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7.  Technical Specifications

A. General Provisions
Scope and Application

This Specification shall apply to the Civil Engineering works required in the construction of the WORKS as described in this document.

Requirements of Specifications 

The CONTRACTOR shall fulfill all requirements and obligations under all clauses of the Specification.  Whether the following clauses of the Specification, any descriptions there in, nor the quantities shall limit the obligations of the CONTRACTOR under the conditions of Contract.  Where items are not included in the bill of quantities for any such requirements or obligation, the cost of such requirements or obligations shall be deemed to be spread over all the items of the bill of quantities.

Approval of Materials and Goods

All materials to be provided shall be new, unused and of the most recent manufactures and incorporate all recent improvements in design and materials unless otherwise provided in the Contract.

Samples and Testing

Without prejudice to any other clause in the Specification, the CONTRACTOR shall before ordering any building materials or other articles for use and installation in the WORKS, seek the approval of the EMPLOYER.

Materials for which the EMPLOYER has approved, samples shall be used only in those areas and locations for which the approval was granted. All costs in connection with conducting tests by an approved laboratory shall be included and covered by the provisional sum allowed in the bill of quantities.

Contractor’s Work Program

The CONTRACTOR with his Bid shall submit a program for the performance of the WORKS.

Drawings

The whole of the WORKS shall agree in all particulars with the levels, dimensions and details contained in the construction drawings.

Bid Drawings

Bid drawings are the drawings prepared by the EMPLOYER for the purpose of the Bid and furnished to the CONTRACTOR. The Bid Drawings show all relevant features of the WORKS in sufficient detail to enable the CONTRACTOR to assess correctly the nature and scope of the work requested from him and to price the Bill of Quantities forming part of the Contract document.

Construction Drawings

Construction drawings are Bid drawings confirmed for construction or any revisions to Bid drawings and additional drawings that may be prepared by the EMPLOYER or the CONTRACTOR for the purpose of the construction of the WORKS.

Additional Drawings

The EMPLOYER may at any time during the Contract period issue such additional construction drawings, as he may deem necessary for the proper performance of the work.

Building for Temporary Use by Contractor
The CONTRACTOR shall construct temporary stores and office. The cost of providing Contractor’s temporary facilities shall NOT be covered by the client.
Contractor’s Equipment

All Contractors' equipment used in the performance of the WORKS shall be of such type, size and of such method of working as specified in the Equipment Schedule. The cost of providing Contractor’s equipment for all purposes is considered to be uniformly spread over all the items of the bill of quantities.

Field Records

During the course of the WORKS, the CONTRACTOR shall maintain a fully detailed record of all changes from the approved drawing. Only changes that are approved by the EMPLOYER are allowable.

Water Supply

Water will be required for the purpose of curing, washing aggregates, making mortar and concrete and for office uses in and about the WORKS. The CONTRACTOR shall make his own arrangement for obtaining supplies of water of approved quality. Once a suitable water source has been identified, the CONTRACTOR shall inform the EMPLOYER in writing. The EMPLOYER shall respond in writing giving approval or refusing approval for stated reasons, within three (3) days of receiving the Contractor’s written request. In the case of refusal, the CONTRACTOR must identify an alternative source.

Surveying

General

Prior to the commencement of the work, the EMPLOYER shall provide a number of   benchmarks (BM) located on the site as shown on the drawings. Before starting any work, the CONTRACTOR shall check the alignment of the benchmarks in the presence of the Supervising Engineer.

Setting Out

Based on the benchmarks, the CONTRACTOR shall set out the work using the data shown on the drawings or as per the Supervising Engineer’s instructions.

Agreement of Topography

Prior to commencing any work, the CONTRACTOR shall check the topography of the site of the said work and shall inform the Supervising Engineer of the results. The agreed final topography is used in the calculation of quantities.

B. Site Works

Site Preparation and Site Clearance

General

[
The WORKS under this clause include site clearance and any demolitions that may be required, protection of any existing structure or element that must remain intact, etc.

General clearing and grubbing work shall consist of scraping soft soil up to 200mm depth, clearing, grubbing, removing and disposal of all vegetation including trees of girth less than 0.15m, and debris, which are with in the site, except vegetation and objects designated to remain.  The work shall also include the preservation from injury or defacement of all vegetation and objects designated to remain.

Removal of Sod

Where excavation is made across private property over which the EMPLOYER has secured passage or right-of-way, the CONTRACTOR shall remove and carefully store sufficient sod and soil to repair damage cased to lawns.

