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1.0 SCOPE OF WORK - CIVIL & STRUCTURAL 

1.1
GENERAL:
The scope of work shall cover design, engineering, supply of all materials required to complete the work, construction, fabrication, installation and erection etc for completion of job as per specifications, standards, drawings, CPWD/BIS specifications and good engineering / international standards practice accepted by ONGC in all respect of all the General Civil activities for compressor shed, equipment foundation, structural work, site grading etc attached with the bid package. Scope of work also includes transportation of labour, materials, tools and tackles, consumables etc.

Civil and structural works involved shall include but not limited to the following:

1.2 PLOT PLAN REFERENCES:
Indicative sketch no. HZR-ES-11-07-008-01

Intending bidders are advised to visit the site and assess the quantum of work, stipulated elsewhere in this document, before submitting their offer.

1.3 ENGINEERING:
Design, engineering, design calculations and preparation of construction drawings / documents as listed below:

i. General arrangement drawing. 
ii. Geo-technical investigation for the site as required. 
iii. Sizing and design of shed including civil and structural works. Size of shed given else where in the bidding document is tentative and minimum requirement. 
iv. Design of HOT crane with structural support as required for maintenance of compressor, motor and other heavy items.
v. RCC pavement /  Flooring details
vi. Foundation of Compressor package skid, other ancillary machinery/equipment, vessels etc. Skid shall be epoxy grouted as per manufacturer’s recommendations.
vii. Design and preparation of bar bending schedule for RCC work.
viii. Preparation of as built drawings after completion of job.
1.4 CONSTRUCTION:
i. Clearing and stripping of the areas.  Removing all debris and other materials and disposal of the same to the place as directed for all leads and lifts as per instructions of Company’s representative.
ii. Earth work in filling to bring the area up to the required finished levels.
iii. Compressor shed with structural columns, beams and trusses and with 6mm thick corrugated AC sheet cover etc. A manual operated crane (HOT) along with rails and non-sparking traveling block shall be installed for maintenance of compressor and other equipments. Shed shall be provided with a ramp on one side for facilitating entry of vehicle for loading / unloading of materials required for repair and maintenance.
iv. RCC foundation for compressor package skid, other ancillary machinery/equipment, vessels etc.
v. Working platform for compressor package, if required. 
vi. Epoxy grouting of approved type for the motor and compressor foundation as per manufacturer’s recommendations.
vii. RCC Flooring for shed and RCC pavement (Drg no: HZR-ES-11-07-008-04)
viii. RCC pipe supports as per requirement.
ix. Suitable RCC crossovers of required size.
x. Temporary safety screen of preferably not less than 6.0 mt height at suitable places as per safety norms during execution of the project.
xi. Any other civil and structural works not described above but required to complete the scope of work shall be carried out without any time and cost effect to Company. 
xii. All damages caused to existing facilities like roads, pavements, flooring, storm water drains, culverts, underground piping etc during execution of proposed facilities shall be restored by the contractor.
xiii. Removing of all debris, tools, tackles, construction machinery from site as per instructions of Company representative.
 1.5
STATUTORY APPROVALS
i. Contractor shall obtain all required statutory approvals connected with the work.
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1.0 PROJECT SPECIFIC REQUIREMENTS:
The design considerations given hereunder provide minimum basic requirement for various civil jobs required for this project.  However, all structures shall be designed for the satisfactory performance of the functions for which the same are to be constructed.
i. A plot measuring 27 m X 14m is earmarked for new compressor shed ( Refer drg no HZR-ES-11-07-008-01 enclosed with bidding document)

ii. Only non-expansive (yellow) earth shall be used for filling. Expansive black cotton soil shall not be used for filling / backfilling.
iii. Tentative minimum size of shed is 12 m X 9 m X 6m. However size of shed and exact location within plot shall be firmed up during detailed engg in scope of Contractor. While selecting exact location of shed, care shall be taken to keep adequate space for pulling out tube bundle of existing exchanger 54 – E – 501 – A/B/C/D in consultation with Company representatives. The design of the shed shall be such that the supporting members are of steel columns and roofing and side cladding (from top up to height of 3 M from FFL) are of pre coated AC Sheets.
iv. The foundations and flooring shall be designed for continuous dynamic loading. The actual design and details shall be decided after equipment details are decided. However minimum requirement of flooring shall be as per drg no. HZR-ES-11-07-008-04. The flooring finish for this shed shall be oil resistant, anti skid type and abrasion resistant. FFL shall be 200 mm above existing pavement level. 
v. Shed shall be designed in such a way that there is enough clearance on all sides of compressor for free movement of operating personnel. A passage on one side of the shed along the compressor shall be kept free of all hindrances such as over ground /overhead pipes, pipe supports etc for easy movement of personnel operating HOT crane and materials. Refer drg no. HZR-ES-11-07-008-02. 
vi. Shed shall be provided with a ramp on one side for facilitating entry of vehicle up to approach of HOT crane for loading / unloading of materials required for maintenance and repair.
vii. SWL of HOT crane shall be minimum 1.5 times of single heaviest component / item for maintenance of equipments within the shed. HOT crane shall be able to travel up to point of loading / unloading materials into / from vehicle. HOT crane shall be suitable for hazardous area.
viii. Suitable access for lighting / light fittings/ and other electrical system shall be provided for its regular maintenance. 

ix. RCC foundations for compressor package and other equipment/ vessels/ panels etc are to be designed in such a manner that there is no ingress of water in compressor / motor / crankcase / cylinders / junction boxes / instruments / control panel in the event of flood considering HFL as flood level. Suitable provision for draining of oil shall also be provided in foundation of compressor package.
x. New pavement level shall be same as the level of existing pavement. Top surface of the pavement shall be provided with adequate slopes as required for drainage to existing storm water drain system.
xi. RCC wherever mentioned / required shall be of M20 grade (minimum).  

xii. Minimum requirement of concreting for pavement shall be as per enclosed sketch no. HZR-ES-11-07-008-04.
xiii. OISD guidelines wherever applicable shall be followed.

xiv. All codes referred in this document pertain to BIS (Bureau of Indian standards) publications and bearing prefix IS.

xv. Whenever any reference to IS Codes is made, the same shall be taken as the latest revision (with all amendments issued thereto).

xvi. Apart from the IS Codes mentioned in particular in the various clauses of this document, all other relevant codes related to the specific job under consideration and/or referred to in the above mentioned codes shall be followed wherever applicable.  Reference to some of the codes in the various clauses of this document does not limit or restrict the scope of applicability of other relevant codes.

xvii. In case of any variation/contradiction between the provisions of IS Codes and the requirements given hereunder, the provisions given in this document shall be followed.  In absence of relevant IS Codes reference to corresponding British/American codes may be made.

xviii. In case of any dispute in this regard the decision of Company’s representative shall be final and binding to the contractor.

1.2 Contractor shall design the structures and prepare all the required civil and structural drawings needed for correct and accurate construction.  The design shall be strictly in accordance with the ‘Design Requirements’ given herein.

1.3 Contractor shall submit a detailed list of drawings/documents (including Design Calculations, Design drawings, bar Bending Schedules (For RCC works) and fabrication drawings (for structural steel works) which require the approval of Company.

1.4 Company/Company’s representative may review and offer comments/suggestions on the layout, structural schemes, designs and/or drawings prepared by Contractor and the latter shall adhere to such comments/suggestions and revise/re-do his designs/drawings accordingly and incorporate the same in the construction without any extra cost or time implication to Company.  However, reviewing of designs/drawings is not obligatory on the part of Company/Company’s representative and complete correctness/soundness of the designs/drawings and their execution at site shall be the sole responsibility of Contractor irrespective of the fact whether the same has been reviewed by Company/Company’s representative or not.  Any defect observed during construction or till the defect liability period of works’ shall be rectified and removed by Contractor. Contractor shall carry out whatever modification or re-construction is needed for the purpose, to the entire satisfaction of Company/Company’s representative without any extra cost and / or time.
2.0 CODES TO BE FOLLOWED

	Sl No.
	Codes
	Code No.

	1.
	Code of practice for plain & reinforced cement concrete
	IS : 456

	2.
	Code of practice for general construction in steel
	IS : 800

	3.
	Covered electrodes for manual metal arc welding of carbon and carbon manganese steel
	IS : 814

	4.
	Code of practice for use of metal arc welding for general construction
	IS : 816

	5.
	Code of practice for design load
	IS : 875

	6.
	Criteria for earthquake resistant design of structures
	IS : 1893

	7.
	Code of practice for structural use of unreinforced masonry
	IS : 1905

	8.
	Recommended practice for hot dipped galvanizing on iron and steel
	IS : 2629

	9.
	Code of practice for design and construction of raft foundations
	IS : 2950

	10.
	Recommendations for metal arc welding of carbon and carbon manganese steel
	IS : 9595

	11.
	Two parts polysuphide based sealants
	IS : 12118

	12.
	Code of practice for ductile detailing of reinforced concrete structures subjected to seismic forces
	IS : 13920

	13.
	Specification for high strength deformed steel and wires for concrete reinforcement
	IS : 1786

	14.
	Method of test for strength of concrete
	IS :  516

	15.
	Specification for coarse and fine aggregate from natural source for concrete
	IS : 383

	16.
	Structural steel (weldable quality)
	IS : 2062

	17.
	Specification for common burnt clay building bricks
	IS : 1077


Apart from these basic codes any other related codes shall also be followed wherever required.

3.0 DESIGN CRITERIA – GENERAL

3.1
Design loads:
All structures shall be designed to resist the worst combination of the following loads.
3.1.1
Dead loads:
i. The weight of all permanent construction including stairways and fixed service equipment and other equipment. 

ii. All fixtures, platforms, ladders and attached piping.  

iii. When piping weight is not indicated separately or included in the weight of the equipment the same shall be taken as 10% of the weight of the equipment.
3.1.2 Live loads:

Live loads shall be in general as per IS: 875.  However, the following minimum live loads shall be considered in the design of structures.
i) Technological structure (Open/Enclosed type)
Operating area


-

5.0  kN/M2

Maintenance area


-

7.5 kN/M2

ii) Service platform 

Vessel



-

3.0 kN/M2


Isolated platform (for valve operation) 
-
2.5 kN/M2


Access way



-

2.5 kN/M2


Cross over



-

2.0 kN/M2

iii) Staircase
Technological structure

-

5.0 kN/M2

Service platform


-

2.5 kN/M2

iv) Walkway 

Gantry girder



-

3.0 kN/M2

In absence of any suitable provision for live loads in IS Codes (or as given above) for any particular type of floor or structure, the assumed loading shall be got approved from Company/Company’s representative.  Apart from the specified live loads, any other equipment load or possible overloading during construction/maintenance/erection shall also be considered in the design.

C)
Wind load
Wind loading shall be as per IS : 875.

Basic wind speed = 44 m/sec

Value of coefficients K1, K2, K3 shall be as given below:

K1 
=
1.00

K2
=
Factor for relevant class of the structure with category-3 

Terrain.

K3
=
1.00

The design life span of all structures shall be taken as 50 years.  

