TECHNICAL SPECIFICATION
1 DREDGING AND EARTHWORKS

1.1  Scope of Works

The works specified in this section of the specifications comprise dredging for: 

Dredging areas, dredging depths and dredging limits are as specified on drawings and / or specifications.
Dredging is limited to re-dredging of existing harbour basin and channel, and dredging of new harbour basin extension to the depths specified in the drawing. Contractor may need to carryout additional dredging elsewhere, in the event that sufficient fill material is not available within the basin and channel of existing harbour. 
The dredging works consists of excavation of coral materials below the existing seabed regardless of the nature of the materials encountered during the course of dredging. Disposal of dredged material at either stockpile or as fill, backfill, reclamation filling or core and filter material in harbour structures, shall be carried out in accordance with these specifications and in compliance with the drawings as directed by the Engineer.

The works include supply of all materials and the provision of all labour, plant and equipment required for the actual dredging, reclamation and other reuse of dredged material as well as for all preparatory works, surveys and testing required for the proper execution and completion of the works. In addition the works shall include all required measures for reduction of the environmental impact of the dredging and be included in the Contractors Environmental Control Programme according to the specifications.
References

The following Standards and Codes of Practice are referred to in this specification and fully or partly incorporated herein as specified:

Designation

Title of Standards/Code of Practice

BS 812    

Sampling and Testing of Mineral Aggregates, Sand and Fillers

BS 6349, Part 5              Maritime structures. Code of Practice for dredging and land reclamation

CIRIA/CUR: 

Manual on the use of rock in coastal and shoreline engineering. 




Report no. 83/154

CEM


Coastal Engineering Manual.U.S. Army Crops of Engineers.

Utilization of Dredged Material

Filling is required for reclamation and backfill along quay walls. Graded variations of the dredged materials may be reused subject to the approval by the Engineer.

Dredged materials not being used for the harbour construction shall be deposited of at an area identified in accordance with the Engineer’s instructions.

No materials from the dredging shall be dumped at sea unless approved by the Employer.

All suitable material removed from the dredging areas shall, subject to the approval by the Engineer mainly be used for reclamation or, either be initially sorted by excavator and manual labour or by means of a grizzly plant and/or hauled to a stockpile for screening, or shall be used for reclamation, sub-grade for paving work, backfill for structures, or for other purposes shown on the drawings and / or specifications or as directed. Materials which are otherwise suitable but contain excess moisture shall be processed and utilized for fill.

Material from the dredging determined by the Engineer as suitable for slope protection in revetments, filter or core material or other purposes shall be conserved and utilized as directed.

Materials from the dredging determined by the Engineer to be unsuitable for use in the Works shall be disposed of at the designated disposal areas or other areas approved by the Engineer. Unless otherwise specified, compaction will not be required. However, the materials taken to disposal areas shall be levelled and shaped attractively to the approval by the Engineer.

All excess material shall be delivered for other utilization on the island or disposed of as directed. It is the Contractor’s responsibility to determine if sufficient material is available for the completion of the works before delivering or disposing of any materials. Any shortage of suitable materials for completion of the work caused by premature disposal of materials by the Contractor shall be replaced by the Contractor at no cost to Employer.

Materials

The specific gravity of the coral sand may be ranging from 23 to 26 kN/m3. Actual geotechnical parameters including specific gravity and density of dredged materials reused in the harbour structures shall be verified according to the function of the materials used in the structures and the specified quality requirements. Fill and backfill shall consist of selected coral aggregate and sand surplus from the harbour dredging operation and complying with Highway Works, clause 804 Granular Sub-base Material Type 2.

Testing of Materials

Testing will be required when the dredged material is reused in the harbour construction works. This testing shall provide sufficient documentation of the material quality and ensure fulfillment of all requirements specified for the material when used in the actual structures.

Workmanship

Setting out of Dredging Works

All boundaries of dredging areas shall be established on the site by installation of markers in the appropriate reference lines or electronically established subject to the Engineer’s approval.

Markers shall be robust and clearly visible from all parts of the dredging area.

All setting out of dredging works shall be carried out by the Contractor.

Execution of Dredging

All dredging works and earthworks shall be carried out in compliance with the criteria and environmental mitigating measures outlined.

Prior to dredging or disposal of materials in any area, such area shall be cleared and its surface level shall be surveyed in the presence of the Engineer.

The survey shall be detailed sufficiently for the recording of any major irregularities in the surveyed surface.

No separate payments would be made for dredging the edge slopes. This dredging is deemed included in the contract price (shown on drawings and / or specifications).

Prior to any dredging and reclamation works, the Contractor shall submit and get the approval from the engineer for a detail dredging and reclamation plan including plant details, discharge and handling methods and mitigation measures to meet the requirements specified. The Contractor shall notify the Engineer min. 48 hours in advance of dredging or disposal of materials in any area.

Dredging shall be carried out by using a backhoe, or other dredging equipment with sufficient capacity to dredge the dredging classes 1 through 3.

The Contractor’s method and sequence of dredging and reclamation shall be such that localised deterioration of water quality is kept to a minimum.  And the Contractor is responsible for undertaking at his own cost, all appropriate mitigation measures deemed necessary to protect the environment.

The supply, placement and compaction of fill and backfill shall be in accordance with the Specification for Highway Works: 1994 – Department of Transport, London.

Placement and compaction of fill and backfill shall be in accordance with clauses 801 and 802.

Unless otherwise permitted, fill and backfill materials from dredging work shall contain no organic or other deleterious matter. The contractor shall ensure that the reclamation is free from accumulation of fines, including pockets of silt. Rock or other solid matter may be placed in a reclamation area subject to the Engineer’s approval. 

For reclamation below seawater level, dredged materials shall be placed directly in reclamation areas. Large pieces of coral deposited in reclamation areas shall be spread over the full width of the reclamation area with sufficient small coral pieces or other fine material used to fill the voids in order to produce a dense, compact reclamation.

For reclamation above the seawater level, coral material shall be placed in level, horizontal layers not exceeding 0.3 meter (loose measurement) thick and be compacted before the next layer is placed. Effective spreading equipment shall be used on each lift to obtain a uniform thickness prior to compacting.

As the compaction of each layer progresses, leveling and adjustments shall be performed continuously to ensure uniform density.

Material containing more than 25 per cent of large pieces of coral with the greatest diameter of more than 150 mm, and which cannot be placed in layers of the prescribed thickness without crushing, pulverizing or further breaking down the pieces, shall be removed and used for some other purpose.
Dredging in Front of Quay Walls
In addition to the requirements of dredging specified above, the following shall apply for dredging in front of quay walls and breakwater structure:
a) All dredging involving application of equipment within a distance of 5 m from any new or existing structure shall be carried out with special care in order to avoid any damage or dislocation to the structure and only in the presence of the Engineer. The Contractor will be held responsible for any damage and dislocation caused to structures as a result of the dredging operations.
b) The maximum permissible over-dredging is limited to 0.2 m within a distance of 5 meters from any existing structure.
c) In case of excessive over-dredging the Contractor shall on his own account back-fill the over-dredged area and/or takes all necessary precautions as directed by the Engineer.
Tolerances
Dredging shall be carried out to the designated depths in all parts of dredging areas with a maximum permissible over dredging of 0.3 m below the specified level (Maximum Depth) unless noted otherwise by or as agreed with the Engineer.
Excess dredging below Maximum Depth is not accepted unless approved by the Engineer and shall be replaced by suitable material at no cost to the Employer.
The tolerances relative to the Specified Depth for dredging of harbour areas in general is +0 mm to 200 mm.
The natural profile of slopes resulting from the dredging has in general been indicated as 1:3 reflecting the expected result of dredging in sand and gravel exposed to moderate wave impact only.
The tolerance on the levels of the land reclamation fill is –100 mm to +100 mm.
Inspection

General

The Contractor shall, prior to commencement and after completion of dredging works carry out surveys of the respective areas (in-survey and out-survey) 

In-survey of Existing Bottom or Ground

An area covering the entire working area, bid document shall be surveyed in the presence of the Engineers representative. Maps and “raw” data shall be submitted to the Engineer not later than one week after the scheduled execution of the in-survey. If the contractor fails to carry out this survey before the commencement of dredging operations (ANY DREDGING OR EXCAVATION WORKS) it would be deemed that the contractor accepts the survey information given and as such any in-surveys carried out would not be accepted.

Inspection after Completion

Before the Work is handed over, an out-survey shall be made covering the entire working area.

The Contractor shall verify that the dredging has been carried out as required. Supplementary verification of areas dredged to a specified level shall be carried out by suspending a 6 to 10 m long straight edge (rail) from a boat, so that the underside of the straight edge is horizontal and level with the indicated dredging level. A sounding rod shall extend vertically above the water table in order to disclose the vertical movements of the straight edge. The boat shall move slowly across the area in a manner which ensures that the total area is covered by the straight edge. Areas where the straight edge cannot pass freely shall be marked with buoys and the necessary corrections of the seabed carried out.

The verification of slopes shall be made by soundings. Maps and “raw” data shall be submitted to the Engineer not later than two weeks after the execution of the respective survey.
Establishment of Bench Marks – Technical Specification

a) Bench Mark

Contractors should shall establish a Bench Mark and preserve/maintain that Bench Mark till the completion of the project in all respects. This benchmark has to be established with respect to Mean Sea Level (MSL) and has also to be connected to the nearest GTS benchmark. The benchmark has to be constructed as per Control Survey Guidelines of Maldives Land and Survey Authority (MLSA). These bench marks have to be handed over in proper condition along with the values after completion of the project
Planimetric Control:
The standard procedures adopted by the Maldives Land and Survey Authority (MLSA), for planimetric control shall be exercised.

Height Control:

Double precise leveling shall be carried out between the selected Bench Mark (BM) and Permanent Bench Mark (PBM) as established. All GTS, PBMs shall be connected through leveling network to achieve greater height accuracy. Precision Survey (Geodetic) procedures shall be used in establishing these control points and their coordinates and levels, using standard MLSA procedures. Accuracy of evaluations of coordinates of all control stations shall be as per MLSA standards. The Engineer shall review and approve the data after all error adjustments/calibrations.

Fixing of Pillars:

PBMs shall be established at appropriate places, where minimum disturbance is anticipated. By double levelling the GTS Bench Mark shall be transferred to the Project Area and the Permanent Bench Mark shall be established at the specified places as approved by the Engineer. The bench mark pillar shall be constructed in accordance with the guidelines of MLSA.
b) Tide Gauge

A Tide Gauge is to be installed at site and has to be maintained that till the completion of the project in all respects. This Tide Gauge has to be established with respect to Mean Sea Level (MSL) and has also to be connected to the nearest GTS benchmark. The Tide Gauge has to be constructed as per standard norms.

This Tide Gauge have to be handed over in proper condition along with the values after completion of the project.
c) Maintenance of Crafts

All plant and floating craft shall be in good working order to the satisfaction of the Engineer and shall be maintained in good condition. The contractor shall forthwith arrange to remove at his own cost any plant (floating or otherwise) belonging to him or to any sub-contractor or to any person employed by him which may be sunk in the course of the execution and completion of the works or otherwise deal with the same as the Engineer may direct.
d) Provision of materials, stores, equipment and craft

The contractor shall be responsible for the provision of all materials, stores, equipment and craft necessary for satisfactory execution and completion of the dredging work.

