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LIST OF I.S. CODES

Materials used shall conform to appropriate standards specified by the Bureau of Indian Standards and
unless otherwise specified, these standards will form a part of these specifications. In particular, the
following or latest standards should be referred to

AGGREGATE:

IS: 383-1970 Coarse and Fine Aggregate from Natural Sources For Concrete

IS: 515-1959 Natural and Manufactured Aggregates for Use In Mass Concrete

IS: 1607-1977 Methods for Test Sieving

IS: 2386 Methods of Test for Aggregates for Concrete
Part-1-1963 Particle Size and Shape
Part-11-1963 Estimation of Deleterious Materials and Organic Impurities
Part-111-1963 Specific Gravity, Density, Voids, Absorption and Bulking
Part-1V-1963 Mechanical Properties
Part-V-1963 Soundness
Part-VI-1963 Measuring Mortar Making Properties of Fine Aggregates
Part-VII-1963 Alkali Aggregate Reactivity
Part-VII1-1963 Petrographic Examination

CEMENT:

IS: 269-1989 33 Grade Ordinary Portland cement

IS: 455-1989 Portland Slag Cement

IS: 1489-1991 Portland Pozzolana Cement

IS: 4031-1999 Methods of Physical Tests For Hydraulic Cement

IS: 4032-1985 Method of Chemical Analysis of Hydraulic Cement

IS: 4082-1996 Stacking and Storage of Construction Materials and Components At Site

IS: 8041-1990 Rapid Hardening Portland Cement

IS: 8043-1991 Hydrophobic Portland Cement

IS: 8112-1989 43 Grade Ordinary Portland cement

IS: 9103-1979 Admixtures for Concrete

IS: 12269-1987 53 Grade Ordinary Portland cement

IS: 12330-1988 Sulphur Resisting Portland Cement

REINFORCED CONCRETE AND PRESTRESSED CONCRETE:

IS: 432 - 1982 Mild Steel and Medium Tensile Steel Bars and Hard-Drawn Steel Wire
For Concrete Reinforcement.

IS: 456-1978 Code of Practice for Plain and Reinforced Concrete

IS: 516-1959 Method of Test for Strength of Concrete

IS: 816-1969 Code of Practice for Use of Metal Arc Welding For General Construction
In Mild Steel

IS: 1139-1966 Hot Rolled Mild Steel Medium Tensile Steel and High Yield Strength

Steel Deformed

Bars for Concrete Reinforcements
IS: 1199-1959 Methods of Sampling and Analysis of Concrete
IS: 1343-1980 Code of Practice for Prestressed Concrete
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: 1566-1982
1 1785-

Part-1-1983
Part-111983

1 1786-1985

: 2090-1963
1 2751-1979

: 3370-1965
: 4925-1968
1 4926-1976
: 5525-1969

: 5892-1970
: 6006-1983
:9077-1979

:9103-1979
1 10297-1982

: 13620-1993

BRICK MASONRY:

:1077-1992
1 1725-1982
: 1905-1987
:2180-1988
:2185-1979

Part-1-1983
Part-11-1984

1 2212-1991
: 5482-1969
: 5751-1984
: 10360-1982

LIME AND MORTAR:

IS:
IS:
IS:
IS:

IS:

712-1984

1624-1986
1625-1971
1635-1992

1861-Part-I (Sect.1) 1990

Hard Drawn Steel Wire Fabric for Concrete Reinforcement
Plain Hard Drawn Steel Wire for Prestressed Concrete
Cold Drawn Stress Relieved Wire

as Drawn Wire

High Strength Deformed Steel Bars and Wires for Concrete
Reinforcement

High Tensile Steel Bars Used In Prestressed Concrete

Recommended Practice for Welding of Mild Steel Plain and Deformed
Bars For Reinforced Construction

Code of Practice for Concrete Structures for The Storage of Liquids
Concrete Batching and Mixing Plant
Ready Mixed Concrete

Recommendations for Detailing of Reinforcement In Reinforced Concrete
Works

Concrete Transit Mixers and Agitators
Uncoated Stress Relieved Strand for Prestressed Concrete

Code of Practice For Corrosion Protection of Steel Reinforcement In RB
And RCC Construction

Admixtures For Concrete

Code of Practice For Design And Construction of Floors And Roofs Using
Precast Reinforced / Prestressed Concrete Ribbed Or Cored Slab Unit

Fusion Bonded Epoxy Coated Reinforcing Bars

Common Burnt Clay Building Bricks

Soil Based Blocks Used In General Building Construction
Code of Practice For Structural Use of Un-Reinforced Masonry
Heavy Duty Burnt Clay Building Bricks

Concrete Masonry Units: Hollow And Solid Concrete Blocks

Hollow And Solid Light Weight Concrete Blocks
Autoclaved Cellular Aerated Concrete Blocks

Code of Practice For Brick Work
Autoclaved Cellular Concrete Blocks
Specification For Precast Concrete Coping Blocks

Lime-Pozzolana Concrete Blocks For Paving

Building Limes
Method of Field Testing of Building Lime
Code of Practice For Preparation of Lime Mortar For Use In Buildings

Code of Practice For Field Slaking of Building Lime And Preparation of
Putty

Guide For Manufacture of Lime In Vertical Mixed-Feed Type Kilns: From
Lime Stone
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IS: 1861- Part-11-1977

IS: 4832

Part-1-1969
Part-11-1969
Part-111-1968

DOORS AND WINDOWS:

IS: 1003-

Part-1-1991
Part-11-1994

IS: 1081-1960

IS: 1361-1978

IS: 1948-1961

IS: 2191
Part-1-1973
Part-11-1966

Guide For Manufacture of Lime In Vertical Mixed-Feed Type Kilns: From
Lime Shell

Specification For Chemical Resistant Mortars

Silicate Type
Resin Type
Sulphur Type

Timber Panelled And Glazed Shutters

Doors Shutters
Windows And Ventilators Shutters

Code of Practice For Fixing And Glazing of Metal (Steel And Aluminium)
Doors, Windows & Ventilators

Steel Windows For Industrial Buildings

Aluminiurn Doors, Windows And Ventilators

Wooden Flush Door Shutters (Cellular And Hollow Core Type)
Plywood Face Panels

Steel Door Frames

FLOOR AND FLOOR FINISHING:

IS: 658-1982
IS: 777-1988
IS: 1196-1978
IS: 1197-1970
IS: 1443-1972

IS: 2114-1984
IS: 2792-1964

IS: 3365-1965
IS: 4971-1968

Code of Practice For Magnesium Oxychlorlde Composition Floors
Glazed Earthenware Wall Tiles

Code of Practice For Laying Bitumen Mastic Flooring

Code of Practice For Laying of Rubber Floors

Code of Practice For Laying And Finishing of Cement Concrete Flooring
Tiles

Code of Practice For Laying- | n-S itu -Terrazzo Floor Finish

Code of Practice For Design And Construction of Stone Slab Over Joist
Floor

Floor Polishing Machines

Recommendations For Selection of Industrial Floor Finishes

ROOF AND ROOFING MATERIAL.:

IS: 459-1992
IS: 730-1978
IS: 1661-1972

IS: 2115-1980
IS: 2118-1980

IS: 2119-1980

IS: 2204-1962
IS: 2527-1984

Corrugated And Semi Corrugated Asbestos Cement Sheets
Hook Bolts For Corrugated Sheets Roofing

Code of Practice For Application of Cement And Cement Lime Plaster
Finishes

Code of Practice For Flat-Roof Finish: Mud Phuska

Code of Practice For Construction of Jack Arch Type of Building Floor Or
Roof

Code of Practice For Construction of Brick-Cum-Concrete Composite
(Madras

Terrace) Floor or Roof
Code of Practice For Construction of Reinforced Concrete Shell Roof

Code of Practice For Fixing Rainwater Gutters And Down Pipes For Roof
Drainage
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IS: 3007
Part-1-1964
Part-11-1965

IS: 3036-1992

Code of Practice For Laying of Asbestos Cement Sheets
Corrugated Sheets
Semi Corrugated Sheets

Laying Lime Concrete For A Waterproofed Roof Finish - Code of Practice

WATER SUPPLY PIPES AND DRAINAGE:

IS: 458-1988
IS: 553-1984
IS: 651-1992
IS: 729-1979
IS: 778-1984
IS: 780-1984
IS: 781-1984

IS: 782-1978
IS: 783-1985
IS: 784-1978
IS: 1172-1993
IS: 1239-1992
IS: 1536-1989
IS: 1537-1976
IS: 1592-1989
IS: 1626-1994

IS: 1726-1991

IS: 1742-1983

IS: 1952-1963

IS: 2065-1983

IS: 2470-1985

IS: 2556-1994
Part-1-1994
Part-11-1994
Part-111-1994
Part-1V-1994
Part-V-1994

IS: 2556-1995 PART-VI
Part-VII-1995
Part-VIIl To XV

IS: 2692-1989
IS: 2963-1979

Precast Concrete Pipes (With And Without Reinforcement)

Resin (Gum Resin)

Salt Glazed Stoneware Pipes And Fittings

Specification For Drawer Locks, Cupboard Locks And Box Locks
Copper Alloy Gate, Globe And Check Valves For Water Works Purposes
Sluice Valves For Water Works Purposes

Cast Copper Alloy Screw-Down Bib Taps And Stop Valves For Water
Services

caulking Lead

Code of Practice For Laying of Concrete Pipes

Prestressed Concrete Pipe (Including Fittings)

Code of Basic Requirements For Water Supply, Drainage And Sanitation
Mild Steel Tubes, Tubulars And Other Wrought Steel Fittings
Centrifugally Cast

Vertically Cast Iron Pressure Pipes For Water, Gas And Sewage
Asbestos Cement Pressure Pipes

Asbestos Cement Building Pipes And Pipe Fittings, Gutters And Gutter
Fittings And Roofing Fittings

Cast Iron Manhole Covers And Frames

Code of Practice For Building Drainage

Methods of Chemical Analysis of Nickel Anodes
Code of Practice For Water Supply In Buildings

Code of Practice For Installation of Septic Tanks
Vitreous Sanitary Appliances (Vitreous China)
General Requirements

Specific Requirements of Wash Down Water Closets
Specific Requirements of Squatting Pans

Specific Requirements of Wash Basins

Specific Requirements of Laboratory Sinks

Specific Requirements of Urinals And Partition Plates
Specific Requirements of Accessories For Sanitary Appliances

Wash Down Water-Closets, Bidets, Foot Rests, Shower-Rose, Xv Foot
Traps For

Squatting Pans, Integrated Squatting Pans, Universal Water Closets
Ferrules For Water Services

Specification For Copper Alloy Waste-Fittings For Wash Basins And
Sinks
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IS:
IS:

3114-1994
3597-1998

1S:4111-1986

IS:
IS:
IS:

