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APM TERMINALS PIPAVAV
TECHNICAL SPECIFICATION


This document defines the General Specification of works for RCC sub and superstructure and its specific requirements and related Civil & Engineering structures to be constructed at APM Terminals, Pipavav Port.

1. General
This section describes and specifies work required for plain and reinforced cement concrete including reinforcement and form work. Unless otherwise specified or agreed in writing by the APMT, all materials and methods used in the production, construction, testing and handling of concrete structures shall comply with the latest editions or amendments of the relevant Indian Standards.

2. Material
2.1 Quality
All materials used in the Works shall be of the best quality of their respective kinds as specified herein, obtained from sources and suppliers approved by the EIC and shall comply strictly with the tests prescribed hereinafter, or where tests are not laid down in the Specification, with the requirements of the latest issues of the relevant Indian Standards. Any materials not fully specified herein and for which there is no relevant Indian Standard, shall be the best of their kind and to the approval of the EIC.

2.2 Sampling and Testing
All materials used in the works shall be subjected to inspection and test. Samples of all materials proposed to be employed in the Permanent Works shall be submitted to the EIC for approval, before they are brought to the Site. Samples required for approval and testing must be supplied sufficiently in advance to allow for testing and approval, due allowance being made for the fact that if the first samples are rejected, further samples may be required. Delay to the works arising from the late submission of samples shall not be acceptable as a reason for delay in the completion of the works.

Materials shall be tested before leaving the manufacturer's premises, quarry or source, where possible. Materials shall also be tested on the Site and they may be rejected if found not suitable or in accordance with the Specifications notwithstanding the results of tests at the manufacturer's works or elsewhere or test certificates or any approval given earlier.

Costs of all samples and tests, whether at the manufacturer's premises, at source, at Site or at any testing laboratory or institution as directed by the Buyer shall be deemed to be included in the rates quoted and no extra payment whatsoever shall be made.

2.3 Test Certificates
All manufacturer's certificates of test, proof sheets, mill sheets, etc. showing that the materials have been tested in accordance with the requirements of this Specification, the appropriate Indian Standard or other relevant standard specifications are to be supplied free of charge, on request to the Buyer.

2.4 Names of Manufacturers and Copies of Orders
Before ordering materials of any description for the Works, the Vendor shall submit for the approval of the Buyer, the names of the makers and suppliers proposed and any other details required by the Buyer and shall afterwards send to the Buyer copies of the order given by the Vendor for the materials.

2.5 Storage of Materials on Site
Materials used in the Works shall be stored on racks, supports, in bins, under cover, etc. as appropriate to prevent deterioration or damage from any cause whatsoever to the entire satisfaction of the EIC or his representatives and as amplified in the succeeding clauses.

Any material which has deteriorated or has damaged or otherwise considered defective by the EIC, shall not be used and shall be removed from Site immediately.

2.6 Notice for Inspection of Materials
Whenever EIC shall give notice to the Vendor that materials are to be inspected off the Site, the Vendor shall, having regard to the location of the materials and the nature of the inspection, test or examination required, give to EIC, when such materials are ready for inspection, test or examination either during manufacture, fabrication, etc. or on completion, such notice as EIC may reasonably require to enable the inspection test or examination to be made.

All costs for such inspection shall be borne by the Vendor deemed to be included in price quoted. Delay to the works arising from the late submission of such notice shall not be acceptable as reason for delay in the completion of the Works.

2.7 Use of Permanent Materials for Temporary Works
Materials for the Permanent Works shall not be used for temporary works unless otherwise approved in writing by the Buyer. Granting of such permission shall not prejudice the right of EIC to reject materials so used which have become unfit for use in the Permanent Works.

2.8 Cost of Sampling and Testing
Sampling of materials for approval and testing as called for under the appropriate Indian Standard or other relevant standard specification and sampling and testing referred to in the preceding clause and later in this Specification, is to be borne without charge to EIC and unless otherwise specified, the cost of all such tests and sampling shall be deemed to be included in the rates and lump sum prices.

2.9 Rejected Materials
If any materials brought to Site are rejected by EIC as a result of subsequent tests carried out at Site or visual observation and having been found below the specification or standard, the Vendor shall forthwith remove the same and replace them, at his own cost, to the entire satisfaction of EIC.

3. Concrete Aggregate
3.1 Standards
Aggregates shall comply with the requirements of IS:383 "Coarse and Fine Aggregate from Natural Sources for Concrete".

3.2 Source 
Coarse aggregate shall be from the quarries at Thordi,

3.3 Quality
The aggregate shall be hard, strong, durable, clean and free from any adherent coatings or other deleterious matter and shall be obtained from an approved source. Aggregates, which are chemically reactive with alkalis of cement, shall not be used. Aggregates, which are not clean, shall be washed in clean fresh water to the satisfaction of the Buyer. Coarse aggregate having coloured layer shall not be used in the Permanent Works.

3.4 Testing
All aggregates shall be subject to inspection and testing. Sampling and testing shall be carried out in accordance with IS:2386 (Part I to Part VIII) "Methods of Test for Aggregates for Concrete". All costs and expenses incurred in complying with this requirement shall be borne by the Vendor. Before work is begun the Vendor shall inform the Buyer about the source(s) of aggregates. The Vendor, at his own cost, shall submit to the Buyer, samples of various aggregates from each source of supply for tests and approval.

Samples shall be in sufficient quantity to enable the Buyer to carry out the full range of tests. The Buyer will keep portion of the samples submitted which have been tested and approved to act as control samples for comparison with later deliveries. In submitting the samples the Vendor shall state the type of aggregate represented, the source of supply, availability and all other relevant information. Only aggregates from sources of supply, which pass the requisite tests and are approved by the Buyer may subsequently be used in the Works, and all aggregates used in the Works shall be at least equal to the approved samples. Samples should necessarily be collected in the presence of the Buyer.