The contractor shall be responsible for the dredging and removal of all materials as may be necessary for achieving the depths, widths and slopes shown in the drawings and /or specified in the document, using such dredging equipment most suitable for dealing with the materials involved. The contractor shall adopt a systematic procedure to dredge the areas so as to ensure minimum silt.
e) Wrecks and other obstructions

Unless the Engineer directs otherwise all wrecks and other objects encountered during dredging work shall be lifted, removed and disposed of by the contractor without claiming anything extra. Loose rocks, debris cut pieces of steel and boulders shall be deemed to be material to be dredged.
f) Disposal of dredged material

The methodology of dredging and the equipment proposed to be used for Dredging shall be such that gives least disturbance to the areas outside the basin. The dredged materials are required to be disposed off in the designated off shore dumping grounds away from the harbour limits.

For dumping outside the area indicated, penalty shall be imposed as levied by the concerned authority.
g) Interruptions of work and idle time charges

The contractor shall allow in his rates for any loss of working hours due to weather; surveying, positioning of craft, shifting of dredger and other equipment from one area to another area depending upon the site condition.
Any claim for idling of the contractor's plant and machinery or any other inputs shall not be entertained by the Authority for reasons whatsoever except solely on account of "Suspension of work" on the instructions of the Engineer. Non-availability of working area including the berths etc., will not come under the preview of "suspension of work".
h) Clearance of site on completion

On completion of the contract, the contractor shall remove at his own cost all anchors, chains wires and any other equipment, plant or materials introduced by him. He shall also remove any other unnaturally occurring objects of whatever size or form as the Engineer may direct within the dredged area.
2 ENVIRONMENTAL REQUIREMENTS
2.1 
INTRODUCTION
The proposed construction works are, under conditions given below, expected to have only minor impact on the surrounding coastal zone.

However, this is to be expected only if relevant mitigation measures are incorporated during the construction phase as well as during the long-term operational phase for the harbour.

In this section the objectives, obligations and criteria of such mitigation measures will be outlined.

2.2
FEEDBACK MONITORING

During the construction of the harbour some of the working and building activities may have an effect on the coral reef community and the terrestrial coastal zone. One of the main activities will be the dredging of the entrance channel and the harbour basin. The most widespread and visible consequence of dredging and excavation is the generation of suspended sediments and turbidity, both of which affect the corals adversely. There may be direct impact on live corals at the reef edge during excavation of the entrance channel. 
Other main activities with possible adverse effects are the disposal of the dredge spoils within the reclamation are, site clearance on land and transport on land and at sea. 

The Contractor shall during the construction period carry out an environmental control programme following a feedback design in order to ensure that adverse effects are detected before they become irreversible. The basic concept of a feedback monitoring program is that selected environmental key criteria for instance live coral coverage or sedimentation rates, are observed regularly during the construction phase. If response, based on impact criteria indicating thresholds severe but yet not irreversible levels of impact, are crossed, steps of avoidance shall be enforced.

A methodology description for the environmental mitigation measures proposed shall be prepared by the Contractor for the Engineers approval prior to any dredging / reclamation works on site.

If at any time the engineer/employer determines that deterioration in water quality has occurred, the engineer/employer may direct the contractor to immediately initiate remedial measures to halt such deterioration.

The environmental key criteria and possible response thresholds are specified in the following sections.

2.3 
OPERATIONAL CRITERIA FOR ACCEPTABLE ENVIRONMENTAL IMPACT

During construction the response on the following operational key criteria for acceptable environmental impact shall be measured at the perimeter of the construction zone identified as the limit of working areas specified on drawings and / or specifications.

The Response Threshold (RT) for the operational key criteria shall be:

· Live coral coverage:


No significant decrease shall occur at selected sites except at the entrance channel, representative of the coral reef community in the area, compared to likewise representative reference sites.
2.4
ENVIRONMENTAL OBLIGATIONS

The Contractor has the obligations mentioned below. He shall address the issues in the methodology description for his environmental mitigation measures designed to meet the requisite criteria:

· The contractor, in carrying out his work shall comply with all the environmental laws, regulations and codes of practices of the country.

· To describe methodology of, and carry out, an appropriate feedback monitoring program, and see that the response thresholds given above are not surpassed. For this program detailed and currently updated dredging schedules should be given.

· Currently calculate the amount of spill.

· To describe, how possible adverse impacts related to subjects listed in item 5 are planned to be mitigated.

· Establish emergency measures and procedures for accidental spills of hazardous substances during the construction period.
· Relocate any live corals at the project site, especially in the entrance channel area. 
· Report to the Engineer.

2.5
SUBJECTS OF ENVIRONMENTAL CONCERN

The following list includes subjects considered of environmental relevance for the construction or part thereof. The list shall be considered as guideline for the contractor in his selection of mitigating measures of relevance for his selected construction methods and they shall be subject to adjustment when experience obtained during the environmental feedback monitoring program should call for this.

2.5.1 
Dredged material
Dredged material to be used for construction purposes must not be deposited on the reef flats or on landside areas outside the limit of working areas. 
No materials from the dredging shall be dumped at sea unless approved by the Engineer.

The excavation scheme should be set up in such a way that slurry plumes are minimized as much as possible on and in the vicinity of the reefs.

2.5.2  
Surface run off
During the construction period surface water caused by heavy rainfall may carry larger amounts of sediment to the reefs. Such surface run off shall be minimized.

2.5.3  
Site clearance
Top soil suitable for crops to be reused as supplementary topsoil in other parts of the island, or as compensatory enhancement in the harbour area.

2.5.4  
Vegetation
To help minimizing surface run off, it should be considered to leave, if possible, minor belts of vegetation in the harbour area. Labour housing and workshops to be placed outside the final harbour area are to be placed so that as little as possible of the vegetation has to be cut.
2.5.5 
Freshwater supplies
Fresh water supplies for any construction purpose are to be brought in by the Contractor.

2.5.6 
Pesticides or insecticides
In order to protect the fresh water aquifer and the vegetation, pesticides or insecticides (in surplus of personal repellent) are not allowed within the construction area.

2.5.7
Solid waste and sewage
As a main principle, all waste is to be removed from the island before any nuisance of dust, smell or visibility is generated.

2.5.8
Waste
Waste oil from machinery, bilge pumping or other use as well as any waste of hazardous substances connected to the construction activities is to be collected and transported from the island.

2.5.9
Dumping
No dumping of any kind from support vessels are allowed on the reef or in the upstream waters of the island (and should otherwise follow any national regulations on dumping).

2.5.10
Dust nuisance
Activities creating dust nuisance are to be conducted under wind conditions that carry the dust out to sea.

2.5.11
Anchoring
Anchoring of carrier and supporting ships and vessels: anchors are not allowed to be dropped on the reef crest or reef slope outside the working areas limit
Note: In General, the Contractor shall comply with all applicable national, provincial, and local environmental laws and regulations. More particularly, the Contractor shall comply with the measures and requirements set forth in the Initial Environmental Examination and the Environmental Management Plan attached hereto as Appendix A and Appendix B. The Contractor shall allocate a budget for compliance with such environmental measures.
3
BREAKWATERS AND REVETMENTS
3.1
Scope of Works
The works specified in this Chapter of the Specifications compromises the construction of Breakwaters and revetments.
The works include supply or dredging of all materials required. According to Drawings, the specifications and the instructions from the Employer the Contractor shall furnish all materials, equipment, tools, and labour which are required for the construction, testing, measurement and completion of the works.

3.2
References

The following Standards and Codes of Practice are referred to in this specification:
Designation


Title of Standards/Codes of Practice 

BS 812 Parts 100-103
Sampling and Testing of Mineral Aggregates, Sand and Fillers

BS 6349 Part 1, Part 2
Maritime Structures

ISO 5081
Textiles- Woven Fabrics – Determination of Breaking Strength and Elongation (Strip Method)

CEM



Coastal Engineering Manual.U.S. Army Crops of Engineers.

3.3
Materials
3.3.1
General
All stone materials specified in the following as stone class I, II and III shall be of granite, basalt or equal igneous rock. The material shall have an apparent specific gravity of not less than 26kN/m3 with 90% of the stones having a density of at least 25kN/m3 when saturated and surface dry, according to BS 812.

The average water absorption of quarry stone must be less than 2% and the water absorption of nine of the individual stones less than 2.5%.
The loss for magnesium sulphate soundness test must be less than 12% for all rock.
Deleterious secondary minerals shall not be present. For all rock types, this is taken to be indicated by Methylene Blue absorption values of less than (0.7 g/100g).

Average point load index in the planar direction of the most pronounced layering should any visible anisotropy exist and for sampling, testing and reporting in accordance with the ISRM 1986 recommended method must be at least 4.0 MPa with the average minus the standard deviation of the point load index of at least 3.0 MPa.

The mill abrasion resistance index must be less than 0.004.
Quarried rock shall not contain visually observable or chemically detectable impurities or foreign matters in such quantities that these are damaging for the constructive application of the quarried stone or for the environment in which the quarried stone is applied.
All stone materials specified in the following as stone class IV, V, VI and VII may as an alternative to the above mentioned rock be obtained from sound coral rock or beach rock. The material shall have an apparent specific gravity of not less than 24kN/m3 when saturated and surface dry.
The stone materials shall be sound, compact, hard, durable and resistant to action of seawater and free of cracks and fissures determined for the proper performance of the material in quest on.
All fill material shall be dredge and stored to suit the specific demands in the structure.
3.3.2
Source of Stone Materials
The contractor shall select the source or sources of rock and shall be responsible for quarrying, supply and transport to the Site of suitable rock in sufficient quantities.
The suitability of the source or sources of rock selected by the Contractor shall be subject to the approval of the Employer. Approval of the quarry is only supplementary to other requirement of the rock.

The Contractor shall submit for the approval of the Employer an experiences geologist’s determination of the type of stones based on visual inspection of 10 respective samples.
The coral rock or beach rock dredged may be used for stone classes IV, V, VI and VII if the testing shows it comply with these specifications.
3.3.3
Classification of Stone Materials
Armour layer in the break waters and filters overlaying sand fill and unspecified coral rock fill shall be constructed from the following stone classes specifying the minimum mean weight (or size) and the lower and the upper limit.
Granite:
I: 
Weight range: 2t to 8t
Mean weight: Min. 4t
II: 
Weight range: 1t to 4t
Mean weight: Min. 2t
III: 
Weight range: 350 kg to 1400 kg
Mean weight: 700 kg.
Granite or coral rocks.
IV: 
Weight range: 100 kg to 400 kg
Mean weight: 200 kg
V (filter): 150 – 300 mm
VI (filter): 75 – 150 mm
VII (filter): 50 – 100 mm
Stone materials shall be well graded between the specified limit and comply with the following filter criteria
d85≥ D15/4
d15≥ D15/7
d50≥ D50/7

In which ‘d’ represents the finer material and ‘D’ represents the coarser material.
Dnn means that nn% of the material by weight passes a sieve having a square mesh width of D.