STRUCTURAL STEEL:

Part-1-1986
Part-11-1967
Part-111-1967
Part-1V-1968
4127-1983
4984-1995
5531-1988

IS:
IS:

1 226-1975
1 412-1975
: 800-1984
: 801-1975

: 806-1968

: 807-1976

1 814-1991

: 816-1969

1 817-1966
1 822-1970
1 919-1993
1 961-1975
1 1148-1982
1 1149-1982
1 1161-1998
1 1181-1967
1 1367-1980
1 1393-1961
: 1442-1964

: 1608-1995

1977-1996
2062-1992

MISCELLANEOUS:

IS:

1020-1963

Code of Practice For Laying of Cast Iron Pipes

Concrete Pipes - Method of Test

Code of Practice For Ancillary Structures In Sewage System
Manholes

Flushing Tanks

Inverted Siphon

Pumping Stations And Pumping Mains (Rising Main)

Code of Practice For Laying of Glazed Stoneware Pipes
High Density Polyethylene Pipes For Water Supply

Cast Iron Specials For Asbestos-Cement Pressure Pipes For Water, Gas
And Sewage

Structural Steel (Standard Quality)
Expanded Metal Steel Sheets For General Purpose
Code of Practice For General Construction In Steel

Code of Practice For Use of Cold Formed Light Gauge Steel Structural
Members In General Building Construction

Code of Practice For Use of Steel Tubes In General Building
Construction

Code of Practice For Design, Manufacture Erection And Testing
(Structural Portion) Cranes And Hoists

Covered Electrodes For Manual Metal Arc Welding of Carbon And
Carbon Manganese Steel

Code of Practice For Use of Metal Arc Welding For General Construction
In Mild Steel

Code of Practice For Training And Testing of Metal Arc Welders

Code of Procedure For Inspection of Welds

ISO System of Limits And Fits

Structural Steel (High Tensile)

Hot Rolled Steel Rivet Bars (Up To 40 Mm Dia.) For Structural Purpose
High Tensile Steel Rivet Bars For Structural Purposes

Steel Tubes For Structural Purposes

Qualifying Tests For Metal Arc Welders

Technical Supply Conditions For Threaded Steel Fasteners

Code of Practice For Training And Testing of Oxy-Acetylene Welders

Covered Electrodes for Metal Arc Welding of High Tensile Structural
Steel

Mechanical Testing of Metals - Tensile Testing

Low Tensile Structural Steel

Steel For General Structural Purposes

Conversion Tables For Ordinary Use
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IS: 1200(PART-I TO XXV) Mode of Measurements of Building Works And Civil Engineering Works

IS: 1255-1983 Code of Practice For Installation And Maintenance of Power Cables up to
And Including 33 KV Rating
IS: 1256-1967 Code of Practice For Building Byelaws
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SPECIFICATIONS - MATERIALS

GENERAL.:

The contractor under this contract commits himself to use best quality material and assume full
responsibility for the quality of all material incorporated or brought for incorporation in the work. The work
shall be executed in accordance with the best engineering practice and as per instructions of
Engineer-in-Charge. All materials shall conform to respective Indian Standards.

Contractor shall allow in his rates for all the wastages in all the materials.

1.

WATER:

Water shall be potable, fresh, clean, and free from impurities and chemicals injurious to the work
and be from an approved source. Contractor shall provide and maintain sufficient storage
accommodation for the water as and where directed by Engineer-in-charge.

EARTH:

For filing and terracing, the earth shall be free from all rubbish, organic or vegetable growth
including roots, seeds, etc. and be approved by the Engineer-in-charge. All clods shall be broken
down. Black cotton clayey soil or any expansive soil shall not be used for any filling work,
under any circumstances.

LIME:

The lime shall be best hydraulic lime or of quality, approved by the Consulting Engineer /
Engineer-in-charge, obtained by burning kankar properly and shall be free from unburnt pieces,
ashes and other injurious impurities. It shall be brought on site in unslacked condition and shall be
slacked in fresh sweet water and ground in a mortar mill at site as per the instructions of
Engineer-in-charge; lumps removed and be protected against the admixture of extraneous matter
such as earth, leaves and seeds. Where the particular brands of lime are required, it will be
specified in the Bill of Quantities for the respective items.

After slaking, the lime should be screened through a screen of 2mrn mesh; unslacked lime weighs
about 1060 Kg. per Cmt. It expands on slaking and then weighs about 640 Kg. per Cmt. when
fresh, increasing to about 800 Kg. per Cmt. after 10 days. This gives a test for freshness.

Lime that is more than 14 days (or shorter period as may be decided by Engineer) old after
slaking shall be rejected.

All lime that has been in any way damaged by rain, moisture, dust or any other causes will be
rejected, and all that has been rejected must be removed from the site of works within 24 hours of
its rejection.

SAND:

Sand shall be from river or from any other source approved by the Consulting Engineer /
Engineer-in-charge and shall be dry, clean, sharp, coarse and free from salt, earth and such other
impurities. It shall be washed with clean water. The soluble contents shall not exceed 0.5% by
weight if tested by settlement in water. For concrete work, the sand shall be coarser than for
masonry work. Sand shall be used after screening as directed by the Engineer-in-charge.

The sand shall conform to IS: 383-1970, fineness modulus shall not be less than 2.5.
BRICKS:

The bricks shall be 1st class bricks and of uniform size (9" x 4 1/2" x 3"). Alternatively bricks as
per IS: 1077-1976, clause 5.1, the standard size of which is (19 cm x 9 cm x 9 cm), and which
shall be table moulded from approved kilns of quality approved by the Engineer-in-charge, shall
be used.

It shall be well evenly burnt for getting brick which are sound, hard and with sharp edges and

corners, and which shall give a ringing sound when struck with a metal. It shall be free from the
grit and other impurities such as lime, iron and deleterious salts. No brick with 24 hours of
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10.

11.

12.

immersion in water shall absorb more than 20% of its weight. Common buildings bricks shall have
compressive strength of 50 Kg./Sq. Cms., unless otherwise specially permitted.

SURKHI:

Surkhi shall be prepared from 2nd class bricks as above or brickbats of the same bricks by
grinding them to a fine powder with an electrical or animal driven grinding mill. The quality shall
conform to IS: 1344. Surkhi shall be stored in weather proof shed and on a brick paving.

NEEROO:
Neeroo shall be made out of the best quality of hydraulic lime, slacked with fresh water and
heated. The lime shall be reduced to fine powder by grinding in a mortar mill with 160 turns.

STONE:

Stone for masonry shall be the best of its kind, sharp, angular, free from flakes and cavities and of
quality approved by the Architect. No discoloured, weathered or water worn stone shall be used.
Stone in foundation shall be from local quarries or from any other place as approved by the
Architect,

All stones for outside stone work shall be the best of its kind, sound, durable, free from flaws,
cracks, veins, crystals, minerals, salt, cavities or other defects and shall be of uniform texture. All
stones shall be property bonded in the work.

COARSE AGGREGATE:

This shall be machine crushed from hard (granite) trap stone, grading of aggregate shall be within
the limits to produce a dense mix, and shall conform to IS: 383 & IS: 515; mix will work into
position without segregation and without excessive quantity of water being required. It also shall
be strong and durable and shall be free from any clay films and other adherent/coating. It shall be
washed with clean water if required by the Engineer-in-Charge.

This shall be well graded between the limit as specified in the items of the work and the grading
tests shall be carried out. Aggregates shall be screened, if required by Engineer-in-Charge to
obtain proper proportion to his approval. The quality shall conform to IS: 383-1970.

CEMENT:

Portland Pozzolana Cement conforming to 1S-1489-1976 and/or Ordinary Portland Cement
conforming to 1S: 269-1976 shall be used. Twenty bags of the cement shall be taken to weigh one
tonne i.e. cement shall have unit weight of 1,440 kg/m3. It shall be stored in a dry place and on
higher ground on watertight platform and shall be protected from moisture while in store. Cement,
which is moist before use, will not be allowed to be used at all.

Test certificates to show that cement is fully complying with the specification shall be submitted to
the Architect/Consulting Engineer and not withstanding this, the Architect/Consulting Engineer
may at his discretion, order that the cement brought on site and which he may consider damaged
or of doubtful quality, for any reason whatsoever, shall be retested in approved testing laboratory
and fresh certificates of its soundness shall be produced. Cement ordered for retesting shall not
be used for any work, if results of such retests are pending.

Daily record of the cement brought to the site and consumed and balance in the works must be
maintained properly.

SCAFFOLDING:

Scaffolding shall consist of the sal wood bullies and necessary battens and planks. All members
before installation shall be checked for their strength and stiffness and tied up properly. Steel
scaffolding may be used as directed by Engineer-in Charge. When necessary, during the
construction, scaffolding and planks may be supported on/in the wall and these shall be fixed and
tied together. In case of finishing work such as plastering, painting and distempering, no part of
the scaffolding should touch the structure. Timber members shall be replaced from time to time
with new timber as necessary and directed.

FORM WORK:

All props, planks, plates, braces, ties, bolts, wedges etc. shall be provided and all form work shall
be sufficiently strong and sound for the purposes.

Formwork shall be thoroughly cleaned with wire brush etc. after use and oiled (with fresh and
clear oil) or greased each time before use.
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13.

14.

15.

16.

17.

18.

19.

20.

21.

Wooden formwork shall be replaced from time to time with new timber as necessary and steel
plates shall be got repaired from time to time.

For all exposed work, all the forms of fresh and raw steel shall be used as per pattern given by
Consulting Engineers/Architects for the various members of the structure.

For wooden formwork, type of the timber as specified in the Bills of Quantities shall be provided.

All the formwork provided by the Contractor shall be approved by Engineer-in-Charge before use
and the Contractor shall be allowed to use approved formwork only.

REINFORCING STEEL:

Mild Steel Reinforcing bars shall comply with the IS 432-1966. The surface of reinforcement bars
shall be free from rust, oil, grease, dirt, paint or other deleterious matter. High Strength Corrosion
Resistant Steel (CRS) having more elongation than CTD bars manufactured by Tata Steel or
Thermo Mechanically Treated (TMT) bars manufactured by SAIL shall be used as specified /
approved.

STRUCTURAL STEEL:

Structural steel shall be mild steel rolled sections and plates conforming to the latest Indian
standards 1S: .226-1962. The steel shall be free from loose rust, mill scale. Fissures etc. The steel
with fissures are to be rejected.

TIMBER:

Timber shall be seasoned and of the best teak available or as specified in the Bills of Quantities
and of the best description, perfectly dry, well seasoned, uniform in colour, free from sop wood
and wraps, sound, straight, free from large and loose knots, cracks, shakes and other defects and
any appearance of rot. It shall not be placed in position covered in the wall or ground unless
Architects have approved it.