3.5 Fine Aggregates for Structural Concrete
The grading of the fine aggregate for reinforced concrete shall be within the limits of grading zones I and II as defined in IS:383 "Coarse and Fine Aggregate from Natural Sources for Concrete" - Table IV, and shall consist of natural sand or combination thereof with fine gravel whole or crushed. Fine aggregate for use in concrete shall be washed if ordered by the Buyer.

3.6 Fine Aggregates for Mortar and Grout
Fine aggregates for mortar and grout shall be obtained from an approved source. It shall comply with IS:383 and its grading shall be in accordance with grading zone III of Table IV of the said Standard.

3.7 Yellow Sand for Masonry Mortar
Sand specified for masonry mortars shall be natural sand, crushed stone or crushed gravel sand complying with IS:2116 "Sand for Masonry Mortars".  

3.8 Yellow Sand for Plastering
Sand for use in mortars for internal walls and ceiling plastering and external plastering and renderings shall conform to Class A grading of IS-1542 "Sand for Plaster".

3.9 Source of Yellow Sand
Yellow sand shall be obtained from the Dabholi site.

3.10 Coarse Aggregates
Coarse aggregates for reinforced concrete shall consist of gravel or broken stones free from flat laminated or elongated pieces and shall be within the limits of the relative grading as specified in IS:383 Table II.

All coarse aggregates in reinforced concrete shall be graded aggregates of 20 mm nominal size and down.

3.11 Storage at Site
Aggregates shall be stored at the Site on clean, well-drained areas, which are not liable to flooding. The various sizes and types of aggregates shall be well separated and the layout and sitting of the storage areas shall be submitted to EIC for approval prior to the starting of construction.

3.12 Rejected Material
Any aggregate brought to the Site, which is not approved by the Buyer, shall be immediately removed from the Site by the Vendor at his own cost.

3.13 Aggregates to be Clean
All aggregates shall be delivered to and maintained at the Site clear and free from dust and clay, organic and other deleterious matter. Aggregates shall be of approved quality, clean and free from dust, mica, shells, flaky particles, shells, alkali, organic matter, loam or other deleterious substances.

4. Cement
4.1 Standard
Ordinary Portland cement of 53 grade complying with the requirements of IS:8112 shall be used in all grades of concrete.

4.2 Tests after Delivery to Site
Each consignment of cement shall, after delivery to Site, be subjected to all the tests and analysis required by the relevant Indian Standards. Samples shall be collected as directed by EIC and tests carried out at an approved laboratory. The cement from which the samples have been extracted shall not be used in any works before completion of the testing and analysis and until it has been accepted as satisfactory by EIC.

EIC may reject any cement, if the results of such tests are not satisfactory, notwithstanding the manufacturer's certificate. All rejected cement shall be immediately removed from the Site at the Vendor's own cost.

4.3 Storage of Cement
Cement in bags shall be unloaded under cover and stored in a perfectly watertight and well-ventilated building accommodating sufficient cement to ensure continuity of the work and having a floor raised not less than 30 cm. from the ground. An air space shall be left between the floor and the bottom layer of the bags. Each consignment shall be stacked separately therein to permit easy access for inspection and a record shall be kept so that each consignment may be identified by a serial number and date of delivery. Cement shall be issued from the store in the order in which it is received on Site, commencing with the consignment, which has been in the store for the longest period. The age of cement at the time of delivery to the Site shall not be more than two (2) months and the cement shall be used in the Works within three (3) months thereafter.

4.4 Protection from Rain, etc.
Cement shall be adequately protected at all the times from rain and spray.

5. Bricks
First class Bricks shall be best quality locally available and should be approved by the Engineer-in-charge before incorporation in the work. Brick used in Masonry shall be common burnt clay bricks confirming to IS 2222, 1077 or IS 2180. Bricks to be used shall be of class 7.5 or higher.

Compressive strength shall be as per IS 3495 for suggested class of bricks. Average water absorption of bricks as per IS 3495 P2 shall not be more than 20% by weight up to class 12.5 and 155 by weight for higher class. Efflorescence of bricks as per IS 3495 P3 shall not be more than “moderate” up to class 12.5 and “slight” for higher classes. The Engineer- in-charge shall have the right to reject bricks obtained from any field where the soil does not have an appreciable quantity of sulphates and chlorides. The specifications for cement, sand and water shall be same as laid out in BIS codes hereinafter. Bricks shall be thoroughly soaked in water before using till the bubbles cease to come up. No half or quarter brick shall be used except as closers. The closers shall be horizontal and the walls shall be raised to plumb. The type of bond to be adopted will be decided by the Engineer- in-charge, but vertical joints shall be laid staggered. Bricks to be laid with the “Frogs up side”.

Workmanship: Four courses of brick work with four joints should not exceed by more than 40 mm the same bricks piled one over the other without mortar. Brick work shall be well watered three times a day for a week from the date of building and the work shall be protected from sun and rain.

6. Water
6.1 Water from Approved Source
Clean fresh water only shall be used for mixing all concrete, grout and mortar. The water shall be free from any deleterious matter in solution or in suspension and be obtained from an approved source. The quality of water shall conform to IS:456. Chloride content in water should not be more than 300 PPM irrespective of what is specified in IS:456.

6.2 Storage
The Vendor shall make adequate arrangements to deliver and store sufficient water at the Works for use.

6.3 Testing
Vendor should make arrangement for daily testing of Cl, S04 & PH of water at Site. Since it is observed that there is seasonal variation in water quality, water should be tested at outside approved laboratory every three months.