For stones used as armour stones or filter stones the following additional requirements shall apply:
· The stones shall be rough and angular in shape
· The maximum stone dimension (length) shall not exceed 2.5 times the minimum dimension (thickness) of the stone.
3.4
Testing of Materials

Inspection and testing of rock materials shall be carried out as an integral part of the Contractor’s quality control programme with the objective to ensure the quality of all parts of the work. The requirement in the following subsection shall be understood as minimum requirements. Extended testing of properties shall always be when opening new quarry fronts and in connection with any significant change in the material properties from an existing quarry front.
The test specifications given in the following subsections shall be understood as ‘State of art’ specifications. Other test standards may, subject to the Engineers acceptance, be introduced for compliance with the Contractor’s test procedures or procedures used by existing procedures. Test procedures related to possible stockpiling of rock materials near the construction site and in connection with placement of materials in the permanent works are not covered by this section of the Specification.
3.4.1
Basic Procedures
From each quarry front the following properties shall be tested and fully documented prior to commencement of any production, in connection with any significant change of materials in the opinion of the engineer and as a minimum for every 5,000 m3 of delivery (all classifications ) from the quarry front should be tested for the following:
- density

- water absorption

- resistance to weathering

- resistance to impact

- resistance to abrasion
The tests shall be carried out in accordance with the test specification accepted by the Engineer.
3.4.2
Testing of Stone Weights and Stone Gradation
The Contractor shall at any time during working hours at the direction of the Engineer carry out test weighing of stones and the determination of the gradation of stones as indicated below:
Stone Class I, II and III
Test weighing of armour stones will be carried out at random. The Contractor shall include in his unit prices one control weighing per 80m3 of armour stones. Stones which do not meet the weight requirements shall not count.
Stone Class IV and V
A test of the weight distribution of stone classes IV and V will be carried out on a representative sample of not less than 3.0 m3 which is spread out on a clean, hard surface (e.g. a floor of wooden boards or a concrete floor) provided by the Contractor. The Engineer selects 10 largest and the 20 smallest stones are then weighed/measured individually. The remaining stones are then weighed and counted and the mean weight determined.
The Contractor shall include in his unit prices the cost of one weight distribution test as the one described above per 1,000 m3 of stones. Tests which do not meet the requirements shall not be counted.
Stone Classes VI and VII
A test of the weight distribution of the stones in classes VI and VII shall be carried out as described under Stone Classes IV and V above, except the sample shall not be less than 1.5m3.
3.4.3
Testing of Coral Rock and Beach Rock Durability
One durability test shall be made for each 1,000 m3 of coral rock and beach rock to be used as Stone Classes IV, V, VI and VII.
The test result shall be made available for the Engineer’s immediate approval.
3.5
Workmanship

3.5.1
Placing of Stone Materials
Placing of stones shall take place in a manner which will not damage the under laying layers of stones. When placing stones up to a theoretical boundary as defined by lines in the cross sections the Drawing, the Contractor shall aim at having the stones protrude the theoretical boundary over one third of its area.
The construction of rubble mound structures must be planned and carried out with due regard to the weather and sea conditions. The responsibility for the stability of the breakwaters and revetments under the various stages of completion rests solely with Contractor.
Construction of filters shall not commence prior to the Engineer’s acceptance of the fill and the filter materials. The responsibility for the stability and integrity of the breakwaters and revetments under the various stages of completion tests solely with Contractor. To protect the structures against the wave action the Contractor shall place a shield of stone material in front of the structures. The individual filter layers shall be built up and trimmed from the bottom in such a manner, that the underlying layer is completed before commencing the overlying layer. The filter materials shall be placed with caution in order to ensure that the underlying layers already completed will not by disturbed. All materials shall be placed and compacted firmly in such a manner that the filter materials will remain fixed at the site.
3.5.2
Armour Stones
When completed the armour layer shall be in a thoroughly stable condition and with the exposed surfaces reasonably uniform in appearance.
Haphazard dumping of armour stones will not be permitted. Above level of –0.5m armour stones shall be carefully place by crane. Below this level armour stones – one piece at the time- may be dumped at the waterline immediately over their final position and care shall be taken to produce as dense and stable layer as possible.
Elongated stones shall be placed with their long axis perpendicular to the slope.
Voids in armour layers shall not be filled with small rocks.
3.5.3
Other Stones and Core Material
All materials not forming part of the armour layers may be dumped, but undue segregation shall be prevented.
3.6
Tolerances
At the time for completion the following tolerances shall be respected unless otherwise indicated or directed by the Engineer.


Slope of core/fill



±0.1
Filter layer, thickness of individual layer +100/-50 mm
The surface of each layer shall be leveled before construction of the next layer in order to ensure that excess thickness of one layer shall not reduce the thickness of the next beyond the tolerance above.
4
CONCRETE QUAY WALL

4.1
Concrete formwork

4.1.1
General

4.1.1.1
Description
This section covers formwork for all concrete.

All forms shall be accurately and properly placed and finished, so that concrete may be placed as indicated on the Approved Design Drawings, the Approved Shop Drawings and as specified. The forms shall produce a smooth concrete finish, free from offsets, or irregularities. 

4.1.1.1.1
Coordination.
Work performed, and materials used, in conjunction with formwork, for concrete, shall be coordinated with work under the Concrete Works Section.
4.1.1.2
Applicable Codes and Standards:
The Codes and Standards, generally applicable to the work under this section, are listed. Codes and Standards current at the time of bid shall be used. In case of contradictions between different standards, the BS shall prevail. 

4.1.1.2.1
DIN 
-
Deutches Institute fur Normung




DIN 1045
4.1.1.2.2
BSI 
-
British Standard Institute
4.1.1.2.3
ASTM 
-
American society for Testing and Materials
4.1.2
Products 

4.1.2.1
Materials:
4.1.2.1.1
Material List.
Material used shall be:
· Forms
· Steel 
     -
Straight, uniform and free of surface defects.

· Plywood 
     -
Product Standard PS 1, Waterproof, resin-bonded.

· Lumber 
     - 
Straight, uniform width and thickness, and free from knots, 

offsets, holes, dents, and other surface defects.
· Chamfer Strips -
Clear lumber, surface against concrete planed. 

· Form Coating   -
Single  component, pigmented copolymer resin type, applied 

in accordance with the manufacturer’s recommendations.
4.1.2.2
Design Criteria:
Forms for cast in place or precast concrete, shall be designed to produce hardened concrete, having the shape, lines, and dimensions indicated on the approved Drawings. For all structures, forms for surfaces shall be prefabricated plywood panel forms, steel, or forms that are lined with plywood of fibre board. Forms for exposed surfaces shall be laid out in a regular and uniform pattern, and all joints aligned. The forms shall produce finished surface that are free from offsets, ridges, waves, and concave, or convex areas, the maximum deviation from a true plane shall not exceed 3mm in 2m. 

Formwork shall be constructed to attain the required surface texture of the structures and to be such accuracy, strength and rigidity as to carry the weight and pressure from the concrete to be placed without any deformation, and remaining grout tight during the placing and setting of concrete. When required by engineer, joints between shutter facing boards shall be sealed with foam rubber, sealing strips or other approved material. 

Formwork shall be sufficiently rigid so as to prevent any grout loss during concreting and shall not distort due to environmental effects and concreting operations so that member dimensions, shape, required finish and texture are within the tolerances specified Walers, studs, internal ties, and other form supports shall be sized and spaced so that acceptable working stresses are not exceeded. Plywood or lined forms will not be required for surface of concrete not required to fair faced. 

Wherever the top of a wall will be exposed to weathering, the forms on at least one side shall not extend above the top of the wall, and shall be brought to true line and grade. At other locations, forms for concrete, which is to be finished to a specified elevation, slope, or contour, shall be brought to a true line grade; otherwise, or a wooden guide strip shall be provided at the proper location on the forms so that the top surface can be finished with a screed or template. At horizontal construction joints in walls, the forms on one side shall not extend more than 0.6 meters above the joint. 

Temporary openings shall bee provided at the bottom of wall forms and at other points, where necessary, to facilitate cleaning and inspection.

Face of framework shall be free of projecting nails, adhering grout and other imperfections or defects which would prevent the specified surface finish from being attained. Before each concreting operation is commenced, form work shall be carefully examined and cleaned out and the concrete contact faces of the works shall be treated with an approved release agent comes in contact with reinforcement.

Forms for all exposed surfaces shall be constructed of plywood, metal or glass reinforced plastics at the option of the Contractor. 

No concreting shall commence until the Engineer has inspected and approved the erected formwork. Shooting height of concrete shall not be greater than 2 meters. The formwork shall be designed accordingly.  

4.1.2.2.1
Form Ties.
Forms ties shall be of the removable or permanently embedded body type, and shall have sufficient strength and rigidity to support and maintain the form in proper position and alignment without the use of auxiliary spreaders. Cones, for the permanent embedded type shall be provided on the outer ends of each tie and the permanently embedded portion shall be at least 25mm back from adjacent outer concrete faces shall not be nearer the surface than the specified thickness of cover to the reinforcement. Form ties for indirect tutch with water walls, shall be provided with waterseal washers located on the permanently embedded portions of form ties, and approximately at the centre of the wall. Permanently embedded portions of form ties, which are not provided with threaded ends, shall be constructed so that the removable ends are readily broken off without damage to the concrete. The type of form ties used shall be acceptable to the Engineer. 
Form ties in exposed surface shall be uniformly spaced and aligned in horizontal and vertical rows.   
4.1.2.2.2
Edges and Corners
Chamfer strips shall be placed in forms to bevel all salient edges and corners, for all vertical and horizontal corners, unless specifically shown otherwise on the Approved Drawings. Unless otherwise noted, bevels shall be 25mm wide.
4.1.2.3
Formed Surfaces – Class of Finish:
Finishes to formed concrete surfaces shall be classified as F1, F2, or F3. Where the class of finish is not specified, the concrete shall be finished to class F2. All reinforced concrete shall have a F AIR-F ACED finishing. Concrete surfaces for the various classes of formed finishes specified, shall comply with the tolerances shown in Table 1.
TABLE 1: MAXIMUM TOLERANCE (mm)

Class of 


   Abrupt
Gradual

Finish
        Line and Level
  Irregularity 
Irregularity 
Dimension

F1
          -15 to +15
        5

      5 

+15 to -5
      
F2
          -5 to +5

        5

      5 

+15 to -5


  F3
          -5 to +5

        0

      5 

- 5 to +5

In Table 1, “Line and level” and “Dimension” shall mean the lines, levels, and cross- sectional dimensions indicated on the drawings.

Surface irregularities shall be classified as “abrupt” or “gradual”. Abrupt irregularities shall be tested by direct measurement. They include, but are not limited to, offsets and fins caused by displaced or misplaced formwork, and loose knots and other defects in formwork materials. Gradual irregularities shall be tested by means of a 1.5 meter length straight template, for plane surfaces, or its suitable equivalent for curved surface. 

4.1.2.3.1
Class F3.

Formwork for class F3 finish shall be lined with panels of non-staining material, with a smooth unblemished surface, such as sand plywood, or hard compressed fibre-board. The panels shall be as large as possible, and shall e arranged in a uniform acceptable pattern, and fixed to the back of formwork by oval nails. Unfaced wrought boarding or standard steel panels shall not be permitted. 
4.1.2.3.2
Class F2.

Formwork for class F2 finish shall be faced with wrought tongue and groove boards, plywood or metal panels arranged in a uniform acceptable pattern, free from defects likely to detract from the appearance of the surface.
4.1.2.3.3
Class F1.

