, sewers and watercourses; for all work incidental, contingent or found necessary for the proper excavation and safety of the Works, and for all other contingencies whatsoever.

In the case of trench excavations made in roads, footpaths, separators or within 5 metres of buildings, the Contractor will be required to execute the Works so as to minimise damage and disturbance and to achieve this, vertically sided trenches will in general be required, timbering or other support being employed where necessary. Undercutting of trench sides will not be permitted.

Except in the case of trench excavation for watermains, all excavation in open cut shall be measured as the product of the horizontal area of the base of the permanent work to be constructed and the mean depth from the surface if not otherwise specified in the Schedule of Rates for Variations. Measurement of excavation with sloping sides shall be based on the mean horizontal area. The rates for such excavation shall include for any additional excavation required for overbreak, timbering, working space, backfilling and consolidating outside the limits of the permanent works resulting therefrom.

Trench excavation for water mains shall be carried out so as to ensure that the sides are vertical below the crown of the completed pipeline. Excavation will not be measured separately and the Contractor shall include the cost of all excavation and disposal of surplus in the price per linear metre that he inserts in the Bill of Quantities in respect of trenchwork or the completed pipeline as the case may be. The cost of any additional excavation required for overbreak, timbering, working space, backshuttering, etc., for the disposal of extra excavated material and for backfilling and consolidating outside the limit of the permanent works resulting therefrom, shall be included in this item.

In the case of bulk excavations, the Contractor shall prepare, prior to the commencement of any excavation works, grid plans of the various sites showing the existing ground levels at intervals of not more than 30 metres, unless otherwise directed.  For any particular unit of excavation the mean ground level shall be determined from the aforesaid grid plans of ground levels and the depths of the various excavations shall be calculated from the mean ground level for the particular unit of construction.

In the case of the excavations in roads, and in other cases, which in the opinion of the Engineer are liable to cause interference to the public, the Contractor shall so organise his operations as to reduce to a minimum the interval  between opening up and backfilling excavations.

3.7 Excavation  -  solid rock

The word ”solid rock” shall be defined as hard material whether natural or artificial, e.g. concrete, which in the opinion of the Engineer cannot reasonably be removed without the use of special measures involving explosives or power tools with a hard point.

If the Contractor adopts such special measures or power tools for excavation not in ”solid rock” he will not be entitled to any extra payment on account of the use of such measures or power tools in respect of such excavation.

3.8 Foundations

When excavations have been carried down to the levels shown on the Drawings or to the levels ordered by the Engineer, the Contractor shall forthwith notify the Engineer who shall, without unreasonable delay, unless he considers it unnecessary and advises the Contractor accordingly, attend for the purpose of inspecting such foundations.

Should the Engineer consider that the foundations are unsuitable to receive the works, he shall instruct the Contractor to take the foundations to a lower level or levels or to adopt some other means of support and the Contractor shall carry out such instructions.

When filling up for foundations for new constructions or if any loose, unsound or soft materials occur in the bottom of any bulk excavation, all such loose, unsound or soft materials shall be removed and disposed of and the void so left shall be filled with concrete Grade C15 or well graded compacted gravel.

For such fill material the percentage of fine sand passing the 0,074 mm sieve shall be not more than 10% of the material passing the 16 mm sieve. In layers of fill not exceeding 400mm thickness maximum stone size in the material shall not exceed 100 mm; in layers of fill exceeding 400mm maximum stone size shall not exceed 150 mm. The fill, as specified above, shall be placed in layers and compacted to 90% of its maximum dry density, using approved compacting machinery. When using a dead weight roller the material shall be placed in layers not exceeding 300mm in depth. When using a vibrating roller the depth of layer shall not exceed 500 mm. All material to be used for fill shall be approved by the Engineer.

Foundations shall be compacted and thoroughly consolidated and trimmed to the levels required. Immediately upon completion of preparation a blinding layer of concrete, 75 mm thick and as specified in Section ‘Concrete’ of these Specifications shall be placed on the formed foundation.

If the Contractor shall have notified the Engineer in writing of the presence of loose, unsound or soft materials, as aforementioned, as soon as it is encountered, and if the condition of the ground has not been caused or aggravated by the Contractor’s failure to keep the excavation dry, or through other default of the Contractor the cost of excavating the said materials and the filling of the void so formed and the compaction of same will be reimbursed to the Contractor at the rates entered in the Schedule of Rates for Variations or Indicative List of Quantities provided such work is authorised in writing by the Engineer.

The omission by the Engineer to give any instructions shall not relieve the Contractor from any responsibility for defects in the works due to the Construction being placed upon an unsuitable foundation, if,  prior to the construction of the work, the Contractor shall have failed to call the attention of the Engineer thereto.

3.9 Explosives

The Contractor shall not use any explosives in the construction of the Works without the prior written permission of the Engineer.

In the event of permission to use explosives being granted, the Contractor shall obtain information regarding any restrictions or objections to blasting.  The Contractor shall obtain all necessary licenses and shall provide a properly secured explosives store in accordance with statutory requirements and to the approval of the appropriate authorities, and he shall give facilities to such authorities for any inspection they may require to make from time to time.

A skilled and authorised foreman shall be employed to supervise all blasting operations.  The Contractor shall carry out such operations in such a manner as not to cause nuisance, injury or damage to any person, animal or property and he shall provide and cause to be used at all times when firing is to take place, sufficient screens, shields, matting and other things necessary to intercept rock, stones, earth debris or other material liable to be scattered or blown up.

The Contractor shall give due warning of the time he proposes to fire charges to all persons liable to be affected and he shall employ watchmen provided with red flags at sufficient distances and in such directions as are required to warn persons or traffic that blasting operations are being carried out.

In no circumstances will blasting be permitted in or under buildings, railways, bunds, bridges or culverts.

If, in the opinion of the Engineer, blasting would cause nuisance, injury or damage to any person, animal or property of if in his opinion blasting is being carried out in a reckless or otherwise unsatisfactory manner, or if he receives complaint of noise or other nuisance he may withdraw any permission he has given and the construction of the Works shall be carried out by other approved means and no claims for any extra cost incurred by reason of such withdrawal will be allowed to the Contractor.

The cost of all licenses, provision of store, employment of watchmen, explosives, labour appliances and all other matters and things used by the Contractor shall be at the Contractor’s expense, and the Contractor at his own expense shall make good under the direction and to the satisfaction of the Engineer any injury or damage to the Works arising from or caused by blasting operations.

The Contractor shall indemnify, protect and keep indemnified the Contracting Authority and his officers from and against all actions, claims or any expense whatsoever arising out of or incidental to blasting operations.

In the case of blasting operations close to existing buildings, etc., these shall be inspected to determine all faults, cracks, etc., before the blasting operations start.

3.10 Removal of surplus excavated material

Excavated material, which is not needed, for backfilling trenches or other excavations or for use in forming bunds or embankments shall be removed and disposed of at tipping places provided by the Contractor. All rubbish and waste materials shall similarly be dealt with.

All surplus excavated material, waste and rubbish shall be removed with all reasonable dispatch and shall be spread and levelled in the tipping places in accordance with such directions as the Engineer may give. The Contractor’s rates for excavation shall include for the cost of such operations.

The Contractor shall take every practicable precaution against causing any nuisance, damage injury or inconvenience in the handling, stacking, carting or disposal of excavated material or any other operation in connection therewith. No excavated material shall be placed in any position where it may be washed away or where it may be liable to fall or spread into any private property or across any road or footpath and should such occur the Contractor shall remove same at his own cost forthwith.

Should the Engineer direct the Contractor to tip certain surplus excavated material in a particular place, (other than in the tipping places obtained by the Contractor), the Contractor shall abide by such directions and shall make no charge in consequence thereof, unless the place specified entails a longer haul than would be incurred by the tipping at the place or places obtained by the Contractor.

3.11 Excavations  -  timbering

For the purposes of this Clause ”timber and timbering” shall be construed to include trench sheeting and steel or concrete sheet piling or any other means adopted by the Contractor for supporting excavations.

The Contractor shall supply and fix outside the limits of the permanent Works and to the satisfaction of the Engineer, all the timber necessary for the support of the sides and bottom of excavations, for the security of adjacent structures and properties and for every other purpose for which it may be required and he shall maintain the same until, in the opinion of the Engineer, the work is sufficiently advanced to permit the withdrawal of the timber. Withdrawal of timber shall be executed only under the personal supervision of a competent foreman.

The Contractor shall be responsible for any injury to the Works and any consequential damage caused by, or arising out of the insufficiency of the support he provides for his excavations and caused by, or arising out of the removal of support and any advice, permission, approval or instruction given by the Engineer relative to the support or removal thereof shall not relieve the Contractor of his responsibility.

Any instruction given by the Engineer will be directed to the provision of stronger support than that proposed by the Contractor and will be given only, when in his opinion, the support proposed by the Contractor is insufficient.

The Engineer may order excavations to be close timbered or may order timber to be driven ahead of the excavations, or may order the adoption of any other method of supporting the sides and bottoms of the excavations as may appear to him to be necessary, and the Contractor shall adopt and make no charges for adopting the method so ordered.

Where timber has been used in excavations any of such timber left shall be at the expense of the Contractor should he find it impracticable to remove it, but if the Engineer should have ordered any timber to be left in place or if any timber should be left in place with the prior approval of the Engineer, the timber approved or ordered to be left in place will be paid for at the rates entered in the Schedules of Rates for Variations or Bill of Quantities.

3.12 Trial pits

Where directed to excavate trial pits, the Contractor shall keep same open for as long as the Engineer may direct and during such period the Contractor shall adequately fence or cover the pits as directed and pump them out as and when required.

Where directed, the Contractor shall sink auger holes through soft material, in such a way as to give continual visual evidence of the nature of the ground, and shall take 50 mm diameter disturbed tube samples to the satisfaction of the Engineer. Backfilling of auger holes, if required, shall be done with approved material.

Auger holes shall be sunk by competent operatives and under skilled supervision. Exact records shall be kept for each auger hole showing the nature, extent and depth of the materials passed through, the level or levels at which water was met and the level of standing water in the completed hole.  These records, which shall include a diagram of the hole, shall be provided to the Engineer on completion of each hole.

The costs for excavation and refilling of trial pits and auger holes shall be included in the Tender Rates. 

3.13 Dewatering

The contractor shall keep all excavations free from water of all kinds so that the works may be constructed in dry conditions.

The Contractor is free to adopt the method he finds desirable for removing water from the excavations provided the Engineer gives prior approval to the method. The approval of the Engineer does not relieve the Contractor from any of his responsibilities whatsoever.

The Contractor shall provide and use sufficient pumps, coffer dams, troughs, sumps, sheetings, pipes, drains and similar equipment and also provide labour and execute the necessary pumping baling and other works as may be necessary to ensure the excavations being kept continuously dry.

No water shall be discharged into any watercourse, sewer or drain without the permission in writing of the Engineer. Such permission will not be granted unless the Contractor shall have provided to the satisfaction of the Engineer, an efficient settling basin or sand trap through which all such water shall pass before discharge into said watercourse, sewer or drain.

The Contractor shall take care to avoid undermining any part of the Works or other properties by pumping, etc., but should undermining occur he shall immediately make good same to the satisfaction of the Engineer.

All local dewatering at lower levels shall also be executed by the Contractor and included for in his Tender Rates.

All side channels, sumps and temporary excavations used for dewatering are to be formed, maintained and used outside and clear of the permanent works and shall be filled in when their use ceases.

3.14 Pipe Bedding

3.14.1 Scope

This specification covers the bedding, consisting of the bedding cradle and the selected fill blanket, for buried pipes for carrying fluids under pressure or gravity.

3.14.2 Materials

Selected granular material shall be material of a granular, non-cohesive nature that is singularly graded between 0.6 and 19 mm and is free draining.

Selected fill material shall be material that is free from vegetation and from lumps and stones of diameter exceeding 30 mm.

3.14.3        Bedding

Bedding for rigid pipes shall be of Class A, B, or C and bedding for flexible pipes shall be selected granular material and selected fill material. The bedding cradle for Class A bedding shall be concrete. Bedding cradles for Class B and C bedding shall be of selected granular material.

3.14.4 Selection

The Contractor may screen, wash, or otherwise treat excavated material from pipe trenches or other excavations in order to produce material suitable for bedding or covering the pipeline. The Contractor shall take every reasonable precaution to avoid burying or contaminating material that is suitable and is required for bedding or covering the pipeline.

Bedding material – like Danube type – shall be used from the bottom of the trench up to 10 cm above the pipeline.

When material suitable for use as selected fill material or selected granular material is not readily available from trench or other excavation within a distance not exceeding 10 km, the Contractor shall, subject to the Engineer's approval for each material, obtain suitable material to replace the shortfall by opening up borrow pits at approved areas located at intervals along the route of the pipeline or by importing from commercial or other sources.

3.14.5 Plant and Equipment

Adequate equipment shall be provided by the Contractor for the placing and compacting of bedding as specified below.

The Contractor shall also provide the necessary test equipment for performing on Site the tests. Compacting module and degree of compaction (proctor test) shall be according to the specifications of the attached designs.

3.14.6 Construction and Workmanship

No bedding shall be laid until the Engineer has approved the trench, measured the depth if necessary, and authorised pipelaying to proceed.

Except in the case of Class A bedding, the joint holes shall be refilled with fine granular material and lightly compacted to prevent the migration of adjacent pipe bedding material into the holes and to obviate the forming of hard spots under joints.

In the placing of bedding, all voids under the overhang of the pipes shall be filled and the compaction shall be carried out uniformly on each site of the pipes so as not to cause any lateral or vertical displacement of the pipe.

Bedding shall be carried out as pipelaying proceeds, and shall be completed before the acceptance test is carried out.

The degree of compaction attained for bedding (other than concrete and the material over the top of the pipeline) shall be 90 % modified AASHTO maximum density.

In addition to complying with the requirements listed above, the Contractor shall construct the bedding for rigid pipes in accordance with the following requirements:

a)
Class A :
The pipes shall be supported on a continuous cradle of concrete having a 28 d compressive strength of at least 20 MPa. During pipelaying and before the placing of the concrete bedding, the pipes shall be suitably supported. Care shall be taken during the placing of the concrete to prevent movement or flotation of the pipes. In the case of pipes with flexible joints, concrete shall not be allowed to enter the joints during casting of the bedding and a positive vertical expansion joint in the bedding cradle shall be formed at each pipe joint. The selected fill blanket shall not be placed in any section until a period of 24 h has elapsed after placement of the bedding cradle in that section. The main fill shall not be placed in any section until the bedding cradle in that section has achieved a compressive strength of at least 15 MPa.

b)
Class B :
The pipes shall be bedded on a continuous bed of selected granular material, the material being placed in accordance with the details, as relevant, and the bedding constructed in the manner shown, as relevant. To ensure that each pipe will be fully supported throughout the length of its barrel on the bedding cradle, joint holes shall be formed in the bedding cradle for pipe sockets and couplings.

c)
Class C :
The pipes shall be placed directly on the trench bottom after this has been hand-trimmed to ensure that each pipe will be fully supported throughout the length of its barrel. Joint holes shall be formed in the trench bottom for pipe sockets and couplings.

Any material that is used to support a pipeline temporarily during construction or does not comply with the requirements for bedding cradle shall be removed before the selected fill blanket for Class B or C is placed.

In addition to complying with the requirements above, the Contractor shall construct the bedding for flexible pipes in accordance with the following requirements:

Flexible pipes shall be supported on a continuous bed of selected granular material of compacted depth of at least 100 mm and covering the full width of the trench. The granular material shall be compacted to the density specified. Additional selected granular material shall than be placed carefully and evenly between the sides of the trench and the pipeline, in layers of uncompacted thickness approximately 100 mm and in accordance with the construction details. Each layer shall be compacted individually to the density specified. Particular care shall be exercised to prevent damage, deflection, or displacement of the pipeline.

After completion of the bedding cradle, selected fill blanket shall be placed carefully in layers of 100 mm uncompacted thickness over the full width of the trench and shall be compacted to the specified density up to a height of at least 300 mm above the crown of the pipeline.