For the design of foundations for vertical vessels under hydro test condition minimum 25% wind load shall be considered.  To allow for surface area of piping, platforms and other attachments fixed to the equipment, the surface area exposed to the wind shall be increased by minimum 20%.

d)
Seismic load:
Seismic loading shall be as per provisions of IS – 1893.

e)
Impact & vibratory loads
Structures subjected to impact or vibratory loads shall be designed as per the provisions of IS: 875 & IS: 2974.
f)
Other loads:
Design of all structures shall also consider any other relevant stresses imparted to the structure due to variation in daily and seasonal temperature, water table, erection and maintenance loads, creep, shrinkage etc.
3.2 Soil information for foundation design:
The contractor shall carry out geotechnical investigation for the site as required.
3.3 Foundations:
3.3.1
The NGL (Natural ground level) and FGL (Finished ground level) shall be noted down on all the drawings and related design documents.
3.3.2
All machine/equipment foundations shall be separated from adjoining parts of buildings, other foundations and floor/pavement slabs.  Joints at floor/pavement slab shall be suitably sealed.
3.3.3 Equipment foundations shall be designed and detailed as per IS: 2974.  However, appendages to such foundations shall be reinforced suitably to ensure integral action.
3.3.4 For structures supported on strip footing of width one metre or less, suitable tie beams shall be provided connecting all the footings at the foundation level.
3.3.5 Raft foundations shall be designed as per IS: 2950.
3.3.6 RCC pile foundation shall be designed as per IS:  2911.
3.3.7 Factors of safety shall be as below  :
FACTORS OF SAFETY

	Type of structure
	Factor of safety against overturning
	Factory of safety against Sliding
	% of weight of overburden over projected plan area of footing

	
	Erection case
	Operating case
	
	

	Tall vessel
	1.5
	2
	1.5
	100


3.4 Special considerations for concrete structures
3.4.1 General:
· All structures, foundations, machine/equipment foundations, trenches, pits etc shall be designed based on the following IS Codes (latest revision) in general and other relevant IS Codes applicable :  IS : 456, 875, 1893, 2950, 2974, 3370, 4091, 4326, 4995, 4991, 4998, 13920.

· Only limit state method as per IS: 456 shall be followed in the design unless otherwise specified elsewhere in this document for special structures.

· All machine/equipment foundations, cable/pipe trenches shall be of RCC construction only.  Cable/pipe trenches shall be suitably sloped and provision shall be kept for draining out any accumulated water to nearest manholes/pits.

· While designing foundations at various levels, the bearing capacity at that particular level and also effect of uplift/subsoil water table shall be considered.

· All underground pits, tunnels, basements, cable trenches etc shall be leak-proof RCC structures where the specified design depth of ground water table so warrants.

· Intermixing of different concrete grades in the same structure/structural element shall not be allowed.

· Intermixing of different grades of steel (main reinforcement) in the same structure shall not be allowed.

· After construction, the structure shall be tested for its water tightness/leak proof-ness as per provisions of IS: 6494.

· Backfilling around underground structures shall be allowed only after the test results are found satisfactory by the Company/Company’s representative.

· From durability considerations the minimum cement content and the maximum water cement ratio for concrete shall be as given in general specification for plain and reinforced cement concrete No. ES-GSN-C-01.

3.4.2 Minimum Cover to Main Reinforcement (Subject to confirmation based on Soil Investigation) for RCC works shall be as under:
· Foundation slab, base slab, plinth beam


50 mm
· Pile Cap

a)
Bottom face:
100 mm
b)
Top face:
50 mm
3.4.3
Minimum thickness of structural concrete elements

    The following minimum thickness shall be followed:

-
Footings (All types including raft foundations

300 mm

(without beams)


(NOTE:  Tapered footings shall not have thickness less than 150 mm at the edges.  Minimum average thickness shall not be less than 300 mm).

-
Pile Cap






500 mm

-
Slab thickness in Raft foundations with beam

& slab construction





150 mm

-
Cable/pipe trench/launder walls & base slab

100 mm

3.4.4
Minimum cover to foundation bolts

Minimum distance from the center line of foundation/anchor bolt to edge of pedestal shall be the maximum of the following:

i) Clear distance from the edge of the base plate/base frame to the outer edge of the pedestal shall be minimum 50 mm.

ii) Clear distance from the face of pocket to the outer edge of the pedestal shall be 75 mm.

iii) Clear distance from the edge of the sleever or anchor plate to the edge of pedestal shall be 75 mm.
3.4.5
Minimum height of pedestals:
The projection of pedestals for staircase/ladder shall be 200 mm above finished floor level.  However, in the case of column foundation, the pedestal height and size shall be the same as that of existing shed.

3.4.6
Concrete mix
i) Reinforced cement concrete (RCC)
RCC shall be of design mix minimum M20, unless otherwise specified and conforming to IS: 456 using 20 mm and down size graded crushed stone aggregate. 

ii) Lean Concrete
Mud mat of minimum 75 mm thickness of lean concrete mix 1:5:10 (by weight, using 40 mm and down size grade crushed stone aggregate) shall be provided under all RCC foundations.

iii) Plain Cement Concrete (PCC)

Plain cement concrete mud mat of grade 1:4:8 (by weight) of minimum 150 mm thickness (using 40 mm and down size graded crushed stone aggregate) shall be provided under all masonry wall foundations.

Note:  Minimum cement content and water cement ratio shall be as per the specification No. ES-GSN-C-01.

3.4.7
Grouting & minimum grout thickness:
The minimum thickness of grout shall be 25 mm.

All anchor bolt sleeves/pockets and spaces under column bases, shoe plates etc shall be grouted with free flow, non-shrink (premix type) grout with 28 day minimum cube crushing strength of 40 N/mm2.  Neat cement shall not be used for grouting under any condition.  Ordinary cement sand (1:2) grout shall only be used under the base plates of cross-overs, short pipe supports (not exceeding 1.5 m height) and all operating platforms (not exceeding 2 m height) not supporting any equipment.

3.5 Special considerations for steel structures
3.5.1
General
Structural steel work shall include the following structures in general:

· Columns, beams and bracing etc.

· Roof, Truss, Purlins, Rafters, ties etc.

· Girders of EOT, supports etc

· Platform & walkways

· Ladders, staircases & hand railing
Design, fabrication and erection of the above work shall be carried out in accordance with the following IS Codes as applicable to the specific structures: IS: 800, 801, 802, 806, 814, 816, 875, 1893, 9178, 9595, and 6533.

3.5.2 Permissible stresses

a) Permissible stresses in structural members shall be as specified in:
IS: 800
Hot rolled sections

IS: 801
Cold formed light gauge sections

IS: 806
Tubular structures

b) Permissible stresses in bolts shall be as specified in:
IS: 800
Hot rolled sections

IS: 801
Cold formed light gauge sections.

c) Permissible stresses in welds shall be as specified in:
IS: 801
Cold formed light gauge sections.

IS: 816
Hot rolled sections

3.5.3 Permissible deflection
a) The permissible vertical deflection for structural steel members shall be as specified below:

Grating/Checkered plate:



L/200 or 6 mm whichever is less

Other structures/structural components:

As specified in relevant IS Codes.

 
Where ‘L’ represents the span.

b) The permissible horizontal deflection for multi storied steel structure/building shall be Height /325.

3.5.4 Minimum thickness
The minimum thickness of various structural components (Hot rolled sections) shall be as given:
a) General Construction :

Trusses, purlins & bracings



6 mm
Columns, beams





7 mm
b) Gussets in trusses & girders:
Up to and including 12 mm span



8 mm

Above 12 mm span





10 mm


Stiffeners






8 mm


Base plates






10 mm


Chequered plate





6 mm (on plain)


Grating






3 mm

Notes: 

1. The minimum thickness of structural components (except gratings & chequered plates) which are directly exposed to weather and inaccessible for repainting shall be 8 mm.

2. The minimum thickness of various structural components shall be as per IS: 802.

3. The minimum thickness for rolled beams and channels shall be mean flange thickness regardless of the web thickness.

4. The minimum thickness of tubes shall be as specified in IS : 806.

5. Structural members exposed to marked corrosive action shall be increased in thickness or otherwise suitably protected against corrosion.

3.5.5 Design criteria
Basic consideration of structural frame work shall primarily be stability, ease of fabrication/erection and overall economy satisfying relevant Indian Standard Codes of Practice and specifications given herein.

· Crane gantry girders shall generally be of welded construction and of single span length.  Chequered plate shall be used for gantry girder walkway flooring.

· All steel staircases shall have channels (minimum size MC 150) provided as stringers with minimum clear width of 750 mm and slope of 41 degree.  The vertical height between successive landing shall not exceed 4 meters.  Treads shall be minimum 230 mm wide made of grating (with suitable nosing) spaced equally so as to restrict the rise to maximum 200 mm.

· Ladders may be provided to platforms which do not require frequent access by the operating personnel.  Ladders shall be provided with safety cages when the top of the ladder is more than 4.5 m above the landing level.  Safety cages, where provided, shall start 2.5 meters above the lower landing level.  Ladders shall be of 450 mm clear width with 20 mm dia.  MS rungs spaced at 300 mm (maximum).  Ladders shall preferably be vertical, however, in no case shall the angle with the vertical exceed 5 degrees.

· Hand rails 1000 mm high, shall be provided to all walkways, platforms, stair cases.  Toe plate (100 mm x 5mm) shall be provided for all hand railing (except for stair cases).  Spacing of uprights shall be 1500 mm (maximum).  Two types of hand railing shall be provided.

· For walk ways, platforms (except circular platform around vessels), stair cases:  Top rail, mid rail and upright shall be 32 NB (M) MS tubes.

· MS gratings shall be of mild steel, Electro forged and minimum 25mm deep.  The maximum size of voids in the grating shall be limited to 30 mm x 55 mm.  All gratings shall be hot dip galvanized and it shall be done in accordance with IS: 2629 and tested as per IS: 2633 and IS: 6745.  Quantity of zinc coating shall be minimum 9 N/M2 of surface area (0.12 mm uniform thickness).

· Any connection shall have at least two erection bolts of 16 mm dia, unless limited by the size of members.  All connections shall be full strength welded connections except electrical switch yard structures and transmission towers which may have bolted connections.

· Minimum two nuts shall be used for all anchor bolts.

· Gusset plates of different thicknesses shall not be used in the same truss or girders.  Gusset plates for all bracings shall be of same thickness as that used for truss/girders unless a higher thickness is required by design.

· In pipe racks, 20 mm diameter plain round MS rod shall be welded at the top flange for full length on all transverse beams and at location where pipes are supported on longitudinal beams.

4.0 EARTH WORK 
4.1
Excavation:
Excavation for foundations of Air Compressor, maintenance room, columns of compressor shed and for plinth shall be carried out as per the general specifications attached with this Bid.
4.2     Earth filling
The back filling around foundation and plinth filling under floor shall be done to the lines and level shown in the indicative drawing.  Filling shall be done with selective non expansive soil and shall be carried out as per the general specifications attached with the Bid.

5.0 PLATFORMS:
All platforms on grade and on equipment shall be provided with hand rail and stair/ladder access.  The platforms shall also be suitably interconnected wherever required.  Platform floors shall be of grating and designed for specified loads.  All platforms, hand rail, stairs/ladders and grating shall be hot dip galvanized. 
6.0 MATERIAL REQUIREMENTS

Material for construction viz structural steel, cement, sand, coarse aggregates, and reinforcement steel, water etc shall conform respective IS Standards.

6.1
Water:
Water used in construction for all civil and structural works shall conform to the requirement of IS: 456.  

6.2
Aggregate (for concrete)
Coarse and fine aggregates for Civil and Structural Works shall conform in all respects to IS: 383. 

6.2.1
Storage of aggregates
· Storage of all types of aggregates at site of work shall be as specified in IS: 4082.  Aggregates shall in no case be stored near excavated earth or directly over ground surface.

· Fine aggregates delivered at site in wet condition or becoming wet due to rain or any other means, shall not be used for at least 24 hours.  For the use of such aggregates the contractor shall adjust the water content in accordance with IS: 2386 to achieve the desired mix.
6.3
Cement
Unless otherwise specifically called for cement to be used shall be one of the following:
Specification for 33 Grade ordinary Portland cement

IS: 269

Specification for Portland slag cement



IS: 455

Specification for Portland Pozzolana cement


IS: 1489

Specification for 43 Grade ordinary Portland cement

IS: 8112

Specification for 53 Grade ordinary Portland cement

IS: 12269

6.4
Steel
All steel bars, sections, plates, and other miscellaneous steel materials, etc shall be free from loose mill scales, rust as well as oil, mud, paint or other coatings.  The materials, construction specifications such as dimensions, shape, weight, tolerances, testing etc, for all materials covered under this section, shall conform to respective IS Standards.