7. Admixtures for Concrete 
7.1 General
Admixtures to the cement shall not be used without the written consent of the Buyer. When permitted, the Vendor shall furnish full details from the manufacturer and shall carry out such tests as the Buyer may require before any admixture is used in the work. The costs of all the tests on admixtures are to be borne by the Vendor including the cost of admixture 

8. Waterproofing Compound
Waterproofing compound to be used in concrete, where specified, shall be from approved standard manufacturers and shall be approved by EIC. It shall comply with the requirement of IS: 2645. It should be mixed as per specifications supplied by manufacturer but not exceeding 3% by weight and as approved and directed by EIC.

9. Bonding Agents
Approved bonding compound such as Sika latex or equivalent shall be used at the junction of any old and new concrete. Cost of same shall be assumed to be included in the rates and prices.

10. Non-Shrink Compound
Non-Shrink Compound shall be used at the cost of Vendor wherever specified in the Drawings. or equivalent for proper construction or repair of the works."

11. Reinforcement Steel
11.1 Reinforcement Bars
Steel reinforcing bars for concrete shall be round bars of Grade I quality complying to IS:432 "Mild Steel and Medium Tensile Steel Bars and Hard Drawn Steel Wire for Concrete Reinforcement" or High Yield Strength Deformed Round Bars conforming to IS:1786 "Specifications for Cold Twisted Steel Bars for Concrete Reinforcement".
Reinforcing steel to be used for various structure shall be as given below:
There is no requirement for an epoxy coating or other anti-corrosive treatment to the reinforcement steel.

	Structure
	Type of Steel
	Grade of Steel

	Buildings
	HYSD as per IS:1786
	Fe500

	Other Structures Main bars
	HYSD as per IS:1786
	Fe 500/Fe415

	Placement bars, ties, saddles
	MS as per IS:432
	Fe250









11.2 Binding Wire
The binding wire shall be to IS:280 "Mild Steel Wire for General Engineering Purpose", with size 1 mm or over.

11.3 Mill Certificates
Mill certificates shall be furnished for the reinforcing steel.

11.4 Tests after Delivery
Irrespective of manufacturers' certificate, samples should be collected and sent for external laboratory test for one set/ 300 MT. The costs of all such tests are deemed to be included in the rate and prices.

The Buyer may reject any consignment of reinforcing steel, if the results of such tests are not satisfactory, notwithstanding the mill certificate. All rejected steel shall be immediately removed from the Site at the Vendor's own expense.

11.5 Storage
Reinforcing bars shall be stored on Site on timber or concrete supports suitably spaced and of sufficient height to keep steel clear of the ground. The reinforcing steel shall be stored separately section-wise.

12. Structural Steel
12.1 Mild Steel
Structural steel used in the works shall comply with IS:2062 "Weldable Structural Steel".

12.2 Mill Certificates
Mill certificates shall be furnished for the structural steel.

12.3 Tests after Delivery
Irrespective of manufacturers' certificate, samples should be collected and sent for external laboratory test for one set/ 100 MT. The costs of all such tests are deemed to be included in the rate and prices. The costs of all such tests are deemed to be included in the rates and prices.
The Buyer may reject any consignment of structural steel, if the results of such tests are not satisfactory, notwithstanding the mill certificate. All rejected steel shall be immediately removed from the Site at the Vendor's own expense.




12.4 Storage
The structural steel shall be stored on Site on timber or concrete supports suitably spaced and of sufficient height to keep steel clear of the ground. The steel shall be stored separately section wise.

13. Formwork
· The formwork shall be designed and constructed in such a manner that all concrete work shall be true to line, level and size, and free from honeycombing, pinholes, surface irregularities and every other defect whatsoever. Contractor to note that the wall has considerable thickness and are required to be form finished and in true line and level (at tolerance of not more than ±3mm).

· Contractor to design shuttering and centring considering all relevant forces and submit calculations from structural design engineer. Shuttering shall be in steel, plastic coated marine plywood having minimum 20 mm thickness for proper line and level (at tolerance of not more than ±3mm).

· All formwork shall be adequately propped, braced and framed to prevent deformation underweight and pressure of wet concrete, constructional loads, wind, vibrations and other forces. All joints in shuttering shall be close fitting to prevent the loss of cement paste or slurry from the concrete.

· All formwork shall be carefully cleaned and coated with an approved proprietary mould oil before use, care being taken to keep all reinforcement away from contact with such oil. All moulds shall be free from sawdust, shavings, dirt, mud or other debris by hosing with water or oil free compressed air.

· The shuttering for beams and slabs shall be erected so that the shuttering on the sides of the beams and of the soffits of the slabs can be removed without disturbing the beam bottoms. For beams having spans greater than 6 meters and for cantilevers, the form work shall be given adequate upward camber as directed by the APMT.

· All construction joints shall be machine cut, prepared, finished with grouting if gaps exist and machine ground to true surface finish. All through sleeves shall be grouted without additional cost. The structure shall be constructed without gaps, honeycomb as a special radiation resistant structure.

· Details of all temporary work (timbering, staging etc.) are to be submitted for the approval of the APMT and the form work shall be inspected and approved by the APMT before concrete is placed within it. Notwithstanding such approval, any damage or consequences arising there from shall be the Contractors entire responsibility.

14. Paver Block
14.1 Interlocking Concrete Block Pavement
The paver block confirms to BS6717 P1, BS 7533 P3 and IS 15658-2006 (Precast concrete blocks for paving). The interlocking concrete blocks for the pavement shall be procured of the approved shape, size and colour from the reputed manufacturers having facilities of production of design mix concrete, vibro- compacting machine of required specification and well-established laboratory for conducting the required tests.