In special cases, and where ordered by the Engineer, pipes shall be encased in concrete of the specified grade, generally of at least 15 MPa. The lower part of the encasement shall be constructed in the manner specified for Class A bedding. Once the pipeline has been tested and approved, the pipes shall be covered with concrete to the specified depth and expansion joints shall be cut or constructed in the upper part to coincide with those in the lower part. No earthfilling over the concrete shall be commenced until at least 5 d after the concrete has been placed or until the concrete has attained a strength of at least 10 MPa.

3.14.7 Tolerances

The permissible deviations shall be as follows:

(i)
OMC in field during compaction
 -2, +1 %

(ii)
Density when bedding rigid pipes
 -0, +5 %

(iii)
Density when bedding flexible pipes
 -0, +3 %

3.14.8 Testing and Acceptance

The Engineer may order density tests to be carried out to determine the density and grading of the bedding.

The tests may be carried out by the sand replacement method or, where the grading of the bedding is such that the particle size is not less than 
0.075 mm and not more than 2 mm, by use of a dynamic cone penetrometer. If the results of such density tests show that the material has been compacted to a density equal to or in excess of the applicable specified value, the compaction will be accepted and the Employer shall bear the cost of the tests. If the density is found to be below the specified value, the Engineer may order removal and recompaction at the Contractor's expense, and the cost of the testing shall be borne by the Contractor.

3.15 Measurement and Payment

3.15.1 Basic Principles
The operation of bedding will not be measured separately, but the provision alongside the trench of bedding materials will be measured separately. The rate for laying a pipeline shall cover the cost of handling, placing, and compacting the bedding materials up to the underside of the main fill, in addition to any other cost associated with laying the pipeline.

The volume of bedding materials will be computed from the dimensions of the pipe and the side allowance and the depth of each bedding section, as applicable.

No allowance will be made for bulking of material. Separate items are scheduled for material for the bedding cradle and for the selected fill blanket to provide for the probability the excavated material from the trench is more likely to comply with the requirements for the latter than for the former.

Material displaced by the pipeline and by importation of material from sources other than trench excavation, shall be disposed of along the pipeline within a distance of 5 km from source unless otherwise ordered by the Engineer.

3.15.2 Backfilling

The refilling of excavations and the filling to form embankments shall be commenced as soon as practicable, after the permanent works have been tested, where so required, and inspected and approved by the Engineer. In particular the backfilling of trenches shall be carried out expeditiously so as to reduce lengths of trenches open at any one time. The backfilling to a depth of 300mm above the top of the construction shall be placed immediately the work is ready to receive it in order to protect the construction from the sun.  No timbering shall be withdrawn from trench excavations until backfilling has reached one metre above crown of pipeline whereupon alternate timbers shall be removed and the voids behind the timber filled. The remaining timbers shall be withdrawn as soon as it is safe to do so and the voids left back-filled as effectively as possible. All backfilling shall be compacted and thoroughly consolidated.

Backfilling of excavations shall be carried out as follows, unless otherwise directed.

- 
In the case of trenches over pipes laid without concrete protection, the depth from trench bottom to 150 mm above pipe crown shall be backfilled using granular material (sand), placed by hand in layers not exceeding 150 mm deep and consolidated by hand ramming; if not otherwise specified in the Drawings or the Schedule of Rates for Variations, the depth from 150 mm to 700 mm above pipe crown shall be backfilled using selected excavated material maximum size 5 mm placed by hand in layers not exceeding 250 mm deep and consolidated by hand ramming. The remaining depth shall be backfilled using selected excavated material maximum size 10mm placed by hand in layers not exceeding 500 mm deep and consolidated by mechanical means.

- 
In the case of trenches over pipes laid with concrete protection the depth from trench bottom to 100 mm above pipe crown shall be backfilled using selected excavated material maximum size 5 mm placed by hand in layers not exceeding 250 mm deep and consolidated by hand ramming; the remaining depth shall be backfilled using selected excavated material maximum size 10mm placed by mechanical means in layers not exceeding 700 mm deep and consolidated by mechanical means.

- 
In the case of bulk excavations over permanent work the depth of up to 500 mm above the top of the construction shall be backfilled using selected excavated material maximum size 5 mm placed by hand in layers not exceeding 250 mm deep and consolidated by hand ramming; the remaining depth shall be backfilled using selected excavated material maximum size 10mm placed by mechanical means in layers not exceeding 700mm deep and consolidated by mechanical means.

- 
In the case of bulk excavation not over permanent works full depth shall be backfilled using selected excavated material maximum size 10mm placed by mechanical means in layers not exceeding 700mm deep and consolidated by mechanical means.

Notwithstanding the stipulations outlined in above, the requirements regarding the laying, bedding and surrounding of all pipelines as hereinafter specified shall be rigidly adhered to.

In addition to the means of consolidation specified above, all filling materials which are, in the opinion of the Engineer of a non-cohesive nature shall be well watered as follows to obtain the maximum compaction:

- 
on completion of each layer of backfilling

- 
on withdrawal of alternate timbers

- 
on withdrawal of final timbers.

Except in cases where the Engineer determines otherwise, the use of bulldozers for placing and compacting backfill material will be permitted in cases where ”mechanical means” are specified but bulldozers will not be permitted to consolidate trench fill where the cover to the pipe crown is less than 120 cm. In the case where ”mechanical means” are given above the Contractor may elect to use hand means or other approved means if he should consider that damage to the Works or incomplete compaction may result from the adoption of mechanical means and any costs incurred as a result thereof shall be borne by the Contractor.

Regardless of the means of backfilling adopted it is the Contractor’s responsibility to ensure that he satisfactorily backfills all excavations and causes no damage to the permanent works or adjacent structures, and he shall at his own expense take all steps necessary to comply with this obligation.

The compaction by mechanical means shall not be commenced until at least ten days have elapsed in the case of concrete construction.

Regardless of the method of compaction adopted, no traffic or other heavy loads shall be allowed over the backfilled surface for a period of 10 days after construction in the case of concrete construction, a period of four days in the case of pipelines not of concrete and not protected by concrete.

The Contractor shall at all times be responsible for damages caused to the permanent work through his backfilling operations, and if, due to the rate of setting of concrete or other special factors, he considers it desirable to extend the above-mentioned periods, he shall submit his proposals to the Engineer. The Engineer may similarly direct that the above periods shall be extended, should he consider it necessary.

Material used to form bunds and embankments shall be deposited and compacted in 500 mm layers. In tipping and forming bunds and embankments the Contractor shall make allowance in the height and width to permit consolidation and shrinkage. On completion of the Contract the dimensions of bunds and embankments shall be to the profiles shown on the Drawings any necessary allowance being made for the surface finish.

No mud, slurry, peat, organic, soft or otherwise unsuitable material shall be placed in the embankments or bunds. Embankments shall be measured to the net limits shown or ordered and no allowance will be made for bulking, settlement or consolidation.

3.15.3 Restoration of surfaces

After filling and consolidating the excavations in the manner specified in above clause the reinstatement of all damaged and disturbed surfaces shall be carried out by the Contractor or by the Highway Authority as the Engineer may direct for any particular section of the Works.

In cases where the topsoil does not, in the opinion of the Engineer, differ from the subsoil, the excavation shall be backfilled slightly higher than adjacent undamaged surfaces so that the natural consolidation of the backfilling material will produce a surface flush with the adjoining undisturbed surfaces.

Should the backfilling settle to a level lower than that of the adjoining surfaces the Contractor shall top up the depressions as necessary or ordered by the Engineer. Should the Contractor have overfilled so that after natural consolidation and settlement have occurred the backfill material level is above the adjoining undisturbed surfaces, the Contractor shall take such measures as the Engineer may direct to rectify the condition.

In all cases where the topsoil differs from the subsoil and in the case of roads and other similar structures where the surface material differs from the sub-strata, the Contractor shall, immediately, after the completion of his backfilling and consolidation operations, form a temporary surface flush with or slightly higher than, the adjoining undisturbed surfaces. The nature of the temporary surface shall be adopted to the nature of the adjoining undisturbed surfaces and the use to which it will be put and the Contractor shall abide by the instructions of the Engineer in this regard. After natural consolidation and settlement have occurred, the Contractor shall top up and make good any resulting depression and he shall maintain all temporary surfaces for as long as the Engineer may direct.

The completion of permanent reinstatement of all surfaces shall be carried out within a period of eight to ten months of placing backfill unless otherwise approved by the Engineer. In all cases the final surface shall be of a standard not less than that pertaining prior to the Contractor’s entry upon the various sites, and the Contractor shall both execute the Works and produce a surface to the satisfaction of the Engineer and the responsible Highway Authority. Any permission given by the Engineer to the Contractor to carry out the permanent reinstatement of surfaces shall not absolve the Contractor from liability for reconstructing such permanent reinstatement, should further settlement of the surfaces or damage thereto occur.

In cases where the permanent surface reinstatement is to be carried out by the Highway Authority, the Contractor shall backfill and consolidate the excavations specified to a level flush with or slightly above the adjoining undisturbed surfaces with the same material as is used for the upper part of the backfilling.  Such temporary surface shall be maintained by the Contractor, and the filling topped up as may be necessary, either for a period of six months or until the Highway Authority commences the permanent reinstatement of the surface, whichever is the sooner.

Any deficiency in the backfilled material which may be evident at the time of commencement of the permanent reinstatement or at the end of a six months period, (as may be appropriate), shall be rectified forthwith by the Contractor, but thereafter the Highway Authority will resume responsibility for maintenance of the excavation and the backfilled surface. Should the original surface have contained surface materials differing from the bulk of the excavation, (e.g. bricks or concrete), which are required by the Highway Authority as a base for the permanent reinstatement such special materials shall be incorporated in the backfill material at such a level and position as the Engineer may direct.  Should the original surface materials not be required by the Highway Authority for the permanent reinstatement they shall be disposed of by the Contractor. The Contractor shall be informed before commencing the excavation of each section whether or not the surface materials will be required by the Highway Authority to be incorporated in the temporary reinstatement.

In gardens, central reservations and islands, surface reinstatement shall include either the replacement of plants and shrubs, which existed prior to the excavation with new plants, or shrubs or cash payment to the owners or relevant Authority of the value of the plants or shrubs destroyed.

3.15.4 Landscaping

Preparation of soil and sowing of grass seed shall be carried out in suitable season.

Where soil has been undisturbed, or compacted by previous construction operations, it shall be broken up by subsoil ploughing to a depth of 750mm at 600mm centres.

Topsoil shall be ploughed and cultivated to a depth of 200mm.  The surface shall be cultivated and graded to provide a fine tilth and level surface.

All surface rubbish and stones greater than 40mm grading shall be removed. Fertiliser containing 10% Ammonical Nitrogen (N), 15% Phosphorous (P), (soluble in neutral ammonium citrate in water) and 10% water soluble potassium (K), (as potassium sulphate) shall be applied at a rate of 300 kg per hectare before the last cultivation.

Grass seed having a certified germination percentage not less than 98% shall be evenly distributed at a rate of 35gm per  m2, and the surface lightly harrowed and rolled. The variety of grass seed shall be approved by the Engineer.

Watering shall be carried out prior to sowing to provide a satisfactory moisture content for germination in the seed bed. and afterwards until the issuing of the Completion Certificate.

Tree and shrub pits shall be prepared for planting by excavating to a depth of 1 metre and replacing the excavated material with a mixture containing 2 parts topsoil, 2 parts horticultural peat and 1 part coarse sand.

Supply and planting of trees and shrubs shall be carried out by an approved landscape contractor. Trees and shrubs shall have attained a suitable age and shall have developed an adequate root structure to withstand transplanting.

3.15.5 Road Construction Reinstatement

3.15.5.1 Scope

This specification covers the requirements for road construction and other related works that could emerge during the rehabilitation of pipe sections, for civil engineering and building construction applicable to this project.

The following specifications shall, inter alia, form part of and be read in con-junction with this specification:


a)
Section 1

General


b)
Section 2, 3.1

Earthworks, as applicable.

This specification contains Clauses that are generally applicable to road construction work. Interpretations, additions, and variations of this specification (if any) are set out in the Particular Technical Specification.

Following expressions used in General Technical Conditions or in Special Technical Conditions, have to be interpreted as follows:

Institute – is organization that, in cooperation with the Client, performs the supervision of the material quality, work techniques and executed works. 

Laboratory – is the field organization that performs technological supervision of the used material and construction method.

Formation soil – is a section of the lithosphere that the construction of the road or any other object is planned to be performed on. 

Humus (foundation layer without bearing power) – is a layer that should be removed due to its unsuitable physical, mechanical or chemical characteristics.

Roadbed (bearing layer) – is prepared formation soil, which the embankment is constructed on, meeting the geo-mechanical conditions.

Sub-grade – is appropriately prepared surface of the roadbed that the road is going to be constructed on, which with its physical and chemical characteristics meets the regulations of the Special Technical Conditions.

Embankment – is a part of the roadbed, constructed of coherent or incoherent material on the prepared formation soil.

Lower road base – is prepared roadbed (formation soil) and the embankment.

Formation – is accurately constructed surface of any layer, lower or upper road base, determined in accordance with the designs with foreseen transversal and longitudinal gradients. 

Upper road base – is a part of the roadbed constructed on the sub-grade, i.e. on the formation of the lower road base.

Filter (purification layer) – is the layer of material that prevents the infiltration of the formation soil into the upper road base and into drainage (in slopes, behind walls and in roadbed).

Tampon layer – is a layer in the upper road base of the roadway construction, which serves as a protection from the frost damages and as lower road base.

Roadway – is a single- or multi-layer part of the upper road section, which takes over the traffic loads and transfers them to other layers of the roadway construction, i.e. to the appropriate building construction.

Stabilized layer – is a layer constructed of mechanically or chemically stabilized, i.e. prepared stone material or soil.

Road base – is each layer of the roadway construction made of mechanically or chemically stabilised or prepared material.

Levelling layer – is a layer specially constructed for reaching the required evenness of the certain formation layers.

Bituminous pounding layer – is connecting different bituminous layers  

Wearing course – is the finishing layer of the roadway construction.

Surfacing – is thin surface layer of the roadway construction, which temporarily takes over the function of the wearing course. 

Foundation – is a part of the construction, which directly transfer the load onto the formation soil, and which is formed and sized according to the detail geo-mechanical data on formation soil, which the construction is directly founded on.

Bridging section of the construction – is a part of the complete construction made over the foundation, and in advantage conditions it is placed directly on the specific formation soil.   

For the purpose of this specification, following abbreviation will be used:

· Bituminous sub-base – DBNS

· Bituminous road base – BNS

· Wearing course-asphalt concrete - HS

3.15.5.2 Materials

The Contractor shall supply in good time to the Engineer for his approval, samples of the aggregates and bitumen, that he proposes to use for the asphalt mixtures and shall furnish evidence that the bitumen and aggregates comply with the requirements of Clause 3.1.18.2.2 and 3.1.18.2.3 below. Evidence shall be in the form of a statement from an approved laboratory of the results of tests, or an authoritative report or record of previous experience.

Bitumen used for road construction is a product from oil and its derivatives refining process, with characteristics in compliance with road construction. 

Bitumen is classified in 7 types, according to the penetration depth: BIT 200, BIT 130, BIT 90, BIT 60, BIT 45, BIT 25, BIT 15.  

Bitumen used for road construction must meet the conditions from the standard DIN 18317. 

Both the coarse aggregate (stone) and the fine aggregate (sand) shall comply with the relevant applicable and approved standards (e.g. DIN 4226, DIN 4226-part 3, DIN 4188, DIN 4226, DIN 4226-part 3). Aggregates of different nominal sizes shall be delivered to the Site and stored separately and in such a way that segregation is minimised and intermixing of different materials and contamination by foreign matter is prevented.

Fine aggregate shall be natural sand, manufactured crushed rock sand, (excluding crushed rock fines which are by products/rejects of coarse aggregate production) or a combination of both.