6.5
Reinforcement bars
High strength Deformed Steel bars of minimum grade Fe 500, conforming to IS: 1786 shall be used.

6.6
Structural steel
Structural steel to be used for general structural purposes shall be of Grade-A conforming to IS: 2062. Structural steel sections shall conform to following IS specifications:


Steel tubes for structural purposes



IS: 1161


Mild steel tubes, tubulars and other wrought steel fittings
IS: 1239


Steel for general structural purposes (Grade A)


IS: 2062


Hollow steel sections for structural use



IS: 4923

6.7
Miscellaneous steel materials:
Miscellaneous steel materials shall conform to the following IS Specifications:
	Expanded Metal Steel Sheets for General purposes

	IS: 412

	Specification for mild steel and medium tensile steel bards And hard drawn steel wire for concrete reinforcement (Grade I) (For mild steel bars of anchor bolts, rungs, metal inserts, grating etc)
	IS: 432

	Hexagonal head bolts, screws & nuts of product Grade C
	IS: 1363



	Cold formed light gauge structural steel sections
	IS: 811

	Technical supply conditions for threaded steel fasteners
	IS : 1367

	Plain washers
	IS : 2016

	Steel wire ropes for general engineering purposes
	IS : 2266

	Thimbles for wire ropes
	IS : 2315

	Bulldog grips
	IS :  2361

	Mild Steel Tubes, tubulars and other wrought steel fillings

(For hand rail tubular sections).

	IS : 1239

	Drop forged sockets for wire ropes for general engineering

Purposes
	IS : 2485

	Steel chequered plates
	IS : 3502

	Hexagonal bolts and nuts (M 42 to M 150)
	IS : 3138




6.8
Anchor bolts:
Materials for Anchor Bolts such as MS bars, washers, nuts, pipe sleeves and plates etc shall be as per relevant IS Codes. 

6.9
Bricks
Bricks for masonry works shall conform to IS: 1077 – Specification for common burnt clay building bricks and shall be of class 5.0 (with minimum compressive strength of 5.0 N/mm2).  Physical requirements, quality, dimensions, tolerances etc of common burnt clay building bricks shall conform to the requirements of IS: 1077.

Testing of the bricks shall be done as per IS: 5454 and IS: 3495. 

6.10
Admixtures
i. General requirements for admixtures:
All concrete admixtures shall comply with the following Indian Standards:

Specification for integral cement water proofing compounds
IS: 2645

Specification for other admixtures for concrete


IS: 9103

Note: 
In case of non-availability of any IS Code for testing and acceptability criteria, relevant American, British or German Code shall be applicable.

ii. No admixture shall impair the durability of the concrete nor combine with the ingredients to form harmful compounds nor increase the risk of corrosion of reinforcement.  Use of admixtures shall not reduce the dry density of concrete.  Once the proportion of admixture has been established, strict check shall be maintained not to alter the proportions of ingredients and water cement ratio of the Design Mix during execution.

iii. The chloride contents in admixtures shall not exceed 2% by mass of the admixture or 0.03% by mass of the cement.

iv. Admixtures which do not meet the requirements stipulated in this document shall not be used.

7.0 CONSTRUCTION REQUIREMENTS

i. All concrete works shall be carried out as per the provisions of IS : 456,   IS : 3370, IS : 2974 and other relevant IS Codes, Concrete Mix proportioning and Design mix; Sampling and strength test of concrete; Testing of Structures, Production and Control of Concrete; Transporting, Placing, Compacting and Curing etc shall be as specified in Specification No. ES-GSN-C-01.

ii. Continuous concreting shall be done for structures supporting dynamic equipment as per the provisions of IS: 2974.
iii. Fabrication of all structural steel works shall be carried out as per the provisions of IS: 800/801/802/806 and other relevant IS Codes.  Fabrication shall include cleaning, straightening, cutting, bending, holding, bolting, welding, machining, painting, marking, assembling, erecting, inspecting and testing etc.

iv. Erection of all structural steel works including supply of plant & equipment, storing and handling, setting out, field connections, field welding and security during erection shall conform to IS: 800/801/802/806.

v. All masonry works shall be carried out as per the provisions of IS: 1597/2212/4326 and other relevant IS Codes.

vi. The limits of dimensional tolerances for all works shall be as per specification No. ES-GSN-C-01. 

Note: 
The LSTK contractor shall be responsible for the complete safety pertaining to all construction works.
8.0  SPECIFIC REQUIREMENTS:
Apart from the conditions mentioned in the Design Requirements given in the document, the following shall be strictly adhered to:
8.1
Review of design and approved for construction (AFC) drawings:
i. General philosophy of designs of all parts of all the structures and equipment foundations along with explanatory sketches and basis of design/analysis shall be submitted and got reviewed by Company/Company’s representative before the contractor proceeds with the final design and construction drawings.

ii. Complete structural design and AFC drawings shall be got reviewed by Company/Company’s representative in detail before taking up any construction activity at the work site. Requisite number of prints (as mentioned elsewhere) of design calculations and AFC drawings shall be sent to Company/Company’s representative.  Submission of typical review category documents shall be taken up prior to corresponding information category documents.  Company/Company’s representative comments on typical review category documents shall be duly taken care in information category documents as well before issuing them for construction.

iii. The design and drawings for each independent building/structure shall be submitted by the contractor in one lot so as to facilitate an overall systematic review.  Incomplete lots shall be returned without review.

iv. Structural design and drawings for any structure/equipment foundation shall be submitted only after the reference Architectural drawings/equipment data sheets and GA drawings/vendor drawings have been reviewed (in at least code – 2) by Company/Company’s representative.  Copies of these reviewed reference documents shall also be submitted along with structural design and drawings while submitting them to Company/Company’s representative for review.

v. Usage of in-house developed software packages shall not be permitted.  STAAD-III and COSMOS shall only be used for analysis and design of structures.  However, STAAD-III shall not be used for dynamic analysis of machine foundations.

vi. Wherever computer software is used for analysis/design/drafting, the following shall be submitted along with detail design and drawings.

· The complete print out of input and output files along with the processed input and sketches of the model used.

· The relevant sketches containing complete geometrical details like members, node numbers and their properties, loading details etc.

· Summary of member forces, stress ratios and deflections considered for the design of all members.

8.2
The grade of concrete shall be minimum M 20 and steel Fe 500 conforming to IS: 1786. Sulphate resistant cement shall be used.  The cement content for concrete shall not be less than 400 Kg/M3 with water cement ratio of 0.50.
8.3
Contractor shall furnish the BULK MTO for cement and High Strength Deformed bars (diameter wise) and Structural Steel (Section wise) within 15 days from the date of receipt of LOI/TOI.
8.4
The Contractor shall furnish the quantities of different grades of concrete, reinforcement and structural steel in the respective AFC drawings.
8.5
Sequence of construction is to be shown on the AFC drawings by indicating construction joints wherever required.

8.6
Minimum thickness of grout shall be 25 mm or as per manufacturer’s specification whichever is higher.

8.7
Vendor shall depute his concerned Civil Structural design engineer to Company/Company’s representative review office as and when required for review of his documents.  During such reviews involving computer aided analysis/design/drafting of structures, Vendor shall make his own arrangement of Personal Computer (PC) in the form of Lap top in the premises of Company/Company’s representative review office.  This is required to resolve all the comments including those involving the use of PC by Vendor in his submission.  Vendor shall ensure that these PC’s are fully operational along with necessary software already loaded including the Input/Output/Drawing files of the structures being reviewed.  The vendor shall revise and re-submit the Analysis/Design and Drawings as required during review.
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1.0
Scope

This specification establishes the materials, mixing, placing, curing, etc. of all types of cast-in-situ and pre-cast concrete used in foundations, underground and over-ground structures, floors, etc.  Any special requirements as shown or noted on the drawings shall supersede over the provisions of this specifications.

1.1
Reference Codes:

Apart  from this specification, construction of plain and reinforced concrete works shall be in accordance with the Indian Standard Code of Practice for “Plain and Reinforced Concrete” IS:456 and other relevant codes mentioned therein.
In case of conflict between the clauses mentioned in this specification and those   in the Indian Standards, this specification shall govern.
2.0
Materials:

Materials for concrete viz. Cement, sand, coarse, aggregate, water, etc. shall confirm respective IS Standards.

Materials for reinforcements, shall be high strength deformed bars of minimum grade Fe 500, conforming to IS 1780.
3.0
Grades of Concrete

Unless otherwise noted on drawings, or specifically mentioned, the grades of concrete shall generally be as per Table – 1.
	TABLE – 1:  Grades of Concrete

	Grade Designation
	Characteristic Compressive strength of 15 cm cube at 28 days (N/mm2) 

	     M 15

     M 20

     M 25

     M 30

     M 35

     M 40
	                15

                20

                25

                30

                35

                40


The characteristic strength is defined as the strength of material below which not more than five (5) percent of the test results are expected to fall.
4.0 Type of Concrete Mix:
Unless otherwise noted on drawings or specifically mentioned, all lean and reinforced concrete shall be nominal mix and design mix types respectively.

Nominal Mix Concrete

This concrete shall be made (without preliminary tests) by adopting nominal concrete mix with proportions of materials as specified in Table 1A.
	TABLE  -  1A :  Proportions For Nominal Mix Concrete

	Nominal mix of concrete (by mass )
	Quantity of water per 50 Kg. of cement  Litres (max)

	          1:5:10

          1:4:8

          1:3:6
	              60

             45

             34


Notes:

· The proportions of the fine to coarse aggregates should be adjusted from upper limit to lower limit progressively as the grading of the fine aggregates becomes finer and the maximum size of coarse aggregates becomes larger.  'Graded coarse aggregates shall be used.

· The cement content of the mix shall be proportionately increased if the quantity of water in a mix has to be increased to overcome the difficulties of placement and compaction, so that the water-cement ratio, as specified, is not exceeded.
Design Mix Concrete

The mix shall be designed to produce the grade of concrete having the required workability and characteristic strength not less than appropriate values given in Table–1.

As long as the quality of materials does not change, a mix design done earlier shall be considered adequate for later work.  However, in case the quality of materials changes, the Company representative may ask for a new design mix.

While designing the mix, the durability requirements as given in IS:456 shall also be taken into account.
5.0
Concrete Mix Proportioning

Proportioning, as used in this specification, shall mean the process of determining the proportions of the various ingredients to be used to produce concrete of the required, strength, workability, durability and other properties.

The Company representative shall verify the strength of the concrete mix, before giving his sanction of its use.  However, this does not absolve the Contractor of his responsibility as regards achieving the prescribed strength of the mix.  If during the execution of the work, cube tests show lower strengths than required, the Company representative shall order fresh trial mixes to be made by the Contractor.  No extra claim shall be entertained due to such changes in mix variations. Preliminary mix designs shall be established well ahead of start of work.  The design mix shall conform to the guidelines of IS: 10262.

5.1

Maximum Density

Suitable proportions of sand and the different sizes of coarse aggregates for each grade of concrete shall be selected to give as nearly as practicable the maximum density.  This shall be determined by mathematical means, laboratory tests, field trials and suitable changes in aggregate gradation.  The contractor shall submit to the Company representative at least three sets of mix design and corresponding test results after varying the mix proportions and / or grading of aggregate so as to establish the maximum density of any particular grade of concrete.
5.2

Water-Cement Ratio:
Once a mix, including its water-cement ratio, has been determined and approved for use by the Company representative, that water-cement ratio shall be maintained. The Contractor shall determine the water content of the aggregates frequently as the work progresses, and the amount of mixing water shall be adjusted so as to maintain the approved water-cement ratio.  Maximum water-cement ratio shall never exceed the values given in IS:456 and IS:4651 for various exposures and sulphate attack conditions from durability considerations.

5.3

Consistency

The concrete shall have a consistency such that it shall be workable in the required position and when properly vibrated it flows around reinforcing steel, all embedded fixtures, etc.

5.4

Workability:
5.4.1
The concrete mix proportion shall be such that the concrete is of adequate workability for the placing condition and can be properly compacted with the means available.  Use of plasticiser / super-plasticiser of approved make shall be taken recourse to where required for attaining proper workability as specified under clause 5.4.2 below.  However, prior written approval of the Company representative shall be obtained for any such use of plasticiser / super-plasticiser before submitting the proposed design-mix for approval.  Where adequate workability is difficult to obtain at maximum permissible water-cement ratio, increased cement content shall also be alternatively considered while designing the mix proportions.