C. Earthworks

General
This Specification refers to excavating, back filling, and compacting for structures.  Structures shall include but not necessarily be limited to network valve chambers and water points.
Topsoil

Topsoil shall mean surface material capable of supporting good vegetative growth and which, in the opinion of the Supervising Engineer, is suitable for use in top dressing, landscaping and seeding.

Common or Ordinary Soil Excavation

This shall mean materials yielding to ordinary excavation machinery or pick axes which will be classified as bulk, pit or continuous trench excavation. 

Rock Excavations

Soft Rock: - shall mean weathered or disintegrated materials which can be removed or excavated using excavators or shovels, or hand picks, or tractor drawn tines or rippers for breaking up the materials

Hard Rock: - shall mean materials of geological strata requiring the use of wedges, prismatic tools or drilling or blasting with power operated hand tools for the removal of boulders; pieces of concrete or masonry exceeding 1.0 m3 in volume.

Boulders: - shall mean isolated volume of hard rock less than 1.0 m3 in ordinary soil or soft rock or above ground.

Hard Core

Hard core shall consist of broken basaltic stone or similar material not exceeding 250mm in the largest direction.
Earthworks for structures

Stripping 

The areas on which compacted or semi-compacted earth fill is to be placed or such portions there of as may be directed by the Supervising Engineer shall, after clearing and grubbing be stripped of all materials not suitable for the foundation of the earth WORKS, such as top soil, rubbish, organic materials, etc.

The normal depth of stripping is expected to be 300mm, but the Supervising Engineer may order the stripping to be done to such larger depth as he may think necessary.

Stripped material shall be wasted except for such soil as can be used for fill or topsoil required for grassing.

Excavation

The surface excavation within the outlines of the structure shall commence from the reduced levels after general site excavation and/or stripping off the productive soil, and extend down to the under side of blinding layers, provided that, where deemed necessary by the Supervising Engineer because of the nature of the soil encountered at the bottom of the surface excavation, it shall be extended to an additional depth of 300mm or such other depth as may be required by the Supervising Engineer, which additional depth shall then back-filled with suitable soil or other material, as instructed by the Supervising Engineer, to the required sub grade level as specified below.

The bottom of an excavation shall be accurately leveled and trimmed to full width, to the exact required lines and levels, watered and rammed to obtain a firm surface for blinding layers and concrete.

The excavated material that is suitable and required for back fill in the same building or of buildings erected on the site shall be set aside of future re-use, and the remainder of the excavated material shall be run to spoil.

Foundation Excavation

All excavations shall be carried out to the limits shown on the drawings or defined in the Specification or as directed by the Supervising Engineer.  When placing any material other than hard rock for formation levels under any structure, the last 150mm of an excavation shall be taken out not more than 24 hours before placing of foundations or fill.  The bottom of excavation shall be leveled and trimmed to full width and to required lines and levels, and, where in foundations, shall be well-watered and rammed before placing of concrete.

Back Fill

Back fill around foundations and where required below floors or floor slabs shall be placed in layers not exceeding 150mm in thickness after compaction. It shall be moistened and compacted as instructed by the Supervising Engineer, special care being taken to obtain effective bond between layers and with the sides of the excavation. Surface of back fill below floors shall be trimmed and otherwise treated as specified above for sub grades in excavation.

Should the material obtained from the required excavation for various buildings prove to be unsuitable for filling under floors and around foundations, approved inert material shall be imported from outside the site and used in filling as described above.

Hard Core

The Supervising Engineer may require or permit the use of hard core to form the base course in the upper part of the back fill below floors.  Such hard core shall consist mainly of stones as large as possible, but not larger than the thickness of the required course with a sufficient quantity of smaller stones to fill the voids between the large stones and real the top of the course.

Compacting of Earth Fill

Compaction Equipment

Compaction equipment for the earth-fill construction material shall not be used unless the EMPLOYER has approved it.

Depending on the areas to be compacted and the prevailing conditions, compaction equipment could comprise, vibrating or non- vibrating steel or pneumatic tired rollers, hand operated rollers, mechanical tampers and other compaction equipment or methods approved by the Supervising Engineer.

Compaction

Where each layer of material has been conditioned to the best practicable moisture content for compaction purposes, it shall be compacted using approved compacting equipment to a dry density at least 95% of the maximum theoretical density. Dry density in the case of compacted earth filling general, and 100% in the case of compacted earth fill under structures. No subsequent layer shall be placed until the previous layer has been properly compacted.