A combination of different materials will only be permitted where the two materials are separately batched and where each material separately complies with the requirements of this specification. Except where otherwise approved on the basis of evidence of acceptable performance in asphalt mixtures the grading of a fine aggregate, or of combined fine aggregate, shall comply with the grading limits for groups of 0/1, 0/2 and 0/4 in accordance with DIN 4188.

Fine aggregates shall be free of clay lumps and friable particles. The amount of hollow shells likely to form voids or remain partially unfilled and present in material retained on a DIN 2.0 mm sieve, determined by direct visual separation, shall not exceed 3% by weight of the entire sample.

Fine aggregate shall not contain considerable amounts of flaky and or elongated particles. The water absorption of fine aggregate, determined in accordance with DIN 4226 Part 3, shall not exceed 2.0% by weight.

The total acid soluble Sulphate content of fine aggregate, expressed as sulphur trioxide (S03), shall not exceed 0.40% by weight. The total acid soluble chloride ion (Cl) content of fine aggregate, expressed as calculated equivalent (Cl x 1.6 = NaCl) sodium chloride (NaCI), shall not exceed 0.05% by weight.

Coarse aggregate shall be natural gravel, or crushed gravel, or crushed rock, complying with the requirement of DIN 4226 or similar approved.

Where an aggregate comprises a mixture of natural and crushed material the proportion of natural (uncrushed) particles shall not vary by more than + 5 % form the proportion contained in the aggregates used in the full scale trial mixes which had been approved. The proportion of decomposed or weathered particles in the aggregates shall not exceed 0.5% by weight as determined in accordance with DIN 4226 Part 3.

All coarse aggregates shall be produced, stockpiled and batched as single-sized materials complying with the grading limits in groups 2/S, 4/32, 8/32 of DIN 4226 Part 1, or as may be otherwise approved by the Engineer on the basis of evidence of acceptable performance in asphalt mixtures. 

The amount of materials passing a 0.063 mm nominal sieve in each size of single-sized aggregates shall not exceed the percentages by weight given in DIN 4226 Part 1 as determined by the Test Method given in DIN 4226 Part 3.

The proportion of flaky particles shall not exceed 20 % by weight, nor elongated particles exceed 35 % by weight in each of the fractions of single-sized aggregates as determined in accordance with DIN 4226  Part 3.

The water absorption of each size of coarse aggregate, determined in accordance with DIN 4226 Part 3, shall not exceed 2.0% by weight.

The total acid soluble Sulphate contents of coarse aggregates expressed as sulphur trioxide (SO3), shall not exceed 0.4% by weight.

The total acid soluble chloride ion (Cl) contents of coarse aggregates, expressed as calculated equivalent (Cl x 1.6 = NaCl) sodium chloride (NaCl), shall not exceed 0.02% by weight as determined in accordance with DIN 4226 Part 3. In the case of mass concrete this percentage may be increased at the Engineer's discretion.

Sources of aggregate for concrete, extraction procedures and production methods shall be to the approval of the Engineer.

Aggregate deposits or existing aggregate production at the proposed sources shall be sampled and tested to assess their potential suitability for use in the works. The results of the sampling and testing shall be reported to the Engineer.

The method of sampling shall be by agreement with the Engineer, and shall be carried out in the presence of the Engineer's Representative.

Admixtures shall not be used in any asphalt mixture without the approval of the Engineer, who may require tests to be made before they are used. To facilitate approval, the Contractor shall provide the following information:

a)
the trade name of the admixture, its source, and the manufacturer's recommended method of use

b)
typical dosage rates and possible detrimental effects of under-dosage and over dosage.

3.15.6 Requirements for the asphalt materials

Requirements presented in this Technical Conditions apply on asphalt materials and construction of all types of upper road base, binding layers, wearing courses and sealing asphalt, disregarding the grade-size distribution of the mineral aggregate, amount and type of the used bitumen. Exceptions to these requirements are separately stated in special requirements for particular types of asphalt materials. Asphalt layers could be composed of one or several layers in accordance with dimensions and quality defined within the project.   

3.15.6.1 Used standards
For construction of road structure following standards are used:

DIN 18315 – Surfacings without binder

DIN 18316 – Surfacings with hydraulic binder

DIN 18317 – Asphalt surfacing

DIN 18318 – Sett and slab pavements and surrounding

3.15.6.2 General composition of the asphalt mixture
Asphalt is composed of the mixture of mineral aggregates fractions, mineral filling and binder. Mineral aggregate is sorted in fractions. Mineral mixture is composed of certain aggregate fractions, meeting the requirements in this Technical Conditions for composition of asphalt. Into the mixture of the mineral aggregate composed in such manner (calculated for weight 100%) required amount of bitumen, different for each asphalt type, should be added. 

The storage capacity provided and the amount of material stored (whether bitumen or aggregates) shall be sufficient to ensure that no interruption to the progress of the work is occasioned by lack of materials.

Material that has deteriorated, or that has been contaminated or otherwise damaged, shall not be used in the concrete. Such material shall be removed from the site without delay.

3.15.6.3 Plant and Equipment

All plant and equipment shall be maintained in good working order at all times during road construction.

Asphalt base must have machines for weight dosage of basic fractions, mineral aggregates, filling material and bitumen, and appropriate number of pre-dosage machines in front of the cool elevator, in accordance with the number of basic fractions of the mineral aggregate. Putting two fractions of the mineral aggregate in one of the pre-dosage machines is forbidden.

Transportation of the asphalt material must be performed with tipping lorries. Before the asphalt material is loaded, storage space of the tipper must be coated with the water solution of the potassium soap. Coating of the storage space with the petroleum is forbidden. During the transport, asphalt material in the tipper must be covered with the asbestos covers. 
Machines for the asphalt embedding must have the device for warming up the transversal and longitudinal joints, as well as electronic device for the level determining. 

3.15.6.4 Construction and Workmanship

Placing of the asphalt is performed with the finishing machine. During the spreading, asphalt must be placed on the whole road structure width at one time. If two finishing machines are used at the same time, they must be longitudinally distant in such manner that the connection is invisible both on the surface of the placed layer and on the controlling nucleus, i.e. cutout. Exceptionally, placing of the asphalt could be performed with one finishing machine if the work is performed during the public transport and if the investor approves this, in written. 

Vehicles are not allowed to pass between the two normally distant finishing machines under no circumstances. 

Asphalt placing could be performed only in good weather conditions and when the base is properly prepared.

In case of asphalt placing in several layers, joints between certain layers must be moved apart, without overlapping. On surfaces where the spreading with the finishing machine is not possible, asphalt could be spread out manually, only with the approval of superintendent. Asphalt material intended for the manual spreading must be placed in manner to assure the final quality of the placed layer. 

Joints could be longitudinal and transversal. Joint must be performed in the "hot" manner. Spreading of the asphalt layers is performed with finishing machines in whole width, or with two finishing machines at the same time, longitudinally distant, or with one finishing machines with the approval.

Each work interruption must be done in one place across the whole section. Cold edge of the transversal or longitudinal layer must be warmed up before the placing of the next layer, and afterwards connection should be performed in "hot" manner with overlapping of at least 2 cm width. Transversal joints are usually working layers. 

All transversal and longitudinal joints must be cut of in straight line. Cut of surfaces must be coated with bitumen or bituminous emulsion. Described technology for the construction of the joints of asphalt layers applies on all asphalt layers, except for cast asphalt.

Requests for the thickness are presented in the design.

Tolerances for the thickness are presented in the description for the certain types of the asphalt materials in this Technical Conditions for asphalt surfacing.

Temperature of bitumen in the cistern for the asphalt base can be maximum 175 (C. Temperature of the asphalt during the flowing out from the machine for asphalt mixing can be maximum 170 (C.

Temperature of the asphalt at the location of placing should be:

· For bitumen 40/200

min. 110(C

· For bitumen 45/120

min. 120(C.

In case of manual placing, temperature of the asphalt must not be below 150(C.

Placing at the outside air temperature below +5(C is not allowed, as well as work during the rain or on wet frozen base. According to the temperature decrease of the asphalt due to wind influence, superintendent shall take required measures.

Requirements for the evenness of the asphalt layers surfaces are presented in the description of the certain types of the asphalt materials in this Technical Conditions for asphalt surfacing. 

3.16 Construction of road structure 

For construction of the sub-grade all mineral material defined within this Technical conditions will be used. Placing of the material can commence after the straightening of certain peaks so their level is not above the designed sub-grade level. For sub-grade material, clay material cannot be used, but gravelly materials, i.e. mixtures with sand-gravel fractions portion of max. 50%. 

Allowed deviation in evenness is 30 mm.

Upper surface of sub-grade is to be constructed according to designed ground levels, while allowed deviation is (30 mm.

Transversal and longitudinal gradients of the sub-grade must be constructed in accordance with the design.

Sub-grade constructed lower than the design defined is to be supplemented with the material for the lower road base, as a burden to the Contractor. 

For the sub-grade made of coherent material and mixture with stone material with portion up to 20 %, required compactness must be higher than 100% of the standard laboratory compactness.

For the sub-grade made of incoherent material and mixture with stone material with portion higher that 20%, compaction factor test is performed with circular board 30 cm in diameter, with following minimum modulus of compactness as per the portion of stone material:

· For materials with 20-35% of stone material

MS=30 MN/m2

· For materials with 35-50% of stone material

MS=35 MN/m2

· For materials with above 50% of stone material

MS=40 MN/m2

· For incoherent materials 




MS=50 MN/m2

3.17 Filter Construction

Works comprise procurement and placing of stone or gravelly material for filter layers under the lower road base layers, behind the supporting walls, in drainages defined within the design, according to the superintendent request.

Location of the filter layer and required grain-size distribution is defined by the superintendent, according to the design, referring to the grain size distribution of the material in the formation soil. 

Natural sand-gravel and crushed stone materials are used for filter layer construction.  In case of use of other materials, Contractor is obligated to enclose the attest paper for such material usability for filter layers, in written form, and to obtain superintendent's written approval. 

Compactness of the filter layer is determined by measuring the module of compactness. Module of compactness measured for the filter layer surface must be, at least, for 5-10 MN/m2 bigger than MS at the sub-grade. 

3.17.1 Construction of mechanically stabilized Lower Gravel Road Base

Works comprise procurement and placing of gravel material in the road base of road structure. Works can commence upon an approval has been issued by the Supervisory team for utilization of sub-grade in respect of its evenness, designed ground levels and gradients, as well as compaction. Material to be used for the construction of road base can be: natural gravel, broken stone, mixture of natural gravel and broken stone consisting of several fractions. Above materials must meet corresponding criteria with regard to mechanical characteristics, grain-size distribution, load-bearing capacity and other conditions according to valid standards. Gravel material is placed on levelled and rolled sub grade, spread with grader or other suitable equipment, watered and compacted by the mean of static and vibratory tools until reaching requested compaction. Road base is to be constructed in 20-40 cm thick layers determined in the project documents. Material is also to fulfill frost resistance requirements. Upper surface of road base is to be constructed according to designed ground levels and gradients, and evenness to be checked with 4m long levelling rod within allowed deviations of (1 cm. Compaction factor test is performed with circular board 30 cm in diameter, with following minimum modulus of elasticity as per the type of stone material:

· for natural gravel



Me = 50 MN/m2 

· for mixture of gravel and broken stone
Me = 60 MN/m2 

· for broken stone



Me = 70 MN/m2 

3.17.2 Construction of crushed stone road base
Works comprise procurement and placing of 31.5 to 63 mm size crushed stone in the road base of road structure. Works can commence upon the approval has been issued by the Supervisory team for utilization of sub-grade or lower gravel road base in respect of its evenness, designed ground levels and gradients, as well as compaction. Crushed stone must meet corresponding criteria with regard to mechanical characteristics, grain-size distribution, load-bearing capacity and other conditions according to valid standards. Crushed stone is to be placed on levelled and rolled sub grade or lower road base, spread with grader or other suitable equipment, wetted and compacted by the means of static and vibratory tools until reaching requested compaction. Road base is to be constructed in 20-40 cm thick courses as determined by project documents. Upper surface of macadamized road base is to be constructed according to designed ground levels and gradients, and evenness is to be checked with 4m long levelling rod within allowed deviations of (1cm. Compaction factor test is performed with circular board 30 cm in diameter and minimum modulus of elasticity is to be Me=90 MN/m2.

3.17.3 Construction of bituminous sub-base (DBNS)

Bituminous sub-base (DBNS) in road structure is made of mixture of stone material, stone meal and bitumen as a binder. As per grain size classification it is divided into DBNS 22, DBNS 32 and DBNS 45. As per the type of used stone material, and in dependence of designed structure and foreseen load-bearing capacity, it is divided into:

· DBNS A, made of broken separated stone material (stone aggregate), with the supplementation of stone meal if required;

· DBNS B, made of broken separated stone material with minimum three fractions and the largest grain size of 45 min, with the supplementation of stone meal if required;

· DBNS C, made of non separated broken stone with the supplementation of stone material, or non-separated natural non-binding material with the supplementation of minimum 30% of stone mixture consisting of broken grain from 4mm to 45mm and with the supplementation of sand or stone meal;

· DBNS D, made of non-separated natural non-binding material with the largest grain size of 45 mm, and with the supplementation of sand or stone meal. Stone material, sand and stone meal must comply with conditions prescribed by standards.

Presence of organic matters is not allowed in the mineral mixture. Grain size distribution of the mixture must meet grain size distribution curve prescribed by standards. Bitumen BIT 60 and BIT 90 are used as binders. Precise bitumen ratio is determined by making pre-composition of the mixture, ranging approximately between 3.3-5.2% depending on the type. All material to be used is to be subjected to laboratory testing before commencement of works in accordance with technical conditions for construction of sub-bases. Mixture is made with modern asphalt bases, compaction is performed with vibrating machines and required rolling process with combined rubber and smooth rolls. Mixture is to be transported in tipper truck with sheet metal case. All control, material and asphalt mixture tests are to be conducted in the course of mixture making and placing, all in accordance with standards. Thickness and transversal and longitudinal gradients of bituminous courses are to comply with specifications foreseen by design. 

3.17.4 Construction of bituminous road base (BNS)

Bituminous road-base (BNS) in pavement structure is made of mixture of stone material, stone meal and bitumen as a binder. As per grain size classification it is divided into BNS 22, BNS 32 and BNS 45. As per the type of used stone material, and in dependence of designed structure and foreseen load-bearing capacity, it is divided into:

· BNS A, made of broken separated stone material (stone aggregate), with the supplementation of stone meal if required;

· BNS B, made of broken separated stone material with minimum three fractions and the largest grain size of 45 mm with the supplementation of stone meal if required;

· BNS C, made of non separated broken stone with the supplementation of stone material, or non-separated natural non-binding material with the supplementation of minimum 30% of stone mixture consisting of broken grain from 4 mm to 45 mm and with the supplementation of sand or stone meal;

· BNS D, made of non-separated natural non-binding material with the largest grain size of 45 mm, and with the supplementation of sand or stone meal.

Stone material, sand and stone meal must comply with conditions prescribed by standards. Presence of organic matters is not allowed in the mineral mixture. Grain size distribution of the mixture must meet grain size distribution curve prescribed by standards. Bitumen BIT 60 and BIT 90 are used as binders. Precise bitumen ratio is determined by making pre-composition of the mixture, ranging approximately between 3.3-5.2% depending on the type. All material to be used is to be subjected to laboratory testing before commencement of works in accordance with technical conditions for construction of sub-bases. Mixture is made with modern asphalt bases, compaction is performed with vibrating machines and required rolling process with combined rubber and smooth rolls. Mixture is to be transported in tipper trucks with sheet metal case. All control, material and asphalt mixture tests are to be conducted in the course of mixture making and placing, all in accordance with standards. Thickness and transversal and longitudinal gradients of bituminous courses are to comply with specifications foreseen by design. Control testing of produced mixture for the following characteristics: bitumen ratio, grain size distribution, stability of bitumen filled cavities is conducted for 

Streets with a length of 100 m:

Once

Streets with a length of 100 m – 200 m:
Twice

Streets longer than 200 m:


Three times

Control testing of placed bituminous course for the following characteristics: cavity ratio, compaction rate and thickness of the bituminous course is conducted in the same ratio as produced mixture mentioned above.