Timber shall be considered as well seasoned, if its moisture content does not exceed the
following limits:

(i) Timber for frames - 14%
(i) Timber for planking, shutters etc. - 12%
HOLDFASTS:

Holdfasts for Doors and Windows, with steel or timber frame, shall be of M.S. flats, 6mm thick and
30mm wide, one end fish detailed and other end turned down 75mm with two holes for screws
complete with 37 mm. long screws or machine bolts.

NAILS ETC:
Nails and staples shall be of hard drawn galvanized wire.
BOLTS, NUTS ETC.:

Bolts, nuts, holdfasts, etc. shall be of mild steel painted with Bitumen based paint, as specified,
before fixing. Threads of bolts, nuts and washers shall be truly fitting and shall be painted with
zinc chromate before fitting the nuts.

SCREWS:
Screws shall be of make as approved and specified.

PAINTS:

Filler, primer, enamels, paints and varnishes and external finishing application to cement plaster
shall be of an approved best quality, propriety brand. Distemper shall be either water bound or oil
bound as stated in the Bills of Quantities. These shall be in sealed drums or the packages and
shall be of approved brand.

GLASS:

Glass shall be sheet glass or plate glass having uniform refractory index and shall be of best
quality. This glass shall be plain clear glass, ground glass figured glass or wired glass of
approved make.

Glass shall be free from waviness, bubbles, scratches, etc.
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sash.

22.

23.

24.

25.

26.

The thickness of the glass shall be as under:

Panel up to 0.84 Smt. 4.0 mm thickness
Panels above 0.84 Smt. to 1.20 Smt. 5.5 mm thickness

Glass to be fixed with -

(i) Teakwood beading of approved shape with screws of approved make and size.

(i) Aluminium beading of approved shape and size with approved make and size of screws
and Neoprene rubber gaskets of approved quality.

(iii) Putty of approved make and with approved wire clips pulley to be provided for full length

of glass on all periphery.
The minimum consumption of whiting should be as follows:

Size of rebated sash 10x15mm 10x20mmto  15x20mm Beading
15xI5mm patty
Consumption in Kg. Per 1.50 1.53 2.30 0.90

10 Rmt. of sash bar

Where no glazing beads are used, 0.013 Kg. of wire clips are required as per 10 Rmt. of rebated

PUTTY:
Glazier's putty should meet the following requirement. Putty, which does not meet with the
following requirement, will be rejected.

0] It should have sufficient plasticity. A thread rolled from good quality putty will show well
pronounced necking before rupture in tension while that of unsound quality putty will
break without necking.

(i) It should be adequately soft so that it can readily be placed on rebates for glass and
glazing beads and stick well to glass, wood, metal or concrete. It shall be suitable for
filling all spaces between the edges of rebate and the glass.

(iii) It should readily come off when cut with a putty knife. It shall be easy to spread and show
a smooth, brilliant surface after it has been shaped with the putty knife.

(iv) It should neither peel off the rebate during application nor crack or crumble after drying. It
should retain some elasticity upon drying to allow the glass to move if sash is deformed.

(v) It should offer substantial resistance to water, frost and heat. It should dry within three
days.

METAL LATHING:
Expanded metal Hy-rib weld mesh or similar metal lathing shall be of an approved manufacture
and of the quality specified in the Bills of Quantities.

WIRE MESH:
Wire mesh to vents shall be brass wire or as specified in the Bill of Quantities and have a
maximum of 250 meshes to a square inch.

MANHOLE COVERS:
Manhole cover shall be light or heavy-duty pattern, with double seal as approved and as specified
in the Bills of Quantities.

RAIN WATER DOWNTAKE:

C.l. PIPES:

C.l. Pipes and fittings such as Bends and Tees, "Y" junction (inspection plugs wherever required
for cleaning) shall be of approved make and having specified thickness and weight with inside
smooth finish and out side painted with black paint of approved make.
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27.

The joints to be filled with Omaiseal multi purpose Epoxy Sealing Compound manufactured by
Om Agro Industrial Plastics Pvt. Ltd., Bombay or equivalent approved sealing compound.
Wooden spacers should be fixed to keep gap between vertical surface and pipes.

PVC Pipes:

PVC pipes shall be rigid PVC pipes and fittings such as bends, Tees, "Y" etc. manufactured as
per IS: 4985 and having wall thickness for specified working pressure as per IS : 4985 and shall
be of approved make. PVC pipes to be fixed to vertical surface of building with clamps fabricated
from Gl 30 mm x 3 mm flat, fixed at centre-to-centre distance not to exceed 24 times the diameter
of pipes and G.l. screws. Wooden spacers should be provided (to be fixed) to provide gap
between pipe and vertical surface of the building.

PVC pipes shall be UV resistant. The joining of pipes to be done with the solvent cementing
method using solvent cement of approved manufacturer.

SPECIAL MATERIALS:

If materials of a particular brand are specified in the Bills of Quantities these shall be procured
accordingly from approved manufactures. These shall include materials like bitumen, bituminous
compounds, waterproofing compounds, hardening compounds, special paints, acoustic and
insulation boards and other finishing materials. The responsibility for the use of these materials
lies with the Contractor and he should avail himself of the necessary guarantees as may be
required by the Architect and give the same to the Architect.
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1.0

1.1

1.2

1.2.1

1.3

SPECIFICATIONS - TRADEWISE

EXCAVATOR:

SITE CLEANING:

All vegetables and deleterious soil shall be removed from the entire area to be covered and
carted away from site, as directed, for which contractor will not be paid any extra. Site clearance
shall be done 5 meters all around the proposed construction, without any extra cost.

However, if in the opinion of the Consultants, growth of grass, wild grass, bushes etc. is heavy
and/or if the bushes are of large size and spread over a large area, the decision regarding
payment towards removal thereof will be resting with Consultants and will be binding to
Contractor and client.

EXCAVATION:

The excavation to be carried-out under this specification shall consists of furnishing all the tools,
plants, labour and materials required in carrying out excavation of different materials. The
excavation shall be done to lines and levels defined and to the correct size of foundation
concrete. This shall also include, where required, temporary sheet piling or sheathing, bracing
and shoring used to maintain excavation, maintenance without interruptions to service lines such
as cables, wires, duct lines, water supply, and/or drainage pipes encountered within the area of
excavation or within reasonable distance of excavation and also the furnishing, creating and
maintaining of substantial barricades around excavation areas, 'Red' lamps (in the night) & notice
boards for ensuring safety. The Contractor shall immediately after beginning of excavation, put
proper fencing all around the excavated pit as directed by the Engineer-in-Charge at his own
expense and shall keep the same till all plinth work is completed. Contractor should get the
excavation work inspected and approved by the Engineer-in-charge before any further works in
excavation areas commence.

The Contractor must take every precaution to maintain the earth surrounding the site in perfectly
safe condition for the excavation. No excavated material or any other heavy load will be allowed
to be imposed on the ground adjacent to any excavation. The Contractor should carryout the
excavation work to the level spaces and dimensions as shown or figured on the drawings or as
required by the Architects/Consulting Engineers to receive the_concrete work.

The term excavation as herein used shall include excavations, removal and transportation of the
excavated materials to the dump areas, refilling the excavated earth in trenches, in general, when
shown on the drawings, specified in detail for particular items or work mentioned herein after or
as directed by the Engineer and will cover lead, lift and other items pertaining to and specified for
this class of work, It shall also include dumping of excavated materials in regular heaps, bounds,
riprap with regular slopes as directed by the Engineer and levelled so as to provide natural
drainage. As a rule, all softer materials shall be laid along the centre of the heaps, the harder and
more weather resisting materials forming the casing on the sides and the top. Where
consolidation is specified, it is intended that the contractor shall use heavy road rollers for
consolidating with water sprinkling, as directed.

EXCAVATION IN ROCK:

Excavation in hard rock/soft rock either by chiselling or blasting shall be measured by deposits
and 40% deduction in the measurements of the deposits will be made, for voids, for the purpose
of payment.

EARTH FILLING IN PLINTH:

Filling in plinth should be started after the building is constructed up to plinth. Before starting
filling, debris or grass or organic matter is to be removed from plinth area. Filling should be done
to the required level in layers not to exceed 200 mm in thickness with watering to Optimum
Moisture Content. Each layer should be compacted with mechanical compactors/rollers to ensure
95% to 98% of the Maximum Modified Proctor Density. If the field density tests, which have to be
conducted frequently, indicate that the compaction as prescribed is not achieved, the part of the
filling should be removed and refilled or compacted further, to get the specified degree of
compaction.
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1.3.1

1.3.2

1.3.3

1.4

1.5

EARTH FILLING WITH EXCAVATED EARTH:

In this item, the earth which is available from item of excavation and which is approved by
Engineer is to be used for filing work. For measurements purpose, ground levels shall be
recorded before start of the work and finished levels after completion of the work. Rate of this
item includes watering and consolidating and will be paid at the rate quoted against this item per
cum. In no case refilling of trenches brick wall/Concrete work will be paid in this item, as this is
included in the item of excavation.

FILLING WITH APPROVED EARTH BROUGHT FROM OUT SIDE:

In this item, earth to be used for filling is to be brought by the contractor from out side the
premises and samples are to be got approved from the Engineer before using the same. Rate of
this item includes excavation, loading, transporting, unloading, consolidating, watering, royalty
and taxes if any etc.

SAND FILLING:

The sand shall be obtained from river or any other approved source and shall be filled in plinth or
in zari in 150 mm layers; each layer shall be well watered, rammed, and consolidated before
putting the next layer.

CLASSIFICATION OF SOILS:

All materials to be excavated shall be classified by the Engineer into one of the following
categories or classes of materials and shall be paid for at the rate tendered for that particular
class of materials. No distinction shall be made whether the material is dry or wet.

(a) SOIL:
This shall include all soils, soft, medium and hard murrum, soft disintegrated rock,
laminated rock, stiff clay, gravel etc. which can be excavated by ordinary pick, shovel, or
the phawra, rake, or other ordinary digging implements. These shall also include
chalkstone and rock fragments usually rounded or semi rounded having maximum
diameter of 80mm to 300mm which can be loosened with application of picks or jumpers
or scarifiers to loosen.

(b) SOFT DISINTEGRATED ROCK:
Rock or boulders, which do not require blasting but can be quarried or split with crowbars,
such as laterite and hard conglomerate

(c) HARD ROCK:
This shall include all rocks occurring in large continuous masses which cannot be
removed except by blasting for loosening it and where blasting is approved by the
Engineer. Hard or varieties of hard rock with or without veins and secondary minerals,
which in the opinion of the Engineer require blasting shall be considered as hard rock.
Boulder of hard rock larger than 1 meter in any direction laying in over burden and
required to be blasted for easy and efficient removal shall also be included in hard rock.