5.4.2
The suggested ranges of values of workability of concrete measured in accordance with IS:1199 are indicated in Table–2 below.  However, the actual values to be followed shall be established depending on aggregate sizing, mix proportions, placing conditions, etc and shall be got approved by the Company representative. 

	TABLE – 2 :   Values of Workability

	Placing conditions
	Degree of workability
	Values of workability

	Concreting of shallow sections with vibration.
Concreting of lightly reinforced sections with vibration

Heavily reinforced sections with vibration
	Very low

Low

Medium
	20-10 seconds vee-bee time or 0.75-0.80 compacting factor.

10-5 seconds vee-bee time or 0.80-0.85 compacting factor.

5-2 seconds vee-bee time or 0.89-0.92 compacting factor or 25-75 mm slump for 20 mm aggregate.


5.5

Durability

For achieving sufficiently durable concrete, strong, dense aggregates, low water-cement ratio and adequate cement content shall always be used.  Workability of concrete shall be such that concrete can be completely compacted with the means available.  Leak-proof form work shall be used so as to ensure no loss of cement-slurry during pouring and compaction.  Cover to reinforcement shall be uniform and as shown in drawings.  Concrete mix design shall always take into account the type of cement, minimum cement content irrespective of the type of cement and maximum water-cement ratio conforming to the exposure conditions as given in Table 2A.

	TABLE   -  2A : Minimum Cement Content & Maximum Water Cement Ratio For Durability

	Exposure
	Type of
	Plain Concrete
	Reinforced Concrete

	
	Cement
	Min. Cement Content (Kg/m3)
	Max. Water-Cement Ratio
	Min. Cement Content (Kg/m3)
	Max. Water-Cement Ratio

	Normal
	OPC*/

PPC*/

PSC*
	Nominal mix as shown on drawings
	0.6
	300
	0.55

	Moderate
	OPC*/

PPC*/

PSC*/ SRC*/ SSC*
	250
	0.6
	350
	0.50

	Severe
	OPC*/

PPC*/

PSC*/ SRC*/ SSC*
	310
	0.45
	400
	0.45


Notes:

1
Severe exposure shall include structures exposed to sea or saline water (e.g. tidal rivers, brackish water, estuaries, etc.), alternate wetting and drying, freezing whilst wet and subject to heavy condensation or corrosive environment.  This shall also include structures exposed to sulphate and / or chloride attack due to presence of these chemicals in Soil and ground water.  Total SO3 content of 0.2% and above in Soil and 300 ppm in ground water shall be considered to constitute severe exposure.  Similarly, chloride (as Cl) content exceeding 1500 ppm in ground water or soil shall be considered as severe exposure condition.

2 
Structures subjected to aggressive environment below the minimum limits expressed in Note-1 above and/or those in industrial / chemical atmosphere shall be considered under moderate exposure.  Also, any concrete structure in contact with water or retaining water or any other liquid not usually harmful to concrete shall be considered under moderate exposure.

3
All other environmental conditions not covered under Notes – 1 & 2 shall be categorised under Normal exposure.

*OPC
-
Ordinary lowheat Portland Cement

*PPC
-
Portland Pozzolana Cement

*PSC
-
Portland Slag Cement

*SRC
-
Ordinary portland Cement

*SSC
-
Super Sulphated Cement

6.0
Batching

6.1
In proportioning concrete, the quantity of both cement and aggregate shall be determined by mass.  Where the mass of cement is determined on the basis of mass of cement per bag, a reasonable number of bags shall be weighed periodically to check the net mass.  Where the cement is weighed at site and not in bags, it shall be weighed separately from the aggregates.  Water shall be either measured by volume in calibrated tanks or weighed.  Any solid admixtures there are to be added, shall be measured by mass; liquid and paste admixtures shall be measured by volume or mass.  Batching plant, where used, shall conform to IS:4925.  All measuring equipment shall be maintained in a clean serviceable condition, and their accuracy periodically checked.

6.2
Except where it can be shown to the satisfaction of the Company representative that supply of properly graded aggregate of uniform quality can be maintained over the period of work, the grading of aggregate shall be controlled by obtaining the coarse aggregate in different sizes and blending them in the right proportions when required, different sizes being stacked in separate stock piles.  The grading of coarse and fine aggregates shall be checked frequently, the frequency for a given job being determined by the Company representative to ensure that the approved grading is maintained.

6.3
Under special circumstances, change from weigh batching to appropriate volume batching may be permitted by Company representative on specific request from the Contractor.  However, in such cases all conversions from mass of ingredients to volume shall be based on actual and appropriate bulk densities physically measured at site and approved by the Company representative.
6.4
The amount of added water shall be adjusted to compensate for any observed variations in the moisture contents in both fine and coarse aggregates.  For the determination of moisture content in the aggregates, IS:2386 (Part-III) may be referred to.  To allow for the variation in mass of aggregates due to variation in their moisture content, suitable adjustments in the mass of aggregate shall also be made.  In the absence of exact data, only in the case of nominal mixes, the amount of surface water may be estimated from the values given in Table – 3.

	TABLE –3 :  Surface Water Carried By Aggregate

	Aggregate
	Approximate quantity of surface water

	
	Percent by mass
	Litre/m3

	Very wet sand

Moderately wet sand

Moist sand

Moist Gravel or Crushed Rock
	7.5

5.0

2.5

1.25 –2.5
	120

80

40

20-40


6.5
No substitutions in materials used on the work or alterations in the established proportions, except as permitted in 6.4 shall be made without additional tests to show that the quality and strength of concrete and satisfactory.  In case the Contractor proposes any change in the already approved mix design, fresh mix design with supportive laboratory tests shall be submitted to the Company representative and his approval has to be obtained prior to using the revised mix proportion in the works.  However, such proposals for revision shall only be entertained in case of successive failure of test cubes to achieve the required strength.
7.0
Concrete Mixing

7.1   
The mixing of concrete shall be strictly carried out in an approved type of mechanical concrete mixer.  The mixing shall be continued until there is a uniform distribution of the material and the mass is uniform in colour and consistency.  If there is segregation, after unloading from the mixer, the concrete shall be re-mixed.

7.2
Mixer

7.2.1
Mixers shall comply with IS:1791 and shall be maintained in satisfactory operating condition.  Mixer drum shall be kept free of hardened concrete and blades shall be replaced when worn down more than ten percent (10%) of their depth.  Should any mixer at any time produce unsatisfactory results, leak mortar or cause waste of materials its use shall be promptly discontinued until it is repaired.

7.2.2
Mixing Time

Mixing time shall be as indicated in the following table.  Excessive mixing requiring additions of water shall not be permitted. Time shall start when all solid materials are poured in the revolving mixer drum, provided that all of the mixing water shall be introduced before one-fourth of the mixing time has elapsed.  The Company representative may, however, direct a change in the mixing time, if he considers such a change necessary.
	Capacity of mixer
	Minimum mixing time

	2 m3 or less

3 m3
5 m3
	1 ½ minutes

2 ½ minutes

3  minutes


All records and charts for the batching and mixing operations shall be prepared and maintained by the Contractor as per the instructions of the Company representative.

7.3    Hand Mixing:
Hand mixing of concrete shall not be permitted.  However, for non-critical structures located at far away isolated places, this may be permitted by the Company representative as a special case.  Ten percent (10%) extra cement shall have to be added to the normal mix when mixed by hand.  It shall be carried out on a water tight platform and care shall be taken to ensure that mixing is continued until the mass is uniform in colour and consistency.  No extra payment shall be made to the Contractor for mixing by hand or for using extra cement due to hand mixing.
7.4
Admixtures      

Admixtures in concrete shall be used only with the prior approval of the Company representative. Any admixture used for obtaining proper workability or leak-proofness of concrete or repair /rendering works of concrete due to non-conformance to the specifications shall not be paid for.  All costs relating to such usage shall be borne by the Contractor.
8.0
Transportation, Placing & Compaction.
8.1
General

The entire concrete placing programme including transportation arrangements, deployment of equipment, layout, proposed procedures and methods, shall be submitted to the Company representative 24 hours prior to concreting, for approval.  No concreting shall be placed until his approval has been received.  Approval of the Company representative for pouring concrete, shall be taken as ‘conveyed’, when the concrete pour card is signed by him.
8.1.1
Chuting

The use of long troughs, chutes and pipes for conveying concrete from the mixer to the forms shall be permitted only on written authorization from the Company representative.  In case an inferior quality of concrete is produced by the use of such conveyors, the Company representative may order discontinuance of their use and the substitution of a satisfactory method of placing the concrete.  Open troughs and chutes shall be equipped with baffles and be in short lengths to avoid segregation.  Chutes shall be designed so that the concrete is, to some extent, re-mixed at the lower end by passing down through a funnel shaped pipe or drop chute.
Alternatively, they shall discharge into a storage hopper  from which the concrete shall be transported to the point of placing by wheel barrows or other means.  Where drop chutes are used, a sufficient number of these must be provided, so that the concrete discharged from the chute is not required to flow laterally more that 1.0 metre.  Where a drop chute is swung from the vertical, the bottom two sections must be maintained in a vertical position to avoid segregation.  
The addition of water at any point in the system of transportation, to facilitate the movement of concrete shall not be permitted.  All chutes, troughs and pipes, shall be kept clean and free from coatings of hardened concrete by thoroughly flushing them with water after each run;  water used for flushing shall be discharged clean  of the structure.  Concrete shall not be normally permitted to fall freely from a height of more than 1.5 metre nor to strike the forms at an angle.  However, a deviation from this normal practice may be allowed provided proper precaution is taken, while placing concrete into the forms to avoid segregation, to the satisfaction of the Company representative
8.1.2
Vibrators

Concrete shall be compacted with mechanical vibrating equipment supplemented, if necessary to obtain consolidation, by hand spreading, rodding and tamping.  The vibrators shall be of immersion type with operational frequency ranging between 8,000 to 12000 vibrations per minute.  All vibrators shall comply with IS:2505.  Screed board concrete vibrators or concreting vibrating tables or form vibrators conforming to IS: 2506, 2514 and 4656 respectively shall be used where specifically required and directed by Company representative.
8.1.3
Immersion type vibrators shall be inserted in a vertical position at intervals of about 600mm, depending upon the mix, the equipment used, and experience on work.  The vibrators shall be withdrawn slowly.  The spacing shall provide some overlapping of the area vibrated at each insertion.  In no case shall vibrators be used to transport concrete inside the forms. Over vibration or under vibration shall not be permitted as both are harmful.  Hand tamping in some case may be allowed subject to the approval of the Company representative.
8.1.4
In placing concrete in layers which are advancing horizontally as the work  progresses, great care shall be exercised to ensure adequate vibration, bonding and moulding of the concrete between the succeeding batches.

8.1.5
The vibrator shall penetrate the layer being placed and also penetrate the layer below while the under layer is still plastic to ensure good bond and homogeneity between the two layers and prevent the formation of cold joints.

8.1.6
Care shall be taken to prevent contact of vibrators against all embedded reinforcing steel or inserts.  Vibrators shall not be allowed to come in contact with forms.

8.1.7
The use of form vibrators shall not be permitted for compaction of in-situ concrete without specific authorization of the Company representative.
8.1.8
The use of surface vibrators of screed board type shall not be permitted for consolidation of concrete under ordinary conditions.  However, for thin slabs (of thickness less that 200mm ) surface vibration by such vibrators may be permitted, upon approval of the Company representative .

8.1.9
Whenever vibration has to be applied externally, the design of formwork and the disposition of vibrators shall be carefully planned to ensure efficient compaction and to avoid surface blemishes.