The approval shall be obtained from the engineer-in-charge in writing well before the procurement action by the vendor. The engineer-in-charge reserves the right to inspect the manufacturing plant, manufacturing process and to collect the samples at factory or work site and get it tested in the Laboratory of his choice to his entire satisfaction. The testing charges payable if any shall be borne by the contractor.

All paver block, shall be sound and free of cracks or other visual defects which will interfere with the proper paving of the unit or impair the strength or performance of the pavement constructed with the paver blocks. Minor defects in the form of chippings, resulting from the customary methods of handling during delivery, not larger than 10 mm in not more than 5% of consignment shall not be deemed grounds for rejection.

14.2 Paving Unit
Concrete paving unit shall comply with BS 6717 P1. Paving unit shall be a minimum of 80 mm thick and be chamfered units which key into each other on four sides, are capable of being laid in herringbone bond, and by their plan geometry, when interlocked, resist the spread of joints parallel to both longitudinal and transverse axes of units. Gross plan area of not more than 0.04 sq m.

Nominal block thickness less than 80 mm shall not be permitted to use in pavement. Characteristic strength shall not be less than 49MPa when tested with BS 6717 P1. The Minimum crushing strength shall not be less than 40 MPa with relevant BS codes. The mean abrasion index of sample of concrete paving unit is 7 when tested as per AS/NZ 4456.9.1997.

14.3 Removal of Paver Block
The extent of the settled patches should be identified by marking the area and barricade using concrete barriers. The paver block shall be removed using a removing tool without causing any damage to the paver blocks. Broken paver block, abraded paver blocks and / or cracked blocks shall be replaced with new paver blocks. After removal of the paver blocks, the bedding sand shall be removed.

15. Preparation of Base
The settled base material shall be scraped and neatly cut at the edges of the extent of settlement to allow a new layer of base of minimum thickness of 75mm or as directed to be placed and compacted. No overlying of base material having thickness less than 75 mm shall be allowed.

16. Construction of bedding sand Course
The bedding sand shall consist of a clean well graded sand passing a 4.75mm sieve and suitable to concrete manufacturer. The sand shall comply with following grading limits:

	[bookmark: _Hlk507092234]Sieve Size
	% passing the sieve by weight

	9.52 mm (3/8”)
	100

	4.75 mm (No 4)
	95-100

	2.36 mm (No 8)
	75-100

	1.18 mm (No 16)
	45-85

	600 micron (No 30)
	20-60

	300 micron (No 50)
	0-30

	150 microns (No 100)
	0-10

	75 microns ( No 200)
	0-5



Single sized, gap graded sands or those containing an excessive amount of fines shall not be used. Sand particles should preferably be sharp not rounded. Washing of the sand shall be carried out if required to achieve grading. The bedding sand shall be free of deleterious soluble salts or other contaminants likely to cause efflorescence.

The sand shall be of uniform moisture content and within range 4 to 8% when spread and shall be protected against rain when stockpiled prior to spreading. Saturated sand shall not be used.

The bedding sand shall be spread loose in uniform layer whose thickness shall be determined on the basis of field trails to give a depth after compaction of the paving unit of 20 mm. The sand bed shall be of uniform thickness and within +_3 mm of specified thickness. Thickness variation shall not be used to correct irregularities in the base course surface.

The spread san shall be carefully maintained in a loose condition and protected against pre-compaction both prior and following screening. Any pre-compacted sand or screened sand left overnight shall be loosened before further paving units are placed. Sand shall be lightly screened in a loose condition to the pre-determined depth only slightly ahead of the laying of the paving units.

Any depression in the screened sand exceeding 3 mm shall be loosened, raked and re-screened before laying the paving blocks.

17. Laying Interlocking Paving Units
Paving unit shall be laid in herringbone laying pattern or as per approved drawings or as directed by EIC throughout the pavement. Laying pattern shall continue without interruption over the entire pavement surface.

Paving unit shall be placed on the un-compacted screened sand bed to the nominated laying pattern, care being taken to maintain the specified bond throughout the repair work. The first row shall be located next to an edge restrain.

Specially manufactured edge paving units are permitted or edge units may be cut using a power saw, a mechanical or hydraulic guillotine, bolster or approved cutting machine.

Paving units shall be placed to achieve gaps nominally 2 to 3 mm wide between adjacent units such that all joints are correctly aligned. No joints shall be less than 1.5 mm nor more than 4 mm. Frequent use of string lines shall be used to check alignment.

To infill spaces between 25 mm and 50 mm wide, concrete having a strength of 49MPa shall be used. Within such mix the normal aggregate size shall not exceed one third the smallest dimension of the infill space. For smaller spaces dry pack mortar of approved quality shall be used.

18. Initial Compaction
After laying paving units, they shall be compacted to achieve consolidation of the sand bedding and brought to design levels and profile not less than 2 passes of a suitable plate compactor. The plate compactor shall have following characterise:
· Weight: 300-600 KG
· Plate Area: 0.5-0.6 Sq.m
· Centrifugal force: 30-65 KN

The compactor shall be a high frequency, low amplitude mechanical flat plate vibrator having plate area sufficient to cover the minimum twelve paving units. Compaction shall proceed as closely as possible following laying and prior to any traffic.

Compaction shall not, however, be attempted within one meter of the laying face. Compaction shall continue until lipping has been eliminated between adjoining units. All work further than one meter from the laying face shall be left fully compacted at the completion of each day’s laying. Any units that are structurally damaged prior to or during compaction shall be immediately removed and replaced.