Prior to commencing compaction of any material, the CONTRACTOR shall determine the minimum number of passes of the compacting equipment required to compact a layer of any one material.

Back fill materials shall be placed where shown on the drawings in maximum 300mm deep compacted layers and compacted to 95% of the maximum theoretical density.

Back fill within 1m of structures shall be compacted with light mechanical equipment. Care shall be taken to avoid damage to the structures.

Selected Earth Fill Materials

Base Gravel

Base gravel shall be composed of inert, durable aggregate, reasonably uniform in quality, free from soft or disintegrated pieces.

Granular fill 

Granular fill shall be sand or gravel, screened, if necessary, composed of inert, durable aggregated uniform in quality and free from soft or disintegrated particles, clay or silt balls and other deleterious matter.

Rock fill

Rock fill shall include all fill material containing more than 15% by volume of rock larger than 150mm in size, but shall be free of organic soil, roots, brush, and other debris.

D. Concrete

General

The section describes the quality of materials and workmanship of concrete and reinforced concrete works cast in site in all parts of structures below or above ground. This Specification shall apply to concrete prepared on site as well as ready mixed concrete and small pre-cast concrete elements.

 Normal Concrete

All normal concrete to be used in reinforced and plain structure is classified in the Contract documents according to required strength grade.

	Grade
	Characteristic strength (N/mm2)
	Mix ratio (cement: fine aggregate: coarse aggregate)
	Minimum Cement Content (kg/m3)

	C - 15
	15
	1 :2 :4
	290

	C – 20
	20
	1 :2 :3
	320

	C - 25
	25
	1 :2 :3
	360


No change in the unit rates submitted for concrete will be allowed, if the actual quantity of cement used to obtain a specific concrete characteristics strength (grade) is greater than the minimum cement content.

Cement

All cement shall be Portland cement of approved manufacture. A suitable quantity of approved and certified cement shall always be available on site.

Water

Water for mixing and curing concrete mortar and grout shall be free from objectionable quantities of silt, organic matter, alkali salts, and other impurities.

Aggregates

General 

Aggregates for concrete shall be coarse and fine aggregates. The grading shall be such as to produce a concrete with the specified properties and consistency and one that will work readily in position without segregation and without the use of an excessive water content and can be readily compacted in to a dense impervious mass.

Aggregate for concrete shall be furnished by the CONTRACTOR from approved sources.

Fine aggregate

Fine aggregate shall consist of hard, dense, durable clean, uncoated fragments of natural sand, crushed stone, or other suitable materials, with a maximum particle size of 5mm and a predominating particle size of between 1mm and 2mm.

Coarse Aggregate for Normal Concrete

The grading of coarse aggregate for normal reinforced and plain concrete when analyzed in accordance of stand or shall be within the maximum size of 40mm and 20mm.

Concrete Mixing

In all cases and under all circumstances, the CONTRACTOR shall be solely responsible for the quality of the concrete, including its impermeability to water where required in the structure.

Approval of mix proportion by the EMPLOYER shall be binding upon the CONTRACTOR as follows:

The CONTRACTOR shall use materials only of the same origin and quality as used in preliminary test.

The CONTRACTOR shall use the above-mentioned mix proportion without any changes, except for slight changes due to different grading of aggregate within approved limits.

Batching by volume will be approved by the EMPLOYER, but only precisely dimensioned gauge boxes approved by the Supervising Engineer shall be used for the sand and aggregates.

The concrete ingredients shall be mixed in a sufficient number of approved batch mixers of adequate capacity.

No concrete shall be placed until formwork; installation of parts to be embedded, and the preparation of the surface involved in the placing have been approved by the Supervising Engineer.

Vibration of Concrete

Each layer of concrete shall be consolidated to the maximum practicable density, so that it is free from pockets of coarse aggregate and closets snugly against all surfaces of forms and embedded materials.

The concrete shall be consolidated with high frequency electric or pneumatic power driven immersion type vibrators with minimum 9000rpm.

Construction Joints in Concrete

Only formed vertical or inclined construction joints, as well as unformed horizontal construction joints due to interruption of concrete placement, will be only permitted. All intersections of construction joints with concrete surfaces that will be exposed to view shall be made absolutely straight and level or plumb.