8.2
Transportation

8.2.1
All concrete shall be conveyed from the mixer to the place of final deposit as rapidly as possible in suitable buckets, dumpers, containers or conveyors which shall be mortar leak tight.  Care shall be taken to prevent the segregation or loss of the ingredients and maintaining the required workability.
8.2.2
During hot or cold weather, concrete shall be transported in deep containers.  Other suitable methods to reduce the loss of water by evaporation in hot weather and heat loss in cold weather may also be adopted.  All equipment used for transporting and placing of concrete shall be maintained in clean condition.  All buckets, hoppers, chutes, dumpers and other equipment shall be thoroughly cleaned after each use.

8.3
Placing and compaction

8.3.1
Before placing concrete, all soil surfaces upon which or against which concrete is to be placed shall be well compacted and free from standing water, mud or debris.  Soft or yielding soil shall be removed and replaced, with lean concrete or with selected soils/sand and compacted to the density as directed by Company representative.  The surface of absorptive soil (against which concrete is to be placed) shall be moistened thoroughly so that moisture is not drawn from the freshly placed concrete.

8.3.2
Concrete shall not be placed until the formwork, the placement of reinforcing steel, embedded parts; pockets etc. have been inspected and approved by the Company representative.  Any accumulated water on the surface of the bedding layer shall be removed by suitable means before start of placement.  No concrete shall be placed on a water covered surface.

8.3.3
Concrete shall be discharged by vertical drop only and the drop height shall not normally exceed 1.5 metre throughout all stages of delivery until the concrete comes to rest in forms.  For continuous concreting operation windows of suitable size shall be kept in the formwork or chutes shall be used to avoid segregation of concrete.

8.3.4
Concrete shall be deposited as near as practicable in its final position to avoid re-handling.  Concrete shall be placed in successive horizontal layers.  The bucket loads, or other units of deposit, shall be placed progressively along the face of the layer with such over-lap as will facilitate spreading the layer of uniform depth and texture with a minimum of hand shovelling.  Any tendency to segregation shall be corrected by shovelling coarse aggregates into mortar rather than mortar on the coarse aggregates.  Such a tendency for segregation shall be corrected by redesign of mix, change in process or other means, as directed by the Company representative.
8.3.5
All struts, stays and braces (serving temporarily to hold the forms in correct shape and alignment pending the placing of concrete at their locations) shall be removed when the concrete placing has reached an elevation rendering their service unnecessary.  These shall not be buried in the concrete.  Concrete shall be thoroughly compacted with vibrators and fully worked around the reinforcement, embedded fixtures and into corners of formwork before setting commences and shall not be subsequently disturbed.  Methods of placing shall be such as to preclude segregation.  The formation of stone-pockets or mortar bondage in corners and against face forms shall not be permitted.  Should these occur, they shall be dug out, reformed and refilled to sufficient depth and shape for thorough bonding as directed by the Company representative.  Care shall be taken to avoid displacement of reinforcement and embedded inserts or movement of formwork.

8.3.6
Unless otherwise approved, concrete shall be placed in single operation to the full thickness of foundation rafts, slabs, beams and similar members.  Concrete shall be placed continuously until completion of the part of work between approved construction joints or as directed by the Company representative.
8.3.7
The method of placing and compaction employed in any particular section of the work shall be to the entire satisfaction of the Company representative.
8.3.8
During hot weather (atmospheric temperature above 40 degC) or cold weather (atmospheric temperature below 5 degC) the concreting shall be done as per the procedure set out in IS:7861.

8.3.9
Concrete that has set standing and becomes stiffened shall not be used in the work.

8.4
Items Embedded in Concrete
8.4.1
Concreting shall not be started unless the electrical conduits, pipes, fixtures etc wherever required, are laid by the concerned agency.  The Contractor shall afford all the facilities and maintain co-ordination of work with other agencies engaged in electrical and such other works as directed by the Company representative.
8.4.2
Before concreting, the Contractor shall provide, fabricate and lay in proper position all metal inserts, anchor blots, pipes etc (which are required to be embedded in concrete members) as per relevant drawings and directions of Company representative.
8.4.3
All embedment, inserts etc. shall be fully held and secured in their respective positions by the concerned agencies to the entire satisfaction of Company representative so as to avoid any dislocation or displacement during the concreting to maintain these embedment/inserts in their exact locations.

 9.0
Construction Joints

9.1
Construction joints shall be provided in position as shown or described on the drawings or as directed by the Company representative.  Such joints shall be kept to the minimum.  These shall be straight and at right angles to the direction of main reinforcement.

9.2
In a column, the joint shall be formed about 100mm to 150mm below the lowest soffit of the beams    framing into   it.  Concrete in a beam and slab shall be placed throughout without a joint but if the provision of a joint is unavoidable, the joint shall be vertical and located within 1/3 to ¼ of the span, unless otherwise shown on the drawings.

9.3
When stopping the concrete on a vertical plane in slabs and beams, an approved stop board shall be placed with necessary slots for reinforcement bars.  The construction joints shall be keyed by providing a triangular or trapezoidal fillet nailed on the stop board.  Inclined joints shall not be permitted.  Any concrete flowing through the joints of stop board shall be removed soon after the initial set.  When concrete is stopped on a horizontal plane, the surface shall be roughened and cleaned after the initial set and a triangular or trapezoidal groove shall be provided for keying with the new concrete later.

9.4
When the work has to be resumed on a surface which has hardened, such surface shall be cleared of any foreign materials and roughened to expose the tips of the coarse aggregate.  It shall then be swept clean and thoroughly washed and wetted before any new concrete is poured.  Any set mortar or concrete sticking to the exposed reinforcing rods in and around such joints shall be thoroughly removed.  The reinforcement shall be wire brushed and washed just before pouring any cement slurry or mortar.  For vertical joints neat cement slurry shall be applied on the surface before it is dry.  For horizontal joints the surface shall be covered with a layer of mortar about 10 to 15mm thick composed of cement and sand in the same ratio as the cement and sand in concrete mix.  This layer of cement slurry or mortar shall be freshly mixed and applied immediately before placing new concrete.

9.5
Where the concrete has not fully hardened, all laitance shall be removed by scrubbing wet surface with wire or bristle brushes, care being taken to avoid dislodgement of particles of aggregate.  The surface shall be thoroughly wetted and all free water removed.  The surface shall then be coated with neat cement slurry.  On this surface, layer of concrete not exceeding 150mm in thickness shall first be placed and shall be well rammed against old work, particular attention being paid to corners and close spots; work thereafter shall proceed in normal way.

10.0
Separation Joint

Separation joint shall be obtained by using an approved alkathene sheet stuck on the surface against which concrete shall be placed.  Adequate care shall be taken to cause no damage to the sheet.

11.0
Expansion Joints/Isolation Joint

Expansion/Isolation joints in structures shall be formed in the positions and to the shapes shown in the relevant drawings.  Joints shall be filled with joint fitting material as stipulated in the drawings/as directed by the Company representative.  Isolation joints shall be provided around all equipment foundations, columns, pedestals, trenches etc on grade.
12.0 Water Stops
i. PVC water stops shall be accurately cut, fitted and integrally joined as per manufacture’s specifications to provide a continuous, watertight diaphragm at all points.

ii. The water stops shall be located and embedded at expansion/contraction/construction joints as indicated in the drawings or directed by the Company representative.

iii. Adequate provision shall be made for the support and protection of water stops during the progress of the work.  Damaged water stops shall be replaced and/or repaired as directed.

13.0
Protection of Freshly Laid Concrete

Newly placed concrete shall be protected, by approved means, from rain, sun and wind.  Concrete placed below the ground level shall be protected from falling earth during and after placing.  Surface shall be kept free from contract with such ground or with water draining from such ground during placing of concrete for a period of at least 3 days unless otherwise directed by the Company representative.  The ground water around newly poured concrete shall be kept to an approved level by pumping or other approved means of drainage and adequate steps shall be taken to prevent floatation and flooding.  Steps shall be taken to protect immature concrete from damage by debris, loading, vibration, abrasion, mixing with deleterious materials that may, in the option of the Company representative, impair the strength and/or durability of the concrete.

14.0
Curing
14.1
Concrete shall be cured by keeping it continuously moist wet for the specified period of time to ensure complete hydration of cement and its hardening.  Curing shall be started after 8 hours of placement of concrete, and in hot weather after 4 hours.  The water used for curing shall be of the same quality as that used for making of concrete.

14.2
Curing shall be assured by use of an ample water supply under pressure in pipes, with all necessary appliances such as hose, sprinklers etc. A layer of sacking, canvas, hessian, or other approved material, which will hold moisture for long periods and prevent loss of moisture from the concrete, shall be used as covering.  Type of covering which would stain, disfigure, or damage the concrete, during and after the curing period, shall not be used.  Only approved covering shall be used for curing.

14.3
Exposed surfaces of concrete shall be maintained continuously in a damp or wet condition for at least the first 7 days after placing of concrete, except that high early strength concrete shall be so maintained for at least the first 3 days.

14.4
The contractor shall have all equipment and materials required for curing on hand and ready to use before concrete is placed.

14.5
For curing the concrete in pavements, floors, flat roofs or other level surfaces, the ponding method of curing is preferred after the expiry of first 24 hours during which (i.e first 24 hours) the concrete shall be cured by use of wet sacking, canvas, hessian etc.  The minimum water depth of 25mm for ponding shall be maintained.  The method of containing the ponded water shall be approved by the Company representative.  The ponded areas shall be kept continuously filled with water, and leaks, if any, shall be promptly repaired.  Areas cured by ponding method shall be cleared of all debris and foreign materials after curing is over.

14.6
Alternatively, membrane curing may be used in lieu of moist curing with the permission of the Company representative.  Such compounds shall be applied to all exposed surfaces of the concrete by spraying or brushing as soon as possible after the concrete has set.  Minimum film thickness of such curing compounds shall be as per the recommendation of the manufacturer so as to obtain an efficiency of 90% as specified by BS-8110.  This film of curing compound shall be fully removed from the concerned surface after the curing period specified earlier.  Company representative may not allow curing by curing compounds for those surfaces where use of curing compound may be detrimental to future finishes according to him.

15.0
Field Tests

15.1
Grading Test

Grading test on fine and coarse aggregates shall be carried out as per IS: 2386 at intervals specified by the Company representative.

The mandatory tests and their frequencies shall be done on sand and stone aggregates as given in Table-4.

	TABLE  -4 :  Mandatory Tests On Sand & Stone Aggregates

	Sl.No
	Mate-rial
	Test
	Field/

Lab Test
	Min.Qty.of Material/Work for carrying out the Test
	Frequency of Testing

	1


	Sand


	Bulking 

of sand


	Field


	20m3


	Every 20 m3  or part thereof or more frequently as decided by the Company representative 

	
	
	Silt content
	Field


	20m3


	-do-



	
	
	Particle size

Distri-bution
	Field or Lab as decided by Company representative 
	40m3

	1. Every 40m3  of fine aggregate/sand required in RCC works only.

2. Every 80m3 of fine aggregate /sand required for other items.

	2.
	Stone 

aggre- gate
	Percentage

of soft or

Deleterious materials


	General visual inspection, laboratory test where required by Company representative or as specified.
	As required by Company representative 

	For all quantities



	
	
	Particle size distri-bution
	Field or lab. as required by Company representative 
	45 m3


	For every 45m3 or part thereof as decided by Company representative 



	
	
	Ten percent Fine value
	Laboratory
	45 m3


	Initial test and subsequent test as and when required by Company representative 


15.2 Vee-Bee Test/Slump Test of Concrete
At least one Vee-Bee Test/Slump Test shall be made for every compressive strength test carried out.  More frequent tests shall be made if there is a distinct change in working conditions or if required by the Company representative.
15.3 Strength Test of Concrete:
15.3.1
Samples from fresh concrete shall be taken as per IS: 1199 and cubes shall be made cured and tested at 28 days in accordance with IS: 516.