3.17.5 Bituminous bonding layer 
The function of bituminous bonding layers is connecting the different bituminous courses.

Before spraying on the bonding layer the existing surfaces have to be cleaned in a proper way from impurities and dust. 

The amount of placed bituminous emulsion should be at least 0,15 – 0,25 kg/m2.

The costs for bonding layers have to be included in the prices for the corresponding bituminous courses.  

3.17.6 Construction of wearing course – asphalt concrete (HS)
Asphalt concrete wearing course is made of mixture of crushed material, stone meal and bitumen as a binder. As per nominal size of the grain it is divided into: AB 4, AB 8, AB 16 and AB 22. As per grain size distribution of stone mixture asphalt concrete is divided into:

· wearing course with higher grain size distribution ratio of stone mixture AB 4 – AB 16

· wearing course with lower grain size distribution ratio of stone mixture AB 11c – AB 22c.

Stone material, sand and stone meal must comply with conditions prescribed by standards. For roads with heavier traffic density, stone material is to be of eruptive origin. Presence of organic matters is not allowed in the mineral mixture. Grain size distribution of the mixture must meet grain size distribution curve prescribed by standards. Bitumen BIT 60 and BIT 90 are used as binders, and for fine-grained asphalt-concrete bitumen AB 4 and AB 11 and bitumen BIT 130 are to be used. Precise bitumen ratio is determined by making pre-composition of the mixture, ranging approximately between 4.5-8.0% depending on the asphalt-concrete type. All material to be used is to be subjected to laboratory testing before commencement of works in accordance with technical conditions for production of asphalt-concrete. Mixture is made with modern asphalt bases, compaction is performed with vibrating machines and required rolling process with combined rubber and smooth rolls. Mixture is to be transported in tipper trucks with sheet metal case. All control, material and asphalt mixture tests are to be conducted in the course of mixture making and placing, all in accordance with standards. Asphalt-concrete course of thickness and transversal gradients as foreseen by design, must be placed on the clean base. 

3.17.7 Construction of concrete surfacing

Concrete surfacing is to be placed above duly constructed and approved road base, in the thickness as foreseen by design. Stable, natural river gravel and sand or broken material are to be used for aggregate, and are to be in compliance with technical conditions prescribed for stone aggregate. Only cement PC 350 according to DIN standards and clean, tested water are to be used for concrete making. Concrete is to be made mechanically, with weight batching of individual components. Concrete mixture is to be transported in transportation means in which segregation process is disabled. Above finely leveled and well compacted and prepared base, tough paper is to be placed so that paper bands overlap for at least 5 cm in the direction of transversal gradient. Concrete mixture is to be compacted mechanically, with high-frequency concrete-finishing machines. In case of two-course placing, courses are to be made of different quality concrete. Thickness of upper course must be at least 5 cm. Upon finished concreting, transversal and longitudinal joints are to be worked. Transversal joints are to be 14-18 mm wide, and longitudinal 20 mm. Concrete road is to be protected from drying due to sun and wind and from wetting due to rain. No traffic is allowed on finished concrete surfacing for seven days, and joints are to be grouted with sealant only when concrete is completely hardened. 

Portland cement concrete for pavements shall meet the requirements of Structural Concrete.   
The new aggregate required to build new pavement shall meet the requirements of Standard Specification for Aggregate Base and Subbase. New aggregate for regrading an existing pavement shall meet the requirements of Section Untreated Surface Course and Leveling.  
Standard compacting will be required for all areas where 150 mm or more new or disturbed aggregate is placed.  Where 150 mm or less is placed, compaction will be achieved by plate compactor, hand tamp or other means approved by the Engineer.   
Portland Cement Concrete Pavements  

a. Excavation: Excavation shall be to the depth and width that will permit the installation and bracing of the forms.  The foundation shall be shaped and compacted to a firm even surface conforming to the section shown on the plan.  All soft and yielding material shall be removed and replaced with acceptable material.  
b. Forms: Forms shall be of wood or metal and shall extend for the full depth of the concrete.  All forms shall be true, free from warp and of sufficient strength to resist the pressure of the concrete without springing.  Bracing and staking of forms shall be such that the forms remain in both horizontal and vertical alignment until their removal.  
c. Placing Concrete: The foundation shall be thoroughly moistened immediately prior to placing the concrete. The proportioning, mixing and placing of the concrete shall be in accordance with the requirements of the Section for Structural Concrete.  
d. Finishing: The surface shall be finished with a wooden float, which shall be moved in a circular motion to produce a shell-like pattern.  No plastering of the mortar will be permitted.  All outside edges of the slab and all joints shall be rounded with a 6 mm radius-edging tool.  
e. Joints: Joints shall be located as instructed by the Engineer. Slabs shall be placed alternately and the joints coated with an approved bituminous material before placing the adjacent slab.

When a concrete pavement is constructed adjacent to a curb, building, retaining wall, or other fixed structure, a preformed joint filler 6 mm thick shall be used between the slab and the structure.
f. Curing: Concrete shall be cured for at least 72 hours. Curing shall be by moist burlap or mats, white-pigmented curing compound or by other approved methods. During the curing period, all traffic, both pedestrian and vehicular, shall be excluded.  Vehicular traffic shall be excluded for such additional time as may be directed.   
3.17.8 Construction of pitching stone road

Works comprise placing of pitching stone road in stone blocks of the size 10(10 cm.

Road structure consists of:

· Overlay of 10(10 cm pitching stone blocks with bitumen sealed joints  - 10 cm

· San under pitching stone (0.05 m2/m2) – 5 cm

Sand is to be spread and leveled in 5-7 cm thick layer over the prepared base, and pitching stone blocks of corresponding height and width are to be placed in sand. Stone blocks are to be placed manually 2 cm above grade level (under-sizing) and lightly tamped with hammer.



Connections are to be 0.5-1.5 cm.



Sand filling of connections is strictly forbidden before the first tamping.

Tamping is to be done manually with wooden hammer 16-20 kg immediately after placing stone blocks until adequate strength of road is reached. All damaged stone blocks are to be replaced with the new ones and sunken stone blocks are to be lifted and leveled with sand.

Brick pavement
Excavation shall be to the required depth and width and the foundation shaped and compacted to a firm even surface conforming to the section shown on the plan. All soft and yielding material shall be removed and replaced with acceptable material.   
Construct pavement  

The work shall consist of excavating the existing ground, placing and compacting new aggregate as necessary to build the pavement in the new location as shown on the plans and typical sections.   
Re-grading pavement  

The work shall consist of removing the existing pavement, adding and compacting new aggregate as necessary and re-grading the gravel base to conform to the grading limits shown on the plans and typical sections.   
Method of Measurement  

Construct pavement, re-grading pavement, Portland cement concrete pavements, ,and brick pavement will be measured by the square meter of finished surface.  
Basis of Payment  

The accepted quantities of pavement will be paid for at the contract unit price per square complete in place.  Excavation will be paid for under item Excavation.
Expansion joint material, joint filler, and other related items will not be paid for separately but the cost thereof shall be included in the cost of the pavement.  
Base and subbase material will be paid for under Section Aggregate Base and Subbase Course.  
Payment for reinforcement will be considered included in the contract unit price for reinforced concrete pavement.   
3.17.9 Construction of parking lots with precast concrete elements
A 5 cm thick layer of sand is to be leveled above constructed and approved buffer course. Concrete elements of the size foreseen by the project are then placed on sand layer. Placement of concrete elements is to be performed manually with tamping of sand layer. Evenness of constructed surface is to be checked with 4 m long leveling rod. For marking purposes, parking lots are to be separated with concrete strips that make a separate price component in this Technical Conditions. Placed concrete elements are then to be rolled with light static rolls in two directions. Cavities are to be filled with compost enriched humus. Filling of cavities is performed manually without tamping of humus into cavities. Upon of completion of humus filling process, placed surfaces are to be cleaned with sharp brooms. Quality of used material is to be in compliance with valid DIN standards. 

3.17.10 Construction of footpaths and plateaus with concrete slabs
A 5 cm thick-layer of sand is to be leveled above constructed and approved buffer layer. Concrete slabs of the size foreseen by the project are then placed on sand layer. Placement of concrete slabs is to be performed manually with tamping of sand layer. Evenness of the constructed surfaces is to be checked with 4 m long leveling rod. Type of the concrete slabs and manner of their placement are in accordance with the design. In case that the joints are to be filled with sand, joints must be filled with sand before vibrating. Joints are to be filled with sand, 0/2 mm grain size, by means of brooms. Placed concrete slabs are to be rolled with light static rolls in two directions. 

3.17.11 Placing of concrete curbs  
Works comprise placing of concrete curbs usually of the size 18/24 and 12/18 cm. Curbs are to be placed on prepared MB 20 concrete base, all in accordance with project specifications. All details related to excavation, concrete base, concrete placing, grouting of joints and other are to be executed in accordance with project specifications. For grouting of 1 cm wide joints, cement mortar, in ratio 1:3, is to be used. 

Road signs are used for marking the road sections defined for the traffic from the opposites directions, traffic lines or sections of road determined for particular motor vehicle categories, road edges, marking the locations on the road for stopped and parked vehicles, and locations where traffic participants must observe particular rules and bans. 

Road signs are constructed in accordance with the design for traffic signalization.

The Contractor shall maintain written records that provide the following information:

(a)

The date on which each section was concreted

(b)

the position of the section within the Works

(c) 

the time taken to place the concrete

(d)

the daily weather conditions

(e)

the nature of samples taken and the dates they were taken

(f)

the curing history

(g)

the date of removal of formwork

(h)

the type (mix) and grade of concrete

CURB
Description: Construct or reset curb, gutter, or combination curb and gutter, paved ditch, and paved flume. The types of curb are designated as follows:
Type 1 - Stone curbing of quarried granite stone Type 
Type 2 - Precast Portland Cement Concrete Curbing 
Type 3 - Bituminous curbing
Type 4 - Stone edging of quarried granite stone
Materials:  Except as provided below, the materials used shall meet the requirements of the following Sections:      
· Joint Mortar              
· Reinforcing Steel             
· Epoxy Resin               
· Portland Cement Concrete 
Circular curb, terminal sections and transition sections shall be in reasonably close conformity with the shape and dimensions shown on the plans and to the applicable material requirements herein for the type of curb specified. Dowels shall be reinforcing steel deformed bars.  
Vertical Stone Curb, Terminal Section and Transition Sections and Portland Cement Concrete Curb, Terminal Sections and Transition Sections
Closing curbs (ramps) should be installed at the intersections   

a. Installation: The curb stone shall be set on a compacted foundation so that the front top arris line conforms to the lines and grades required. The foundation shall be prepared in advance of setting the stone by grading the proper elevation and shaping to conform as closely as possible to the shape of the bottom of the stone. The required spacing between stones shall be assured by the use of an approved spacing device to provide an open joint between stones of at least 6 mm and no greater than 15 mm.   
b. Backfilling: All remaining spaces under the curb shall be filled with approved material and thoroughly hand tamped so the stones will have a firm uniform bearing on the foundation for the entire length and width. Any remaining excavated areas surrounding the curb shall be filled to the required grade with approved materials. This material shall be placed in layers not exceeding 200 mm in depth, loose measure and thoroughly tamped. When backfill material infiltrates through the joints between the stones, small amounts of joint mortar or other approved material shall be placed in the back portion of the joint to prevent such infiltrating. 
c. Protection: The curb shall be protected and kept in good condition. All exposed surfaces smeared or discolored shall be cleaned and restored to a satisfactory condition or the curb stone removed and replaced.      
d. Curb Inlets: Curb placed adjacent to curb inlets shall be installed with steel dowels cemented into each stone with epoxy grout. The epoxy grout shall be used in accordance with the manufacturer's instructions. The grout shall be forced into the hole, after which the dowel shall be coated with grout for one-half its length and inserted into the grout filled hole.  The hole shall be completely filled with grout around the dowel.  All tools and containers must be clean before using.  
Bituminous Curb    

a. Preparation of Base: Before placing the curb, the foundation course shall be thoroughly cleaned of all foreign and objectionable material. String or chalk lines shall be positioned on the prepared base to provide guide lines. The foundation shall be uniformly painted with tack coat at a rate of 0.2 to 0.7 L/m2.

b. Placing: The curb shall be placed by an approved power operated extruding type machine using the shape mold called for. A tight bond shall be obtained between the base and the curb. The Engineer may permit the placing of curbing by other than mechanical curb placing machines when short sections or sections with short radii are required. The resulting curbing shall conform in all respects to the curbing produced by the machine.    
c. Sealing: The curb will be sealed with bituminous sealing compound, only when directed by the Engineer, in accordance with Section - Bituminous Sealing.  Before sealing, the curb shall be clean, dry and shall have reached the ambient temperature.    
d. When required, the curb shall be painted and coated with glass beads in accordance with Section - Pavement Marking. Curb designated to be painted shall not be sealed with bituminous sealing compound.   
e. Acceptance: Curb may be accepted or rejected based on appearance concerning texture, alignment, or both.  All damaged curb shall be removed and replaced at the Contractor's expense.  
f. Polyester fibers shall be uniformly incorporated into the dry mix at a rate of 0.25 percent of the total batch weight.  Certification shall be provided from the supplier with each shipment meeting the following requirements:   
Average Length            6.35 mm ±0.127

Average Diameter             20 m± 2.5 
Specific Gravity            1.32-1.40  
Melting Temperature           250 °C 
Minimum Color        Natural (White)   
Stone Edging

The curb shall be installed, backfilled and protected in accordance with this Section except as follows:     
 a. Slope: The edging shall be set on a slope as shown on the plans or as directed.  
b. Joints: Joints shall be open and not greater than 40 mm in width.  
Stone Bridge Curb   

a. Installation: Each stone and the bed upon which it is to be placed shall be cleaned and thoroughly wetted with water before placing the mortar for bedding and setting the stone.  The stone shall be set on a fresh bed of joint mortar and well bedded before the mortar has set so that the front top arris line conforms to the line and grade required. Whenever temporary supporting wedges or other devices are used in setting the stones, they shall be removed before the mortar in the bed has become set, and the holes left by them shall be filled with mortar.  Concrete behind the stones shall not be placed until the stones have been in place at least two days.  Bedding and pointing mortar for joints shall be cured as required under Section for Structural Concrete.
b. Joints:  Vertical joints shall be 13 mm in width plus or minus 3 mm. Whenever possible, the face and top of the joint shall be pointed with joint mortar to a depth of 40 mm, before the bedding mortar has set. Joints which cannot be so pointed shall be prepared for pointing by raking them to a depth of 40 mm before the mortar has set. Joints not pointed at the time the stone is laid shall be thoroughly wetted with clean water and filled with mortar. The mortar shall be well driven into the joint and finished with an approved pointing tool, flush with the pitch line of the stones.   
Resetting Stone or Portland Cement Concrete Curb, including Terminal Sections and Transitions  

The curb shall be installed, backfilled and protected in accordance with this specification, except as follows:    
a. Removal of Curbing: The Contractor shall carefully remove and store curb specified on the plans or designated for resetting.  Curb damaged or destroyed, because of the Contractor's operations or because of their failure to store and protect it in a manner that would prevent its loss or damage, shall be replaced with curbing of equal quality at the Contractor's expense.    
b. Cutting and Fitting: Cutting or fitting necessary in order to install the curbing at the locations directed shall be done by the Contractor.  
Method of Measurement 

Curb, both new and reset, will be measured by the meter along the front face of the curb at the elevation of the finished pavement, complete in place and accepted. Curb inlets at catch basins, including doweling, will not be measured for payment but shall be considered included in the cost of the catch basin. Transition sections and terminal curb will be included in the measurement for curb.  
Basis of Payment

The accepted quantities of curbing will be paid for at the contract unit price per meter for each kind and type of curbing as specified.There will be no separate payment for cement, reinforcing steel, anchors, tack coat, drilling for and grouting anchors, pointing and bedding of curbing, and for cutting and fitting, but these will be considered included in the work of the related curb.
Removal of existing curb and necessary excavation for installing new or reset curbing will not be paid for directly, but shall be considered to be included in the appropriate new or reset curb pay item. Base and Subbase material will be paid for under Section - Aggregate Base and Subbase Course. 
Backing up bituminous curb is incidental to the curb items.    