19. Joint filling and Final Compaction
After compaction and in any case prior to termination of the work on that day and prior to the acceptance of traffic, sand for joint filling shall be spread over the pavement. Jointing sand shall pass a 2.36 mm (No.8) sieve and shall be free of soluble salts or contaminates likely to cause efflorescence. The sand shall comply following grading limits:
	Sieve Size
	% passing the sieve by weight

	2.36 mm (No 8)
	100

	1.18 mm (No 16)
	95-100

	600 micron (No 30)
	50-100

	300 micron (No 50)
	15-60

	150 microns (No 100)
	0-15

	75 microns ( No 200)
	0-3



The jointing sand shall be broomed to fill the joints. Excess sand shall then be removed from the pavement surface and the jointing sand shall be compacted with not less than one pass of the plate vibrator and joints re-filled with the sand to full depth. This procedure shall be repeated until all joints are completely filled with sand. No traffic shall be permitted to use the pavement until all joints have been completely filled with sand and compacted.

Both the sand and paving units shall be dry when sand is spread and broomed into the joints to prevent premature setting of sand. Once the entire pavement has been laid, final compaction shall be achieved by not less than ten passes of pneumatic tyre roller having a ballasted weight of not less than 20 tonnes and tyre pressure of 800KPa.

Pavement which deform by more than 8 mm over a 3m section during final compaction shall be taken out and reconstructed to satisfaction of EIC.

Finished Surface: The difference in level (lipping) between adjacent units shall not exceed 3mm with not more than 1% in any 3m x3m area exceeding 2mm.

Edge Restraints and level Control: Adequate edge restraint shall be provided along the perimeter of all block paving areas. As per site requirement, restraint shall be provided in the form of integral kerb ad gutter, concrete kerb or edge strip or established structures. The face of such edge restraining where it abuts paving units, shall be vertical down to base.

After final compaction the paving blocks abutting the edge restraint shall be 15mmprovided to adjacent surface. At other area, it shall be done with asphalt, flush kerb and lay blocks against vertical face of kerb.

20. Proportions for Concrete
The contractor shall design concrete mixes (by Ready Mix Concrete Plants) to produce concrete of the required strengths. The contractor must submit full designs done from RMC plants of the mixes and shall get it vetted by Reputed Engineering institutes and submit the same for approval of APMT. Site trial mixes will be prepared by the contractor in the presence of the APMT, having workability, strength, minimum cement content and surface finish as criteria. Notwithstanding the acceptance by the APMT of any mix design and series of trial mixes, variations may be made to the proportions when considered necessary by the APMT. Such variations may be made also to normal mixes if used, but variations of this nature will not be allowed to affect the unit price of concrete.

For both Nominal as well as Design Mix Concrete, the quantity of cement shall be determined by weight. Where standard bags of cement are used, their weight shall be checked at frequent intervals and any loss in weight due to leakage etc. shall be made good.

[bookmark: page38]In the case of Nominal Mix concrete, aggregates shall be measured by volume, cement by weight and mixing water in graduated cans. In the case of controlled concrete all aggregates and cement shall be measured by weight in approved weigh batching equipment. Mixing water shall be measured in graduated cans.

While calculating the amount of mixing water, the moisture content of the aggregates shall be taken into account.

21.1 Ready Mix Concrete
The provision in this section shall apply to all concrete grades and is to be considered as a supplementary to general provisions for Plain Cement Concrete & Reinforced Cement Concrete works.

Ready Mix Concrete (RMC) may be manufactured in a central automatic weigh batching plant and transported to the job by agitating Transit mixers. The RMC is to be sourced from reputed & approved batching plants as mentioned in the approved list of manufacturers or suppliers only. The design mix to be submitted to APMT before concreting and the same has to be approved by APMT before concreting is done. Alternatively, a batching plant can also be set up at the site and make design mix as per codal provision including vetting by the reputed Engineering Institutes/ Consultant duly approved by APMT. Party has to submit vetted design calculations to APMT and obtain approval of the APMT before commencement of the job. The batching plant need to be certified by third party for robustness of performance and equipment associated with it.

· The design mix is to be carried out as per IS-10262/ as per approved methods by APMT
· The standard deviation for concrete mix design will be considered as per Table 8 of IS-456-2000.
· The proportion of fine aggregates to coarse aggregates should be adjusted so as to
· keep them within the specified limits as mentioned in	IS-383.
· The Bidders have to submit the Quality Assurance Plan of theirs as well as the RMC plant for approval and shall strictly adhere to the same.
· The admixtures used shall confirm to IS-9103.

21. Applicable Codes and Specifications
The following specifications, standards and codes are made a part of this specification. All standards, tentative specifications, codes of practice referred to herein shall be the latest editions including all applicable official amendments and revisions.

In case of discrepancy between this specification and those referred to herein, this specification shall govern.

22. Applicable Is Specifications and Codes Of Practice

· [bookmark: page39]IS 269	Specification for ordinary, rapid hardening and low heat Portland 
cement.
· IS-10262	Recommended guidelines for concrete mix design.
· IS 8112	Specification for high strength ordinary, Portland cement.
· IS 1489 	Specification for Portland - pozzolana cement.
· IS 383	Specification for coarse and find aggregates from natural source for 
concrete.
· IS 455	Specification for Portland Slag Cement
· IS 2386	Methods of test for aggregates for concrete. (Part I to VIII)
· IS 516	Method of test for strength of concrete.
· IS 1199	Method of sampling and analysis of concrete.
· IS 3025	Methods of sampling and test (Physical and chemical) water used in 
industry.
· IS 432	Specification for mild steel and medium tensile steel (parts I & II) bars 
and hard drawn steel wire for concrete reinforcement.
· IS 1139	Specification for hot rolled mild steel and medium tensile steel 
deformed bars for concrete reinforcement.
· IS 4926	Ready Mix Concrete – Code Of Practice
· IS 1566	Specification for plain hard drawn steel wire fabric (Part I) for concrete 
reinforcement.
· IS 1786	Specification for cold twisted steel bars for concrete reinforcement.
· IS 2645	Specification for integral cement waterproofing compound.
· IS 456	Code of practice for plain and reinforced concrete.
· IS 3370	Code of practice for concrete structures for storage of liquids (Part I to 
IV)
· IS 2502	Code of practice for bending and fixing of bars for concrete 
reinforcement.
· IS 2571	Code of practice for laying in situ cement concrete flooring.
· IS 3596	Safety code for scaffolds and ladders. (Part I & II)
· IS 1200	Method of measurement of building works.