Where levels for different soil strata cannot be clearly marked and defined, the contractor
shall stack different soils of various classifications separately for measurement purpose
and then disposing off as directed.

STRIPPING BLUFFS AND LOOSE ROCK:

All loose boulders, semi-detached rocks (along with earthy stuff which might move there with) not
directly in the excavation but so close to the area to be excavated as to be liable, in the opinion of
the Engineer, to fall or otherwise endanger the workmen, equipment or the work, etc. shall be
stripped off and removed away from the area of the excavation. The method used shall be such
as not to shatter or render unstable or unsafe the portion which was originally sound and safe.
Any material not requiring removal as contemplated in the work, but which in the opinion of the
Engineer is likely, later to become loose OR UNSTABLE SHALL ALSO BE PROMPTLY AND
SATISFACTORILY REMOVED as directed by Engineer.

The cost of such stripping will be paid for at the accepted unit rates for the class of material,
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1.6

1.7

1.8

EXCAVATION IN SURCHARGE SLOPES:

The side slopes in excavation shall be as steep as will stand safely in overburden, but shall not
exceed those shown on the drawing without specific permission from the Engineer. The over
burden shall be excavated to the lines and slopes marked of the drawing or as approved or
directed by the Engineer, in writing and volume for the payment will be calculated accordingly.

The Contractor may for facility of work or similar other reasons, excavate, and also back fill later,
if so directed by the Engineer, at his own cost, outside the line shown or at slope flatter than those
marked on the drawings or approved or directed by the Engineer. But at any particular location, if
the contractor considers it necessary, in the interest of safety to make the slope flatter, he shall
forth with bring the same to the notice of the Engineer and obtain written orders thereof. Such
additional excavation shall be paid for at the rates accepted as for excavation for the particular
class of material. Every precaution shall be taken to prevent slips. But should a slip occur, the
slipped material shall be removed to the modified slope or as directed by the Engineer. Removal
of such material shall be paid for at the rate accepted in the quotations, unless it (the slip) is due
to negligence of the Contractor.

NOTE: This is to be confirmed in writing, by the Owner/Consultant's, before commencement of
the excavation work. Failing this, the measurements as per the correct dimensions of foundation
concrete as per the drawings will be considered for payment.

EXCAVATION IN OPEN CUTS:

All the excavation in open cuts shall be made true to line, slopes and grades shown on the
drawings. No material shall project within the dimension of the minimum excavation marked.
Boulders projecting out from the excavated faces shall be removed, if in the opinion of Engineer,
they are likely to be of hindrance to other works, flow of water etc. The hollows left out in the sides
as a consequence of the above shall be paid for as excavation for the particular class of material
as already classified.

Suitable beams shall be left at appropriate places with necessary approach ramps for installation
of dewatering pumps or other purposes, as required and directed by the Engineer. These shall be
excavated later and the excavation finished to the lines and grades shown on the drawings and to
the satisfaction of the Engineer. No extra payment shall be made for formation of such berms or
ramps, etc. except excavation when the same all within the minimum or modified excavation line.

In case of excavation in soil and overburden, where the surface is to be left excavated, or is to be
covered by pitching, formation of rain cuts and gullies shall be avoided by provision of proper
drainage. Any gullies formed shall be made good, by properly packing with excavated soil (or
excavated rock spoil) at contractors cost. All holes left by removing boulders will also be filled in
with excavated earth (or excavated rock spoil) at no extra cost.

EXCAVATION IN ROCK:

After removal of the overburden, excavation shall be continued in the rock to the depths shown in
the drawings and as directed by the Engineer. At all stages of excavation, precaution shall be
taken to preserve the rock below and beyond the lines required for the excavation in the soundest
possible condition. The quantity and strength of explosive used, if the Engineer for excavation for
foundations in various locations permits blasting, shall be such as will neither damage nor crack
the rock outside the limits of excavation and endanger the foundations or the supper structure of
the adjoining existing buildings. All precautions, as directed by the Engineer shall be taken during
the blasting operation and care shall be taken that no damage is caused to the adjoining buildings
or structures. For any damage caused to the foundations or the super structure of the adjoining
buildings, due to negligence, the contractor will have to pay the full cost of the same to the Owner.

As the excavation approaches its final lines, the depth of the holes and strength and amount of
explosives should be progressively and suitably reduced. All excavation beyond the minimum
excavation line in the surface, which has to be covered by the concrete or masonry, shall be filled
back with concrete or masonry of the same quality as directed. No payment shall be made for
such concrete or masonry.
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1.9

Specific permission of the Engineer will have to be taken for blasting rock and the Contractor from
the authorities concerned shall obtain a valid Blasting License. The quantity of explosives will
have to be reduced and blasting controlled as any blasting with large quantity of explosive will
endanger the operating plant and existing adjacent buildings, foundations and structures. If
permission for blasting is refused by the Engineer, the rock shall be removed by the wedges, pick,
barring, burning and sudden quenching or other approved means and no extra rates will be
admissible for such excavation.

LINE DRILLING:

The Engineer may order line drilling for ensuring safety to adjoining structures and to keep the
rock beyond LIMITS of excavation in the soundest possible manner.

For this purpose, one line of holes is proposed to be drilled as 'line drilling' where rock has to be
blasted, in case of uniform excavation over the entire area.

The maximum spacing of holes shall be 150 mm and diameter of holes 48 mm. This line drilling
will be very close to the required excavation lines. In addition to the above, the Engineer may
order further line drilling at suitable location to facilitate safe excavation.

In case of uniform excavation over the entire area, layout of the interior blasting holes shall be
carefully planned in such a way that no interior hole is closer than 2.5 m. to the line drilled holes.
Only light blasting is permitted in the interior holes which are near the line-drilled holes. The
Contractor may carry out tests to determine the amount of an explosive required to ensure an
even break at the line drilled holes and that no damage occurs to adjoining buildings and rock
beyond excavation limits. After the interior holes are blasted, any irregularities in the vertical face
which was line drilled shall be removed and trimmed by wedging, spitting, chiselling and barring.
Excavation shall proceed from the centre to the outside.

In case the excavation for columns is required to go deeper than general excavation, explosives
used shall be in such quantities that, the rock, beyond the limits of excavation and nearby
buildings are not damaged. The Contractor, at no cost to the Owner, shall repair any damage to
adjoining structure due to blasting of rock.

Only line drilled holes shall be measured and paid for separately. Other drilling for blasting work is
deemed to have been included in unit cost quoted for excavation in hard rock.

DEPOSITION AND DISPOSAL OF SOIL:

The unit rate quoted for excavation in different items shall include the cost of deposition and
levelling of soil within a lead as specified in Bill of Quantities. Disposal of soil shall be made in a
manner which will avoid rehandling or interference, with the progress. Specific instruction
regarding disposal of soil should be taken from Engineer before the actual work is starts. Soil
suitable for backfill, if so directed by the Engineer, shall be selected as excavation progresses and
shall either be back filled or stored at location indicated by the Engineer, and in the manner
specified by him. The lead shall be measured by shortest route possible.

BAILING OUT OF WATER:

The contractor shall make all the arrangements of the required pumps, for draining out of sub-soil
water as directed during excavation, concreting etc. till the completion of foundations and keep
the work free from water.

The rate includes all the necessary pumps, installation, power charges, necessary pipelines,
fittings etc.

RUBBLE STONE SOLING:
The rubble stones to be used shall be irregular shaped (natural), but approximately cubical pieces
of stones.
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2.1

22

(a) DRY RUBBLE SOILING:
Ground shall first be levelled up and thoroughly consolidated by means of heavy wooden
log hammer or frog rams. Rubble of specified thickness shall then be laid and set with
hand. It shall be consolidated by hand roller or wooden log hammer, free use of water
being made during consolidation. All hollows and interstices after consolidation shall be
filled up with quarry spoils, stone chips etc. and the packing blended with stone grit and
watered and consolidated by log hammer.

(b) RUBBLE SOLING:
The rubble stone shall be hard, tough, sound, durable with close texture and free from
cracks; weathered and disintegrated stones shall be rejected. The stone for soling shall
be of height equal to the thickness of the soling with a tolerance of 10 mm. and shall not
have a base area of less than 550 sq. cm. nor more than 900 sg. cm. the smallest
dimension of any stone shall not be less than half the largest dimension.

MEASUREMENTS & PAYMENT:

Cross section shall be taken normal to the centre line at as close intervals as necessary and
practicable, but in any case not more than 5 m. apart prior of starting of excavation. The volume
of excavation in soil shall be computed from the cross section taken after deducting the volume of
hard rock.

All rock excavated shall be stacked in depots and arranged as not to obstruct development of site
or building work or construction of roads. Measurements for rock payment will be by depots at
least 1 m. high with 40% deduction for voids.

The contractor should carry out the excavation work to the levels, spaces, and dimensions as
shown or figured on the drawing or as required by the Architect/Consulting Engineers to receive
the concrete work. Should any of the excavation be taken down below the proper levels, the
contractor shall fill in such excavation at his own expense with M-10 concrete well rammed in the
position until it is brought up to the proper level.

If the trenches are made broader or longer than directed, the extra breadth and length shall be
filled in, after the foundations are built, with earth rammed hard, by the contractor at his own
expense and without extra charge. The Contractor shall make provision for all shoring, pumping,
dredging or bailing out of water and keep in the trenches free from water while the masonry work
is in progress. The contractor shall also, at his own costs, remove such portions of boulders, or
rocks as required to make the bottom of the trenches horizontal and levelled,

The rate of this item includes the refilling excavated earth in the sides of the masonry or concrete
work to the original surface of the ground in 230 mm. layers with watering and ramming. All
surplus earth left over shall be either spread or deposited on the site, within a lead as specified in
the Bill of Quantities and as directed by Owner/Consulting Engineers, without any extra charge.

CONCRETOR:

LIME MORTAR:

Mortar shall be composed of one part of lime and two parts of sand for (1:2) proportion. The
materials shall be stacked in alternative layers of 75 mm and 150 mm thickness respectively. A
top layer of 75 mm of sand 'being allowed, after at least 4 layers of lime have been laid. The
stacked layer shall be watered thoroughly and allowed to stand for 24 hours. The mortar shall be
ground in a mortar mill with 200 turns. The mortar shall be kept moist and protected from sun, rain
and dust. Mortar more than 3 days old shall not be used. Mortar shall be laid in proper position in
layers not exceeding 230mm. thick at a time and shall be thoroughly watered and kept wet,

BRICK BAT CONCRETE:

The brickbats shall be of new bricks, hard and well burnt and broken to sizes varying from 37 mm
to 50 mm Brickbats shall be free from earth and shall be got approved before use. Sand shall be
coarse, clean, sharp, dry and free from silt, organic and other impuirities.
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(@)  LIME CONCRETE:

If lime concrete is to be used, brickbat concrete of specified thickness in layers not
exceeding 150 mm. thick shall be composed of 2 parts of brickbats broken to regular size
of 30 mm. and one part of lime mortar (1:2) proportion or as specified, well mixed together
either in mixer or on brick or stone platform as per the instructions of Engineer-in-Charge
of work, with sufficient water and rammed hard till consolidated and top surface of the
concrete shall be roughened, in order to have proper bond with the new layer.