Formwork for class F1 finish shall be constructed of timber, sheet metal, or any suitable material which will prevent loss of grout when the concrete is vibrated. Surfaces, subsequently to be rendered, plastered, or tiled shall be adequately scabbled, or roughened, as soon as the formwork is removed to reduce the irregularities to no more than half the thickness of such rendering, plastering, or bedding for tiles, and to provide a satisfactory key.
4.1.3
Products 

4.1.3.1
Inspection:
4.1.3.1.1
Pre-placement Inspection.
Prior to rigidly securing all forms, reinforcement, anchor bolts, and embedded parts in their proper position, all dirt, mud, water, and debris shall be removed from the space to be occupied by concrete and all surfaces encrusted with dried concrete from previous placement operations shall be cleaned. 
4.1.3.2
Installation:
4.1.3.2.1
Execution.
Forms shall be constructed to ensure that the finished concrete members will have true surfaces free of offset, waviness, or bulges, and will conform to the indicated shapes, dimensions, lines, elevations, and positions, within the specified tolerances. For the pre-cast units the Contractor shall prepare and submit to the Engineer for approval. 
4.2
Concrete reinforcement

4.2.1
General

4.2.1.1
Description
This section covers steel reinforcement, for all concrete.

The contractor shall provide all bars, bar supports, ties, spacers, bolsters, inserts, screeds, and other accessories required to maintain fabricated reinforcement in its proper position, and permit proper placement of concrete. 

4.2.1.1.1
Coordination.
All reinforcing material and work shall be coordinated with related work specified in the Cast-in-Place Concrete Section.
A. Work Specified Elsewhere:
Other items of work that relate to and are referenced in this section include, but are not limited to the requirement shown.
4.2.1.2
Applicable Codes and Standards:
The Codes and Standards, generally applicable to the work under this section, are listed. Codes and Standards current at the time of bid shall be used. In case of contradictions between different standards, the British Code Standard shall prevail. 
4.2.1.2.1
DIN 
 -
Deutsches Institut fur Normung





DIN 1045
4.2.1.2.2
BSI 
 -
British Standard Institute

4.2.1.2.3
ASTM 
 -
American society for Testing and Materials

4.2.1.2.4
AASHTO-
American Association of State Highway and





Transportation Officials.

4.2.1.2.5
ACI  
 -
American Concrete Institute.
Generally all clauses mentioned in BSI 8007, BSI 8110 shall be thoroughly followed for all types of joints as well as ACI, ASTM, AASHTO & DIN Requirements.
4.2.1.3
Product handling:
4.2.1.3.1
Protection:
Material shall be delivered, stored, and handled in accordance with the General Equipment and Material Stipulations.
Rubber and plastic materials shall be stored in a cool place and shall not be exposed to direct sunlight.
4.2.2
Products 

Unless otherwise specified in other sections of these specifications, the following products shall be utilized:-
4.2.2.1.1
Material List.
· Expansion Joint Filler.

· Preformed sponge rubber.

4.2.2.2
Performance and Design Requirements:
4.2.2.2.1
Construction Joints:
Construction joints, shall be made at locations indicated on the Approved Design Drawings and Shop Drawings, or as specified or directed by the engineer.
Construction joints, shall not be made at other locations, without the concurrence of the Engineer. All joints shall be provided in compliance with the structural Engineer Practice and shall comply with BS 8007 and 8110.
A. Location:
Construction joints shall be located as follows:
1. In beam and Girders:
At the middle of the span, unless a beam intersects a girder at that point, in which case the joint in girder shall be offset a distance equal to twice the width of the beam. Provisions satisfactory to the Engineer shall be made for transfer of shear and other forces through the construction joint. 
B. Watertight Joints:
4.2.2.2.2
Contraction Joints:

Contraction joints shall be provided at the locations indicated on the Approved Drawings. Also, they shall comply with BS 8007 and 8110 requirements and according to Engineering Structural calculations and Practice to the satisfaction of Engineer. Accessible edges of each contraction joint shall be sealed as specified in the Sealants and Caulking Section.
4.2.2.2.3
Expansion Joints:

Expansion joints shall be provided at the locations indicated on the Approved Drawings. Also, they shall comply with BS 8007 and 8110 requirements and according to Engineering Structural calculations and Practice to the satisfaction of the Engineer. Expansion joint filler shall be firmly bonded to the previously poured joint face with a suitable adhesive, and the new concrete shall be poured directly against the joint filler. Accessible edge of each expansion joint shall be sealed as specified in the Sealants and Caulking Section.
4.2.3
Execution: 

4.2.3.1
Installation:
4.2.3.1.1
Placement sequence:
Construction joints not indicated on the Design Drawings shall be spaced at intervals for reducing, (to a minimum), the effect of shrinkage in production cracks as recommended by the cement manufacturer, and acceptable to the Engineer.
No two abutting sections shall be placed within a period of 72 hours, unless otherwise authorized by the Engineer. Works shall comply with BS 807 and BS 8110.
4.2.3.2
Measurement: 
Expansion joint filler shall be measured per linear meter, complete in place, and will be paid for at the contract unit price per linear meter working drawings with method statement for the executing of these units. Form surfaces that will be in contact with concrete shall be thoroughly cleaned before each use. No concreting shall commence until the Engineer has inspected and approved the erected formed.
4.2.3.3
Form Removal:
Forms shall not be removed or disturbed until the concrete has attained sufficient strength to safely support all dead loads, live loads and to be lifted, transported installed. Forms for beam and girder sides, columns, and similar vertical structural members, may be removed after 48 hours, provided concrete is sufficiently hard, not to be injured thereby.
Care shall be taken to avoid spoiling the concrete surface or damaging concrete edges. Wood forms shall be completely removed. 
4.2.3.4
Tie Rods.
Tie rods, to be entirely removed from the wall, shall be loosened 24 hours after concrete is placed, and form ties, except for a sufficient number to hold forms in place, may be removed at that time. Ties wholly withdraw from the wall, shall be pulled toward the face that will be concealed from view, in the permanent work.
4.3
Concrete Works

4.3.1
General

4.3.1.1
Description
This section covers all concrete works, which shall be completely provided by the Contractor, including labour materials, proportioning, batching, mixing, delivering, testing, receiving, placing, compacting, finishing, curing, and other appurtenant work.

The Concrete shall be proportioned and mixed as specified herein.

All concrete shall be accurately formed and properly placed and finished as indicated on the Drawings, and as specified herein. 

The contractor shall inform the Engineer at least 24 hours in advance of the times and places at which he intends to place concrete, for inspection and approval, and shall present and approve the works by Concrete Cast Permits as per the requirements of the Engineer.
4.3.1.1.1
Related Work 
Other items of work that relate to and are referenced to work specified in this section are included in the following sections: 


Concrete Formwork



Concrete Reinforcement



Concrete Accessories 
4.3.1.2
Applicable Codes and Standards:
The Codes and Standards, generally applicable to the work under this section, are listed. Codes and Standards current at the time of bid shall be used. In case of contradictions between different standards, British Code Standard shall prevail. 

4.3.1.2.1
DIN 
 -
Deutsches Institut fur Normung




DIN 1045
4.3.1.2.2
BSI 
 -
British Standard Institute
4.3.1.2.3
ASTM 
 -
American society for Testing and Materials
4.3.1.2.4
AASHTO-
American Association of State Highway and




Transportation Officials.

4.3.1.2.5
ACI  
 -
American Concrete Institute.
4.3.1.3
Quality Assurance:
4.3.1.3.1
Tolerances:
Tolerances formed surfaces shall be as specified in BSI, ASTM & ACI code.
4.3.1.4
Submittals:
4.3.1.4.1
Material Report:
At least 31 days prior to start of concrete delivery, the following shall be submitted by the contractor to the Engineer for review. 
Submittals should be as specified below.
i. Recommended suppliers and sources of all ingredients for making concrete, including cement, water, fine (sand) and coarse aggregates, and additives. (Item 1 Schedule 2).
ii. Recommended suppliers and product data of the following:
1. Materials for curing concrete 
2. Joint sealants
3. Joint filler
4. Bonding compound
5. Non-shrink grout
6. Reinforcement supports
iii. A quality inspection plan to ensure continuing quality control of ingredients by periodic sampling, testing, and reporting to the Engineer on the quality of materials being supplied. (Item 2 Schedule 2).
iv. All design mixes, using the “Standard mix Design Presentation”, for each class of concrete, indicating that the concrete ingredients and proportions will result in a concrete mix meeting requirements specified (Item 3 Schedule 2).  
v. The proposed program, methods, and details of plant and equipment to be used for batching and mixing of concrete. (Item 5 Schedule 2).
The Contractor shall submit the mix design as a report with his recommendation to obtain Engineer’s acceptance prior to commencement of concreting work. This report shall compare the proposed mix design with specified requirements and shall be summarized on a form..
4.3.1.4.2
Hot Weather concreting:
A report shall be submitted for proposed methods of compliance with hot weather concreting requirements. (Item 6 Schedule 2).
4.3.1.4.3
Certificates:
Laboratory test reports and mill or manufacturer’s certificates attesting to conformance of ingredients with the specifications shall be submitted with each mix design. (Item 8 Schedule 2).
In case the source, brand or characteristics properties of the ingredients need to be varied during the term of the Contract, a revised laboratory mix report shall be submitted. (Item 1, 2, & 3 of Schedule 2).
4.3.1.4.4
Test Reports:
The Contractor shall keep (or obtain from his concrete supplier if any) copies of the results of all tests, which shall become part of the Contractors Weekly Quality Control report to the Engineer. 
4.3.1.4.5
Summary of Submittals:
Schedule 2 is the complete list and frequency of reports which the Contractor shall prepare (or obtain from his concrete supplier if any) and submit.
4.3.1.4.6
Field Report:
Filed test reports shall be submitted as specified in this section, and in accordance with the Submittals and Quality Control Sections.
4.3.1.4.7
 Reinforcements:
Certifications of tests on reinforcements shall be submitted for review as specified in the Concrete Reinforcement Section.
4.3.1.4.8
Layout of Joints and Lifts:
The Contractor shall submit to the Engineer for review as soon as practicable after the Issue of Order to Commence and not less than three weeks  before the commencement of concreting, detailed drawings showing his proposals for placing concrete on which the position of all construction joints shall be indicated. These shall take into account any specific requirements detailed on the Drawings and specified in the Concrete Accessories Section. No concreting shall be started until the Engineer has accepted the method of placing, the positions and form of the construction joints.
4.3.1.5
Delivery storage and handling:
Do not deliver concrete until vapor barriers, forms, reinforcement, embedded items, and chamfer strips are in place and ready for concrete placement.
Materials shall be handled and stored as follows:-
4.3.1.5.1
Aggregates:
Coral aggregates shall not be accepted to be used for producing concrete. 
Aggregates shall be transported and stockpiled separately according to their sources and gradations. Aggregates shall be handled in manner which will prevent segregation and contamination with earth or foreign materials. 
If aggregates show segregation, or if the different grades become mixed, the aggregates shall be re-screened before placing in the proportioning bins. Contaminated aggregates will not be used. 
Muddy or oil-leaking equipment shall not be allowed to operate on the stockpiles. The moisture content in the aggregate shall be frequently checked and taken in consideration during mixing to fulfil the design mix water content. 
4.3.1.5.2
Package Cement:
If the cement is delivered in bags it shall be stored in a dry and waterproof shed or building. The bags shall not be laid directly on ground, to prevent deterioration or contamination from any cause, a 20cm gap shall be maintained from ground by wooden platforms. Any bag that contains lumps of hardened cement it will not be used and will be removed from the Site.
Bags of cement which vary in weight by more than 3 percent shall not be accepted.
The bags shall be made of several layers (more than 4) to be strong enough for handling and storing. Any bag that found broken will be removed from stores and will not be used.
Cement shall be fresh when delivered to site and the consignments shall be used in the order of their delivery. The manufacturer name and brand of cement and weight shall be written on each bag. 
4.3.1.5.3
Bulk Cement:

Bulk cement shall be stored separately from package cement. Bulk cement shall be stored in dry, weather-tight, well-ventilated bins with provisions for prevention of moisture absorption or the intrusion of foreign matter.
Facilities for sampling of cement shall be provided at the weighing hopper, or at the feed line immediately before entering the hopper.
Different brands of cement, or the same brand of cement from different sources, shall not be used without prior notification by the Contractor. 
4.3.1.5.4
Admixtures:
Dry admixtures shall be stored in dry, weather-tight, well-ventilated housing or silos. Liquid admixtures shall be stored in clean, weather-tight tanks. 
4.3.1.5.5
Temperature Limits:
TABLE 1.5.5: Temperature Under Limits at Point of Placement
Concrete Thickness 

Temperature of Concrete

(mm)



at time of Placement (in ºC)

Not greater than 400mm

38 ºC
Not greater than 750mm

32 ºC
Greater than 750mm


25 ºC
4.3.1.5.6
Temperature Control:
The concrete supplier shall provide procedures and facilities to control or reduce the temperature of all materials used in the concrete mix during “hot weather” as defined by air temperature over 32 ºC. Some hot weather concreting difficulties can be reduced by the use of concrete with up to 100 percent flaked ice lieu of mixing water. The Contractor shall place concrete with as much ice as deemed necessary by the Engineer to surmount hot weather concreting difficulties. Separate payment shall not be made for any ice.
The following may also have to be used to assist in lowering the temperature of concrete to meet the temperature limits at the point of placement.
i. Exposed water tanks and piping, the roofs and vertical walls of cement storage silos or buildings, the tops and vertical walls of mixer discharge hoppers, and the sides of truck bodies carrying  batched aggregate or mixed concrete may be painted white or silver. 

ii. Weighing hoppers, mixer drums, and tops of mixer discharge hoppers may be shaded from the ray of the sun when it is 30 ºC or more above the horizon, and may also be protected from drying winds by screens.

iii. Water for concrete may be chilled by the use of heat exchanger coils, or by the addition of flaked ice.

iv. Shade may be used to cover the aggregates and elevating conveyor of the batching plant from direct sun. 

4.3.1.6
Quality Assurance:
4.3.1.6.1
Concrete Mixture Design:
At least 30 days prior to concrete placement, submit proportions for a concrete mixture for each strength and type of concrete. Submit a complete list of materials including type; brand; source and amount of cement, aggregate, fly ash, (or slag pozzolans), silica fume, ground slag, polypropylene fibers, anti-washout and other admixtures for underwater concreting, corrosion inhibitors; and applicable reference specifications. Submit additional data regarding concrete aggregates if the source of aggregate changes. Submittal shall clearly indicate where each mixture will be used when more than one mix design is submitted. An identical concrete mixture previously approved within the past 12 months by MCPI may be used without further approval within further approval, if copies of the previous approval and aggregate, fly ash, silica fume, and pozzolan test results are submitted. The approval of aggregate, fly ash, silica fume, and pozzolan tests results shall have been within 6 months of submittal date. Obtain acknowledgement of receipt prior to concrete placement. The mixture shall be prepared under the direction of a licensed/ registered civil engineer, who shall sign all reports and designs.    
4.3.1.6.2
Drawings:
4.3.1.6.2.1
Reinforcing Steel:
Provide bending and cutting diagrams, assembly diagrams, splicing placement and laps of bars, shapes, dimensions, and concrete cover. Do not scale dimensions from structural drawings to determine lengths of reinforcing bars. Only complete drawings will be accepted. 
4.3.1.6.2.2
Formwork:
Include design calculations indicating arrangement of forms, sizes and grade of supports (lumber), panels, and related components. Indicate placement schedule, construction, and location and method of forming control joints. Include locations of inserts, pipework, conduit, sleeves, and other embedded items.
4.3.1.6.3
Certificates:
4.3.1.6.3.1
Curing concrete elements:
Submit proposed materials and methods for curing concrete elements.
4.3.1.6.3.2
Form removal schedule:
Submit schedule for form removal indicating element and minimum length of time for form removal. Submit technical literature of forming material or liner, form release agent, form ties, and gasketing to prevent leakage at form and construction joints. Provide a full description of materials and methods to be used to patch form-tie holes. 
4.3.1.6.3.3
Concrete Placement and Compaction:
i. Submit technical literature for equipment and methods proposed for use in placing concrete. Include pumping or conveying equipment including type, size and material for pipe, valve characteristics, and the maximum length and height concrete be pumped. No adjustments shall be made to the mixture design to facilitate pumping and or placing.

ii. Submit technical literature for equipment and methods proposed for vibrating and compacting concrete. Submittal shall include technical literature describing the equipment including vibrator diameter, length, frequency, amplitude, centrifugal force, and manufacturer’s description of the radius of influence under load. Where flat work is to be cast, provide similar information relative to the proposed compacting screed or other method to ensure dense placement.

4.3.1.6.3.4
Quality Assurance:
Develop and submit for approval a quality control plan in accordance with the guidelines as specified herein. The plan shall include plans for the concrete supplier, the reinforcing steel supplier, and installer.
4.3.1.6.3.5
Field Testing Technician and Testing Agency:
Submit data on qualifications of proposed testing agency and technicians for approval by the Contracting Officer to performing any work.
4.3.1.6.3.6
Mixture Designs:
Provide a detailed report of materials and methods used, test results, the field test strength (fcr) for marine concrete required to meet durability requirements. 
4.3.1.6.4
Test reports:
4.3.1.6.4.1
Concrete Mixture Proportions:
Submit copies of test reports by independent test labs showing that the mixture has been successfully tested to produce concrete with the properties specified and that mixture will be suitable for the job conditions. Test reports shall be submitted along with the concrete mixture proportions. Obtain approval before concrete placement. 
4.3.1.6.4.2
Aggregates:
Submit test results for aggregate quality in accordance with ASTM C 33, and the combined graduation curve for grading proposed for use in the work and used in the mixture qualification. Where there is potential for alkali-silica reaction, provide results of tests conducted in accordance with ASTM C 227 or ASTM C 1260. Submit results of all tests during progress of the work in tabular and graphical form as noted above, describing the cumulative combined aggregate grading and the percent of the combined aggregate retained on each sieve. 
4.3.1.6.4.3
Cement:
Submit current mil data
4.3.1.6.5
Field Samples:
Install minimum of 4m of quay wall and finish as required by the specifications.
4.3.2 Products:
4.3.2.1
Materials:
4.3.2.1.1
General:
Generally, all materials used shall comply with the requirements of the BS (12), ASTM, AASHTO, ACI or DIN requirements of each material. The Engineer shall be provided with Reports of Laboratory Tests or samples assuring this compliance. 
The Reports shall clearly record that the materials comply with the mentioned standards to the satisfaction of the Engineer. 
4.3.2.1.2
Cement:
The cement used for all reinforced concrete works shall be:
A low heat Portland pulverised fuel ash cement complying with BS 6588.
Equivalent cement suitable for marine environment and the actual works subject to the Engineers approval.
The cement used for lean concrete C20 may be ordinary Portland cement shall comply with BS (12) except otherwise mentioned.
Sulphate resisting cement shall be used for embedded concrete as mentioned on Contract drawings.
Each consignment of cement shall be accompanied by the manufacturer’s certificate documenting the following:


Specific surface (fineness)



Setting time (Vicat apparatus)



Bending strength and compression strength of motor prism,




Cement: Aggregate = 1:3, w/c = 0.5



Chemical Composition

Heat of hydration ( Solution method ).
If  his certificate is not made available, then samples may be taken from different bags or of the consignments suitably packed and send for testing to any approved laboratory or the laboratory on site, at the Contractors expense.  
4.3.2.1.3
Admixtures and Additives:
Chemical admixtures are not to be used until the supplier has verified their use in accordance with the Specifications and has also demonstrated by trail batches that two (2) times the admixture proposed can be used and still meet the specified concrete strength without noticeable deleterious effect.  
The admixtures shall comply with BS (81110 & 5075), ASTM and DIN Requirements.
Chemical admixtures may be:
i. Type A. Water reducing admixtures.
ii. Type D. Water reducing and retarding admixture (Acceptance based on Contractor’s report and recommendation shall be obtained from the Engineer before using). 
iii. Type F. High range water reducer (super plasticizers) based upon sulfonated melamine or mapthelens formaldehyde condensates.
Provide minimum concentration of corrosion-including chemicals as shown in Table below.
Limits on Corrosion-Inducing Chemicals
Chemical *

Limits, Percent **

Test Method
Chlorides


0.01


ASTM D 512
Fluorides


0.01


ASTM D 1179
Sulphites


0.13


ASTM D 1339
Nitrates



0.17


ASTM D 3867
*  Limits refers to water-soluble chemicals
** Limits are expressed as a percentage of the mass of the total cementitious 
    materials.
4.3.2.1.4
Water:
Water to be used for cooling and washing aggregates and for mixing and curing concrete, shall be clean and free from injurious amounts of oil, acid, salt, alkali, organic matter or other deleterious substances. Concreting water shall not be used until tested and until the report of testing has been reviewed by the Engineer showing its compliance with BS (3148), BS (5328), ASTM and DIN Standards.
Mixing water for use with cement shall be suitable to ensure that the salts content of the total concrete mix does not exceed the limitations set out in Table 2 “TOTAL ALLOWABLE SALTS CONTENT”. Mixing water shall not contain more than 500 parts per million of chlorides as C1 and not more than 100 parts per million of sulfates as SO4. 
4.3.2.1.5
Fine Aggregate:
Fine aggregate shall consist of natural sand, and shall be composed of clean, hard, durable spherical particles in conformance with BSI, ASTM and DIN Specifications. CORAL SAND SHOULD NOT BE USED FOR ANY CONCRETE WORKS. 
The salt content of fine aggregate shall not exceed the limitations as set out in Table-2 “ TOTAL ALLOWABLE SALTS CONTENT” as well as all the given standards specified. 
TABLE 2
Total Allowable Salts Content, and
Maximum Allowable Percentages
Salt

In fine aggregate
In coarse

Total by weight


By weight of fine
aggregate by

of cement


Aggregate

weight of coarse






Aggregate
Chlorides 
0.06


0.10


0.20* for OPC
(NaCl)**






0.40* for OPC
Sulphates
0.40


0.50


4.00* BS (8110)
(SO3)
* Include salts in cement and water.
** Equipment determined by chloride ion x 1.6
The total chloride content of the concrete mix arising from the aggregate together with that from any admixtures and any other source expressed as a percentage of chloride ion shall not in any circumstances exceed 0.1 %.
Deleterious substances shall be limited in fine aggregate to the amounts shown in TABLE-3, “ALLOWABLE DELETERIOUS SUBSTANCES IN FINEWE AGGREGATE”.
TABLE 3
Allowable Deleterious Substances in Fine Aggregate.
Item 