[bookmark: page40]In the event that state, city or other Government bodies have requirements, more stringent than those set forth in this specification, such requirements shall be considered part of this specification and shall supersede this specification where applicable. The quality of materials, method and control of manufacture and transportation of all concrete works irrespective of the mix, whether reinforced or otherwise, shall conform to the applicable portion of this specification.

Engineer shall have the right to inspect the source/s of material/s, the layout of operations of procurement and storage of materials, the concrete batching and mixing equipment and quality control system. Such an inspection shall be arranged and approval of Engineer-In-Charge shall be obtained prior to starting of concrete work. Concrete shall be mixed by mechanical mixer only and no hand mixing shall be allowed for RCC works.

23. General
The quality of materials and method and control of manufacture and transportation of all concrete work irrespective of mix, whether reinforced or otherwise, shall conform to the applicable portions of this specification. Engineer shall have the right to inspect the source/s of material/s, the layout and operation of procurement and storage of materials, the concrete batching and mixing equipment, and the quality control system. Such an inspection shall be arranged and Engineer’s approval obtained, prior to starting of concrete work.

24. Measurement for Standard Concrete
The ingredients to be used in the manufacture of standard concrete shall consist solely of a standard type Portland cement, clean sand, natural coarse aggregate, clean water and admixtures, if specially called for on drawings or specifications.

25. Consistency
The consistency of the concrete shall be such that it flows sluggish during pumping of concrete into the forms and around the reinforcement without any segregation coarse aggregate from mortar. The slump tests are mandatory and shall be carried out at regular intervals so that the consistency concrete can be monitored.

26. Placing of Concrete
Concreting shall commence only after inspection and written approval by APMT. Shuttering shall be clean and free from deposits of foreign materials and proper de-shuttering agent shall be applied to the surface. Proper arrangements shall be provided for conveying the concrete the place of deposition without disturbing the reinforcement. The concrete shall be placed from a height not more than 1m.

27. Compaction 
[bookmark: page41]Concrete shall be compacted immediately after placing by means of mechanical vibrators. All RCC works shall be cured for a minimum period of 14 days or more as advised by APMT.

28. Inspection and Rectification of effects
Immediately on removal of forms, the RCC works shall be examined by the Engg -in-Charge before any defects are made good. The work that has sagged or contains honey combing to an extent detrimental to the structural safety or architectural concept shall be rejected.

Surface defects on a minor nature may be accepted and the same shall be rectified as follows:
· Bulges due to movement of forms, ridges at forms, ridges at form joints shall be carefully chipped and then rubbed with a grinding stone.
· Honeycombed and other defective areas must be chipped out, the edges being out as straight as possible and perpendicular to the surface. Shallow patches are first treated with a coat of thin grout (1 cement:1 sand) and then filled with mortar similar to that used in concrete. Large and deep patches shall be filled up with concrete held in place by forms and shall be reinforced.
· Holes left by bolts shall be filled carefully with mortar. Holes extending right through the concrete shall be filled with mortar with a pressure gun.
· The same amount of care to cure the material in patches should be taken as with the whole structure.

29. Post Treatment of Surface 
The surface which has to receive plaster or where it has to be joined with brick masonry walls shall be properly roughened immediately after the shuttering is removed.

30. Acceptance Criteria of Concrete Work (As Per Clause 16 Of IS-456-2000.)
31.1 Measurement
All measurements shall be as per IS 1200

31.2 Mixing of Concrete
Mixing of concrete shall continue until there is a uniform distribution of material and the concrete is uniform in colour and consistency and for at least two minutes.

[bookmark: page42]Mixes and weigh batches shall be maintained in good condition throughout the contract and any mixer or plant which is faulty shall not be used. The drums on all mixers shall revolve at the speed recommended by the maker. A mixer of any type which has been out of use for more than 20 minutes shall be thoroughly cleaned out before any fresh concrete is mixed. All equipment shall be maintained in a clean serviceable condition and their accuracy periodically checked.

31.3 Slump Test
The Contractor shall keep at the site of the works for the APMT’s use or his representative a standard slump test mould and shall provide facilities throughout the construction for tests to be made as and when the APMT may require.

31.4 Compressive Strength (Concrete Shall Confirm To IS-456-2000)
The Contractor shall keep on site minimum 18 nos. standard 15 cm test cube moulds and ancillary equipment for preparing test cubes. Before the Contractor commences any concrete construction, they shall make six cubes of mix concrete with the cement sand, aggregate and water which he proposes using on the contract and shall have them tested at a Laboratory approved by the APMT/APMT. Three cubes shall be tested at 7 days and three cubes at 28 days after casting and curing. In all cases the cubes shall give the minimum compressive strength. No concrete construction shall be commenced until Preliminary Tests on the six cubes referred above have been completed and results show the concrete to have the minimum compressive strength. As construction proceeds samples from fresh concrete shall be taken as per IS 1199 - 1959 and cubes shall be made, cured and tested in accordance with IS 516 1959.

Three test specimens shall be made from each sample for testing at 28 days. Additional cubes may be required for various purposes as to determine the strength of concrete at 7 days or at the time of striking form work, or to determine the duration of curing, or to check the testing error.