15.3.2
In order to get a relatively quicker idea of the quality of concrete, optional tests on beams for modulus of rupture at 72+/-2 hours or at 7 days, or compressive strength tests at 7 days may be carried out in addition to 28 days compressive strength tests.  For this purpose, the values given in Table –5 may be taken for general guidance in the case of concrete made with ordinary portland cement.  In all cases, the 28 days compressive strength specified in Table I shall alone be the criterian for acceptance or rejection of the concrete from strength consideration.  If however, from tests carried out in a particular work over a reasonably long period, it has been established to the satisfaction of Company representative that a suitable ratio between 28 days compressive strength and the modulus of rupture at 72 +/- 2 hours or compressive strength at 7 days may be accepted, the Company representative may suitably relax the frequency of 28 days compressive strength specified in Clause 15.3.4, provided the expected strength values at the specified early age are consistently met.  However, set of test cubes for 28 days strength test shall always be taken and maintained to cater to any contingencies in the event of failure of 7 days strength.

15.3.3
Procedure

A random sampling procedure shall be adopted to ensure that each concrete batch shall have a reasonable chance of being tested, that is the sampling should be spread over the entire period of concreting and cover all mixing units.

	TABLE – 5 :   Optional Test Requirement Of Concrete

	
	Modules of Rapture by Beam Test, at Minimum

	Grade of Concrete
	Compressive strength on 15cm cubes minimum at 7 days (N/mm2)
	72 +/-2 hours (N/mm2)
	7 days

(N/mm2)

	M 15

M 20

M25

M30

M35

M40
	10.0`

13.5

17.0

20.0

23.5

27.0
	1.5

1.7

1.9

2.1

2.3

2.5
	2.1

2.4

2.7

3.0

3.2

3.4


15.3.4
Frequency of Sampling:

The minimum frequency of sampling of concrete for each grade shall be in accordance with the following:-

	Quantity of Concrete in the work in m3
	Number of samples

	1-5

6-15

16-30

31-50

51 & above
	1

2

3

4

4 plus one additional sample for each additional 50m3 or part thereof.

	Note:  At least one sample shall be taken from each shift.


15.3.5
Test Specimen

Three test specimens shall be made from each sample for testing at 28 days.  Additional cubes may be required for various purposes such as to determine the strength of concrete at 7 days or at the time of striking the formwork, or to determine the duration of curing, or to check the testing error.  Additional cubes may also be required for testing cubes cured by accelerated methods as described in IS: 9013.  The specimen shall be tested as described in IS : 516.
15.3.6
Test Strength of Sample

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.
15.3.7
Standard Deviation

(i)  Standard deviation based on test results:

a) Number of test results:  The total number of test results required to constitute an acceptable record for calculation of standard deviation shall be not less than 30.  Attempts should be made to obtain the test results, as early as possible, when a mix is used for the first time.

b) Standard deviation to be brought up to date:  The calculation of the standard deviation shall be brought up to date after every change of mix design and at least once a month.
(ii) Determination of Standard Deviation.

a) Concrete of each grade shall be analyzed separately  to determine its standard deviation.

b) The standard deviation of concrete of a given grade shall be calculated using the following formula from the results of individual tests of concrete of that grade obtained as specified in 15.3.6.
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Estimated Standard Deviation(s) = 

    
Where,

               

∆   = 
deviation of the individual test strength from the average 

strength of  ‘n’  samples

            
n   =  
number of sample test results.

c) When significant changes are made in the production of concrete batches (for example changes in the materials used, mix design, equipment or technical control), the standard deviation value shall be separately calculated for such batches of concrete.
(iii) Assumed Standard Deviation: Where sufficient test results for a particular grade of concrete are not available, the value of standard deviation given in Table-6 may be assumed.
	TABLE – 6:   Assumed Standard Deviation

	Grade of Concrete
	Assumed Standard Deviation (N/mn2)

	M 15

M 20

M25

M30

M35

M40
	3.5

4.6

5.3

6.0

6.3

6.6


However, when adequate past records for a similar grade exist and justify to the Company representative, a value of Standard deviation different from that shown in Table 6, it shall be permissible to use that value.



     

15.3.8
Acceptance Criteria
15.3.8.1
The concrete shall be deemed to comply with the strength requirement if:
a) Every sample has to test strength not less than the characteristic value;

or

b) the strength of one or more samples though less than the characteristic value,

 is in each case not less than the greater of :
(i) the characteristic strength minus 1.35 times the standard deviation; and

(ii) 0.80 times the characteristic strength;
and the average strength of all the samples is not less than the characteristic strength plus
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15.3.8.2 The concrete shall be deemed not to comply with the strength requirements if;

a) the strength of any sample is less than the greater of :-

(i) the characteristic strength minus 1.35 times the standard deviation; and

(ii) 0.80 times the characteristic strength;  
 or

b) [image: image4.wmf]1

-
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å

n

the average strength of all the samples is less that the characteristic strength plus

15.3.8.3
Concrete which does not meet the strength requirements as specified in 15.3.8.1 but has strength greater than the required by 15.3.8.2 may, at the discretion of the Company representative, be accepted as being structurally adequate without further testing.

15.3.8.4
If the concrete is deemed not to comply pursuant to 15.3.8.2, the structural adequacy of the parts affected shall be investigated as stipulated in Clause 16.0.

15.3.8.5
Concrete of each grade shall be assessed separately.

15.3.8.6
Concrete shall be assessed daily for compliance.

15.3.8.7
Concrete is liable to be rejected if it is porous or honey-combed; its placing has been interrupted without providing a proper construction joint; the reinforcement has been displaced beyond the tolerances specified; or construction tolerances have not been met.  However, the hardened concrete may be accepted after carrying out suitable remedial measures to the satisfaction of the Company representative.
16.0
Inspection & Testing of Structures:

16.1
Inspection



Immediately after stripping the formwork, all concrete shall be carefully inspected and defective work or small defects, if any, shall either be removed or made good before concrete has thoroughly hardened.
16.2
Testing of Structures or parts of Structures
16.2.1
In case the results of work test cubes do not comply with the specified strength requirements or there is reasonable doubt regarding the strength of concrete used, either due to poor workmanship or materials, the Company representative may instruct the Contractor to perform additional tests based on load test (as per the method and manner specified in Clause 16.2.2) to ascertain the quality of concrete.
These tests shall also be required to be carried out in the event the Company representative is doubtful regarding the adequacy of strength of the structure due to suspected overloading during construction, premature removal and non conformance to specification of formwork, improper curing or any other reason. The number of type of tests to be carried out shall be determined by the Company representative whose decision shall be final and binding on the Contractor.

16.2.2
Load Test

16.2.2.1
Load test, where directed by the Company representative, shall be carried out as soon as possible after expiry of 28 days from the time of placing of concrete.  The structure shall be subjected to a load equal to full dead load of the structure (which shall include Self weight of Structural members plus weight of finishes, walls and partitions, if any, as considered in the design) plus 1.25 times the imposed load (for which the structure has been designed) for a period of 24 hours and then the imposed load shall be removed.  The deflection due to imposed load only shall be recorded. If within 24 hours of removal of the imposed load the structure does not recover at least 75 percent of the deflection under imposed load, the test shall be repeated after a lapse of 72 hours.  If the recovery is less than 80 percent, the structure shall be deemed to be unacceptable.

16.2.2.2
If the maximum deflection in mm, shown during 24 hours under load is less than 40 L2/D, where L is the effective span in meters and D the overall depth of the section in mm, it is not necessary for the recovery to be measured and the recovery provision as given above shall not apply.

16.2.3
The Company representative shall be the final authority for interpreting the results of all tests and shall decide upon the acceptance or otherwise.  The decision of the Company representative shall be final and binding on the contractor.  In case the results of the tests are unsatisfactory, the Company representative may instruct the Contractor to demolish and reconstruct the structure or part thereof without any extra cost to the Company.
17.0
Finishing of Concrete

17.1
On striking the formwork, all surface defects such as bulges, ridges and honey-combing etc, observed shall be brought to the notice of the Company representative may he at his discretion allow rectification by necessary chipping and packing or grouting with concrete or cement mortar.  However, if honey-combing or sagging are of such extent as being undesirable, the Company representative may reject the work totally and his decision shall be binding.  No extra payment shall be made for rectifying these defects, demolishing and reconstructing the structure.  All burrs and uneven faces shall be rubbed smooth with the help of carborundum stone.

The surface of non-shuttered faces shall be smoothened with a wooden float to give a finish similar to that of the rubbed down shuttered faces.  Concealed concrete faces shall be left as from the formwork except that honey-combed surface shall be made good as specified above.  The top faces of slabs not intended to be covered shall be levelled and floated to a smooth finish to the rises or falls shown on the drawings or as directed.  The floating shall not be executed to the extent of bringing excess fine materials to the surface.  The top faces of slabs intended to be covered with screed, granolithic or similar finishes shall be left with a rough finish.

17.2
Repair and Replacement of Unsatisfactory Concrete
17.2.1
Repair shall be made as soon as possible after the forms are removed and before the concrete becomes too hard with prior permission from the Company representative, in writing.  Stone pockets, segregation patches and damaged areas shall be chipped out and the edges undercut slightly to form a key.  All loose materials shall be washed out before patching.  No excess water shall be left in the cavity, but the concrete shall be damp.  A good bond between the patch and parent concrete shall be obtained by sprinkling dry cement on the wet surface or by throwing mortar with force on to the wetted concrete, or by brush in a coat of thick cement grout of about 1:1 (1 cement : 1 Sand) just before applying the patching material.  Before this has dried, the reminder of the patch shall be filled with mortar or concrete, depending on the extent of the repair.

17.2.2
Cement concrete/mortar used in repair of exposed surfaces shall be made with cement from the same source as that used in concrete and blended with sufficient amount of white Portland cement to produce the same colour as in the adjoining concrete.  The proportions of ingredients shall be same as those used in parent concrete.  The mortar shall be as dry as possible and well compacted into the cavity.  All filling shall be tightly bonded to the concrete and shall be sound, free from shrinkage cracks after filling has been cured and dried.

17.2.3
For larger repairs to hardened concrete, necessary formwork bearing tightly at the edges of the cavity shall be provided.  Concrete shall be chipped out to a depth of at least 100mm and preferably150mm.  Mortar shall be scrubbed into all surfaces with a wire brush before placing the concrete.  Damaged reinforcement shall be adequately spliced with new steel so as to maintain the original strength. Additional reinforcement, if required in the patch, shall be provided as per the instructions of Company representative.

17.2.4
In case in the opinion of the Company Representative defects in the concrete is excessive or beyond repair, the contractor shall either redo the structure or take other remedial measures as instructed by the Company representative.  The decision of the Company representative shall be final and binding to all in this respect.

17.2.5
Approved epoxy formulation for bonding fresh concrete used for repairs with already hardened concrete shall be used by the contractor if asked by Company representative.  Epoxy shall be applied in strict accordance with the instructions of the manufacturer.

17.2.6
All repair works due to non-conformance or non-adherence to specification, if allowed by the Company representative, shall be carried out free of cost to the Company.

17.2.7
Curing of Patched Work

Immediately after patching is completed, the patched area shall be covered with an approved non-staining water saturated material which shall be kept wet and protected against sun and wind for a period of 12 Hours.  Thereafter, the patched area shall be kept continuously wet by a fine spray or sprinkling for not less than 10 days.

18.0
Cement Wash

If instructed by the Company representative, the Contractor shall provide on coat of cement wash over the exposed concrete surfaces of foundations, beams, columns, walls, lintels, soffit of slabs etc. which are not plastered and appearance-wise not up to acceptable, standard, as per the sole direction of Company representative, due to bad workmanship, defective shuttering, honey-combing and other repair works subsequently undertaken by the Contractor.  No extra amount shall be paid to the Contractor on this account.
19.0
Form Work

19.1
General

19.1.1
Forms for concrete shall be plywood conforming to IS or steel or as directed by Company representative and shall give smooth & even surface after removal thereof.

19.1.2
If it is desired by the Company representative, the Contractor shall prepare, before commencement of actual work, design and drawings for formwork and get them approved by the Company representative.

19.1.3
Form work and its supports shall maintain their correct position and be to correct shape and profile so that the final concrete structure is within the limits of dimensional tolerances specified below unless required otherwise, for functional/ aesthetic reasons. The decision of the Company representative shall be final and binding in this regard.