Curing of Concrete

From casting until the end of the specified minimum curing period, the concrete shall be kept constantly moist and kept completely covered with impervious plastic, wet hessian sacks or an unbroken layer of wet sand. Concrete shall be kept wet for at least 10 days, immediately following placement of concrete.

Repair of Concrete

Repair of concrete shall be performed by skilled workmen and in the presence of the Supervising Engineer or his representative. The CONTRACTOR shall correct all imperfection on the concrete surfaces as necessary to produce surfaces that conform to the requirements.

Formwork (Shuttering) for Concrete

The CONTRACTOR shall design, supply, and fix all necessary formwork, together with its attendant scaffolding, timbering, shoring, strutting etc. required for the placing of concrete.

The formwork shall be in all cases adapted in every respect to the shape of the concrete structure to be built.

For use as formwork the CONTRACTOR will be permitted to use plywood, of approved manufacture, steel plate, or timber boarding. 

Expansion Joints

Expansion joints, where required, shall be constructed by placing a rubber water stop between the parts to be joined and turning a gap by inserting a suitable pre molded joint filler of chip wood of 2.5mm thick.  On the exposed sides of the joint a groove shall be formed and filled with joint sealing compound.

Reinforcement Steel

Reinforcement steel shall be plain or deformed steel type bars.  The tensile strength of any bar shall be at least 15% greater than the actual yield stress measured in the tensile test.

The type of steel bars to be used in a particular structure or structural element shall be as shown on the construction drawings.

The steel shall be free from oil, grease, dirt, and paint and any loose rust shall be removed before use.  

Cover over reinforcement shall be shown on the construction drawing or directed by the Supervising Engineer.

E. MASONRY & BLOCK WORK

Cement Mortar

Cement mortar shall be composed of one part cement to three parts sand (1:3) and the ingredients shall be thoroughly mixed until the cement color cannot be distinguished from the fine aggregate in any part of the mass and shall be uniformly wetted by means of a hose while undergoing further mixing. Cement mortar shall not be used in the WORKS later than one hour from the first wetting any mortar.

Concrete Block

Hollow, load bearing concrete block or hollow blocks for external wall shall conform to class A, with a minimum compressive strength of 4.0 MPa based on the gross area of the section. The nominal dimensions of the blocks shall be 400mm x 200mm and the thickness 200mm, 150mm, or 100mm as shown on the drawings.

Masonry units shall be uniform in color, texture, and free from cracks or clips larger than 3mm. Units shall be free of surface stains or adhering foreign material.

Stone Masonry Work

Stone for Foundation
The stone used for foundation is to be hard crystalline stone in large pieces free of cracks, or veins of soft matter.  A minimum of three through stones (spanning from face to face of the wall) per square meter of walling shall be provided.

Stone for External Walls

The stone used for external wall shall be hard sound stone of approved color and source.  A minimum of three through stones (spanning from face to face of the wall) per square meter walling shall be provided.  Stonework for exposed external walling shall be cut, dressed, coursed, and bonded to the approval of the EMPLOYER.

F. WALL FINISHES

Plastering

Plaster shall be applied in two layers of a total thickness of 20mm. The under coat shall have a thickness of 15mm and the finishing coat shall be 5mm thick. Unless otherwise directed by the Supervising Engineer, the mixture shall be prepared as directed in the drawings.

Pointing

Masonry or hollow block walls to be pointed shall have the joints raked out to depths of 25mm and pointed in cement mortar composed of 1 part of cement and 3 parts of sand by volume.  Mortar is to be properly ironed to level clean, sharp, watertight joints to the approval of the Supervising Engineer and all pointing is to be kept wet for a period of seven days or as directed by the Supervising Engineer.

Flooring

Non - Slip Floor Finish

Provide non - slip floor finish (if and where indicated in the bill of quantities) to the concrete floors. The floors shall be first trowelled then rolled over with a toothed hand-roller to form a non-slip surface. Prior to proceeding with the casting of these floors, the CONTRACTOR shall prepare a sample of this finish on a trial surface of 1m x 1m area for the Supervising Engineer’s approval.

Screeding

Cement mortar for screed shall consist of 1 part by volume of Portland cement to 3 parts by volume of fine aggregate, unless otherwise specified, with a plasticizing agent and just sufficient water to make the mortar workable, consistent with its purpose.

Suitable wood or metal screed strips shall be placed and aligned to the contours of the slab.  The slab shall be screeded with compacting type screeds or stride-off templates moved in sawing motion on screed strips.