3.17.12 Tests and Acceptance

Samples have to be taken in the presence and on the instructions of the supervisor. All holes caused by taking samples have to be refilled and compacted in professional way. 

The costs for taking samples as well as the reinstatement of the damaged zones caused by taking samples have to be included in the unit prices for the corresponding layer.

3.18 Sub-grade Construction
Quality of the sub-grade construction is controlled according to DIN standards:

Compaction test should be performed on each 50-100 m, with two tests very close to each other, which should give the same result. 

Acceptance of the sub-grade is performed by the superintendent right before the following phase oh the construction works.

All defects regarding the requests, Contractor is obligated to remove paying the expenses by himself. 

3.19 Filter Construction

Before the commencement of filter layer placing, grain size distribution of the filter material and formation soil should be tested.

At the test length of 50-100 m grain size distribution is controlled at 5 samples. 

If the filter material is use under the roadway construction, at the test length of 50-100 m compactness module is also controlled, for 6 samples. Two similar measurements give one result.

3.20 Construction of mechanically stabilized Lower Gravelly Road Base

All used material and placing process have to be in compliance with DIN standards.

3.21 Construction of crushed stone road base

All used material and placing process have to be in compliance with DIN standards.

3.22 Construction of bituminous sub-base (DBNS)

Bitumen quality is periodically tested for each 100 t of supplied bitumen, and bituminous emulsion for each 20-50 t. 

For daily supplies of the mineral aggregate, shape of grain and contents of harmful admixtures in certain aggregate fractions should be visually determined. 

At least one grain size distribution of the aggregate mixture should be tested for each layer.

At least one control test shall be carried per street if the works are carried out the same day for produced mixture for following characteristics:

bitumen ratio, grain size distribution, stability, stability/deformation ratio, cavity to bitumen filled cavity ratio and for

placed bituminous course for the following characteristics: 

cavity ratio, compaction rate and thickness of the bituminous course.

The Contractor is obligated to perform preliminary tests for all used materials and to deliver them to the superintendent with preliminary tests of the asphalt mixture-bitumen and grain size distribution of the mineral aggregate. For each material supply for asphalt mixture, purity of the material on the asphalt base should be tested, including the dusty material (particles size up to 0.02 mm). 

Test referring to asphalt placing should include determination of layer thickness, density, compactness, retained cavities, adhesion of layers and adhesion of bitumen to the aggregate. 

Superintendent must perform control of level and evenness of layers. 

3.23 Construction of bituminous road base (BNS)

For daily supplies of the mineral aggregate, shape of grain and contents of harmful admixtures is certain aggregate fractions should be visually determined. 

At least one grain size distribution of the aggregate mixture per street (if works are carried out the same day) should be tested for each layer.

At least one control test shall be carried per street if the works are carried out the same day for produced mixture for following characteristics:

bitumen ratio, grain size distribution, stability, stability/deformation ratio, cavity to bitumen filled cavity ratio and for

placed bituminous course for the following characteristics: cavity ratio, compaction rate and thickness of the bituminous course.

Control testing is conducted for every 1500 tons of produced mixture for the following characteristics:. Control testing is conducted for every 2000 m2 of 

The Contractor is obligated to perform preliminary tests for all used materials and to deliver them to the superintendent with preliminary tests of the asphalt mixture-bitumen and grain size distribution of the mineral aggregate. For each material supply for asphalt mixture, purity of the material on the asphalt base should be tested, including the dusty material (particles size up to 0.02 mm). 

Test referring to asphalt placing should include determination of layer thickness, density, compactness, retained cavities, adhesion of layers and adhesion of bitumen to the aggregate. 

Superintendent must perform control of level and evenness of layers. 

3.24 Construction of wearing course – asphalt concrete (HS)

At least one control test shall be carried per street if the works are carried out the same day for produced asphalt 

for following characteristics: bitumen filled cavity ratio

At least one control test shall be carried per street if the works are carried out the same day for placed course for following characteristics: cavity ratio, compaction rate and thickness of the asphalt-concrete course.

3.25 Construction of concrete surfacing

For all preliminary tests in the course of concrete surfacing construction works as well as for tests of finished road, the valid technical conditions are to be applied.

3.26 Construction with precast concrete elements 

In case of reinstatement of parking lots and pavements with precast concrete elements the material as shown in the drawings shall be implemented. 

3.27 Construction of footpaths and plateaus with concrete slabs

Manner of placing and type of used material are to be in compliance with valid regulations and DIN standards. 

3.28 Placing of concrete curbs

Positioning of curbs with respect to ground level and location is to be in compliance with project specifications. MB 40 curbs with required quality certificates are to be used. Only sound and undamaged curbs can be placed.

3.29 Measurement and Payment if not otherwise specified in the BOQ.

3.29.1 Sub-grade Construction
Construction of the sub-grade on embankments, cuttings and side cuts is not paid separately, but it is included in the offered unit price for the wide excavation, i.e. in the embankment construction. 

3.29.2 Filter Construction
Calculation for the material is done according to the contracted unit price per cubic meter of the placed filter material. 

Contracted price must include all other expenses related to the procurement, placing, transport and other, so the Contractor has no right to demand any kind of compensation for final work performance. 

3.29.3 Construction of mechanically stabilized Lower Gravelly Road Base

Calculation for the material is done according to the contracted unit price per cubic meter of the placed material in the lower gravelly road base, in compacted condition. 

Contracted price includes all other expenses related to the procurement, placing, transport and other, required for final work performance. 

3.29.4 Construction of crushed stone road base
Calculation of executed works is to be performed as per cubic meter of constructed crushed stone road base.

3.29.5 Construction of bituminous sub-base (DBNS)
Calculation of executed works is to be performed as per square meter of placed bituminous sub-base-depending on the thickness of bituminous course.

3.29.6 Construction of bituminous road base (BNS)
Calculation of executed works is to be performed as per square meter of placed bituminous sub-base-depending on the thickness of bituminous course.

3.29.7 Bituminous bonding layer
The costs for bonding layers have to be included in the prices for the corresponding bituminous courses.  

3.29.8 Construction of wearing course – asphalt concrete (HS)

Calculation of executed works is to be performed as per square meter of placed asphalt-concrete-depending on the course thickness.

3.29.9 Construction of concrete surfacing
Calculation of executed works is to be performed as per square meter of constructed concrete surfacing – depending on the course thickness. 

3.29.10 Construction of pitching stone road

Calculation of executed works is to be preformed as per square meter of placed pitching stone road. 

3.29.11 Construction of parking lots with precast concrete elements

Calculation of executed works is to be preformed as per square meter of placed precast concrete elements. 

3.29.12 Construction of footpaths and plateaus with concrete slabs
Calculation of executed works is to be performed as per square meter of constructed surface.

3.29.13 Placing of concrete curbs
Calculation of executed works is to be performed as per meter of placed curbs.

3.29.14 Sampling method

The applicable standards – Taking samples of asphalt mixtures for road structures and joint materials defines methods for sampling the asphalt mixtures before placing and taking samples from the constructed road structure, joint materials and stone materials, materials for coating the junctures between pitching stone curbs and concrete roadway.

Testing the asphalt mixture for roadway construction – Marshall’s testing method

The applicable standards – Asphalt mixtures for roadway construction defines the procedure of testing the composition and stability of the asphalt mixtures for the concrete surfacing and bituminous sub-base (DBNS) and bituminous base (BNS). 

4 Concrete

4.1 Concrete materials

4.1.1 Aggregates

Fine aggregate for concrete, mortar and other purposes shall consist of natural fine clean siliceous unless otherwise approved. The sand shall be from approved sources and sand, which in the opinion of the Engineer is not clean, shall be washed before use.

Sand for concrete shall be graded within the limits of the appropriate grading zone for fine aggregates. Crushed sand may be added to natural sand in order to achieve the required grading, but shall only be used with the approval of the Engineer.

Fine aggregate shall be free from coagulated lumps of soft, alkali, organic or other deleterious matter. It shall be organically acceptable as proved by the Caustic Soda Test. The maximum sulphate content, (as SO3) permissible in the fine aggregate shall be 0.25% by weight.

Coarse aggregate may be either natural gravel or stone broken to the desired size and shall be obtained from quarries, pits or other sources approved by the Engineer. The grading of coarse aggregate shall be within the limits. Should an analysis show a deficiency of any particular size such as to affect the density of the concrete, the Engineer may require the Contractor to add such quantity of aggregate of any particular size that he may deem advisable. The water absorption value of the coarse aggregate shall not exceed 2.5% by weight. In coarse aggregates the maximum sulphate content (as SO3) shall be 0.04% by weight.

In every case the material shall when mixed with sand produce a well-graded mixture from the largest to the smallest size specified to ensure that concrete of high density will be produced.  All aggregate shall be free from clay, earth, loam or other organic or similar material. It shall be hard and dense. Aggregate, which in the opinion of the Engineer is not clean, shall be thoroughly washed before use. Broken stone shall be of hard durable rock. Notwithstanding approval of the Engineer of its source, the stone as delivered to the Works will be subject to rejection on the Works if for any reason the Engineer considers it unsatisfactory. Stone must be perfectly clean and no soft, clayey, shaley or decomposed stone will be approved.

Aggregates shall not contain alkali reactive materials to an extent liable to cause excessive expansion on reaction with cement mortar. Fine and coarse aggregates shall not contain more than 0.10% and 0.03% by weight respectively of soluble chlorides (as Na Cl).

Adequate storage capacity shall be provided at the Site of the Works so that sufficient aggregates of each kind and of the specified quality may be maintained at all times. Each size of aggregate shall be stored in separate bins or on areas covered with sheet metal, concrete or other hard and clean surface which shall be self-draining and protected from contamination by earth, water, airborne material or other matter. The methods used in piling and handling of aggregates shall be such as to prevent the segregation of the several sizes of particles. The use of aggregates that have been stored directly on the ground will not be permitted.

Testing of aggregates 

Preliminary testing of aggregate will be carried out by the Contractor. Subsequent testing of fine and coarse aggregate shall be carried out for every 100 tones of aggregate supplied and periodic checks shall be made to ensure that the requirements of the specification are met. All tests shall be done jointly with and to the approval of the Engineer. The costs of all tests shall be borne by the Contractor.

Following test of aggregates are foreseen to be carried out according to the respective DIN or ISO standards:

- 
Sieve analysis

- 
Absorption test

- 
Silt test for sand and fine aggregates

4.1.2 Cement

The cement to be used in the Works shall, except where otherwise specified or directed by the Engineer, be sulphate-resisting cement. In building units above ground Ordinary Portland Cement shall be used. High alumina cement shall not be used. All cement used shall be of the best quality and manufactured by an approved firm and shall comply with DIN or ISO standards.

The cement shall be delivered either in sealed bags with the manufacturer’s name or in bulk consignments in a manner approved by the Engineer. At the time of delivery of the cement the Contractor shall give to the Engineer a copy of the advice note, certificate of tests made by the manufacturer and full information regarding the place or places to which each consignment has been delivered.  No part of any consignment shall be used until it has been inspected by the Engineer and he has given permission to its use.

No addition of any material to the cement shall be made after burning. No damaged or defective cement shall be used in the Works and all such cement shall be immediately removed from the Site.

The Contractor shall provide a central store for storing bagged cement. Separate compartments shall be used for normal Portland cement and for sulphate resisting cement and the building shall be of sufficient capacity to store the stocks of cement that will be needed to maintain the approved Programme of Work. The Contractor may use silos for storing cement.

The store shall be perfectly dry and weatherproof, well-lighted and ventilated. Bags of cement shall not be laid directly on the floor but on wooden slats or duckboards so as to allow circulation of air around the bags. The store shall be so arranged as to permit the cement to be used in the order in which the various consignments are delivered so as to avoid any stock becoming stale.

The Contractor shall take every precaution necessary to ensure that cement of one type does not come into contact with that of another and should this happen all the affected cement shall be removed form the site. Any cement temporarily placed near a mixer or elsewhere shall be adequately protected by approved means.

Cement shall be kept in the store until it is actually required for use on the Works. The Engineer shall have access to the Cement Store at all reasonable hours and shall have every facility for taking samples for testing in whatever manner he may consider necessary. He shall be furnished with the means of identifying the several consignments of cement delivered and shall be supplied with the manufacturer’s test certificates as the various consignments are delivered. No consignment of cement which has had samples taken from it for testing shall be removed or used until permission to use it, or an order to remove it, has been given.

4.1.3 Water

Water for mixing concrete shall be clean and free from harmful matter. Mixes with salty water exceeding 0,35% of salts shall not be accepted. When required by the Engineer, the Contractor shall take samples of the water being used and test them in accordance with the requirements of the international standard.

The total water soluble chloride content (expressed as chloride ions) of any concrete mix containing ordinary Portland cement shall not exceed 0,35 % by weight of the cement in the mix.

If required by the Engineer, samples shall be taken from the proposed source of supply and submitted to a nominated laboratory for testing.

4.1.4 Additives and admixtures

Additives or concrete admixtures shall not be used without the permission and approval of the Engineer.

Such approval will only be given when the Contractor has demonstrated to the satisfaction of the Engineer, that the resulting concrete is no less strong, dense and durable than that obtained without the use of additive or admixture.

4.2 Concrete mixes

If not otherwise specified, concrete grades to be used together with their required proportions are as set out in the following table:

Grade 
Nominal max size of aggregate
40 mm
20 mm
10 mm

	Workability
	Medium
	High
	Medium
	High
	Medium
	High

	Cement [kg/m³]
	370
	390
	400
	430
	460
	510

	C 30

Total aggregates[kg/m³]
	1,750
	1,700
	1,700
	1,650
	1,650
	1,550

	% Fines
	30-50
	30-40
	30-40
	35-45
	40-50
	45-55

	Cement [kg/m³]
	340
	360
	360
	390
	400
	450

	C 25

Total aggregates[kg/m³]
	1,800
	1,750
	1,750
	1,700
	1,700
	1,600

	% Fines
	30-35
	30-40
	30-40
	35-45
	40-50
	45-55

	Cement [kg/m³]
	300
	320
	320
	350
	360
	410

	C 20

Total aggregates[kg/m³]
	1,850
	1,750
	1,800
	1,750
	1,750
	1,650

	% Fines
	30-35
	30-40
	30-40
	35-45
	40-50
	45-55

	Cement [kg/m³]
	250
	270
	280
	310
	
	

	C 15

Total aggregates[kg/m³]
	1,850
	1,800
	1,800
	1,750
	
	

	Cement [kg/m³]
	30-45
	30-45
	35-50
	35-50
	
	


All reinforced concrete structures shall be of concrete grade C 20 (walls) and grade C 30 (slabs).

Grade C 20 concrete shall be used for unreinforced concrete blocks unless specified otherwise, while grade C 10 will be used as clean concrete.

The above grades of prescribed concrete indicate the design strength required at 28 days age and the Contractor is responsible for ensuring that such strength be achieved, unless alternative mix designs have been proposed and accepted.

The design strength expressed in N/mm² are as follows:

C 15

15 N/mm²

C 20

20 N/mm²

C 25

25 N/mm²

C 30

30 N/mm²

The Contractor will be required to produce concrete with characteristic strengths not less than the figures given in the table above for each grade of concrete. The minimum compressive strength at 7 days after mixing shall be two thirds of the 28 day strength for that particular grade.

The maximum permissible density of the various classes of concrete shall be 2341 kg per m³ when maximum aggregate size is 20mm and 2357 kg per m³ when maximum aggregate size is 40mm.