(a)   Deviation from specified dimensions  
:    -6mm to + 12mm

       of cross section of columns and beams


(b)  Deviation from dimensions of footings 
:    (see Note below)

(i)    Dimensions in plan 

:   -12mm to +50mm

(ii)   Eccentricity


:   + 0.02 times the width of footing in   

                            the direction of deviation but not more 

       than 50mm.

(iii)  Thickness
   +0.05 times the specified thickness

Note:
Tolerances apply to Cast-in-situ concrete dimensions only, not to positioning of  vertical reinforcing steel or dowels.

(c) Deviation in length (major dimension of single unit)

Upto 3m


+/- 6mm




3m to 4.5m


+/- 9mm




4.5m to 6m


+/-12mm




additional deviation for
+/-6mm




every subsequent 6m



(d) Deviation in straightness or bow (deviation from specified line) for a single or continuous member) eg beam, column or slab edge.

Upto 3m


 6mm




3m to 6m


 9mm




6m to 12m


12mm




additional deviation for
6mm




every subsequent 6m


(e) Deviation in squareness shall  be measured taking the longer of two adjacent sides as the base line.

The shorter side shall not vary in its distance from a perpendicular so that the difference between the greatest and shortest dimensions exceeds 6mm. For this purpose, any error due to lack of straightness shall be ignored.  Squareness shall be checked with respect to the straight lines that are most nearly parallel with the features being checked.  When the nominal angle is other than 90 degree, the included angle between check lines shall be varied accordingly.

(f) Deviation in twist shall be within a limit such that any corner shall not be more than the limit given below from the plane containing other three corners:

· Upto 600mm wide and upto 6m in length
  6mm

· Over 600mm wide and for any length

12mm

(g) Maximum deviation in flatness from a 1.5m straight edge placed in any position on a nominally plain surface shall not exceed 6mm.
19.2
Form Requirement

19.2.1
The formwork shall be true, rigid and adequately braced both horizontally as well as diagonally.  The forms shall have smooth and even surface and be sufficiently strong to carry without deformation, the dead weight of the green concrete, working load, wind load and also the side pressure exerted by the green concrete.  As far as practicable, clamps shall be used to hold the forms together,.  Where use of nails is unavoidable minimum number of nails shall be used.  Projected part of nail shall not be bent or twisted for easy withdrawal.

19.2.2
Where through tie rods are required to be put to hold the formwork and maintain accurate dimension, they shall always be inserted through a precast concrete block (of same mix proportion as is to be used for concreting) with a through hole of bigger diameter.  The Precast block shall tightly fit against in inner faces of formwork.  The holes left after the withdrawal of tie rods shall be fully grouted with cement-sand mortar of same proportion as that used for concrete.  However use of such precast block shall in no case impair the desired appearance or durability of the structure.  No such tie rods shall be used in any liquid retaining or basement structure.

19.2.3
Tie wires shall be permitted only upon approval of the Company representative and shall be cut off flush with the face of the concrete or counter sunk, filled and finished in the manner specified in clause 17.

19.2.4
Form joints shall not permit any leakage.  The formwork shall be strong enough to withstand the effect of vibrations practically without any deflection, bulging, distortion or loosening of its components.

19.2.5
Forms for beams and slabs (span more than 6.0m) shall have camber of 1 in 500 so as to offset the deflection and assume correct shape and line after deposition of concrete.  For cantilevers, the camber at free end shall be 1/100th of the projected length.  Where architectural considerations and adjunctive work are critical, smaller form cambers shall be adopted as decided by the Company representative.

19.2.6
All vertical wall forms may be designed and constructed for the following minimum pressure.  The pressure listed in Table-7 are intended as guide only and the Contractor shall ensure that the formwork is adequately strong and sturdy.

	TABLE – 7 :  Minimum Design Pressure for Wall Formwork

	Rate of pour in
	Pressure in kN/m2

	meter/hour
	at 10 Deg. C.
	at 24 Deg. C.

	0.6

0.9

1.2

1.5
	36.0

40.0                              44.0

46.0
	29.0

32.0

35.0

37.0


All horizontal forms shall be designed and constructed to withstand the dead load of the green concrete, reinforcement, equipment, material, embedment and a minimum live load of 2.0kn/Sq.m.
19.3
Inspection of Forms

Temporary openings shall be provided at the base of column and wall forms and other places necessary to facilitate cleaning and inspection.  Before concrete is placed, all forms shall be carefully inspected to ensure that they are properly placed, sufficiently rigid and tight, thoroughly cleaned, properly treated and free from foreign material.  The complete form work shall be inspected and approved by the Company representative before the reinforcement bars are placed in position.  When forms appear to be unsatisfactory in any way, either before or during the placing of concrete, the work shall be stopped until the defects have been corrected as per the instructions of the Company representative.

19.4
Treatment of Forms

The surfaces of forms that would come in contract with concrete shall be well treated with approved non-standing release agents such as soft soap, oil, emulsion etc.  Care shall be taken that such releasing agents are kept out of contract with the reinforcement.

19.5
Chamfers and Fillets

All corners and angles shall be formed with 45 degree mouldings to chamfers or fillets on the finished concrete.  The standard dimensions of chamfers and fillets, unless otherwise detailed or specified shall be 25x 25mm.  For heavier work chamfers or fillets shall be 50x50mm.  Care shall be exercised to ensure accurate mouldings.  The diagonal face of the moulding shall be planed or surfaced to the same texture as the forms to which it is attached.

19.6
Reuse of Forms

Before reuse, all forms shall be thoroughly scrapped, cleaned, examined and when necessary, repaired and retreated, before resetting.  Formwork shall not be reused, if declared unfit or un-serviceable by the Company representative.

19.7
Removal of Forms /Stripping Time

In the determination of time for removal of forms, consideration shall be given to the location and character of the structures, the weather and other conditions including the setting and curing of the concrete and material used in the mix.

Forms and their supports shall not be removed without the approval of the Company representative.  The formwork shall be removed without shock and methods of form removal likely to cause over stressing or damage to the concrete, shall not be adopted.  Supports shall be removed in such a manner as to permit the concrete to uniformly and gradually take the stress due to its own weight.

In normal circumstances when average air temperature exceeds 16 degree celsius during the period under consideration after pouring of concrete and where ordinary Portland cement is used, forms may generally be removed after expiry of following periods.
	a) 
	Walls, columns and vertical faces of all structural members
	24 to 48 hours as may be decided by the company rep.

	b) 
	Slabs (props left under)
	3 days

	c) 
	Beam soffits (props left under)
	7 days

	d) 
	Removal of props under slabs:

Spanning upto 4.5m

Spanning over 4.5m
	7 days

14 days

	e) 
	Removal of props under beams & arches:

Spanning upto 6m

Spanning over 6m and upto 9m

Spanning over 9m
	14 days

21 days

28 days.

	f) 
	Cantilever Construction Formwork shall remain till structures for counter acting or bearing down have been erected and have attained sufficient strength (minimum 14 days)


Notes:
1)
For rapid hardening cement, 3/7 of the above mentioned periods shall be considered subject to a minimum of 24 hours.
2)
For other cements, the stripping time recommended for ordinary Portland cement shall be suitably modified as per the instructions of the Company representative.
3)
The number of props left under, their sizes, supporting arrangements, and disposition shall be such as to be able to safely carry the full dead load of the slab, beam or arch as the case may be together with any live load likely to occur during curing or further construction.
4)
Where the shape of the element is such that the formwork has re-entrant angles, the form work shall be removed as soon as possible after the concrete has set, to avoid shrinkage cracking occurring due to the restraint imposed.

19.8
Staging / Scaffolding

19.8.1
Staging/Scaffolding shall be properly planned and designed by the Contractor.  Use of only steel tubes is permitted for staging /scaffolding.  The contractor shall get it reviewed by Company representative before commencement of work. While designing and during erection of scaffolding/staging, the following measures shall be considered.
a) Sufficient sills or under pinnings in addition to base plates shall be provided particularly where scaffolding are erected on soft grounds.
b) Adjustable bases to compensate for uneven ground shall be used
c) Proper anchoring of the scaffolding/staging at reasonable intervals shall be provided in each direction with the main structure wherever available.
d) Horizontal braces shall be provided to prevent the scaffolding/staging from rocking
e) Diagonal braces shall be provided continuously from bottom to top between two adjacent rows of uprights.
f) The scaffolding/staging shall be checked at every stage from plumb line.
g) Wherever the scaffolding/staging is found to be out of plumb line it shall be dismantled and re-erected afresh and effort shall not be made to bring line with a physical force.
h) All nuts and bolts shall be properly tightened to avoid slippage.
i) Erection work of the scaffolding/staging under no circumstances shall be left totally to semi-skilled or skilled workmen and shall be carried out under the supervision of the technically qualified civil engineer of the Contractor.

19.8.2
For smaller works or works in remote areas, wooden ballies may be permitted for scaffolding/staging by the Company representative at his sole discretion.  The contractor must ensure the safety and suitability of such works as described under clause 19.8.1 above.

20.0
Exposed/Architectural Concrete Work

20.1
Form work

Other things remaining same as per Clause 19.0 formwork shall be of high quality.  Care shall be taken to arrange the forms so that the joints between forms correspond with the pattern indicated in the drawings.  The forms shall be butting with each other in straight lines, the corners of the boards being truly at right angles,  the joints between the forms shall cross in the two directions at right angles.  The size of forms shall be so selected as to exactly match with the pattern of forms impression on the concrete face indicated in the drawings.  Maximum care shall be taken to make the form work watertight.  Burnt oils shall not be used for treatment of forms.  The Contractor shall be permitted reuse of forms brought new on the work for exposed concrete work as specified below:

Such reuses shall be permitted only if forms are properly cared for, stored, repaired and treated after each use concrete face indicated in the drawings.  Maximum care shall be taken to make the form work watertight.  Burnt oil shall not be used for treatment of forms.  The Contractor shall be permitted reuse of forms brought new on the work for exposed concrete work as specified below :-
Such reuses shall be permitted only if forms are properly cared for, stored, repaired and treated after each use.

· Plywood Forms

6 Reuses (Max)

· Steel Forms

10 Reuses(Max)

The Company representative may, at his absolute discretion, order removal of any forms considered unfit for use in the work irrespective of the number of uses specified above.

20.2
Finishing

Repairing to exposed concrete work shall be avoided.  Rendering and plastering shall not be done.  Minor repairing, if unavoidable shall be done as specified in Clause 17.0 with the written permission of the Company representative.

21.0
Reinforcement

21.1
Reinforcement shall be cut, bent to shape and dimension as shown in the bar bending schedules/drawings.  The bar bending schedules of selected structures/structural parts shall be developed by the Contractor and the same shall be got reviewed by the Company representative.  High strength deformed bars of grade Fe 500 conforming to IS: 1780 shall normally be used.

21.2 Straightening, Cutting and Bending
· Procedure for cutting and bending shall be as given in IS : 2502.  In case bars are supplied in coils, they shall be smoothly straightened without any kinks.

· Cold twisted deformed bars shall bent cold.  Bars larger than 25mm in size (except cold twisted deformed bars) may be bent hot at cherry red heat to a temperature not exceeding 850 Degree Celsius as per the instructions of the Company representative.  The bars shall be allowed to cool gradually without quenching.
· Bars shall be bent in a slow and regular movement to avoid fractures. Bars which develop cracks or splits after bending shall be rejected. A second bending of reinforcement bars shall be avoided but when reinforcement bars are bent aside at construction joints and afterwards bent back into their original position, care should be taken to ensure that at no time is radius of the bend less than 4 times bar diameter for plain mild steel or 6 times bar diameter for high strength deformed bars.  Care shall also be taken when bending back bars to ensure that concrete around the bars is not damaged.  All bars shall be properly tagged for easy identification.

21.3 Placing and Fixing

· All reinforcement shall be cleaned to ensure freedom from loose mill scale, loose rust, oil, grease or any other harmful material before placing them in position.  Reinforcement shall not be surrounded by concrete unless it is free from all such materials.