The test strength of the sample shall be the average of the strength of three specimens. The individual variation should not be more than 15 percent of the average.

Any part of the work from which the cubes fail to give the required minimum compressive strength shall be dealt with by the Contractor as directed by the APMT and at the expenses of the Contractor.

The concrete is also liable to be rejected or repaired as per the instructions of the APMT/APMT if it is porous or honeycombed, its placing has been interrupted without providing a construction joint or the reinforcement has been disproportionately displaced. The rejected concrete has to be demolished and redone to the satisfaction of the APMT free of cost. 
The Contractor shall keep a daily record (Concrete Pour Card) showing the date when each portion of concrete is poured in slab, beam, column etc., curing, removal of form work and test cube results at 7 days and 28 days period. They shall be sent immediately to the APMT/APMT.

31.5 [bookmark: page43]Transporting, Placing and Compacting of Concrete
The concrete shall be transported maintaining required workability in a manner such as to avoid the segregation of the constituent materials, and loss of any of the ingredients. It shall be deposited as nearly as practicable in its final position to avoid re handling. It shall be placed and compacted before setting commences and should not be subsequently disturbed. Methods of pouring should be such as to preclude segregation, and to avoid displacement of reinforcement and movement of form work. Concrete Pumping needs to be arranged for conveying the concrete from transit mixers to work spot. The mixing temperature should be followed strictly 30-33degree C and pouring/placing temperature should be controlled to 25-28 degree centigrade

The concrete should be thoroughly compacted and fully worked around the reinforcement, around embedded fixtures and into the corner of the form work without formation of honeycombing, pinholes or surface irregularities and any other defects whatsoever.

The use of mechanical vibrators having capacity of producing vibrations at a rate not less than 5000 cycles per minute is recommended. Over vibration or vibration of very wet concrete is harmful. In addition to mechanical vibration, sufficient hand tools must be used to assure full consolidation around reinforcement and at edges and corners.

The deposition of concrete shall be carried out as continuously as possible to reduce to minimum joints between new concrete and concrete which has set. Where construction joints are necessary they shall be formed at right angles to the axis of the member concerned by the insertion of rigid stopping off forms, against which concrete can be properly rammed or as per the advise of Structural consultant/ APMT.

No unset concrete shall be brought into contact with unset concrete containing cement of different type. Special permission and instructions shall be obtained when concrete has to be deposited under water.

Accumulation of set concrete on the reinforcement shall be avoided. Before fresh concrete is deposited upon or against any concrete which has already hardened, the surface of hardened concrete shall be well roughened if necessary by chipping and laitance remove. The surface shall then be swept clean with wire brushes, thoroughly wetted and covered with a thin layer of cement mortar.



31.6 Protection of Concrete
Newly placed concrete shall be protected by approved means from rain, sun and drying winds. Concrete placed below the ground shall be protected from falling earth during and after placing. Approved means shall be taken to protect immature concrete from damage by debris, excessive loading, vibration, abrasion, deleterious ground-water, mixing with earth or other materials that may impair the strength and durability of concrete.
 
31.7 Construction Joints
Before construction commences the Contractor shall submit to the APMT, for his approval, sketches showing proposed positions of construction joints.

[bookmark: page44]Each section of concrete shall be poured continuously between construction joints. Shuttering to all construction joints should be so made that it produces on the face of joints a suitable grooved or indented surface to act as a sheer key or bond for the subsequent concrete. Inclined joints shall not be permitted.

If the concrete has been allowed to harden excessively, the surface shall be chipped over its whole surface to a depth of at least 3/8"and thereafter thoroughly washed. If the concrete has not fully hardened, all laitance shall be removed by scrubbing the wet surface with wire brushes to avoid dislodgement of particles of aggregate. Before fresh concrete is added to the other site of a construction joint the surface of the old concrete will be thoroughly wetted and then covered with a thin layer of cement mortar of the same quality as that in the concrete.

No distortion or displacement of reinforcement from the positions shown on the drawings shall be permitted at construction joints.

Water stoppers shall be provided to the construction joints of terrace slabs, kitchen and bathroom slabs, and water retaining structures where water leakage poses serious problems.

31.8 Structural Joints
Expansion joints or other permanent structural joints shall be provided in the positions and of the form described in the drawings or elsewhere. In no case shall the reinforcement, corner protecting angles or other fixed metal items, embedded or bonded into concrete run continuously through as expansion joint. The placing of concrete on either side of the expansion joint shall be done separately after an interval of at least 7 days.

31.9 Cutting into Concrete
No concrete shall be cut into, nor shall it be interfered with in any way, without the prior approval in writing of the APMT. Necessary holes shall be provided as required for plumbing work and for electrical pipes etc. at the time of execution.

31.10 Curing Of Concrete
Exposed surfaces of concrete shall be kept continuously in a damp or wet condition for at least seven days from the date of placing of concrete.

Approved curing compounds may be used in lieu of moist curing with the permission of the APMT. Such compounds shall be applied to all exposed surfaces of the concrete as soon as possible after the concrete has set.

31.11 Supervision
[bookmark: page45]Constant and strict supervision of all the items of the construction is necessary during the progress of the work, including the proportioning and mixing of the concrete.

Supervision is also of extreme importance to check the reinforcement and its placing before being covered.

Before any important operation, such as concreting or striking off the form work is started, adequate notice shall be given to the APMT.

31.12 Contractor’s rates to include
The rates of contractor for providing and laying cement concrete in various grades or proportions in the Schedule of Quantities shall, apart from any other factors specified elsewhere in the tender documents, include for the following:

· For all factors and method of work described in these specifications.