Prior to the commencement of any concreting works, the Contractor shall submit samples of the cement and aggregates he proposes to use for the approval of the Engineer and the Contractor shall thereupon carry out at his own expense such tests and trial mixes, of the various grades of concrete as the Engineer may direct. The tests and trial mixes shall be used to determine the mix proportions necessary to provide concrete complying with the specification.

No concreting of the permanent work will be permitted until the results of these preliminary tests have been analyzed and approved and the Contractor must therefore supply samples of proposed materials and establish his mixing plant at least four weeks before he proposes to commence concreting operations.

The Engineer may at any time during the course of the Contract call for further tests and trial mixes to be carried out and he may in consequence thereof or as a result of experience gained with the particular aggregates used order the Contractor to make further modifications to the proportions of fine and coarse aggregates.

The Contractor shall in every case make any modifications to the mixes as may be ordered by the Engineer and shall make no charge for so doing.

It should be noted that aggregate sizes quoted in the table above are maximum sizes and should it be necessary in any particular case to use aggregates with smaller maximum sizes the Contractor may do so with the prior approval of the Engineer but at no extra cost on the Contract.

4.3 Mixing of concrete

4.3.1 General

The mixing proportions must be clearly written at the mixing plant and should be easy to identify.

All concrete shall be mixed in an approved mechanical batch mixer. The use of mixers without loading hoppers or a convenient system for releasing water into the mixer will not be permitted.

Machine mixing shall continue for at least one and one half minutes after all materials including water, have been deposited in the drum and before any portion of the batch is discharged.

Each mixer shall be under the charge of a competent and experienced foreman.

When mixing ceases for more than fifteen minutes the mixer and all handling plant shall be thoroughly cleaned and washed out.

In special circumstances the Engineer may permit hand batching. If such special permission is given, the mixing shall take place on a watertight platform of suitable area. Cement and sand shall be spread in layers and mixed dry until a uniform colour is obtained. The aggregates shall then be added and all turned over in the dry state until the three materials are thoroughly mixed. Water shall then be added carefully through a rosehead and the mixture turned over at least three times until the concrete is of uniform colour and consistency throughout. All hand mixed concretes shall contain 10% more cement than the quantity specified for machine mixing; the cost of this additional cement shall be borne by the Contractor.

4.3.2 Gauging of materials

The quantities of materials used for each batch of concrete shall be accurately determined. Cement shall be gauged by bags or by weight. Aggregates shall be gauged by equivalent weight. Allow for bulking of aggregates. 

The Contractor shall maintain for the duration of the Contract properly controlled and adequate batching plants. The accuracy of weighing apparatus shall be 2.5% of the required weight of cement or of the total weight of aggregate and shall be regularly checked. The water measuring apparatus shall be maintained in a clean, accurate, serviceable condition.

4.3.3 Water content

The water content in all classes of concrete shall be rigidly controlled and is to be the minimum practicable for each mix consistent with effective compaction and suitability for vibration, due allowances being made for any moisture present in the aggregates. The permissible water-cement ratio for each grade of concrete shall be determined on site in conjunction with the tests on the concrete mixes specified. Tests to determine the actual water-cement ratios being used shall be carried out as and when directed by the Engineer.

Slump tests of the concrete being incorporated in the permanent works shall be taken at regular intervals and slump value shall normally fall between 25mm and 50mm. The Engineer may permit exceptions to the above stated limits in certain cases having regard to the location of the concrete and the method of compaction adopted.

4.4 Transporting concrete

Concrete shall be handled from the place of mixing to the place of final deposit as rapidly as practicable by methods, which will prevent segregation or loss of the ingredients.  Wherever practicable the concrete shall be emptied from a mixer directly into a skip. The skip shall then be transported to the place of final deposit and the concrete tipped as nearly as practicable into its final position to avoid re-handling or flowing.

Concrete shall not be thrown or dropped from a height exceeding 1.2 metres. When concrete is dropped vertically it shall be so dropped through funnels or tremie.

The time elapsing between the concrete mixture leaving the mixer and being finally placed in position shall not exceed twenty minutes.

Should the Contractor propose to use concrete pumps for the placing of concrete he shall submit full particulars of the equipment and method he proposes to adopt to the Engineer for his approval. In the event of the Engineer’s approval being obtained the Contractor shall pay particular attention to the elimination of shock transferred from the pipelines to the formwork and previously placed concrete and he shall provide alternative means of supply and transport so as to cater for the possible breakdown of the pump during concreting operations. The initial discharge from a pump shall not be incorporated in the permanent works. When concreting slabs or similar structures by means of pumps the point of discharge shall be moved at intervals of about fifteen minutes.

When the concrete is conveyed by chuting or pumping the plant shall be of such a size and design as to ensure continuous flow in the chute or pipe. The slope of the chute or pressure at the pumps shall be such as to allow the concrete to flow without the use of any water additional to that ordered by the Engineer to produce the required consistency and without segregation of the ingredients. The delivery end of the chute or pipe shall be as close as possible to the point of deposit. The chute or pipe shall be thoroughly flushed with water before and after each working period, the water used for this purpose being discharged outside and away from any permanent Works.

The use of head pans or bandies will not be permitted for placing concrete.

4.5 Placing and compacting concrete

All concrete shall be placed in its final position before initial setting has commenced and shall not subsequently be disturbed. Concrete that has become partially set shall not be used but shall be removed from the site. Water shall not be added to concrete that is tending to stiffen.

Concreting shall be carried out continuously up to construction or expansion joints and any pause including those for meals, shall be subject to the approval of the Engineer. In the case of all horizontal joints any excess water or laitance shall be removed from the surface after the concrete is deposited and before it has set.

All concrete shall be thoroughly compacted during the placing operation and thoroughly worked around the reinforcement and any embedded fixture and into corners of the formwork. The Contractor shall regard the compacting of the concrete as a work of fundamental importance the object of which shall be to produce a watertight concrete of maximum density and strength.

Unless otherwise directed by the Engineer, all concrete other than blinding concrete, shall be vibrated by a mechanical vibrator of approved design and operation having a frequency of vibration of not less than 5000 cycles per minute and an acceleration of at least 4G in the concrete. Internal poker vibrators with an effective radius of not less than 600mm shall be used for all in-situ work other than columns and other structures, which the Engineer considers, would be more effectively compacted by external vibrators.

Internal or external vibrators may be used for precast concrete units.  The cost of all vibration and all costs incidental thereto shall be included by the Contractor in his rates for concrete entered in the Indicative List of Quantities and Schedules of Rates for Variations. Internal poker vibrators shall only be used by a skilled operator and shall be inserted at an angle as deeply as possible into the part being concreted and shall not be allowed to touch either the formwork or the reinforcement.

The vibrators shall be held in immersed position until the cement grout rises to the surface and bubbling ceases over the affected area of vibration and shall be withdrawn gradually as the vibration proceeds. Vibrators shall be inserted to a predetermined pattern of distances apart equal to the effective radius of vibration or at intervals of 600mm whichever shall be the closer. Great care shall be exercised to ensure that vibration is not carried out for such a time as to induce segregation of the materials of the concrete. A sufficient number of vibrators shall be used to handle the maximum rate of concrete production in accordance with these requirements and with an allowance for spares.

When placing concrete against horizontal or inclined elements of rubber water-stop, the water-stop shall be lifted and the concrete placed and compacted to a level slightly higher than the underside of the water-stop before releasing the water-stop so as to ensure complete compaction of the concrete around the water-stop.

Hand compacting shall only be permitted with the approval of the Engineer and then only in certain exceptional circumstances.

4.6 Weather limitations

No concreting will be allowed in the open during storms or heavy rains. All concreting materials and plant are to be adequately protected against the effects of storms and rains.

The Contractor shall take great precautions during hot weather to prevent the cracking of concrete and, if evidence of cracking should appear, he shall so organise his programme as to arrange for concrete pouring to take place during the early morning or late evening. The Contractor shall also arrange for the formwork to be shaded from direct exposure to the sun both prior to the placing of the concrete and during its setting.

The temperature of concrete at placing shall not exceed 32 degrees C.

No materials below the temperature of 3° C shall be used for concreting, and no concrete shall be deposited when the ground or air temperature is likely to fall to 3° C within six hours of placing the concrete, unless the consent in writing of the Engineer shall have been obtained previously. If such consent is given, the concrete after placing, shall be properly protected in a manner approved by the Engineer. No salt or chemicals shall be used to prevent freezing.

The Contractor shall provide two accurate maximum and minimum thermometers to be hung in positions directed by the Engineer.

4.7 Curing and protection

Concrete shall be cured in such manner and for such period as the Engineer may direct, having regard to the climatic conditions prevailing at the time of placing.

The following requirements shall be strictly adhered to and complied with by the Contractor, except in those instances where the Engineer shall issue separate instructions modifying these requirements, or where the Contractor has obtained the prior approval of the Engineer to a modification thereto.

Top surfaces of horizontal slabs, etc., shall be covered with a 50mm carpet of sand kept constantly wet, or the whole surface shall be kept wet by continuously spraying with water, or the surface shall be pounded with water to a minimum depth of 20mm, for a period of fourteen days after casting. In the cooler seasons the Engineer may permit the spraying of the exposed surface with membrane curing compound, provided such compound is applied immediately after casting of the concrete member and the Contractor adopts any additional precautions, such as shading the surface, which may be required by the Engineer.

Sloping surfaces:

In cases where the Engineer considers the pounding of sloping surfaces to be impracticable on account of the degree of the slope, such surfaces shall be covered with a carpet of wet sand or sprayed with water as above specified or treated with membrane curing compound and protected by such additional methods as the Engineer may consider necessary having regard to the climatic conditions;  such methods may include shading of the works during hot weather.

Undersides of horizontal or sloping members: 

The surface shall be sprayed with membrane curing compound immediately the formwork is struck.

Steel-shuttered vertical and sloping surfaces (other than undersides of sloping surfaces):

The formwork shall be draped with hessian during setting in the warm season and the concrete shall be draped with hessian immediately after striking the formwork.  The concrete surface and the hessian shall be sprayed continuously with water from spurge pipes from a trough accurately set to level for a period of twenty one days during hot weather, so as to produce a continuous film of water on the surface of the concrete.  During other seasons the same procedure shall be adopted, but the Engineer may permit a reduction in the period of spraying if conditions, in his opinion, justify such a procedure or he may alternatively approve spraying of the surfaces with membrane curing compound immediately after the formwork is struck.

Timber-shuttered vertical and sloping surfaces (other than underside of sloping surfaces): 

The formwork shall be draped with wet hessian kept constantly wet by spraying till the formwork is struck and thereafter as specified above. 

Concrete bedding  -  surround and haunching to pipelines:

Immediately a pipeline has been laid it shall be completely shaded from the sun with a length of hessian running the length of the trench. Additional wet hessian shall be placed directly over the concrete portions immediately following the placing of the concrete in each section of the pipeline and such hessian shall be kept continuously wet until the pipeline is ready to receive the first layer of backfill. If removal of the hessian is necessary to inspect or test the pipeline such removal shall be for the shortest practicable time.

Precast units shall be cured in an approved manner and the Engineer will issue directions to the Contractor for individual units having regard to the place of manufacture, the size of the unit and its location in the permanent works.    

Concrete  -  test cubes:

Cubes shall be stored in water or damp sand unless the Engineer should direct that cubes be stored in curing conditions simulating those under which the concrete of which the cubes are representative.

No placing or traffic of materials, passage of men, further construction or temporary works shall be allowed on any concrete until it has matured sufficiently to permit such placing or traffic without detrimental effect on the concrete.

The cost of complying with the above curing requirements or any modifications issued to the Contractor by the Engineer shall be included by the Contractor in his rates for the various grades of concrete.

Watertight concrete: 

Concrete grades C30, C25 and  C20 as specified above shall be watertight where required. Any leakage shall be made good by the Contractor at his own expense to the satisfaction of the Engineer. Testing of watertightness of concrete shall be carried out as specified hereafter.

4.8 Testing concrete

4.8.1 General

Tests on the properties of the concrete used in the various parts of the Works shall be carried out as required by the Engineer. Unless otherwise directed, such tests  shall  be carried  out  in accordance with ISO or DIN standards.

The Contractor shall, at his own expense, provide and maintain at the works site standard metal moulds for the making and testing of concrete cubes. 

The Contractor shall provide for the exclusive use of the Engineer a set of standard sieves and strainers together with scales, cylinders, bottles and all other material required for the carrying out of tests. The cost of providing these items will be borne by the Contractor.

All materials required for testing purposes shall be obtained from the bulk of the concrete then in production and shall be supplied by the Contractor free of charge. The Contractor shall likewise provide at his own expense all labour necessary for the preparation and carrying out of such tests.

Every test cube shall be marked with a serial number and the date of casting. The Contractor shall keep accurate records of all test cubes, which shall include the following information, and any details required by the Engineer.

- 
Date and time of casting

- 
Location of concrete in the Works from which sample taken

- 
Type of cement used

- 
Concrete grade and nominal mix

- 
Concrete density

- 
Slump test result

- 
Method of Compaction

- 
Method of Storing

The tests and stipulations shall be in compliance with the following:

- 
Preliminary test cubes

A Preliminary test shall be made for each grade of concrete. Twelve cubes of each mix proposed shall be made in sufficient time before concreting commences to allow seven and twenty eight day results to be obtained and the cement content and mix to be adjusted and further tests made if required. Where cubes are tested at seven days the strength shall be not less than two-thirds of stipulated 28 day strength.

- 
Works progress test cubes

During the progress of concreting works tests shall be made in the presence of the Engineer, consisting of taking, for each class being produced, nine cubes daily if large quantities of concrete are being cast or otherwise nine cubes for each main part of the construction or at any other interval as may be ordered by the Engineer. Of the set of nine, three cubes shall be crushed after seven days, three cubes after twenty eight days and three cubes as spares to be crushed if the twenty eight day cubes fail.  In all cases the seven day strength shall be at least 70% of the stipulated twenty eight day strength.

- Slump tests

Slump tests shall be carried out in accordance with the respective DIN or ISO standards at the place of mixing concrete in order to control the workability of the concrete.

- Watertightness test

Test for watertightness shall, where specified be carried out as preliminary tests and during the progress of the works in accordance with the following:

For each pour of concrete, three concrete blocks 250mm by 250mm by 125mm shall be cast in tight moulds. The blocks shall be stored and handled until required for test in accordance with directions issued by the Engineer. After seven days the cubes shall be tested with a water pressure on the underside of 0.8 N/ mm² for twenty four hours, the pressure being applied on a circular surface of radius 85 mm. The sample shall be deemed to have passed if the top surface is still dry after twenty four hours testing.

4.8.2 Works cubes  -  making and testing

The test specimens shall be 150mm cubes. The moulds shall be of steel or cast iron, with inner faces accurately machined in order that opposite sides of the specimen shall be plane and parallel. Each mould shall be provided with a base plate having a plane surface and of such dimensions as to support the mould during filling without leakage and preferably attached by springs or screws to the mould. Before placing the concrete in the mould both the base plate and the mould shall be oiled to prevent sticking of the concrete.

Wherever practicable concrete for the test cubes shall be taken immediately after it has been deposited in the Work. Where this is impracticable, samples shall be taken as the concrete is delivered at the point of deposit, care being taken to obtain a representative sample. All the concrete for each sample shall be taken from the one place. A sufficient number of samples, each large enough to make one test cube shall be taken at different points so that the cube made from them will be representative of the concrete placed in that portion of the structure selected for tests. The location from which each sample is taken shall be noted clearly for future reference. In securing samples the concrete shall be taken from the mass by a shovel or similar implement and placed in a large pail or other receptacle for transporting to the place of moulding. Care shall be taken to see that each test cube represents the total mixture of concrete from a given place. Different samples shall not be mixed together but each sample shall make one cube.  The receptacle containing the concrete shall be taken to the place where the cube is to be moulded as quickly as possible and the concrete shall be slightly remixed before placing in the mould. The consistency of each sample of concrete shall be measured, immediately after re-mixing, by the slump test as explained above.  Providing that care is taken to ensure that no water is lost, the material used for the slump tests may be remixed with the remainder of the mix before making the test cube. Concrete test cubes shall be moulded by placing the fresh concrete in the mould in three layers, each layer being rammed with a steel bar 375mm long and having a ramming face of 25mm square and weight of 2 kgs.  For mixes of 35mm slump or less thirty five strokes of the bar shall be given for each layer, for mixes of wetter consistency the number may be reduced to twenty five strokes per layer.