Slab and Floor Finishing

Slab and floor surfaces shall receive the finish specified below:

Floated Finish

After concrete has been placed, screeded, compacted, and leveled, it shall not be worked further until ready for floating.  Floating shall begin when the water sheen has disappeared, or when the mix has stiffened sufficiently.

Scratched Finish

Scratched finish shall be used for surfaces to receive bonded cement topping. After concrete has been float finished, and before final set, the surface shall be roughened with stiff brushes or rakes to produce a scratched finish.

Trowelled Finish

Trowelled finish shall be used for slabs.  A smooth and even finish shall be obtained by use of a metal trowel once the mixture has stiffened sufficiently.

Broom Finish

Broom finish shall be used for pavements. After floated finish, surface shall be slightly roughened by a light broom finishing with a stiff brush or broom to a nonskid surface to the satisfaction of the Supervising Engineer.

Edging

Exposed top edges of pavements shall be edged with suitable edging tool to the satisfaction of the Supervising Engineer.

G. Pipe Work

Supply of Pipes and Fittings
All the necessary type, dimension and length of pipes, fittings, water meters and water tabs shall be supplied and installed by the contractor. 

Pipe Laying 

General 

The contractor shall construct the pipe liner using the designs of pipe, bed, haunch and surround shown in the contract and to the engineer approval "Flexible pipes" shall mean pipes of steel, PVC or other plastic, pitch fiber, ductile iron or similar materials. 

Pipe Trenches 

a) Trench Width

The trench width at the ground surface may vary with and depend up on, its depth and the nature of the ground encountered. For all diameters the clear width of unsheathed trench, measured at the horizontal diameter of the pope, shall provide a minimum clearance OF 250mm on each side of pipe. The maximum clear width of trench at the top of the pipe shall not be more than out side diameter of the barrel of the pipe plus 750mm. 

b) Excavation for Pipelines 

Trenches for pipes shall be excavated to a sufficient depth and width to enable the pipe and the specified or other approved joint, bed haunch and surround to be accommodated. 

Where rock or boulders are present in pipe trenches the sides of the trench shall be so trimmed that when the pipe is laid to the correct level and alignment no projection of rock comes with in 100mm of the outside of the pipe barrel at any point. 

c) Bedding and Protecting Pipes 

Bedding, hunching, surrounding and an choiring pipes shall be of the arrangement and dimensions shown in the contract. The bottom of the trench or surface of the bed shall be finished to a smooth even surface at the correct levels to permit the barrel of the pipe to be solidly and evenly bedded throughout its whole length between joint and shying holes. No bedding material shall be place in trenches containing water. Concrete for bedding hunching or surrounding pipes shall be class C-15 

Pipe Laying 

No protective cap or other appliance on the end of a pipe or fitting shall be removed permanently until pipe or fitting that it protects is about to be joined pipes and fittings shall be examined for damaged and the joint surfaces and components shall be cleared immediately before laying. 

Pipes shall be brought to the correct alignment and inclination, concentric with the pipes already laid suitable measures shall be taken to prevent soil or other material from entering pipes and to anchor each pipe to prevent floatation or other movement before the works are completed. 

Back Filling Trenches 

If the contractor allows material which when excavated was suitable for re-use to become unsuitable when required for back filling, he shall make good by running it to spoil and replacing with suitable material. 

Back filling shall wherever practicable be under taken immediately the specified operations proceed it have been completed. No backfill material shall be placed in trenches containing water. 

Sufficient space shall be left to receive the original thickness of soil, turf or other materials removed from the surface. The surface shall be restored by replacing the materials in their proper order and form, and by compacting them to such a level as will ensure that after settlement is complete the surface level of refilled trenches shall be within 30mm of that of the adjacent undisturbed ground. 
Pipe Bedding and Fill Material 

Selected material suitable for use in the works shall comprise of uniform readily compactable material free from three toots, vegetable matter, building rubbish and excluding clay lumps and being compacted to form suitable fill to the engineer's approval. 

Manhole 

Manhole shall be in pre cast concrete c-20 quality, or class a hollow block work as in detailed in the drawing. The manholes shall be laid on a minimum concrete bed of 150mm c-20 concrete. 

Manholes other than pre-cast concrete shall be plastered internally and externally where there is no under ground infiltration with two coasts of cement mortar. Joints of pre cast concrete manholes shall be flush pointed. 
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