Maximum Allowable







Percentage by Mass 
Clay lump and friable particles




1.0
deleterious substances (such as shale,
alkali, mica, coated grains, soft




5.0
particles)
Material finer than 75 micron,




5.0
ASTM (No . 200) sieve
Fineness module for fine aggregate shall be between (2.3 – 3.1) + 0.2 .the grading of fine aggregate shall comply with BS 812, BS(882 and 120 I), BS 8007, BS 8110, BS 5328, ASTM 04.02 and DIN 1045.
4.3.2.1.6
Coarse Aggregate:
Coarse aggregate shall consist of crushed gravel, crushed stone or a combination of the two, and shall be composed of clean, hard, uncoated particles. The Laboratory Test Report shall prove its compliance with all requirements of BS 812, BS 882 and 1201, BS 8007, BS 8110, BS 5328, ASTM 04.02 and Din 1045. CORAL AGGREGATES SHOULD NOT BE USED FOR ANY CONCRETE WORKS.
The salt content of coarse aggregate shall not exceed the limitations as set out in TABLE-2 “TOTAL ALLOWABLE SALTS CONTENT”.  
Deleterious substances shall be limited in coarse aggregate to the amount shown in TABLE-4 “ALLOWABLE DELETERIOUS SUBSTANCES IN COARSE AGGREGATE”. 
TABLE 4
Allowable Deleterious Substances in Coarse and Medium Aggregate
Item 




Maximum Allowable
Percent by Mass





(Coarse)

(Medium)
Clay lumps



2.00


1.5
Material passing



0.075mm (No. 200) sieve

1.50


4.0
Other deleterious substances


(such as shale, alkali, mica,

5.00
Coated grains, soft particles)
Wearing Resistance of aggregate when tested in accordance with Los Angeles abrasion test, AASHTO (T96) should not exceed 40%.
Water absorption of aggregate should not exceed 6% when tested in according with AASHTO (T84).
Specification gravity of aggregate should be minimum of (2.5) when tested in accordance with AASHTO (T19)
.
Sodium and Magnesium Sulphate soundnesses, when tested according to AASHTO (T-104), should not exceed 10% and 16% respectively.
Flakeness and Elongation when determined according to BS 812 should not exceed 25% for each.
The grading of combined aggregate shall comply with BS (812, 882 and 1201,  8007& 5238).
The maximum aggregate size to be used for Reinforced Concrete shall be 20mm (3/4 inch); through a size may be used (32mm) upon the special approval of Engineer foe specific places, in BOTH cases special compliance with BS 812 BS 882 and BS 5328 Grading and Sieve Analysis is compulsory.
4.3.2.2
Performance and Design Requirements:
Generally concrete shall be specified, produced and tested for compliance with BS 5328 or Equipment ASTM, DIN standards, unless other clauses of this section are more strict or higher standards. 

4.3.2.2.1
Classes of Concrete:
Classes of concrete are denoted by designations which consist of a letter followed by a numeral indicating the 28-day compressive strength in mega Pascal (MPa) as determined by BS 1881, BS 5328 and BS 8110, and as shown in Schedule 1.
Each class of concrete may consist of one or more mixes determined by the maximum size of aggregate, slump and types of admixtures used.
Each mix within a class shall be considered a specific type, requiring acceptance of the design mix.
4.3.2.2.2
Concrete Mix Design Criteria:
Design concrete mixes shall have minimum cement content per cubic meter of concrete consistent with the required slump, a water content corresponding to the appropriate water-cement ratio, the specified maximum size of coarse aggregate, and the required grading of aggregates, in accordance with those limits as set forth in Schedule 1. Design mix proportions shall be as recommended by BSI, ASTM & DIN Specifications, unless otherwise specified herein. Trail mix water= cement ratio shall be used ion accordance with BS (5328), ASTM & DIN Specifications, or the supplier’s previously obtained field data for proportioning the design mix, as determined by the type of structure and exposure conditions, and  shall be adjusted to meet specified design mix requirements. Design mixes shall be tested and reported on as specified herein. 
The design mixes for each class of concrete shall be as determined by the Contractor through an acceptable design laboratory and accepted by the Engineer to produce the results as specified herein.
For each class of concrete there shall be as many mix designs as there are different combinations of ingredients anticipated to cover the requirements of the work Mix designs may vary to meet field conditions, but after acceptance by the Engineer no change shall be made without notice to and acceptance by the Engineer based on the Contractors report and recommendation. 
Unless otherwise specified, strength requirements shall be based on 28-day compressive strength determined on 150mm cubic specimens.
A. Design Mix 
When a design mix for any class of concrete has been accepted by the Engineer, it shall not be changed as to source, quality, proportioning, grading of materials, or in any other way that reduces  durability. 
All proposed changes shall be accomplished by preparing a new design mix as specified herein. 
B. Sampling and Testing
Prior to use, all concrete ingredients shall be sampled and tested by a laboratory acceptable to the Engineer in accordance with the methods specified to determine compliance with this Section. Sampling and testing of fresh and hardened concrete shall be done in accordance with BS 1881 & DIN 1048 with all equipment, material transport & labour shall be provided by the contractor.
C. Slump 
The slump range as specified shall be maintained for concrete at the point of delivery.
D. Minimum Cement Content
The minimum cement content per cubic meter shall be as specified in Schedule 1 for each class of concrete as determined by analysis of fresh concrete.
4.3.2.2.3
Structural Concrete:
Coarse aggregate shall be Class C35A, C30, C25, and C20 Concrete.
4.3.2.2.4
Concrete Fill:
Concrete fill shall be provided in the locations indicated on the Design Drawings and shall be Class C20 concrete.
4.3.2.2.5
Cement Mortar:
Cement mortar shall be composed of fine aggregate and cement in the proportions of 3 to1 by volume.
The ingredients shall be thoroughly mixed while dry by machine or hand until the cement colour can no longer be distinguished from the fine aggregate in any part of the mass and then shall be uniformly wetted by means of hose while undergoing further thorough mixing.
The mortar shall be prepared and used in quantities such that no longer than 30 minutes shall elapse between the first wetting and complete use of mortar in the Works and, if mixed by hand, no single batch shall exceed ¼ cubic meter.
4.3.2.2.6
Blinding Concrete:
Blinding concrete (mud mat) shall be Class C20 concrete and shall be as specified and not less than 75mm thick. In aggressive soil conditions Class C25 concrete shall be used for blinding (Reference should be made to the Soil Investigation Report).  
4.3.2.3
Proportioning:
4.3.2.3.1
Mix Design:
Mix design shall be determined by one of two methods:
A. Proportioning on the basis of field experience.

B. Proportioning by laboratory trail batches.

A. Proportioning on the Basis of Field Experience
i. where a concrete production facility has a record, based on at least 30 consecutive strength test results that represent similar materials and conditions to those expected, required average compressive strength used as the basis for selecting concrete proportions shall exceed required design strength at designated test age by at least the following required margins based on standard deviation of existing strength test result:
Required Margin

Standard Deviation

(MPa)



(MPa)
4.1



2.0 to 3
5.7



3.1 to 4
7.4



4.1 to 5
9.0



5.1 to 6
11.5



6.1 to 8
ii. Strength test data for determining standard deviation shall be considered to comply with Subsection (2.3.1 A.1), if data represents a group of at least 30 consecutive results.
iii. Strength test results used to establish standard deviation shall represent concrete produced to meet a specified strength or strength within 5.0 MPa of that specified for the proposed class.
iv. Variation of materials and proportions within the population of background test results used to establish standard deviation shall not have been more tightly controlled than for the proposed.  
B. Proportioning on the Basis of Laboratory Trail Batches.
i. When laboratory trail batches are used as the basis for selecting concrete proportions, strength tests shall be made in accordance with BS 1881, on cubes prepared in accordance with BS 1881. 
ii. A curve shall be established showing the relationship between the water content and the compressive strength. The curve shall be based on at least three points, each point being the average of at least three cubes tested at 28 days, and representing batches which produce strengths above and below the required average compressive strength. The required average compressive strength shall be 30% greater than the design strength (i.e. the minimum characteristic concrete strength). 
iii. the minimum cement content for any concrete shall be that show by the curve to produce the average compressive strength required for that class, unless a higher cement content is required by the value shown in Schedule I.
C. Reduction of Margin Based on Field Data
After sufficient test data becomes available from the job, the margin (the amount by which the average strength must exceed the design strength) can be reduce below those values indicated in Subsection 3. 0 I, A.1, in accordance with ACI 214 “Recommended Particle for Evaluation of Compressive Test Results of Concrete”, provided:
i. That the probable frequency of strength tests falling more than 3.5 MPa below the design strength will not exceed 1 in 100.
ii. That the probable frequency of the average of three consecutive strength tests falling below he design strength will not exceed 1 in 100.
iii. That the acceptance of the Engineer has been obtained for such reduction on the basis of the Contractor’s report and recommendation.
4.3.2.3.2
Plant and Mixture Trail Runs:
Prior to the delivery of any concrete to the Work Site, the Contractor shall demonstrate the suitability of the mix designs by plant trail mixes.
Trail batches of concrete shall be produced for all the classes of concrete proposed, and shall be designed in accordance with Subsection 2.3.01. Trail mixtures shall be designed for maximum permitted slump, air content, and ambient temperature range of use.
A minimum of six (6) test cubes shall be made and cured in accordance with BS 1881, for each water-cement ratio, using mix materials all of which shall be in the same temperature range of the materials which will be used in the concrete to be delivered to the Work Site. Ambient temperatures and the temperature of each trail batch shall be recorded and made part of the test report.
The report shall be submitted to the Engineer for acceptance based on the Contractor’s recommendation (Item 9 Schedule 2).
4.3.2.3.3
Batching and Mixing:
Concrete shall be either batched and mixed at a central batching and mixing plant, or batched at a central batching plant and mixed in a truck mixer. The amount of concrete mixed in anyone batch shall not be more than the rated capacity of the mixer, nor less than the mixer  manufacturer’s recommended minimum mix volume.
A. Batching
Batching of cement in any plant shall be by weight.
Batching of aggregates shall be by weight in any plant whose noted capacity id less than100 cu.m/hr.
Batching of water and of admixtures may be by weight or volume.
The accuracy of the measuring equipment shall be:

Cement 
(+/-) 1 percent

Water 

(+/-) 1 percent 
Aggregates 
(+/-) 3 percent

Admixtures
(+/-) 3 percent 
Batching accuracy shall be assured by the Contractor by calibration test of all measuring devices. Reports of calibration and of adjustments made shall be obtained, and also accompanied by a statement as to the accuracy of all measuring devices. This record shall be maintained at all times by the Contractor, and shall be available for inspection by the Engineer at any time.
B. Mixing 
Central Mixing Plant: 
Measuring tolerances, and mixing capability and time shall be as stated herein.
The fine and coarse aggregates and the cement shall be mixed for not less than four turns of the drum or paddle before the water is added. Water is to be added gradually while the drum or paddle remains in motion, and the concrete shall be mixed until a uniform consistency and colour have been obtained.
The quality of water added to each batch shall be the net water, excluding moisture content for aggregate and free water, if any, but including water that will be absorbed by the aggregate, dependent on absorption and moisture content values determined daily and before any mixing takes place. 
Water shall be added to the batch of concrete by means of a measuring device with an automatic cut-off of entry water while emptying into the mixer. All valves, etc. shall be regularly maintained to ensure there is no leakage of water into the mixing drum. The gauging receptacle shall be kept clean and must be completely emptied after each batch. 
The whole of the mixed batch shall be removed before materials for a fresh batch enter the drum, unless the plant is designed for continuous mixing.
Re-tempering of concrete which has partially hardened by the addition of cement aggregate or water shall not be allowed. Concrete which has been over mixed to the extent that addition of water is necessary to preserve the required consistency during discharge shall not be used. 
C. Transportation
The temperature of concrete leaving the mixing plant shall be such that at the time of placement, the maximum temperature does not exceed that specified for is placement, in Subsection 1-5. 05.
Concrete shall be so transported and placed that contamination, segregation, or loss of the constituent materials does not occur.
Concrete shall be compacted in its final position within 30 minutes from the time of introduction of the cement into the aggregates, but in all cases at least ninety (90) minutes less than the certified initial set time of the cement.
The slump of delivered concrete shall be determined on-site and shall not exceed the working limit shown below:

Working Limit

Margin for Error 
Rejection Limit

    100mm

           20mm 

        120mm
The margin for error can only be used for a maximum of one truckload out of ten consecutive truckloads of concrete.
Contractor is to assess slump at jobsite for acceptable workability special high slump easily worked mixes shall be used as required provided prior acceptance by the engineer has been granted as based on the contractor’s report and recommendations.
Where the slump is deemed in appropriate for acceptable workability, the contractor’s quality control supervisor can authorized adding additional admixture and/or water to the mix to obtain acceptable workability, but within the limitations of the water-cement ratio as required by this specification. However, plasticizers shall be used upon the convenience of the engineer.
4.3.3
Execution:
Inspection:
Pre-placement Inspection.
Before concrete is placed, forms, reinforcements, water stops, anchor bolts, and embedment shall be rigidly secured in proper position. Furthermore, dirt, sand, water, and debris shall be removed from the space to be occupied by concrete. All surfaces encrusted with dried concrete from previous placement operations shall be cleaned, and the entire installation shall be subjected to the approval of to the Engineer.
Preparation:
Limit of Pours.
The limits of each concrete pour shall be predetermined by the Contractor and shall be acceptable to the Engineer. All concrete within such limits shall be placed in one continuous operation.
Embedments.
Anchor bolts, castings, steel shapes, sleeves, and other materials that are to be embedded in the concrete shall be accurately positioned in the forms and securely anchored.
Unless installed in pipe sleeves, anchor bolts shall have sufficient threads to permit a nut to be installed on the concrete side of the form or template. A second nut shall be installed on the other side of the form or template, and the two nuts shall be adjusted so that the bolt will be held rigidly in proper position.
Embedments shall be clean when installed. After concrete placement, surfaces not in contact with concrete shall be cleaned of concrete spatter and other foreign substances.
Bonding to hardened concrete.
The surface of the hardened concrete upon which fresh concrete is to be placed shall be rough, clean, and damp. Surface mortar shall be removed to expose the aggregate. The hardened surface shall be cleaned of all foreign substances (including curing compound ), washed with clean water, and kept saturated during the 24 hour period preceding placement of fresh concrete.
Installation:
Placement.
The limits of each concrete pour shall be predetermined by the contractor and shall be acceptable to the Engineer. All concrete within such limits shall be placed in one continuous operation.
Before concrete is placed, forms, reinforcements, anchor bolts, and embedments shall be rigidly secured in proper position; all dirt, mud, water, and debris shall be removed from the space to be occupied by concrete; all surfaces encrusted with dried concrete from previous placement operations shall be cleaned; and entire installation shall be acceptable to the Engineer.
All horizontal and sloping excavated surfaces on which concrete is to be placed and excavated shall be covered with blinding concrete immediately after completion of the final trimming of excavation.
Place concrete as soon as practicable after the forms and the reinforcement have been inspected and approved. Do not place concrete when weather conditions prevent proper placement and consolidation; in uncovered areas during periods of precipitation; or in standing water. Prior to placing concrete, remove dirt, construction debris, water from within the forms. Deposit concrete as close as practicable to the final position in the forms. Do not exceed a free vertical drop of one m from the point of discharge. Place concrete in one continuous operation from one end of the structure towards the other lifts for vertical construction.
A. Conveying Concrete.
Concrete shall be conveyed to the point of final deposit by methods which will prevent separation or loss of ingredients. Concrete shall be placed in final position without being moved laterally in the forms more than 1.5 m.
B. Placing Concrete.
Concrete shall be placed in approximately horizontal layers of proper depth for effective compaction; however, the depth of a layer shall not exceed 0.5 In Each layer of concrete shall be plastic when covered with the following layer and the forms shall be filled at a rate of vertical rise of not more than 0.5 m per hour. Vertical construction joints shall be provided as necessary to comply with these requirements. 
Concrete shall be thoroughly settled when top finished. All laitance, debris, and surplus water shall be removed from concrete surfaces, scraping, or other effective means. Wherever the top the finished concrete will be exposed to weathering, the forms shall be filled completely and after the concrete has settled, the excess shall be screeded off and the top surface shall be finished smoothly.
Unless otherwise agreed by the Engineer on the basis of satisfactory site trails, concrete shall not be dropped in to place from a height exceeding 2 meters. Chutes or funnel tubes shall be used where heights exceed 2 meters.
The top part of all reinforced concrete walls shall be given special consideration to avoid segregation of fine and coarse aggregates, that may occur during vibration and gives lowered compression strength in the wall crest. To avoid this effect the concrete shall be filled to at least 3.0 cm over the final wall crest elevation before the concrete is hardened the upper surplus layer of the wall crest has to be drawn off to the final elevation. 
4.3.3.1
Compaction. 

During and immediately after placement, concrete shall be thoroughly compacted and worked around all reinforcements and embedments and into the corners of the forms. Mechanical vibrators shall be used which will maintain at least 9,000 cycles per minute when immersed in the concrete. Each vibrator shall be driven by a motor not smaller than 1.1 KW. Number and type of vibrators shall be acceptable to the Engineer. 
Compaction by hand may be used only with the prior approval of the Engineer. 
4.3.3.2
Hot Weather Concreting. 

Except as modified herein, hot weather concreting shall comply with ACI 305. At air temperature of the concrete when placed in the work shall kept as cool as possible during placement and curing. The temperature of the concrete when placed in the work shall not exceed 32° C. If the ambient temperature reaches 40° C, which is unlikely happen in Maldives Concentrating operations shall be discontinued the Contractor has the adequate means of cooling the ingredients and keeping the temperature of mixed concrete below 32° C. 

Plastic shrinkage cracking, due to rapid evaporation of moisture, shall be prevented Concrete shall not be placed when the evaporation rate (actual or anticipated) equals or exceeds 1 kg per square meter per hour. 

To achieve the specified requirements, the Contractor shall provide sunshades over stockpiles of aggregate, cement silos, mixing water tanks, parked concrete trucks, 
in addition shall carry out one or more of the following procedures which shall be submitted to the Engineer for review. 


1. Cool the mixing water and/or replace part of the water by chipped ice. The ice shall be completely melted by the time mixing is completed. Shade or wet the outside of the formwork. 
2. Apply a fine moisture (fog) spray of clean cool water to shaded areas immediately prior to placing concrete. 
3. Pour concrete at night. 

Water used for cooling purposes shall be as specified. 

In all times the surface of freshly placed concrete shall be protected against drying by covering it with wet hessian cloth or burlaps and where practical continuous water curing shall be applied during the first few hours after placement. In addition to DIN 1045 it has to be considered that spraying cold water for ulterior treatment of concrete in hot weather leads to quenching and surface cracks. Only fine sprinklers will be allowed. 
4.3.3.3
Underwater Concrete.

Structural reinforced concrete shell not be placed under water. Instead, proper dewatering system shall be used to avoid such Concrete shall not be deposited under water except with the specific written permission of the Engineer. For concrete deposited under water, the limiting requirements shall be adjusted to provide not more than 150 mm of slump and to increase the cement factor by 50 kilograms per cubic meter. 

Underwater concreting shall be carried out through tremies having hoppers at the upper end. After the flow of concrete is started, the lower end of the tremie shall be kept below the surface of the deposited concrete. Stirring of the deposited concrete shall be avoided. The tremie shall be moved by lifting it free of the concrete and lowering it vertically at the new location. The entire mass of concrete shall be placed as quickly as possible so that it will flow into place without the necessity of horizontal shifting below water.

The water shall be quiescent when concrete is deposited therein. Velocity of water flow shall not exceed 0.6 m per minute in any direction within the space where the concrete is placed. After concrete is placed, the water level in the space shall be kept static until the concrete has hardened. 

4.3.3.4
Concrete Placement in Large Pours. 

Subject to the requirements for construction and movement joints and for preliminary test blocks specified herein, the Contractor shall not be limited to the size of individual pours of concrete. With large pours, defined as a pour where the least dimension is greater than 1.5 meters, the following precautions shall be taken to limit thermal gradients and internal stresses: 
i. The temperature of the concrete at the time of placing shall not be more than 32°C and, in any event, shall be such as to ensure that the maximum internal temperature attained during setting does not exceed 70 ° C. 
ii. Final batch of concrete in a large pour shall be a layer approximately 150 mm thick, the placing of which shall be completed within one hour of placing of the concrete at any point beneath it. 
iii. Concrete shall be protected as soon as practicable, after placing, by covering the surface with a minimum thickness of either100 mm of water of 50 mm of sand (kept wet) and by shading from direct sunlight. 
iv. Sets of thermometers shall be provided in the concrete to measure the temperature at the centre and near each face of the concrete, the sets being at centers not exceeding 5m or as otherwise agreed with the Engineer. 
v. Formwork shall be at least 19 mm thick, or such other combination of materials having an equivalent insulation value, which shall not be removed until there has been sufficient time for the temperature difference between the centre and any face of the concrete to drop to less than 20°C. 
4.3.3.5
Finishing Unformed Surfaces: 
Concrete encasement will require no finishing except that necessary to obtain the required surface elevations or contours. The unformed surfaces of loading unloading area at the top shall be screeded and given an initial float finish followed by additional floating, and toweling where required. All top of walls shall have a Class U3 finish. 
4.3.3.5.1
Class of Finish.

Finishes to unformed surfaces of concrete shall be classified as U1, U2, U3, “spaded” or “bonded concrete”. Where the class of finish is not specified or indicated on the Drawings the concrete shall be finished to Class tJ2. 
A. Screeding (Class U1). 
Screeding Class U1 shall provide a concrete surface conforming to the proper elevation and contour with all aggregates completely embedded in mortar. All screeded surfaces shall be free of surface irregularities with a height or depth in excess of 15 mm as measured from a 3 m straightedge. 
B. Floating: (Class U2). 
Screeded Class Ui surfaces shall be given an initial float finish as soon as the concrete has stiffened sufficiently for proper working. Any piece of coarse aggregate which is disturbed by the float or which causes a surface irregularity shall be removed and replaced with mortar. Initial floating shall produce a surface of uniform texture and appearance with no unnecessary working of the surface. 
Initial floating shall be followed by a second floating at the time of initial set. The second floating shall produce a finish of uniform texture and colour. 
Floating shall be performed with hand floats or suitable mechanical compactor- floats. 
C. Towelling: (Class U3) 
Interior floor surfaces which will be exposed after construction is completed, surfaces to be covered with floor coverings, the exposed portion of the top of equipment bases, the top of curbs, and other surfaces designated on the Drawings shall be steel trowel finished. Towelling shall be performed after the second floating when the surface has hardened sufficiently to prevent an excess of fines being drawn to the Towelling shall produce a dense, smooth, uniform surface free from blemishes and trowel marks.
D. Finishing: Surfaces for Bonding. 
All surfaces to be covered with concrete or topping shall be float finished. All laitance, surface mortar, and unsound material shall be removed by brushing or air blasting at the time of initial set. Surfaces shall be rough, clean, and sound. Floors and other flatwork surfaces to receive topping shall be given a broom finish following the second floating.
E. Spaded Finish.
A spaded finish shall be a surface free from voids and brought to a uniform appearance by the use of shovels as it is placed in the work.
F. Edging.
Unless specified to be levelled, exposed edges of floated or towelled surfaces shall be edged with a tool having 6mm corner radius.
G. Concrete Surface Tolerances
Concrete surfaces for the various classes of uniformed finishes specified shall comply with the tolerances shown in Table 5 except where different tolerances are expressly required by the specifications or indicated on the Drawings.
TABLE 5
Maximum Tolerance (mm)
	Class of Finish
	Line and level
	Abrupt irregularity
	Gradual Irregularity

	U1
	(+ / -) 15
	5
	5

	U2
	(+ / -) 5
	0
	5

	U3
	(+ / -) 5
	0
	5


In Table 5, “Line and level” shall mean the lines, and levels, indicated on the Drawings.
Surface irregularities shall be classified as “abrupt” or “gradual” Abrupt irregularities include, but shall not be limited to, offsets and fins caused by displaced or misplaced form work materials, and shall be tested by direct measurement.
Gradual irregularities shall be tested by means of a straight template for plane surfaces or its suitable equivalent for curved surfaces, the template being 3.0m long for unformed surfaces.
Defects in unformed surfaces shall be repaired in accordance with the relevant requirements of this section.
4.3.3.6
Finishing Formed Surfaces:
Fins and other surface projections shall be removed from all formed surfaces except exterior surfaces that will be in contact with sand backfill and surfaces not specified to be damp-proofed. A power grinder shall be used, if necessary, to remove projections and provide a flush surface. Surfaces to be damp-proofed shall have fins removed and tie holes filled, but no additional finishing will be required.
All reinforced formed concrete shall have a fair face surface finish.
4.3.3.6.1
Tie Holes.