CEMENT CONCRETE:

(a) Placing of concrete shall start after the bottom of foundation is well dressed, watered and
rammed by means of rammers. After laying and consolidation is completed, watering
twice a day for a week from the next day shall be done.

The measurements shall be exact to length, breadth and depth as per drawing.

(b) If cement concrete is to be used, mixing shall be done either in a mixer machine or as
required by Engineer-in-Charge of works in grades of M-10 / M-15 / M-20 / M-25 or as
specified in the tender item. Concrete shall be laid in layer of maximum 150 mm.
thickness with sufficient water and well consolidated with rammer and shall be
roughened, in order to have proper bond before the next layer is laid. Placing of concrete,
by curing and measurements shall be done as per lime concrete.

(c)  DAMP PROOF COURSE:

Damp proof course shall consist of a layer of 50 mm thick cement concrete (M-15/ M-20).
Over the layer of cement concrete, a thick coat of mineral asphalt (heated to 350 degree
F to 400 degree F) shall be laid. The work shall be measured in square metre of specified
thickness. Rate shall include cost of all materials and labour involved in all the above
operations.

All sanitary block floors shall be laid over a continuous bitumen damp proof course similar
to above and to vertical faces of the wall for a height of 300 mm. and turned horizontally
to a length of 150 mm. and shall be properly fused and made water tight around all
plumbing work.

MATERIALS - CEMENT AND AGGREGATES:

CEMENT:

The Cement used shall be only of the following with prior approval of the Engineer-in-Charge.

(a) Ordinary Portland Cement conforming to 1S: 269 (For 33 Grade) IS: 8112 (For 43 Grade)
and IS: 12269 (For 53 Grade)

(b) Rapid Hardening Portland Cement conforming to 1S: 8041.

(c) Portland Pozzolana Cement conforming to IS: 1489.

(d) Portland slag Cement conforming to IS: 455.

(e) Hydrophobic cement conforming to 1S: 8043.

(f) Low Heat Portland Cement conforming to 1S: 12600

(9) Sulphate Resisting Portland Cement conforming to 1S: 12330

The cement shall satisfy the physical requirements given in Table 2.1

AGGREGATE:

Aggregate shall confirm to I1S: 383. Aggregate shall consist of naturally occurring sand and gravel
or stone, crushed or uncrushed or a combination thereof from source known to produce
satisfactory aggregate for concrete and shall be chemically inert, strong, hard, dense, durable
against weathering. It shall have limited porosity and shall be free from veins and adhering
coatings, iron pyrites, coal, mica, shale or similar laminated material, sea shells, alkali, clay
lumps, coal residues, clinkers, slag, organic and other impurities that may cause corrosion of the
reinforcements or may impair the strength and/or durability of the concrete. The grading shall be
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arranged by the contractor that will produce dense concrete of the specified proportions - and
consistency that will work readily into position without segregation and without the use of
excessive water. The contractor shall submit to the Engineer for approval, a representative
sample and sieve analysis of the aggregate at the site. Coarse and fine aggregates shall be
delivered at the site separately. The size of the aggregate and sieve analysis furnished below are
for the guidance only. The grading of the aggregate shall be based on the mix design and

preliminary tests on concrete specified later in this Specification.

TABLE 2.1
PHYSICAL REQUIREMENTS
(TEST TO BE DONE AS PER IS: 4031)

Ordinary Low heat Portland Hydrophobic
Portland Portland Pozzolana Portland
Cement Cement Cement Cement
Fineness (Blaine's Air | Not less than | Not less than | Not less than | Not less than
Permeability) Specific Surface | 2250 3200 3000 3500
cm2/gm
Soundness (Le Chatelier | Not more than | Not more than | -- Not more than
method) Expansion) 10 mm 10 mm 10 mm
Setting Time (Vicat Apparatus | 30 minutes 60 minutes 30 minutes 60 minutes
initial Setting Time - Not less
than
Final Setting time - Not more | 600 minutes 600 minutes 600 minutes 600 minutes

than

Compressive Strength (Avg.
of 3 Mortar Cubes (Area of
Face 50 Sg.cm of 1:3 cement
: Sand)

(Not less than)

(Not less than)

(Not less than)

(Not less than)

72 + 1 hour

160 kg / sq.cm.

100 kg / sq.cm.

160 kg / sq.cm.

168 + 2 hour

160 kg / sq.cm.

220 kg / sq.cm.

220 kg / sq.cm.

672 + 4 hours

220 kg / sq.cm.

350 kg / sg.cm.

310 kg / sq.cm.

310 kg / sq.cm.

Heat Hydration

Not more than

7 days

66 cal/gm

28 days

75 cal/gm

243

244

245

SAMPLING AND TESTING AGGREGATES:

Samples of the aggregate for mix design and determination of suitability shall be taken under the
supervision of the Engineer-in-Charge and delivered to the laboratory well in advance of the
scheduled placing of concrete. Records of the tests, which have been made on proposed
aggregate and on concrete, made from the source of aggregate, shall be furnished to the
Engineer in advance of the work of use in determining aggregate suitability.

CHEMICAL REQUIREMENTS:

The chemical requirement as given in relevant codes shall be satisfied when tested in accordance
with IS: 4032.

FINE AGGREGATE:

Fine aggregate shall consist of natural sand and/or manufactured sand. The sand shall be sharp,
hard, strong, durable and free from organic materials and other deleterious substances

a) MACHINE MADE SAND:
Machine made sand will be acceptable upon approval by the Engineer, provided that the
base rock composition shall be sound, hard, dense, non-organic, uncoated and durable
against weathering.

b) SCREENING AND WASHING:
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d)

Sand shall be prepared for use by such screening or washing or both as necessary to
remove all objectionable foreign matter while separating the sand grains to the required
size fractions.

FOREIGN MATERIAL LIMITATIONS:

Sand shall be free from all vegetable and injurious substances, dust, clay lumps, soft or
elongated or flaky particles, shale, alkali, organic matter, loam mica and other deleterious
substances. The percentages of deleterious substances in sand delivered to the mixer
shall not exceed the following.

Percentage by weight

Material passing IS: 460 - 75 Micron sieve 3
Shale 1
Coal and lignite 1
Clay lumps 1
Total of all above substances Not to exceed five percent

GRADATION:

The sand shall be so graded that concrete of the required quality, workability, density and
strength can be produced using the specified water cement ratio. Unless otherwise
directed, sand shall be graded as indicated in Table - 2.2.

Note:
(1)
(2)

®)

TABLE -2.2
FINE AGGREGATE
IS Sieve Percentage

Designation

Grading Grading Grading Grading

Zone-| Zone-l Zone-lll Zone-1V
10 mm 100 100 100 100
4.74 mm 90-100 90-100 90-100 95-100
2.36 mm 60-95 75-100 85-100 95-100
1.18 mm 30-70 55-95 75-100 90-100
600 micron | 15-34 35-59 60-79 80-100
300 micron | 5-20 8-30 12-40 15-50
150 micron | 0-10 0-10 0-10 0-10

For crushed stone sands permissible limit on 150 micron IS Sieve is increased to
20 percent (in addition to 5 percent tolerance allowed).

Where concrete of high strength and good quality is required, fine aggregate
conforming to any one of the four grading zones may be used; however the
concrete mix should be properly designed. As the fine aggregate grading
becomes progressively finer, that is, from grading zones | to 1V, the ratio of fine
aggregate to coarse aggregate should be progressively reduced. The most
suitable fine aggregate to coarse aggregate ratio to be used for any particular mix
will, however, depend upon the actual grading, particle shape and surface texture
of both fine and coarse aggregates.

It is recommended that the fine aggregates conforming to grading zone IV should
not be used in reinforced concrete unless tests have been made to ascertain the
suitability of proposed mix proportions. Where the grading falls outside the limits
of any particular grading zone of sieves, other than 600 micron 1.S. sieve by total
amount not exceeding 5 percent, it shall be regarded as falling within the grading
zone. This tolerance shall not be applied to percentage passing the 600 micron IS
sieve or to percentage passing any other sieve on the coarser limit of grading
zone | or the finer limit of grading zone-II.
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e) FINENESS MODULUS:
The sand shall have fineness modulus of not less than 2.8 nor more than 3.2. The
fineness modulus shall be determined by adding cumulative percentages retained on the
five IS : 460 sieve designations viz 2 mm, 1 mm, 500 micron, 300 micron and 150 micron
and dividing it by 100. The sieve generally adopted are 4.75 mm, 2.36 mm, 1. 18 mm,
600 micron, 300 micron and 150 micron.
f) SPECIFIC GRAVITY:
Sand having specific gravity below 2.60 (saturated surface - dry basis) shall not be used
without special permission of the Engineer.
TABLE - 2.3
GRADING LIMITS FOR COARSE AGGREGATES
IS Sieve Percentage Passing for single sized aggregate of Percentage Passing for Graded
Designation Normal size Aggregate of Nominal Size
60 60 40 20 16 mm 10 40 40 15 12.5
mm mm mm mm 12.5 mm mm mm mm mm
40 20 16 mm 20
mm mm mm mm
80 mm 100 -- -- -- -- -- 100 -- -- --
53 mm 85- 100 -- --- -- -- -- -- -- --
100
40 mm 0-80 85- 100 -- -- -- 95- 100 -- --
100 100
20 mm 0-5 0-20 85- 100 -- -- 30-70 | 95- 100 100
100 100
16 mm -- -- -- 85- 100 -- -- -- 90- --
100 100
12.5 mm -- -- -- -- 85-100 | 100 -- -- -- 90-
100
10 mm -- 0-5 0-20 0-30 0-45 85- 10-35 | 25-55 | 30-70 | 40-85
100
4.75 mm -- -- 0-5 0-5 0-10 0-20 | 0-5 0-10 0-10 0-10
2.36 mm -- -- -- -- -- 0-5 -- -- -- --

246 COARSE AGGREGATE STONE:

This shall consist of broken trap, granite or any suitable rock from a source to be approved by the
Engineer. It shall be machine crushed, hard, strong, durable, free from clay films or loamy
admixture, vegetable or organic matter.

a)

b)

SCREENING & WASHING:
Natural gravel and crushed rock shall be screened and/or washed for the removal of dirt
or dust coating, if so demanded by the Engineer.

The pieces shall be regular in shape, shall have granular or crystal like shape. Friable,
flaking and laminated pieces, mica, shale shall be present only in such quantities that will
not, in the opinion of the Engineer, effect adversely the strength and/or durability of
concrete.