· For all materials, labour, tools and plants, scaffolding, etc. mixing, conveying and placing concrete in position, ramming, vibrating, trawling, curing, providing necessary scaffolding and removing the same after the work is complete.

· Unless otherwise specified in the Schedule of Quantities the cost for concrete items shall include for providing and fixing form work as described inclusive of erecting, propping to required heights, bracing, providing stays, struts, bolts, nuts and everything necessary to keep the forms rigid, smoothening the surface to receive concrete as per detailed drawing, striking and stripping form work after the concrete is cured, hacking the concrete surface required to receive plaster etc.

· The reinforcement in case of Reinforced Concrete work will be paid for separately unless otherwise stated in the particular items, but rate shall include for pouring concrete and packing around reinforcement.

· The measurement of concrete will be as per detailed drawings, shapes and size based on net structural sizes as per drawings i.e. exclusive of plaster.

· Rates for concrete items shall cover for any shape of structural members like columns, beams, facias, fins, louvers etc. and for cantilevered beams slabs etc.

· Formation and treatment of contraction and expansion joints (where water bars like copper strips or joint fillers like Shalitex Board specified, such materials shall be paid for separately.

· Design of mixes where so required by specification in an approved Laboratory and on tests of materials and work required in the opinion of the APMT and described in these specifications.

· Fixing all inserts like pipes, plugs, forming holes etc. as described.

· Weigh-batching using a Mechanical weigh-batcher or a batching plant or where so specified for volumetric batching.

· For taking out dowel bars, fan hooks etc. through shuttering.

· [bookmark: page46]In case where at the junctions of beams, columns, slabs, the composition of concrete mix or specified strength be different for columns, beams and slabs, then in such cases only the richer concrete among those specified for in all these members shall be used at the junctions and rate quoted for columns, beams and slabs or any member entering such junctions shall allow for the same. Rate shall also cover for spill over of richer concrete in beams to natural angle of repose of wet concrete required from practical considerations, while concreting the junctions.

· For forming drip moulds in Chajjas, sills, etc. and where shown in the drawings or as directed.

· For work at all levels.


31. Steel Reinforcement
32.1 Corrosion Resistant Steel Bars
The reinforcement shall confirm to IS: 1786, Fe-500 grade. The reinforcement shall be Corrosion resistant steel and it shall be either “TISCON CRS” from TISCO or HSCR-M from Vizag Steel or HCR from SAIL-M.

32.2 Cleaning of Reinforcement
Before steel reinforcement is placed in position, the surface of the reinforcement shall be cleaned of rust, dust, grease and other objectionable substances.

32.3 Cutting of Reinforcement
Before the reinforcement bars are cut, the contractor shall study the lengths of bars required as per drawings and shall carry out cutting only to suit the sizes required as per drawings.

32.4 Placing and Securing
Reinforcement bars shall be accurately placed and secured in position and firmly supported or wedged by precast concrete blocks of suitable thickness, at sufficiently close intervals, so that they will not sag between the supports or get displaced during the placing of concrete or any other operation of the work. It is most important to maintain reinforcement in its correct position without displacement and to maintain the correct specified cover. Contractor shall be responsible for all costs for rectification required in case the bars are displaced out of their correct position.

32.5 Binding Wire
The reinforcement shall be securely bound wherever bars cross or wherever required with 18 gauge soft annealed steel wire.

32.6 Welding
[bookmark: page47]Welding of bars shall not be carried out unless specially authorised in writing by Structural consultant/ APMT.

32.7 Bends etc
Bends, cranks etc. on steel reinforcement shall be carefully formed, care being taken to keep bends out of winding. Otherwise, all rods shall be truly straight. If any bend shows signs of brittleness or cracking, the rod shall be removed immediately from the site. Minimum radius of 9 times diameter of the bar shall be used unless otherwise specified in the drawings. However, in respect of standard hooks the radius of bend shall be 2 times of diameter of bar. Heating of reinforcement of bar to facilitate bending will not be permitted. The bars shall always be bent cold.

In case of mild steel reinforcement bars of larger sizes, where cold bending is not possible, they may be bent by heating with written permission of the Project Engineer. Bars when bent hot shall not be heated beyond cherry red colour and after bending, shall be allowed to cool slowly without quenching. The bars damaged or weakened in any way in bending shall not be used on the work. High strength deformed bars shall in no case be heated to facilitate bending or cranking.

32.8 Inspection of Reinforcement
No concreting shall be commenced until the Structural consultant/ APMT has inspected the reinforcement in position and until his approval has been obtained.

A notice of at least 24 hours shall be given to the Project Engineer by the Contractor for inspection of reinforcement.
If in the opinion of the Project Engineer any material is not in accordance with the specification or the reinforcement is incorrectly spaced, bent or otherwise defective, the contractor shall immediately remove such materials from the site and replace the same and rectify any other defects in accordance with the instruction of the Project Engineer to his entire satisfaction.

32.9 Net measurements
Reinforcement shall be placed as shown on the structural drawings and payment will be made on the net measurements from drawings. No laps, dowels, chairs and pins in reinforcement shall be paid for. The Contractor shall allow in his quoted rate for all wastage which will not be paid for.



32.10 Rates quoted for reinforcement shall in addition to any factors mentioned elsewhere shall also include for
· All cutting to lengths, labour in bending and cranking, forming hooked ends, handling, hoisting and everything necessary to fix reinforcement in work as per drawings.
· Cost of binding wire required as described.
· Cost of PVC/ concrete blocks to maintain cover and holding reinforcement in position.
· [bookmark: page48]For fabricating and fixing reinforcement in any structural member irrespective of its location, dimensions and level.
· Removal of rust and every other undesirable substance, using wire brush etc. as described.
· Stock piling of reinforcement as described.
· Work at all levels
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