The test cubes shall be stored at the site of construction, at a place free from vibration, under damp sacks for twenty four hours after which time they shall be removed from their moulds, marked and buried in damp sand until the time for sending them to the testing laboratory. They shall then be well packed in damp sand or other suitable damp material and sent to the testing laboratory where they shall be similarly stored until the date of test. Test cubes shall be kept on the site for as long as practicable and for at least three fourths of the period before testing except at ages less than seven days. The temperature of the place of storage on site shall not be allowed to fall below 4° C, nor shall the cubes themselves be artificially heated.  A record of the maximum and minimum day and night temperatures at the place of storage of the cubes shall be kept during the period the cubes remain on the Site.

All compression tests on concrete cubes shall be made between smooth and plane steel plates without end packing, the rate of loading being kept approximately at 13N/mm2 per minute. One compression plate of the machines shall be provided with a ball seating in the form of portion of a sphere, the centre of which fall at the central point of the face of the plates. All cubes shall be placed in the machine in such a manner that the load shall be applied to the sides of the cubes as cast.

4.8.3 Standard method of test for consistency of concrete

The test specimen shall be formed in a mould in the form of the frustum of a cone with internal dimensions as follows:

Bottom diameter

-
200mm

Top diameter

-
100mm

Height


-
300mm

The bottom and top shall be open, parallel to each other and at right angles to the axis of the cone. The mould shall be provided with suitable foot pieces and handles. The internal surface shall be smooth. Care shall be taken to ensure that a representative sample of concrete is taken.

The internal surface of the mould shall be thoroughly clean, dry and free from set cement before commencing the test. The mould shall be placed on a smooth, flat, non-absorbent surface and the operator shall hold the mould firmly in place while it is being filled, by standing on the foot pieces. The mould shall be filled to about one fourth of its height with the concrete which shall then be puddled, using twenty five strokes of a 16mm rod, 600mm long, bullet pointed at the lower end. The filling shall be completed in successive layers  similar to the first and the top struck off so that the mould is exactly filled. The mould shall then be removed by raising vertically, immediately after filling. The moulded concrete shall then be allowed to subside and the height of the specimen measured after coming to rest.  The consistency shall be recorded in terms of centimetres of subsidence of the specimen during the test, which shall be known as the slump.

4.8.4 Test Failure 

Should any works cube test and the spare cubes as well fail to obtain the specified strength, an immediate examination shall be made to find the cause of the failure and a report sent to the Engineer, who will take suitable action, which may be one of the following:

- 
He may order the concrete corresponding to the tests to be cut out and replaced in accordance with Conditions of Contract.

- 
When the failure relates to concrete used in structural members, which can be conveniently load tested such as beams, columns or slabs, the Engineer may order the affected member to be so tested in accordance with his instructions. If cracking or any other sign of failure appears, the concrete shall be cut out to the extent ordered by the Engineer and replaced with sound material otherwise the member may be accepted as satisfactory.

- 
When the failure, in the opinion of the Engineer is slight and occurs in a continuing concreting operation for a larger mass of concrete, the next works test results may be awaited and, if the failure then persists, the Engineer may order that concreting shall cease forthwith and not be resumed until further preliminary tests indicate that the mix has been corrected. Otherwise the concreting may be allowed to continue with the same mix.

- 
When failure in watertightness occurs, and the failure in the sole opinion of the Engineer is slight, other measures may be taken by the Contractor to make good the defective parts all to the satisfaction of the Engineer.

The costs of the above tests, including the provision of jacks, kentledge, deflection meters, etc., and the cutting out and replacing of concrete of inferior quality shall be borne by the Contractor.

4.8.5 Testing liquid retaining structures

Each liquid retaining unit in the Works shall be tested in the following manner and in the following order chronologically.

· Internal surfaces shall be hosed and brushed clean. 

· The unit shall be filled with mains water in stages of 750mm depth per twenty four hours until the design top water level is reached. 

· The unit shall be allowed to stand for seven consecutive days without further addition of water.

· The unit shall then be topped up with mains water to the design top water level. The water level shall be recorded for at least seven consecutive days.

· A drop in level of 10mm or more in seven days will condemn the unit. Surface evaporation shall be measured and allowed for using suitable approved surface cans or trays.

The Contractor shall empty the unit and make good all defects at his own expense, whether the allowable loss limit has been reached or not, and the unit shall be retested.

The unit shall not be accepted as being complete until the Engineer is satisfied that the foregoing test has been withstood and that there are no damp patches or other defective signs appearing on the floor or wall surfaces.

At any time during the Maintenance Period the Engineer shall be at liberty to order the re-testing of any or all of the liquid retaining units.

The costs of testing and all repairs to defects, etc., shall be borne by the Contractor.

4.9 Mortar grout

Mortar shall be made of one volume of cement to three volumes of sand.

Mortar shall be mixed either mechanically or by hand until colour and consistency are uniform. Mortar shall be made in small quantities only as and when required.

Grout shall be composed of a mixture of cement and fine aggregate. An approved proportion of expanding admixture may be used, but shall be such that the total unrestrained expansion of the grout will not exceed 10%. The water content of the mixture shall be as low as possible consistent with adequate workability but in no case shall the water cement ratio exceed 0.45.  Ingredients shall be measured by weight and mixed in an approved mixer in order to produce grout of uniform colloidal consistency, free from lumps. Water should be added to the mixer prior to cement or aggregate and all additives must be retained until the latter half of the mixing period, the total period of which should be between two and four minutes. After mixing the grout must be kept in continuous movement until used.

Grouting shall be carried out to the complete satisfaction of the Engineer the grout being worked into all recesses and corners and all air forced out, and, where directed, the surface of the concrete shall first be hacked out and cleaned.

4.10 Precast concrete units

Precast units used in the Works shall comply in all respects with the specification for concrete work herein. The Contractor shall make all arrangements with the suppliers for manufacture and delivery.

The Contractor shall offload, handle, store carefully and erect units complete including all necessary propping, formwork, scaffolding, etc. Any units found to be damaged upon delivery or upon placing in the Works or at any time subsequent shall be removed from the Site of the Works and replaced with acceptable units all at no expense to the Contracting Authority. 

Units shall be lifted only by the lifting points indicated on the Drawings or by the special hooks provided by the manufacturers.

4.11 Ready mixed concrete

Ready mixed concrete shall not be used without the prior written approval of the Engineer. Such approval will be granted only when the Engineer is satisfied the proposed supplier regularly and consistently produces concrete of the quality specified and that adequate facilities exist for the supervision by the Engineer of the materials, batching, mixing, delivery and discharge of the ready mixed concrete.

The Contractor shall provide for the Engineer, as required, certificates giving results of tests of aggregates and test of workability and compressive strength of the concrete sampled at the supplier’s premises. Notwithstanding such test certificates, each batch of concrete shall be tested on Site in the manner already specified in above.

The concrete shall be carried in purpose made truck mixers. The Concrete shall be completely discharged at the Site compacted in its final position within one hour of the introduction of cement to the aggregates and within twenty minutes of the introduction of water and commencement of matrix mixing. The time of introduction of cement shall be recorded on the delivery note as also the time of introduction of the water which latter constituent shall not be introduced until the truck has arrived at the Site of the Works.

The rate of delivery shall be such that the concrete can be properly handled, placed and finished. The interval between batches shall not be more than twenty minutes and delivery shall be made in a manner that will minimise handling and prevent damage to concrete previously placed.

The responsibility for the concrete quality shall be that of the Contractor at all times just as if it were produced on Site by him.

4.12 Concrete surface finish

4.12.1 General

All concrete surfaces shall be finished to true planes or curves and to falls as shown on the Drawings.  The Contractor shall exercise great care in the finish of all concrete work and only first class surfaces of smooth finish and uniform colour and texture will be accepted by the Engineer.

All surfaces, which shall be exposed to view or to water, shall be perfectly smooth and free from air holes, all projections being ground off the surface. Horizontal and near horizontal surfaces which will come into contact with water shall be steel float finished to a perfectly smooth surface.

Where concrete has subsequently to be rendered the surface of the concrete shall be sufficiently scored to provide an effective key for the rendering and the cost of this preparation shall be included in the Contractor’s rates for rendering.

4.12.2 Painting

All defective concrete shall be made good. Concrete shall be dry and clean before painting. All nibs and projections shall be removed and surface sand blasted. Plaster surfaces shall be cleaned using wire brushes and the dust shall be removed using hair brushes. Any metal work to be painted shall have all rust, scale removed by sand blasting, wire brushes or other approved means.

The preparation of surfaces shall be to the satisfaction of the Engineer and no painting shall be commenced without his approval. Every precaution shall be taken to exclude dust before and during the application of paint.

All concrete surfaces that are in contact with water and are required to be painted shall, after sand blasting, be painted with a plastic solution free from cement and solving agents to smooth the wall surface.

4.12.3 Unshuttered faces, horizontal

When no particular finish is called for the surface shall be that produced by the proper placing and compaction operations to lines and levels shown, without further labours.

Where a fair surface is specified it shall be obtained by screeding. This shall be done, immediately after compaction of the concrete, by the slicing and tamping action of a screed board running on the top edges of the formwork, or on accurately set screeding guides. Floating shall then be applied with a wooden float to produce a dense concrete skin, true to line and level.

Where a fine surface is specified it shall first be treated as specified in above, then left until the concrete has set and the film of moisture has disappeared. Floating shall then be applied again with a steel float to produce a glossy surface, or, if so required, with a wooden float to produce a ”sand paper” surface. The surface shall be true to the required profile to fine tolerance. Whenever necessary a properly constructed overhead cover shall be erected before the work is commenced to prevent the finish from being marked by rain drops or dripping water.

4.12.4 Floor or base with floated surface

Cement mortar shall be laid in one course consisting of one part of normal Portland cement to three parts of sand from a pit approved by the Engineer. The correct proportion is dependent on the grading of the sand to be used and the unit price in the Indicative List of Quantities or Schedules of Rates for Variations shall be based upon this and no alteration of the price will be approved unless the use of sulphate resisting cement or a considerable change of the proportion is ordered by the Engineer.

The surface of the subfloor shall be prepared by hacking and removing of inferior and loose concrete and immediately before laying of the mortar by thoroughly cleaning off all dust and loose material using compressed air. The surface shall be made moist and absorbing but shall be free from water puddles.

After cleaning the surface shall be grout washed with fluid consistency cement mortar in mix proportions 1 : 1 to 1 : 2 by volume.  The cement mortar shall be worked in to the surface of the floor by hard brushing. The cement mortar surface finish shall be laid within 2 hours of applying this surface coating.

Screeding tracks and points shall be made up in mortar of the same mix and consistency as for the floor.  They shall be filled at the same time as the floor so as to become an integral part of the floor. The floor surface shall be screeded and smoothed with a wooden float to true planes and regular curves. When wood floating, the concrete water must not be forced to the surface, nor shall dry cement or mortar be added. The floor screed shall have a thickness of at least 30mm and the actual thickness shall be as shown on the Drawings.

4.12.5 Asphalt  -  tanking

Mastic Asphalt tanking for the protection of underground concrete structures against aggressive ground conditions shall comprise asphalt cement mixed with inert mineral filling material applied as directed.

The asphalt cement shall comprise bitumen of approved source and quality and shall comply with the following requirements:

Penetration at 25 degrees C.




15   -    25

Softening Point (ring and ball)




60   -  70° C

Loss on heating for 5 hours at 160 degrees C



1%  maximum.

The filling material shall comprise inert mineral matter of approved quality.  

The ratio of asphalt to filler will depend on the properties of the actual materials used but it is expected that approximately 29% asphalt to 71% filler will give optimum results.

Asphalt may be applied either by trowelling or by pouring. The application of the asphalt shall be carried out by craftsmen experienced in such work. 

In cases where the asphalt is applied by trowelling it shall all comprise three coat work horizontal skins having a total thickness of 29mm and vertical skins having a total thickness of 22mm.

Junctions between horizontal and vertical skins shall be formed by a pick-up, at least 100mm wide and two coat fillet, the fillet being formed in the external angle between the vertical skin, and the pick-up after the application of the vertical skin.

In cases where the asphalt is applied by pouring the thickness shall everywhere be not less than thicknesses specified above. Mastic asphalt tanking shall not be continuous across movement joints.

All costs in connection with placing of asphalt, including protective sheets and walls shall be included by the Contractor in his rates for asphalt. The Contractor shall exercise every care to ensure that the asphalt is not at any time punctured or in any way damaged.

During asphalt paving arrangement two independent squads have to work on-site.
4.12.6 Bituminous rubber protection coatings

Concrete structures shall be protected externally where indicated on the drawings by the methods detailed. The Contractor shall submit to the Engineer for approval full specification of the materials he proposes to use together with details of the manufacturer’s recommended method of application. The Contractor shall not incorporate any protective materials in the Works until he has received the written approval of the Engineer. The Contractor shall arrange for a representative of the manufacturer to instruct his labour in the correct method of application including the use of all necessary specialist equipment, and shall demonstrate to the Engineer that adequate instruction has been provided. He shall also submit to the Engineer the manufacturer’s certification that the work is being carried out satisfactorily.

Coatings shall not be applied at expansion or contraction joints but they shall be applied to construction joints. The minimum thickness of all coatings and linings shall be 0.5mm.

The external surfaces of concrete substructures shall where indicated be protected by one of the following methods:

- 
A self-adhesive PVC/bitumen sheet membrane with minimum bitumen thickness 1,5mm and minimum PVC thickness 0,3mm.  The Contractor shall apply the waterproof membrane generally in accordance with the manufacturer’s instructions but in particular shall follow the details shown on the drawings. The self-adhesive lap joints shall not be less than 150mm wide. Where the membrane is laid on blinding concrete, the Contractor shall ensure the surface is free from sharp edges and projections.  He shall also ensure that the membrane is protected from damage during the fixing of steel reinforcement and the pouring of concrete. Where the tanking is applied to vertical surfaces the surface shall first be wire brushed and then be painted with one coat of bitumen primer.

- 
A brush applied bituminous rubber emulsion. The surface of all blinding concrete and all in-situ concrete below finished ground level shall be treated in accordance with the manufacturer’s instructions, and where indicated on the drawings. The Contractor shall include in his rates for applying the bituminous emulsion and all necessary surface preparation.

Both methods of protection shall totally enclose the substructure within a waterproof membrane such as to prevent any contact between groundwater and the concrete surface and shall extend to the top of the structure or at least 500mm above finished ground level or to the limits shown on the drawings. The Contractor shall ensure that during the backfilling operation around all tanked structures the membrane is protected from damage by the use of fibre-board, sand, blockwork or similar approved material.

4.13 Joints

4.13.1 Construction joints

Construction joints shall be formed at the Contractor’s expense unless they are indicated on the Drawings. Should the Contractor desire a reduction in the number of joints he shall submit his proposals to the Engineer for his approval before the preparation of the formwork.

Construction joints shall be constructed as shown on the Drawings.

In all construction joints the face of the previously placed concrete shall be thoroughly roughened by mechanical means so as to expose the aggregate. The surface thus exposed shall, immediately before concreting is started, be thoroughly cleaned with compressed air, washed and saturated with water and covered with a layer of cement mortar 10mm thick composed of equal parts of sharp sand and cement.  The new concrete shall thereafter immediately be deposited against and thoroughly worked into the mortar layer before the mortar has commenced to set. Where construction joints are required in slabs or beams, there shall be made with vertical faces at the centre of the span, unless the Engineer should approve otherwise.