The amount of fine particles occuring in the Free State or as loose adherent shall not
exceed 1% determined by laboratory sedimentation tests, after 24 hours immersion in
water. A previously dried sample shall not have gained more than 10% of the weight.

GRADING:
The aggregate shall be well graded. he grading limits for coarse aggregates shall be as
given in Table-2.3.

- 22




247

2438

249

c) SPECIFIC GRAVITY:
No coarse aggregate of less than 2.6 specific gravity (saturated surface - dry basis) shall
be used without written approval of the Engineer.

d) FOREIGN MATERIAL LIMITATIONS:
The percentage of deleterious substances in the coarse aggregate delivered to the mixer
shall not exceed the following:

Percentage by Weight

Materials passing IS 460-75 Micron sieve 1
Coal and lignite 1
Clay lumps 1
Total of all the above substances 3

ALL - IN -AGGREGATES:

If combined aggregates are available, they need not be separated into fine and coarse, but
necessary adjustments may be made in the grading by the addition of single-sized aggregate.
The grading of All in Aggregate shall be as given in Table 2.4.

TABLE -2.4
GRADING OF ALL-IN-AGGREGATE

IS Sieve Designation | Percentage passing for All in Aggregate of
40 mm nominal size | 20 mm nominal size

80 mm 100 --

40 mm 95-100 100

20 mm 45-75 95-100

4.75 mm 25-75 30-50

600 micron 8-30 10-35

150 micron 0-6 0-6

MECHANICAL PROPERTIES OF AGGREGATES:

The aggregates shall have flooring mechanical properties:
Aggregate Crushing Value - 45 percent for concretes other than for wearing surfaces
- 30 percent for concrete for wearing surface
Aggregate Abrasion Value - 12 percent
Aggregate Impact Value - 45 percent by weight for concretes other
(Alternative to Aggregate than for wearing surfaces
Crushing Value) - 30 percent by weight for concrete for
Wearing surface

COARSE AGGREGATE - SLAG:

Aggregate shall conform to the following in addition to para 2.4.2 to 2.4.8 above, which are
applicable in this case also.

Blast furnace slag as aggregate may be
used for concrete work if such use is
permitted by the Engineer

Approval for Use

Slag shall be crushed s required and
over Magnetic Separators to remove
stray bits of iron and then graded as

Separating and Grading
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2.7

271

required

Sulphur Content Sulphur contents shall be controlled as
per laboratory tests and as required by
the Engineer

Specific Gravity No aggregate of less than 2.1 specific
and Weight gravity shall be used.
Weight of dry compact graded material
(6-40 mm) shall range between 1300 -
1450 kg. Per cu.m.

Weight of slag Concrete The weight of concrete made from slag
aggregate should be 2170 to 2245 kg.
per cum.

Test for approval In addition to the tests mentioned for

coarse aggregate stone, contractor shall
perform tests for sulphur and iron
contents and any other test required by
the Engineer. The Test results shall be
approved by the Engineer before the
material is used for work

WATER:

Water used for mixing and curing shall be clean and free from injurious amounts of oils, acids,
alkalies, salts, sugar, organic materials or other substances that may be deleterious to steel or
concrete. Potable Water is generally considered satisfactory for mixing concrete. pH value of
water shall generally be not less than 6. Mixing or curing of concrete with seawater is not
recommended because of presence of harmful salts in seawater. Under unavoidable
circumstances, seawater may be used for mixing or curing in plain concrete or such reinforced
concrete constructions, which are permanently under seawater.

ADMIXTURES:

Admixtures may be used in concrete, only with the approval of the Engineer-in-Charge based
upon evidence that, with the passage of time, neither the compressive strength of concrete is
reduced by more than 10 percent nor are other requisite qualities of concrete and steel impaired
by the use of such admixtures. Calcium chloride should not be used. Admixtures, if used shall
comply with 1S: 9103.

REINFORCEMENT:

BIS Specifications:
The Reinforcement Steel shall comply with the following Specifications:

a) Ordinary Mild Steel and Medium Tensile Steel Bars/Reinforcement shall comply with IS: 432.
b) High Strength Deformed Steel Bars/Reinforcement shall comply with IS: 1139 or IS: 1786.

272
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FREEDOM FROM DEFECTS:

All finished bars shall be well and clearly rolled to the dimensions and weights specified. Also they
should be sound and free from cracks, surface flaws, laminations, rough, jagged and imperfect
edges and other defects.

WEIGHTS AND AREAS:

The weight of the bar shall be calculated on the basis that steel weighs 0.785 Kg./meter run/cm of
the nominal cross sectional area.

The weights per meter of round bars in kilograms rounded off to three or two decimal places in
Kg. and areas of cross section in Sq. Cms should be as given in Table-2.5.
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QUALITY:

TABLE - 2.5

WEIGHTS AND CROSS SECTION AREAS OF BARS

Bar dia Mm Weight (Kg/m.) | Area of Cross

Section sg.cm.
5 0.154 0.20
6 0.222 0.28
8 0.395 0.50
10 0.617 0.79
12 0.888 1.13
16 1.58 2.01
18 2.00 2.54
20 2.47 3.14
22 2.98 3.80
25 3.85 4.91
26 4.85 4.81
32 6.31 8.04
36 7.99 10.18

All steel shall be of tested quality. No re-rolled material will be accepted. The Contractor shall
submit the manufactures' test certificate for steel to the Engineer. All bars shall be free from
grease, oil, dirt, mill scales, and loose rust and bituminous material. All bars shall be thoroughly
cleaned before being fabricated. Pitted and defective bars shall not be used. All bars shall be
placed and shall be rigidly held in position before concreting.

PHYSICAL REQ

UIREMENTS:

The reinforcement shall satisfy the requirements given in Table 2.6:

TABLE 2.6

PHYSICAL PROPERTIES OF REINFORCING STEEL

M.S. Reinforcement Cold twisted (Plain or Deformed) Bars
Fe 415 Fe 500
Bar Sizes | Values | Bar Sizes | Values | Bar Sizes | Values
1. | Ultimate Tensile | All sizes 4200 | Under 5650 | All sizes 5000
Stress kg / 10mm
sg.cm.
10 mm & 4950
over
2. | Yield Stress or | Upto and 2600 | Under 4950 | All sizes 5000
0.2% Proof | including 10mm
stress kg/sg.cm. | 20mm
Over 20 2400 | 10 mm & 4250
mm over
3. | Percent Under 20 | All sizes 14.5 | All sizes 12.0
Elongation 10mm
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10mm 23
and over
4. | Bend Test Around a Mandrel of Around a Mandrel of
3d, through 180 ° 4d, through 180
degree
5. | Rebend Test Around a mandrel of Around a mandrel of
6d, through 45° and 7, through 45° and
average bend average bend
through 23° , around through 23° , around
a mandrel of 6d a mandrel of 6d
NOTES ON MANUFACTURE:
. All M.S. reinforcement bars shall have chemical composition in accordance with IS: 226 - OR IS:

2062. These bars if deformed shall be deformed in accordance with IS: 1139.

. All twisting shall be carried out in cold. The bars shall not be subjected to any heat treatment at
any stage during the process of manufacture.

. The amount of twisting given to a bar shall be such that the pitch of one complete twist through
360° is 'N' times the nominal size of bar where N is as follows:

Type of Bar N
Plain Twisted Bar 2to 14

Deformed Twisted Bar 8 to 30

. Fe 415 grade steel is made from basically soft mild steel (IS: 226) with maximum 0.25% carbon
and is weldable.

. Fe 500 grade steel is made from selected prime quality Steel with maximum 0.3% carbon and is
also weldable.

276 TOLERANCE:

The rolling tolerance shall be as given below:

Nominal Size Tolerance
Bars in Straight Lengths Up to and including 25 mm. bars + 0.5 mm.
(M.S.) Above 25 mm bars. + 0.75 mm.
Coiled Round (M.S.) Up to and including 12 mm bars. + 0.5 mm.
Weights (M.S. & C.T.bars) Up to and including 8 mm. bars. + 4.0 percent
Above 8 mm bars + 2.5 percent

The cutting tolerance on length shall be as given below:

When specified length is not stated to be either - 25 mm
a maximurn or a minimum. +75mm
When a minimum length is specified £ 75 mm
When a maximum length is specified - 50 mm

2.7.7 BENDING OF REINFORCEMENT BARS:

All the bars should be bent according to the sizes and shapes shown in the detailed working
drawings. They shall be bent gradually by machine or other approved means. They shall be bent
cold except bars of over 25 mm. in diameter, which may be bent hot, if approved by the Engineer.
Bars bent shall not be heated beyond red colour and after bending shall be allowed to cool slowly
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without quenching. Bars incorrectly bent shall be used only if the means used for straightening
and rendering be such as shall not, in the opinion of the Engineer, effect properties of the
reinforcement. No reinforcement shall be bent when in position in the work without approval,
whether or not it is partially embedded in hardened concrete. Stipulations laid down in IS: 2502 for
bending and fixing shall be followed unless otherwise specified herein.

Where reinforcement bars are bent aside at construction joints and afterwards bent back into
original position, care should taken to ensure that at no time is the radius of the bend less than 4
bar diameter for plain mild steel or 6 bar diameters for deformed bars. Care shall also be taken
when bending back the bars, to ensure that the concrete around the bar is not damaged.

2.7.8 FIXING REINFORCEMENT:

Reinforcement shall be accurately fixed and by approved means maintained in the position shown
in the drawings. Bars intended to be in contact at crossing points shall be securely bound together
at all such points with No. 16 gauge or 18 gauge annealed soft iron wire, The cover or concrete
over the reinforcement shall be as shown on the drawings and shall be provided and maintained
by means of cement mortar briquettes or other approved means.

The vertical distances required between successive layers of bars in beams or similar members
shall be, maintained by the provision of mild steel spacer bars at such intervals that the main bars
do not perceptibly sag between adjacent spacer bars.

Reinforcement shall be placed within the following tolerances:

a) For effective depth 200 mmorless ... +10 mm

b) For effective depth more than 200 mm ...... +15mm

The cover, shall in no case be reduced by more than one third of specified cover or 5 mm.
whichever is less.

2.7.8.1 SPACING OF REINFORCEMENT:

Minimum distance between two parallel main reinforcement bars shall usually be not less than the
greatest of the following:

Horizontal distance 0] bar diameter (of larger bar if
unequal diameters are used)
(i) 5 mm more than nominal size of
coarse aggregate
Vertical distance 0] Two thirds the nominal size of
coarse aggregate
(i) Maximum bar (size
or (iii) 15 mm.

In locations where reinforcement is congested, grouping of bars by touching one another may be
permitted provided the requirements of minimum horizontal distance as specified above are
complied with and provided further that development length is adequately increased.