· All reinforcement shall be fixed in the correct position and shall be properly supported to ensure that displacement will not occur when the concrete is placed and compacted.

· The reinforcement bars shall be tied at every intersections by two strands of 16SWG black soft annealed binding wire.  Crossing bars shall not be tack welded for assembly of reinforcement.  The reinforcement bars shall be kept in position by using the following methods.
a) In case of beam and slab construction, precast cover blocks (having the said cement sand contents as the concrete which shall be placed) of size 40 x 40mm and thickness equal to the specified covers shall be placed firmly in between the bars and forms so as to secure and maintain the specified covers over the reinforcement.

b) When reinforcement bars are placed in two or more layers in beams, the vertical distance between the horizontal bars shall be maintained by introducing  spacer bars at 1 to 1.2m centre to centre.

c) In case of thick rafts & pile caps having two or multi layers of reinforcement, the vertical distance between the horizontal bars shall be maintained by introducing suitable chairs, spacers etc.

d) In case of columns and walls, the vertical bars shall be kept in position by means of timer templates with slots accurately cut in them.  The templates shall be removed after the concreting has been done below it.

e) Exposed portions of reinforcement bars shall not be subjected to impact or rough handling and workmen will not be permitted to climb on extending bars until the concrete has attained sufficient strength so that no movement of the bars in the concrete is possible.

21.4 Splicing/Overlapping

Only bars of full length shall be used as shown in the drawings.  But where this can not be done, overlapping of bars shall be done as directed by the Company representative.  Where practicable, the overlapping bars shall not touch each other, but these shall be kept apart by 25mm or 1.25times the maximum size of the coarse aggregate whichever is greater.  But where this is not possible, the overlapping bars shall be tied with two strands of 16 SWG black soft annealed binding wire.  The overlaps shall be staggered for different bars and located at points along the span where neither shear nor bending moment is maximum.

21.5 Welded Joints

Welding of reinforcing bars shall not be permitted without the written permission of the Company representative.  Where welding is permitted, it shall be in accordance with the recommendations of IS: 2751 and IS: 9417.  Welded joints shall be located at suitable staggered positions. Tests shall be made as directed by the Company representative to prove that the joints are of the full strength of the bars.  Maximum one welded joint shall be allowed per bar.

21.6 Mechanical Connections

The mechanical splices in reinforcement by means of couplers, clamps etc. shall be used (as per manufacture’s specifications) with the written approval of the Company representative. However, tests shall be made as directed by Company representative to prove that such connections are of the full strength of the bars on trial joints.
21.7 Tolerances

Unless otherwise directed by the Company representative, reinforcement shall be placed within the following tolerances:
a)  For effective depth 200mm or less 
+/- 10mm

b)  For effective depth more than 200mm
+/- 15mm
The cover shall in no case be reduced by more than one third of specified cover or 5mm, which ever is less.  

21.8 Substitution

When indicated diameter of reinforcement bar is not available, the Contractor shall use other diameter of reinforcement bars on written approval of the Company representative.
21.9 Cover

Cover to reinforcement shall be as indicated on the drawings and in their absence as directed by the Company representative.
22.0
Pre-cast Concrete

22.1
Specifications contained in clauses above regarding concrete, formwork and reinforcement shall apply in addition to the clauses given as under.  The Contractor shall get the precasting bed approved by the Company representative.
22.2
Necessary lifting hooks of suitable (but not less than 12mm dia) diameter M.S. rounds shall be provided for handling, as indicated in the relevant drawings or as directed by the Company representative.
22.3
Unless otherwise specified, the exposed surfaces of pre-cast members shall be integrally finished smooth.  For pre-cast slabs or planks the top surface shall be finished with 1:3 (1 cement: 3 sand) cement mortar.  Surface used as walkways shall be given a non-skid finish.
22.4
The pre-cast concrete units shall be marked clearly on top surface with the letter ”T” for identification of surfaces at the time of erection and shall be stored properly until required for erection.  The pre-cast units shall be handled and erected by methods approved by the Company representative to protect them from damage.
22.5
The Contractor shall take necessary precautions for safe handling during the course of erection. The Contractor shall replace at his own expense all such units which are damaged during the course of erection.  

23.0
Grouting

The base plates of all the Steel Structures shall be grouted to thickness as shown on the relevant structural drawings, after the alignment and approval of the Company representative.  The grout shall consist of:  
either

· (1 cement: 2 sand) mortar for operating platforms (not supporting Equipment), pipe supports upto 2.5 meters in height (above concrete top), cross-over, stair cases and ladders.  
Or

· Free flow non shrink Grout (Pre-mix type) of compressive strength not less than 40N/mm2, for all structures other than those covered in (a) above, as per the instructions/recommendations of the manufacturer.
24.0
Continuous Concreting

Where called out on the drawings, continuous concreting shall be done in a single operation as per the requirements of IS: 456 and IS: 2974.  It shall be ensured that clause 8.3 of these specifications is not violated in case of continuous concreting.  Sufficient windows shall be left in the formwork for pouring & compaction of concrete and inspection.  These windows shall be fixed tight once the level of concrete reaches their levels.
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1.0
Scope

This specification deals with earthwork for civil works.

2.0
General

2.1
Excavation will have to be carried out in all types of soils including clay, sand and sand with admixture rock etc.

2.2
Excavation works shall be commenced and carried out as per programme of work front to be approved by the Company representative.

2.3
Before the earth work is started, the area coming under cutting and filling shall be cleared of shrubs, rank vegetation, grass, brushwood trees and saplings and removal of rubbish as directed.

3.0
Setting Out

3.1
Contractor shall be responsible for the true and proper setting out of the work in relation to original points, lines and levels of reference. He would also be   responsible for the correctness of the levels, dimensions and alignment of all parts of the work and for the provision of all necessary instruments, appliances and labour in connection therewith.  If at any time during the progress of the work any error appears or arises in the position of levels, dimensions, or alignment of any part of the work the Contractor on being required to make good shall at his own expense rectify such errors to the satisfaction of the Company representative.  The checking of any line or level by the Company representative shall not in any way relieve the Contractor of his responsibilities.

3.2
The Contractor shall lay out one or more permanent Bench Marks in some central place before the start of the work, from which all important levels for the excavations will be set.  The Contractor shall provide all labour and Materials for setting levels at his own cost.

3.3
These permanent Bench Marks shall consist of Masonry pillars with top neatly plastered and horizontal as per the approval of the Company representative.  Bench Marks shall be well connected with GTS or any other Bench Mark approved by Company representative.
4.0
Excavation

4.1
Excavation shall be carried out in all types of soil including rock to the lines, levels and contours shown on the detailed Drawings and the Contractor shall remove all excavated Materials and dispose off within/outside the Hazira Plant as directed by the Company representative with all leads and lifts.

4.2
Excavated material shall not be deposited within 1.5M from the top edge of the excavation of within a distance equal to the depth of excavation, whichever is higher.

4.3
The sides of the excavation may be cut slopping or shored and strutted to hold the face of Earth as per site requirements and as directed by the Company representative.

4.4
Foundations pits shall not be excavated to the full depth unless construction is imminent.  The last fifteen (15) cm depth of the Excavation shall not be removed until Concreting work is imminent.  The full depth may at the discretion of the Company representative be excavated and the bed covered with a seventy five (75) mm (minimum) thick (or as indicated on Drawing) layer of lean concrete after watering, if required and consolidating the bed.

4.5
The Contractor shall provide suitable drainage arrangements to prevent surface water from any source, entering the foundation pits, at his own cost.

4.6
If the bottom of any excavation has been left exposed by the Contractor and that in the opinion of the Company representative, it has become badly affected by the atmosphere or by water, then the Contractor shall remove such portions of the deteriorated foundation material as the Company representative may direct, and shall make good with lean concrete 1:5:10 Mix (1 Cement: 5 Sand: 10 Aggregate).  All expenses for such additional Concrete and Excavation shall be borne by the Contractor.  The Cement used for making good the above shall be taken into account for reconciliation purposes only.

4.7
If excavation is made in excess of the depth required, the Contractor shall, at his own expenses, fill up to required level with Lean Concrete of Mix 1:5:10 (1 cement : 5 coarse sand : 10 aggregate) or as decided by Company representative.

4.8
Contractor at his own expenses without extra charges shall make provisions for pumping or bailing out rain water and/or Sub-soil water accumulated in the excavated pit/trench.

4.9
Pumping out water accumulated due to springs, tidal or river seepage, broken water mains or drains shall also be carried out by the Contractor at his own expenses.

4.10
Lowering of water table by well point pumping and the like shall also be carried out by the Contractor without any extra cost to the company.

4.11
The Contractor shall make necessary arrangements for lighting, fencing and other suitable measures for protection against risk of accidents due to open excavation, at his own expense without any extra charges.

4.12
Where the excavation is to be carried out below the foundation level of adjacent structure, the precautions to be taken such as under pinning, shoring and strutting etc., shall be determined by Company representative.  No excavation shall be done unless such precautionary measures are carried out as per directions of Company representative. No payment for such precautionary measures shall be made to the Contractor. 

4.13
Loose, soft or bad ground encountered in excavation at the required depth shall on Company representative’s instructions be excavated to a firm bed and the difference made up to the required level by methods described in 4.7 or as the Company representative may decide.

4.14
In those cases where during excavation side slips occur (e.g. side slips which take place on their own but not due to surcharge of earth kept near the edge of excavation, cracking of excavation top strata due to clay dry out leading to collapse of excavation sides), the contractor shall take suitable measures to avoid the same without any extra cost to the Company.

4.15
The contractor shall take adequate protective measures to see that the excavation operation do not damage the adjoining structures, water supply lines, valve chambers, sewerage pipes, drainage pipes, communication cables, power supply cables etc.  Met within the course of excavation shall be properly supported and adequately protected that these services remain functional.

4.16
Contractor shall immediately report any obstacle encountered during excavation to the Company representative and shall be dealt with as instructed by him.  Removal of buried piping or cable shall not be done without prior permission of Company representative and Contractor shall provide all measures to protect such lines at no extra cost to the Company.

4.18
The Contractor shall not undertake any concreting in foundation until the excavation pit is approved by the Company representative.

4.19
The specification for earth work shall also apply to excavation in rock in general.  The excavation in rock shall be done such that extra excavation beyond the required width and depth as shown in drawings is not made.  If any extra excavations, particularly in depths are made by the Contractor during the excavation operation, the Contractor shall make up such extra excavations with Concrete of Mix 1:5:10 (1 cement: 5 coarse sand: 10 aggregate) to the required levels and shape at no extra cost to the Company
5.0
Shoring & Strutting
5.1
The Shoring and Strutting of the sides to withhold the face of excavation pits/trenches shall be done when approved or directed by the Company representative.

5.2
The shoring shall be of closed or open timbering type depending upon the site requirements and as directed by the Company representative, whose decision shall be final and binding, as to the type of shoring to be used.

5.3
The decision and arrangement of the Shoring and Strutting shall be sound and shall be got approved from the Company representative before installation.  The approval shall not absolve the Contractor of his responsibilities of safety and any other requirements of the Contract.

5.4
The Shoring and Strutting shall be kept in position till all the relevant work in the excavation is completed and approved. It shall be dismantled and removed only after the permission to do so is obtained.
6.0
Back Filling around Foundations, Plinth & Trenches
6.1
Back filling around completed foundations shall be done to the lines and levels on the drawings, including any trimming of the surfaces, as may be necessary.   This will be done with selected and approved earth from excavation or otherwise with the materials as directed by the Company representative.  Where sufficient suitable material is not available from the excavation, the Company representative may direct to import suitable earth from different sources.  The refilling shall be done in horizontal layers of thickness not exceeding 15 cm free from pockets, with careful watering ramming and rolling etc., to obtain 90% dry density or as specified.

6.2
The Contractor shall not fill around any work, until it has been approved by the Company representative.

6.3
Backfilling around liquid retaining structures and pipes shall be done only after testing of Structures against leakage is done and approval of Company representative is taken.
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