Construction joints in watertight constructions shall further be provided with a 225mm wide PVC waterstop or similar. Should the Contractor desire to adopt other measures to ensure the water tightness of the construction joints, he is at liberty to submit proposals to the Engineer for his consideration.  Should the Engineer approve any such proposals, the cost of the materials involved shall be at the Contractor’s expense as shall be the costs of any remedial measures necessary to make good any joints which may prove to be non-watertight, regardless of whether the Engineer shall have approved of the proposals the Contractor may have made in respect of that joint.

If, during the course of the concrete work, it should become apparent the Contractor’s methods of forming construction joints are not proving effective, the Engineer may order the Contractor to execute at the latter’s expense such preventive measures as the Engineer may consider necessary to ensure the water tightness of construction joints in further work.

The maximum dimension between construction joints in water retaining structures shall be 8 metres except in the case of circular tank walls where the wall base is free from the floor in which case the concrete shall be placed in continuous rings. The maximum dimension between construction joints in other structures shall be 10 metres.

Panels shall be cast in chequer board fashion or in jigsaw  shape pattern.  Infill panels shall not be cast for at least fifteen days after casting adjacent panels.

4.13.2 Expansion joints

Expansion joints shall be formed in the positions and in accordance with the details shown on the Drawings.

In watertight structures joints shall incorporate a 225mm wide waterstop of approved type, a preformed compressible joint filler and a joint sealing compound. Materials used in forming the joint shall be and shall comply with the following:

Rubber water-stop shall have an ultimate tensile strength of 141 kg per cm2 and an elongation at break point of not less than 250% at a test temperature of 20° C.

Preformed joint filler shall be at the thickness shown  on the Drawings and shall be of a quality certified to comply with the tests according to the respective DIN or ISO standards.

The type of sealant to be used shall be determined by the Engineer. All sealants in joints subject to water and water pressure shall be of a type and used in such a manner that they will not deteriorate following prolonged immersion in water and the Contractor will be required to produce a guarantee from the manufacturer that the material is of such quality.

At horizontal joints the joint surface is to be sealed to prevent the ingress of foreign matter until the application of the sealing compound by the insertion of oiled soft wood battens of the same width as the joint and are to be left in place until immediately before the surface sealing operation. Before the joint sealing compound is applied to a joint, great care should be taken to remove all sand and other foreign matter, and the exposed surfaces of the joints shall be prepared in accordance with the manufacturer’s instructions. Unless modified by the Engineer, the manufacturer’s recommendations regarding the application of joint sealing compounds shall be rigidly adhered to.

All cutting of joint filler to shape shall be carried out either by the manufacturer before delivery or by the Contractor on site, but in either case all such work shall be carried out with extreme care to ensure that the cut sheets of joint filler are of the correct size to permit proper sealing of the joints.

The Contractor’s rates for expansion joints shall include for the supply of all necessary materials and formwork and the execution of all necessary work. All jointing shall be executed to the complete satisfaction of the Engineer.

4.13.3 Contraction joints

Contraction joints shall be formed in the positions and to the details shown on the Drawings.  The joints shall be formed straight and vertical unless otherwise indicated. The concrete surface levels on both sides of the joint shall be flush. Sawn joints shall be provided where indicated, the joints being filled with approved filler.

4.14 Building in pipes and bolts

Where pipes pass through concrete walls or floors they shall be placed in position before concrete is poured and so built in as the work proceeds where possible. Where flanged pipework cannot be fully assembled and bolted up prior to concreting then suitable openings shall be formed and concreted after pipe installation. Such holes shall be properly formed with stop ends and lintels rebated or joggled in the same manner as described for construction joints, and they shall be of such dimensions to provide ample clearance for concreting the pipe in after it has been fixed.

Holding down and fixing bolts shall be concreted in as work proceeds where possible or where this is not practicable, suitable voids shall be formed for subsequent casting in of  bolts.

Drilling or cutting holes for fixtures of any sort after the concrete has set will not be permitted unless the permission of the Engineer has firstly been obtained.

Holes in old concrete construction for pipes, etc. shall cut square to the existing concrete surface to a minimum clearance of 100mm all round and concreted as specified.

4.14.1 Openings in constructional work

All holes or openings for pipes or other things passing through walls, floors or other permanent work, shall be neatly and accurately cut or formed and any work disturbed shall be made good at the Contractor’s expense and to the approval of the Engineer.

All boltholes or other openings required for securing machinery or plant shall be carefully formed in the exact positions required. The Contractor shall be responsible for obtaining from the various manufacturers and Sub-Contractors exact details of all holes and securing bolts etc., required and shall be responsible for all boxing out and subsequently grouting in or, where this procedure is deemed necessary by the Engineer, for obtaining templates and subsequent building-in of bolts, etc. 

4.15 Foundations to machines and pipelines

Foundation plinths to machines, pumps and pipelines shall be constructed generally of concrete as shown on the Drawings.

Machines (etc.) base plates shall be bedded on 3 to 1 sand cement mortar having a water content just sufficient to enable compaction to a high uniform density free of voids and finishing to a smooth and level surface with a steel float.

The edges of mortar bedding to machine base plates shall be formed vertically true to line 50mm clear of the case plate edge unless otherwise directed.

Where possible anchor bolts for machinery etc. shall be cast in at the time of concreting.

4.16 Lightweight concrete

Lightweight concrete for roof screeds shall have a maximum density not exceeding 1200 kg/m3.

Concrete may be aerated by the addition of an approved foaming agent or by an approved chemical agent.

Curing of lightweight concrete shall be carried out by covering with hessian saturated with water and polythene sheeting to prevent evaporation. The covering shall be maintained for 7 days after placing. Lightweight concrete roof screeds shall be thoroughly dried out before proceeding with additional roofing layers.

4.17 Formwork 

4.17.1 Definition  -  adequacy

Formwork shall include all temporary or permanent forms or moulds required for forming the concrete together with all temporary construction required for their support.

Where timber forms are used they shall be made from sound and perfectly seasoned timber and shall be wrought, thickened and tongued and grooved for wrought finishes and wherever else considered necessary by the Engineer. Timber forms shall not be used more than six times.

Steel shuttering of approved manufacture and design shall be used for all repetitive work, unless the Engineer shall otherwise approve.

4.17.2 Construction of formwork

All timber shall be free from loose knots, cracks, shakes, splits, warps and other defects. In metal shuttering all bolt or rivet holes shall be countersunk.

Support falsework to shuttering shall be substantial and shall not transit any load on to work, which has not completely set, or onto any part of the works which is insufficiently strong to support it.

4.17.3 Fixing of formwork

Before any formwork is erected the surface of any concrete previously placed shall be roughened or otherwise prepared as specified and cleaned.

Before any concreting is done all formwork shall be thoroughly cleaned and timber formwork thoroughly wetted with water.

Should the Contractor consider the use of concrete blocking out pieces to be necessary, he shall submit details of his proposals to the Engineer for his approval.  The Concrete used in their manufacture shall be in all respects similar to that of the surrounding concrete.  

All formwork shall be inspected and approved by the Engineer immediately before any concrete is placed.

All supporting struts shall be placed on bearers when necessary to prevent them sinking in the ground or causing injury to any finished work.

The design and details of all formwork shall be submitted to the Engineer before erection is begun.

All formwork, whether of steel or timber, shall be fixed in perfect alignment and shall be of sufficient strength and be fixed in such a manner as to resist without appreciable distortion, deflection or displacement the placing and compacting of the concrete and the movement of men, materials and plant. All joints shall be close enough to prevent leakage of liquid from the concrete.

Rough formwork for unexposed faces or where otherwise specified may have irregularities in its surface provided that the shuttering nowhere intrudes into the limits of the concrete structure shown on the drawings and provided that it is adequately grout tight.

For exposed faces of concrete or elsewhere specified as fair faced, the formwork is to be of steel or timber perfectly smooth and set up true to the required lines and dimensions shown on the drawings with an allowance for deflection where required.

Formwork for columns and walls shall be designed and constructed so that the sides may be removed when the concrete is set sufficiently to stand unsupported without detriment to the member.

Formwork for the underside of horizontal and near horizontal surfaces shall have a camber of 1 in 300 or such other value as may be ordered by the Engineer and such formwork shall be so constructed that the only portion not removable is that immediately over the supporting struts or props and the strutting of soffit formwork must in no way be dependent on the placing of concrete of adjacent members.

Should the Contractor desire to use an internal means of support to formwork for walls, he shall submit details of the method he proposes to use to the Engineer for his approval.

Approval will not be given to any method involving the use of tie wires or which would result in holes extending the full width of the concrete. Any metal plates or bars left in the concrete shall have a clearance of at least 50mm from all reinforcement and shall have incorporated a puddle flange or similar device to arrest the passage of water.  Any resultant voids shall be not more than 50mm deep and shall be sealed with expanding cement mortar flush with the surface of the wall, any projections being ground down. The Contractor shall not be entitled to any extra payment should the Engineer not give his approval to the methods proposed by the Contractor.

The Contractor shall provide all requisite bracing, struts, bearers, wedges and things necessary for securely fixing in position all formwork.

Top shuttering shall be used on all concrete faces steeper than 15 degrees to the horizontal. 

All exposed arises shall be chamfered to dimensions 25mm x 25mm unless otherwise directed on the drawings.

4.17.4 Treatment of formwork

The inside faces of all formwork shall be coated before erection, with a coating of approved mould oil to prevent adhesion to the concrete.  In locations where it is not possible to apply such coating before erection the greatest care shall be taken to ensure that coating material will not come into contact with reinforcement or with previously placed concrete if the coating is applied in-situ.

Formwork coating materials shall be applied strictly in accordance with the manufacturer’s written instructions and only one manufacturer’s type of such material shall be used on shuttering to concrete, which will be exposed in the finished works.

The coating material shall be non-staining. Coatings shall not be applied to permanent shuttering.

All rubbish, debris and water shall be removed from the interior of formwork before concrete is placed.  Temporary openings shall be provided in the formwork to facilitate such removal.

4.17.5 Removal of formwork

To assist in the curing of concrete, as much of the formwork as in practicable shall be removed as soon as the concrete has set sufficiently to warrant such removal.

The Contractor shall submit his proposals to the Engineer for the striking times for formwork, and having obtained the Engineer’s approval to his proposals, the work of striking or removing formwork shall be carried out under the personal supervision of a competent foreman employed by the Contractor.

Great care shall be exercised, during removal of formwork to avoid shocks or reversal of stress in the concrete.

In cases where the Engineer considers the Contractor’s proposals for the removal of formwork to be premature, either on account of the weather or for any other reason, he may order the Contractor to delay such removal and the Contractor shall comply with such instruction and shall have no claim against the Contracting Authority in consequence thereof.

The Contractor should note that concrete cast and cured at an average temperature below 15 degrees will require support for periods substantially greater than concrete cast and cured at temperatures in excess of this figure.

Notwithstanding any advice, permission or approval by the Engineer the Contractor shall be responsible for any injury to the Works any consequential damages caused by or arising from the striking or removal of formwork or supports.

Notwithstanding any stipulations outlined above, the minimum periods, which shall elapse between placing the concrete and the removal of the formwork for the various parts of the structures, are as follows:

Beams faces, slabs vertical faces, walls
-
 2 days

Slabs with props left in position

-
 4 days

Props to slabs



-
14 days

Props to beams



-
21 days

Columns and piers


-
12 days 

Soffit shuttering or props shall not be removed without the permission of the Engineer. 

4.17.6 Tolerances

The tolerances provided in finished concrete work shall not exceed the limits given hereunder:

(a)
Beam soffits on cross-section


Beam Sides







Column on cross-section side 


+  or  -  3mm.

(b)
Beam Soffits


Slab Soffit (Dimension less than 3)





Wall face


Column side




+  or  -  3mm.

(c)
Beam soffit


Slab Soffit (Dimension equal to or


greater than 3m)




+  or  -  3mm.

(d)
Maximum deviation on ‘vertical’ of


column or wall per 3m height


+  or  -  3mm.

(e)
Maximum deviation on ‘vertical’ of


column or wall for full height


+  or  -  10mm.

4.18 Reinforcement

4.18.1 Materials

The Contractor will be responsible for the preparation of reinforcement drawings for all reinforced concrete structures like reservoirs as chambers.

For reinforcement mild steel bars and deformed high yield steel bars shall be used. 

Hard drawn steel wire and high tensile fabric shall comply with the respective DIN or ISO standards. Annealed tying wire shall be not less than 1.4mm diameter.

The Contractor shall obtain the approval of the Engineer for the use of proprietary fixings or couplers for reinforcement.

The Contractor shall submit to the Engineer a quality test Certificate from the manufacturers to the effect that each consignment of bars delivered complies with the relevant specification. The Engineer shall be at liberty to order the carrying out of independent quality tests as a result of which the steel may be rejected notwithstanding the fact that manufacturer’s test certificates may have indicated the steel to be satisfactory.

4.18.2 Storing  -  cleaning

The Contractor shall store reinforcement in clean conditions raised above ground level until required for use. All reinforcement shall be kept clean and free from mortar, oil, grease, dirt, loose rust, mill scale both at the time of fixing in position and at the time of subsequent concreting.

4.18.3 Bending

Bar steel reinforcement shall be bent cold to the forms and dimensions shown on the structural drawings and Bending Schedules. No heating or welding will be allowed, except the electric spot welding of reinforcement for precast units and other units approved by the Engineer. Unless otherwise described bending dimensions shall conform to the respective ISO or DIN standards.

All bending shall be done on site and the delivery and use of prebent bars will not be permitted. All bending shall be completed before positioning and no subsequent bending will be allowed. Bars already bent shall not be straightened or re-bent.

Except where otherwise shown on the Drawings the lengths of lap joints shall be not less than forty times the diameter of the larger bar in the case of bars without hooks, and not less than thirty times the diameter of the larger bar when both bars are hooked.

Hooks shall have an overall diameter of curvature of at least six times the bar diameter and shall be bent semi-circular as shown on the drawings with a straight end having a length at least four times the bar diameter.

Lapped bars shall be positioned apart at a distance equal to 13mm greater than the maximum size of coarse aggregate used in the particular concrete.

Intersecting bars shall be firmly wired with tying wire, in such a manner and at such intervals as to support the bars adequately and all to the satisfaction of the Engineer.

All bars shall be cut to the length shown on the Drawings and no short length shall be used, except with the permission of the Engineer in which case the laps as specified above shall be adhered to.

Reinforcing fabric shall be accurately bent to the required shapes and dimensions before being laid and no subsequent heating or welding will be allowed. When laid continuously with other portions of reinforcement, the fabric shall be lapped therewith and the minimum length of lap allowed will be 400mm for the main wires and 150mm for the transverse wires. Cuttings shall not be used.

4.18.4 Fixing

All reinforcement shall be built up and fixed exactly in the positions shown on the Drawings and the Contractor shall take all necessary precautions and provide all necessary support to maintain it in its correct position during the placing and setting of the concrete.

The ends of tying wires shall be turned away from shuttered faces.

The Contractor shall ensure that his workmen do not walk on, or otherwise disturb, during concreting operations, any reinforcement already placed in position.

Reinforcement shall be lapped or spliced only at the positions shown on the drawings.

Care shall be taken to avoid striking or jarring bars projecting from placed concrete and to avoid damage to the bond between concrete and steel.

All reinforcing steel shall be supported from the formwork or other construction by precast concrete blocks or rings or in such a manner as the Engineer may approve, but in no circumstances will the use of pieces of steel or blocks of wood for this purpose, or any similar purpose, be allowed. Particular care shall be taken to position accurately any reinforcement that has to be placed after concreting has started.

No concrete shall be placed until the Engineer has checked and approved the reinforcement. Such approval shall not absolve the Contractor from his responsibility should bars be found subsequently to be placed other than in the manner shown on the Drawings.

4.18.5 Cover

Unless otherwise shown on the Drawings, reinforcement shall be given minimum cover of concrete in accordance with the respective ISO or DIN standards.

The specified minimum cover shall be as measured from the concrete face to the most adjacent part of the reinforcement, whether it be bars, links, or binding wire. Where arises or chamfered edges occur the specified minimum cover shall also be attained.