2.7.8.2 COVER:

Reinforcement shall have cover and the thickness of such cover (exclusive of plaster or other
decorative finish) shall be as follows or as per instruction of Engineer-in-Charge.

a) At each end of reinforcement bar, not less than 2.5 mm. nor less than twice the diameter
of such rod or bar.
b) For a longitudinal reinforcing bar in a column, not less than 40 mm. or less than the

diameter of such rod or bar. In the case of columns of minimum dimension of 200 mm. or
under, whose reinforcing bars do not exceed 12 mm. in dia.; the cover of 25 mm. may be
used.
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c) For longitudinal reinforcing bar in a beam, not less than 25 mm. nor less than the
diameter of such rod or bar.

d) For tensile, compressive, shear, or other reinforcement in a slab, not less than the
diameter of such reinforcement; and
e) For any other reinforcement, not less than 13 mm nor less than the diameter of such

reinforcement.
For concrete members in contact with earth, the above provisions for cover shall be
increased by 15 mm.

Increased cover thickness may be provided when surfaces of concrete members are exposed to
the action of harmful chemicals (as in case of concrete in contact with earth faces contaminated
with such chemicals), acid, vapour, saline atmosphere, sulphurous smoke (as in case of steam
operated railways) etc. and such increase of cover may be between 15 mm and 40 mm beyond
the figures given above as may be specified by the Engineer-in-Charge.

For reinforced concrete members, totally or periodically immersed in sea water or subject so sea
spray, the cover of concrete shall be 50 mm. more than that specified above.

Contractor shall prepare concrete cover blocks of different and necessary sizes and shall use as
and when required for providing the adequate and specified cover to the reinforcement. Such
cover blocks shall be made so in advance and properly cured to take the load of reinforcement.
Cement mortar blocks in C.M. (1:1) shall be used for making cover blocks.

WELDING:

Welding by gas or electricity may be permitted under suitable conditions and with suitable
safeguards. For guidance on welding, relevant Indian Standards for welding of mild steel bars
used in reinforced concrete construction may be referred.

In case of tack welding used for fixing reinforcement in their position, no specifically precaution in
regard to stress need be taken.

Butt-welding between the ends of a rod in line, where stress is transferred across the section, is
recommended to be allowed for mild steel bars only. In the case of rods of mild steel which have
their strength increase by cold working the stress at the weld should be limited to the strength of
mild steel, before cold working and the additional strength obtained by cold working should be
ignored at and near the welded joints or mechanical connections in reinforcement may be used
but in all cases of important connections, tests shall be made to prove that the joints are of the full
strength of bars connected.

LAPS OF REINFORCEMENT:

Where laps and joints are provided in the reinforcing bars, they shall be staggered and the
following requirements should generally be satisfied:

(a) No splices of reinforcement shall be made except as shown on the design drawings or as
specified by the Engineer-in-Charge. Lap length to be adopted for all reinforcing bars (for
both mild steel and CTD bars) shall be for mix up to M20, 60x diameter of bars, unless
otherwise specified.

(b) Lapped splices in tension shall not be used for bars of sizes larger than 25 mm diameter;
such splices shall preferably be welded.

For contact splices, spaced laterally closer than 12 times bar diameters or located closer
than 150mm. or 6 times bar diameters from the outside edge, the lap shall be increased
by 20 percent or stirrups or closely spaced spirals shall enclose the splice for its full
length.
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2.8

2.8.1

Where more than one times half of the bars are spliced within a length of 40 times bars
diameter or where splices are made at points of maximum stress, special precautions
shall be taken such as increasing the length of lap and/or using spirals or closely spaced
stirrups around and for the length of the splice.

(c) Splices in compression reinforcement:
Where lapped splices are used, the lap lengths shall be 40 times of diameter of the bars.
Welded splices or other positive connections may be used instead of lapped splices.
Where bar size exceeds 25 mm diameter, welded splices or other positive connections
shall preferably be used in bars required for compression only, the compressive stress
may be transmitted by bearing of square cut ends held in concentric contact by a suitable
welded sleeve or mechanical device.

In columns where longitudinal bars are off set at a splice, the slope of the inclined portion
of the bar with the axis of the column shall not exceed 1 in 6, and the portions of the bar
above and below the off set shall be parallel to the axis of the column. Off set bars shall
be bent before they are placed in the forms. Where column faces are off set 75mm. or
more, splices of vertical bars adjacent to the off set face shall be made with separate
dowels overlapped as specified above.

(d) Approved welded splice and positive connection:
An approved welded splice Is one in which the bars are butted and welded so that it will
develop in tension at least 125 percent of the specified yield strength of the reinforcing
bar. Approved positive connections for bars designed to carry critical tensions or
compression shall be equivalent in strength to an approved welded splice.

PAYMENT FOR REINFORCEMENT WORK:

For purpose of payment, all the steel provided in accordance with the drawings shall be measured
and paid for including hooks, laps, separations, cranks etc. However, no payment shall be made
for binding wires. Chairs when shown on drawings and/or when specifically instructed at site to
provide shall be paid for as per actual weight in the reinforcement item. The dowels shown on the
drawings or instructed to be provided by the Engineer shall also be measured and paid for at the
unit rate quoted. The rate quoted shall include applying two coats of Bitumastic paint on dowels
and wrapping them with burlap. The unit rate shall be irrespective of the level or the height at
which work is done. Steel reinforcement shall be measured in Kg. based on total computed
weight for the size and length of bars as shown on drawings or as instructed by Engineer. The
weight of bars will be computed from theoretical weight for the respective sizes as shown in para
2.7.3 above.

The laps will be given as under:

i) at the places shown in the drawing

ii) at the places where lap is provided as per the instruction of Engineer.

iii}) at the places where the length of bar is more than 9 mtrs.

iv) in case of columns at each floor height. Where floor height is more than 5.0 m, lap to be

provided as per instruction of the Consultant.

STORAGE OF MATERIALS:

CEMENT:

Cement shall be stored in weather-tight buildings, bins, or silos, which exclude moisture and
contaminants. Storage of cement at site shall be at contractor's expense and risk. In the event of
any damage occuring to cement due to faulty storage in contractor's shed or on account of
negligence on his part, such damages shall be the liability of Contractor.

In case cement is stored and stacked in bags, storing shall be done in weather tight and properly
ventilated structures to prevent absorption of moisture. The bags shall be stacked at least 100 -
200 mm clear above the floor. A space of 600 mm all around shall be kept between exterior walls
and stacks.
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2.10

2.10.1

2.10.2

Cement bags shall be placed close together in the stack to reduce circulation of air as much as
possible. Cement bags should not be stacked more than 10 bags high to avoid lumping under
pressure.

If the stack is more than 7 bags high, arrange the bags in header and stretcher fashion, that is,
alternatively length-wise and crosswise so as to tie them together and lessen the danger to
toppling over. For extra safety during the monsoon or when it is expected to store the cement for
an unusually long period, enclose the stack completely in polythene sheets or any other suitable
water proofing materials (covering). The flap will close on the top of stack. Care should be taken
that the polythene sheet is not damaged any time during use. When removing bags from storage
some bags should be removed from two or three tiers back rather than all from one tier. If the
rows are thus stepped back, there is less chance of over turning. When removing cement bags for
use, apply "first in, first out" rule, that is, take the oldest cement out first. Each consignment of
cement shall be stacked separately to permit easy access for inspection and to facilitate removal.

AGGREGATES:

The aggregate shall be stored in such a way as to prevent mixing of and with foreign materials.
The heaps of fine and coarse aggregates shall be kept separately. When different sizes of fine or
coarse aggregate are procured separately, they shall be stored in separate stockpiles sufficiently
away from each other to prevent the material at the edges of the piles from getting intermixed.

STEEL & REINFORCEMENT:

The steel shall not be kept in direct contact with the ground but shall be stacked on top of an
arrangement of timber sleepers. It is good practice to coat reinforcement with cement wash before
staking to prevent scale and rust.

All materials shall be so stored as to prevent deterioration or intrusion of foreign matter and to
ensure the

presentation of their quality and fitness for the work. Any material, which has deteriorated or has
been damaged

or is otherwise considered defective by the Engineer-in-Charge, shall not be used for the
concrete.

TESTS:

Appropriate tests, which are required by the different Indian Standards to ascertain that the
materials used in construction conform to the respective standards and specifications, are to be
carried out by the contractor at his own cost. Whenever there is a change of the source of supply
of the materials, change in size or change in proportions of materials, such test should be carried
out. For materials, such as cement which deteriorates due to passage of time such tests as are
required should be carried out at suitable intervals, and all costs for testing shall be borne by the
contractors. Contractor as suggested by the Architects shall keep all records. All the costs for
testing of all other materials shall be borne by the contractor

WORKMANSHIP - CONCRETE:

GRADES OF CONCRETE:
The concrete shall be in grades designated as M10, M15, M20, M25, M30, M35, M40, M45, M50,
M60, M65, M70, M75 and M80.

Note:

In the designation of a concrete mix letter M refers to the mix and the number to the specified
characteristic compressive strength of 150 mm. cube at 28 days expressed in N/mm?. IS: 516 and
IS: 1199 shall be followed for sample sizes, sampling and testing of all samples.

STRENGTH REQUIREMENTS OF CONCRETE:

Where Ordinary and Low Heat Portland Cement conforming to IS: 269, Portland Pozzolana
Cement conforming to IS: 1489 or Portland Blast Furnace Slag Cement conforming to IS: 455 is
used, the compressive strength requirements for various grades of concrete shall be as given in
Table 2.7. Where Rapid Hardening Portland Cement (IS: 8041) is used, the 28 days compressive
strength requirements specified in Table 2.7 shall be met at 7 days.
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The strength requirements specified in Table 2.7 shall apply to both Controlled Concrete i.e.
Design Mix Concrete and Ordinary Concrete i.e. Nominal Mix Concrete.

In order to get a relatively quicker idea of the quality of concrete, optional works tests on beams
for modulus of rupture at 72 + 2 hours or 7 days or compressive strength at 7 days may be carried
out in addition to 28 days compressive strength test. The Engineer-in-Charge may suitably relax
the frequency of 28 days compressive strength test specified in Table 2.7 of IS: 456 - 2000
provided the expected strength values at the specified early age are consistently met. For this
purpose, the values given in Table 2.8 may be taken for general guidance in the case of concrete
made with Ordinary Portland Cement.

Where the strength of a concrete mix, as indicated by tests lies in between the strength for any
two grades specified in Table 2.7, such concrete shall be classified for all purposes as a concrete
belonging to the lower of the two grades between which its strength lies.