Tie holes in all formed surfaces shall be cleaned, wetted, and filled with patching mortar. Tie hole patches shall be finished flush and shall match the texture of the adjacent concrete.
4.3.3.7
Curing:
Concrete shall be protected from loss of moisture for at least 14 days after placement (according to DIN.1045) Curing of concrete shall be by methods which will keep the concrete surfaces adequately wet during the specified curing period. Precast members should not be placed in seawater before completion of specified curing.
4.3.3.7.1
Water Curing.
Water saturation of concrete surfaces shall begin as quickly as possible after initial set of the concrete and shall e continuous for an initial curing period of 14 days. The rate of water application shall be regulated to provide complete surface coverage with a minimum of runoff. The application of water to walls may be interrupted for grout cleaning only over the areas being cleaned at the time, and the concrete surface shall not be permitted to become dry during such interruption. Horizontal concrete surface shall be cured by ponding and vertical surfaces shall be wrapped with met Hessian. Other means can be used to the approved of the Engineer. Only portable water should be used for wet curing.
4.3.3.7.2
Membrane Curing.
Membrane curing compound may be used in lieu of water curing on concrete which will not be covered later with topping, mortar, or additional concrete.
Membrane curing compound shall be spray applied at coverage of not more than 5.0 square meters per litre. A second coat shall be applied within 4 hours of initial coating or as recommended by the manufacturer. Unformed surfaces shall be covered with curing compound within 30 minutes after final finishing or following the initial 7 day water curing period. If forms are removed before the end of the specified curing period, curing compound shall be immediately applied to the formed surfaces before they dry out.
Curing compound shall be suitably protected against exposure to direct sunlight and abrasion during the curing period. The curing compound shall be degradable pigmented type.
4.3.3.8
Field Quality Control:
4.3.3.8.1
Testing.
Field control tests, consisting of aggregate tests, slump tests, air content tests, and making compression tests, shall be performed as directed by the Engineer.
All tests to be performed according to BSI and ASTM and DIN standards and results shall not be approved unless proving its compliance with given specifications and standards.
All tests required for preliminary review shall be made at the expanse of the contractor. Tests required during the progress of the work shall also be made at the expense of the contractor.
The frequency specified herein for each field control tests is a minimum. If additional field control tests are necessary, in the opinion of the Engineer, all such tests shall be made.
i. Aggregate:
a. Aggregate tests shall be performed as specified by the Engineer and to comply with BSI, ASTM and DIN requirements. The test shall include crushing, abrasion, absorption, grading and chemical composition.
ii. Sampling Concrete:
a. Representative samples of fresh concrete shall be obtained in the field, according with BS 1881 or equivalent standards.
iii. Slump:
a. A slump test shall be made for each 5 to 7 cu.m. of  concrete or as directed by the Engineer. Slump shall be determined in accordance with ASTM, AASHTO and BSI Specifications. Tolerances shall not exceed 20 mm.
iv. Air Content:
a. An air content test shall be made from one of the first three batches mixed each day, and from each batch of concrete from which concrete compression test cubes are made. Air content shall be determined in accordance with ASTM, AASHTO and BSI Specifications.
v. Water:
a. Water shall be tested as specified by the Engineer and according to ASTM and BS (3148) Standards.
vi. Compression tests:
One set of six concrete compression test cubes shall be made each day when less than 10 cubic meters of concrete are placed. If quantity placed per day within 50 MC then two sets of six cubes will be taken, or a set for each type of concrete. If quantity of placed concrete per day is more than 50 MC then, one set of six cubes will be taken for every 25 MC and for every type of concrete, or as directed by the Engineer. Two cubes of each set shall be tested at age of 7 days, another two cubes shall be tested an age of 28 days. The third two will be crushed if the 28 days results are odd and need to be verified. Compression tests will be evaluated in accordance with BS 1881.
Test specimens shall be made, cured and tested in accordance with BS 1881. While still in the field, the test cubes shall be stored and cured after transport to the laboratory, in accordance with BS 1881.
Each set of compression test specimens shall be marked of tagged with the date and time of day the specimens were made, the location in the work where the concrete represented by the specimens was placed, the delivery truck or batch number, the air content, and the slump.
4.3.3.8.2 Test Reports.
Test reports shall be prepared and distributed by the Contractor in accordance with the Quality Control Section.
4.3.3.9 Adjust and clean:
4.3.3.9.1 Repairing Defective Concrete 
Defects in formed Concrete surfaces shall be repaired within 24 hours, to the satisfaction of the Engineer, defective concrete shall be replaced within 48 hours after the adjacent forms have been removed. All concrete which is honeycombed or otherwise defective shall be cut out and removed to sound concrete, with edges square cut to avoid feathering.
Concrete repair work shall be performed in a manner that will not interfere with through curing of surrounding concrete. Repair work shall be adequately cured.
4.3.3.9.2
Cracks:
All cracks over 0.2 mm wide in concrete surfaces shall be cut out and the groove filled with epoxy grout.
4.3.3.9.3
Protection of buried concrete:
All concrete surface of walls and anchor block in contact with soil shall be protected by applying a waterproofing layer to it. The waterproofing material used shall comply with B.S. and ASTM requirements and the other given specifications to the satisfaction of the Engineer.
5.0 
ADDITIONAL SPECIFICATIONS FOR TIMBER JETTY
5.1
PRE-CAST CONRETE SPUN PILE

Piles are C40 pre-stressed concrete spun type.  Pretension Spun Concrete piles offers an economical foundation system with consistent and superior quality compared to the ordinary concrete pile.

Piles comply with MS 1314:Part 4:2004 and also generally comply with JIS A 5337:1987. ICP PH Piles are modified to suit BS 8004:1986 – Foundations and BS 8110:1997 – Structural Use of Concrete. Concrete complies with SSEN 206-1:2009 - specification of concrete.
5.1.1
MATERIALS
Aggregates – Coarse aggregates shall be 20mm granite. Fine aggregates shall be clean river sand or washed mining sand.
Cement – Portland cement comply with MS 522:2007.
Pre-stressing Steel – High frequency induction heat treated bars manufactured to JIS G 3137:1994 or equivalent.
Spiral Wire – Hard drawn wire.
5.1.2
CONCRETE STRENGTH

At transfer of pre-stress at 28 days = 30 N/mm2

Grade 80 pile = 80 N/mm2
5.2
TIMBER
5.1.1
MATERIAL
The material chosen for construction is Southern pine.
5.1.2
MATERIAL PROPERTIES

· Compressive strength of 1250 psi (8.618 x 103 KN/m2)
· Bending stress of 1950 psi (1.34 x 104 KN/m2)
· Shear strength of 160 psi (1.1 x 103 KN/m2)
· Elastic modulus of 1500000 psi (1.03 x 107 KN/m2)
SCHEDULE 1

Concrete Mix Design Standard Parameters

	Concrete Class Designations
	28 day Minimum Characteristic Compressive Strength MPa
	Minimum Cement Content kg/cum
	Maximum Free water Cement Ratio (By Weight)
	Maximum Slump mm
	Max Chloride ion content by wt of cement %
	

	**C35A
	35
	370
	0.40
	110
	0.20
	R.C structures


	C30
	30
	360
	0.50
	100
	0.20
	R.C structures


	C25
	25
	310
	0.55
	100
	0.30
	Blinding in aggressive soils

	C20
	20
	280
	0.55
	120
	0.40
	Blinding  and Fill Concrete

	C15
	15
	220
	0.60
	120
	
	Concrete Fill material


** Super plasticizer or plasticizer admixture shall be used to achieve slump. This concrete shall comply with BS 8007 requirements. Slump may be increased upon the Engineer and to his convenience.
Notes for above table:

1. Water-reducing admixtures shall be used as required to meet the limits specified in this table.
2. Special high slump easily worked mixes may be used, if required, provided the other limits of this table are not exceeded and prior Engineer acceptance has been granted, as based on the contractors report and recommendation.
3. Cement content shall not be less than quantities specified in BS8110 table 6.1 and 6.2.
4. (SRPC) Sulphate Resistant Portland Cement shall be used for buried concretes where mentioned.
5. Slump may be increased upon the convenience of the Engineer and shall be increased by means of water reducing / plasticizing admixture.
6. 28 day characteristic compressive strengths shown are based on cube samples according to BSI Standards.
7. Nominal maximum aggregate size shall be 20 mm.
SCHEDULE 2  

Reports to be submitted by the contractor in regard to concrete works

	NO.
	TITLE
	REPORT SUBMITTED
	FREQUENCY OF REPORT

	1
	Sources of Materials
	a) 31 days prior to delivery of concrete.
b) On apparent change.
	a) One time.
b) As required.

	2
	Supplier Quality (if any)
	a) 31 days prior to delivery of concrete.
	a) One time.

	3
	Mix design for all classes of concrete
	a)  31 days prior to delivery of concrete.
b) When mix is redesigned for any purpose.
	a) One time.
b) As required.

	4
	Certificate for cement from manufacturer
	a)  31 days prior to delivery of concrete.
b) For each new delivery from manufacturer.
	a) One time.
b) As required.

	5
	Certificate for admixtures from manufacturer
	a)  31 days prior to delivery of concrete.
b) If any changes occurs.
	a) One time.
b) As required.

	6
	Report on plant trial mixes with 7 day & 28 day test results for all classes of concrete required for the work.
	a)  31 days prior to delivery of concrete.
b) If changed.
	a) One time.
b) As required.

	7
	Reports on concrete cube strength Tests.
	a)  7+7 days after casting
b) 28+7 days after casting
	a) After each 25m3 of casting.
b) As required.

	8
	Concrete casting check list
	24 hours before casting
	Before each casting

	9
	Reports of the following tests on water (if it is not from the public service) for mixing concrete, washing and/ or cooling aggregates and curing:
1) Sulphates (as SO3)
2) Chlorides (as NaCl)
	a)  31 days prior to delivery of concrete.
b) During production of concrete.
	a) One time.
b) Monthly.
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