TABLE - 2.7

STRENGTH REQUIREMENTS OF CONCRETE

Group Grade of Concrete | Compressive Strength of 150 mm cubes at
28 days after mixing, conducted in
accordance with 1S:516
N/sgq.mm
Ordinary concrete M-10 10
M- 15 15
M - 20 20
Standard Concrete M - 25 25
M- 30 30
M- 35 35
M - 40 40
M - 45 45
M- 50 50
M - 55 55
High Strength M - 60 60
Concrete
M - 65 65
M-70 70
M-75 75
M - 80 80
Note:

(@)

(b)

Preliminary test - A test conducted in a laboratory on the trial mix of concrete produced in

the laboratory with object of:

(i) Designing a concrete mix before the actual concreting operation starts.

(i) Determining the adjustments required in the designed mix when there is a
change in the materials used during the execution of works or,

(iii) Verifying the strength of concrete mix.

Works Tests:

A test conducted either in the field or in laboratory, on the specimens made on the works,
out of the concrete being used on works.
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2.10.3 PROPORTIONING & WORKS CONTROL.:

The mix proportions shall be selected to ensure that the workability of the fresh concrete suitable
for the condition of handling and placing, so that after compaction it surrounds all reinforcement
and completely fills the form work. When concrete is hardened, it shall have the required strength
durability and surface finish. The determination of the proportions of cement, aggregate and water
to attain the required strength shall as follows:

(a) By designing the concrete mix; such concrete shall be called "Design Mix Concrete" or
"Controlled Concrete
(b) By adopting nominal mix, such concrete shall be called. "Nominal Mix Concrete".
TABLE - 2.8

OPTIONAL WORK TEST REQUIREMENTS OF CONCRETE (All values in N/mm?)
(All tests conducted in accordance with IS : 516)

Grade of Concrete | Compressive Strength of | Moulds of Rupture by Beams Test Min.
150mm cubes. min at 7
days
at72 + 2 hrs. at 7 days

M-10 7 1.2 1.7
M-15 10 1.5 21
M-20 13.5 1.7 24
M-25 17 1.9 27
M-30 20 21 3.0
M-35 235 23 3.2
M-40 27 25 3.4

The concrete mix shall be designed to have an average strength corresponding to the values
specified for preliminary tests in Table - 2.7. The proportions chosen should be such that the
concrete is of adequate workability for the conditions prevailing on the work in question, and can
be properly compacted with the means available. The maximum total quantity of aggregate by
weight per 50 kg. of cement shall not exceed 450 kg. Except where otherwise specially permitted
by the Engineer-in-Charge.

Except where it can be shown to the satisfaction of the Engineer-in-Charge that supply of properly
graded aggregate of uniform quality can be maintained over the period of work, the grading of
aggregate should be controlled by obtaining the coarse aggregate in different sizes and blending
them in the right portions when required, the different sizes being stocked in separate stock pites .
The material should be stock piled for several hours preferably a day before use. The grading of
coarse and fine aggregate should be checked as frequently as possible, the frequency for a given
job being determined by the Engineer-in-Charge to ensure that the suppliers are maintaining the
grading uniform with that of the samples used in the preliminary test.

In proportioning concrete, the quantity of both cement and aggregate should be determined by
weight, where the weight of cement is determined by accepting the maker's weight per bag. A
reasonable number of bags should be weighted separately to check the net weight. Where the
cement is weighed on the site and not in bags, it should be either measured by volume in
calibrated tanks or weighed. All measuring equipment should be maintained in clean serviceable
conditions, and their accuracy periodically checked.

It is most important to maintain the water cement ratio constant at its correct value. To this end,
determination of moisture contents in both fine and coarse aggregates should be made as
frequently as possible, the frequency for a given job being determined by the Engineer-in-Charge
according to weather conditions. The amount of the added water shall be justified to compensate
for any observed variations in the moisture contents. For the determination of moisture content in
the aggregate for concrete: Part-ll specific gravity, density, voids, absorption and bulking may be
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2.10.5

referred to. To allow for the variation in weight of aggregate due to variation in their moisture
content, suitable adjustments in the weights of aggregate should also be made.

No substitutions in materials used on the work or alterations In the established proportions,
except as permitted in the above para shall be made without additional tests to show that the
quality and strength of concrete are satisfactory.

WORKABILITY OF CONCRETE:

The concrete mix proportions chosen should be such that concrete is of adequate workability for
the placing conditions of the concrete and can properly be compacted with the means available.
The definitions of the ranges of "workability" of concrete as measured by either the slump or V-B
tests (I1S: 1199) and the range to be adopted for different kinds of work unless specified otherwise
is given in Table - 2.9.

TABLE - 2.9

WORKABILITY OF CONCRETE

Placing conditions Degree of Slump (mm) Values of Workability
Workability
Vee-Bee Compacting
Factor
Blinding concrete; Very Low | -- 20-10 secs. | 0.75-0.80
Shallow Sections'
Pavements using
pavers
Mass concrete; Low 25-75 10-5secs. | 0.80-0.85
Lightly reinforced
sections in slabs,
beams, walls,
columns, Floors,
Hand placed,
pavements, Canal
ling, Strip footings
Heavily reinforced | Medium 50-100 5-2 secs. 0.85- 0.92*
sections in  slabs, 75-100
beams, walls,
columns, Slip form
works, Pumped
concrete.
Trench fill, High 100- 150 - Above
in-situ pilling Very High | Workability to be decided by 0.92**
Termite concrete determination of flow (IS- Above
9103) 0.92**

Note: For most of the placing conditions, internal vibrators (needle vibrators) are suitable. The
diameter of the needle shall be determined based on the density and spacing of reinforcement
bars and thickness of sections. For tremie concrete, vibrators are not required to be used.

A competent person should be employed whose duty will be to supervise all stages in the
preparation and placing of the concrete. All works test specimens should be prepared and site
tests carried out under his direct supervision.

NOMINAL MIX CONCRETE:
Nominal mix concrete may be used for concretes of grades M-5, M-7.5, M-10, M-15, M-20. The
proportions of materials for nominal mix concrete shall be as specified in Table 2.10.

TABLE -2.10
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2.10.6

PROPORTIONS OF NOMINAL MIX CONCRETE

Grades of | Total quantity of Dry | Proportion of fine Aggregate to | Quantity of
Concrete | Aggregate by Mass | Coarse Aggregate (by Mas) Water for 50
per 50 Kg. of Cement, Kg. of
Sum of Masses of Cement
Fine and Coarse (Max.) Lit.
Aggregates
M-5 800 Kag. Generally 1.2 but subject to upper | 60
635 Kg. limit of 1:1.5 and a lower limit of | 45
1:2.5
M-10 480 Kg. Adjust from upper to lower limit as | 34
M-15 350 Kg. grading fine aggregates becomes | 3o
finer and maximum sizes of coarse
M-20 250 Kg. aggregate become larges. 30

The maximum water cement ratio shall be maintained as per Table 2.12

NOTE:

The Contractor will be required to prepare his own mix design and establish from preliminary tests
as per Indian Standards that the mix design is according to that specified for each concrete. The
same shall be adopted only after the Consulting Engineer/Architect approves it.

Workability of the concrete should be controlled by direct measurement of water content, making
allowance for any surface water in the fine and coarse aggregates. The slump test in accordance
with IS: 1199 may be used as a guide. Allowances should be made for surface water present in
the aggregate when computing water content. Surface water shall be determined by one of the
field methods described in 1S: 2386 (Part IIl). In the absence of exact data, the amount of surface
water may be estimated from the values given in Table - 2.11.

TABLE - 2.1
SURFACE WATER CARRIED BY AGGREGATE
Aggregate Percent by | Approximate
Mass Qty. of
Surface
Water
Lt/Cum
Water wet sand 7.5 120
Moderately wet sand 5.0 80
Moist sand 2.5 40
Moist gravel or crushed rock 1.25-2.5 20 to 40

REQUIREMENT FOR DURABILITY:

Minimum cement content required in cement concrete to ensure durability under specified
conditions of exposure should be as given in Table 2.12 unless otherwise specified. The general
environment to which the concrete will be exposed during its working life is classified into five
levels of severity, that is, mild, moderate, severe, very severe and extreme as described in Table
2.13.

TABLE -2.12

Minimum Cement Content, Maximum Water Cement Ratio And Minimum Grade Of Concrete For Different
Exposures With Norma Weight Aggregates Of 20mm Nominal Maximum Size.

Sr. Exposure Plain Concrete Reinforced Concrete
No.

Minimum | Maximum | Minimum | Minimum Maximum‘Minimum
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Cement Free Grade of | Cement Free Grade of
Content Water Concrete | Content Water Concrete
Kg/Cu.m. | Cement Kg/Cu.m. | Cement
Ratio Ratio

1. Mild 220 0.60 - 300 0.55 M-20

2. Moderate 240 0.60 M-15 300 0.50 M-25

3. Severe 250 0.50 M-20 320 0.45 M-30

4. Very Severe 260 0.45 M-20 340 0.45 M-36

5. Extreme 280 0.40 M-25 360 0.40 M-40

The general environment to which the concrete will be exposed during its working life is classified
into five levels of severity, that is, mild moderate, severe, very severe and extreme as described

in Table 2.13.
TABLE 2.13
ENVIRONMENTAL EXPOSURE CONDITIONS
Sr. Environment Exposure Conditions
1. | Mild Concrete surfaces protected against weather or aggressive
conditions, except those situated in coastal area.
2. | Moderate Concrete surfaces sheltered from severe rain or freezing whilst wet.
Concrete exposed to condensation and rain
Concrete continuously under water
Concrete in contact or buried under non-aggressive soil/ground
water
Concrete surfaces sheltered from saturated salt air in coastal area
3. | Severe Concrete surfaces exposed to severe rain, alternate wetting and

drying or occasional freezing whilst wet or severe condensation.
Concrete completely immersed in seawater
Concrete exposed to coastal environment

4. | Very Severe Concrete surfaces exposed to seawater spray, corrosive fumes or
severe freezing conditions whilst wet.

Concrete in contact with or buried under aggressive sub-soil/ground
water

5. | Extreme Surface of members in tidal zone
Members in direct contact with liquid/solid aggressive chemicals

2.10.7 MIX DESIGN AND SAMPLING AND TESTING FOR CONCRETE:
Facilities required for sampling materials, shall be provided when required by the Engineer. The
methods used in sampling, laying curing and testing the concrete samples, either in the field or in
the laboratory, shall be in accordance with the appropriate Indian Standards. This is to investigate
the grading of aggregate, water cement ratio, workability and the quantity of cement required to
give works cubes of the minimum strength specified.

The mix shall be designed to produce the grade of concrete having required workability and
desired characteristic strength. As long as the quality of the materials does not change, a mix
design done earlier may be considered adequate for later work. As already stated under
"proportioning” the proportion of the mix shall be by weight. In case uniformity in the materials
used for concrete making has been established over a period of time, the proportioning may be
done by volume batching, by the use of bulk densities, provided periodic checks are made on
mass/volume relationships of materials. Where weigh batching is not practicable, the quantities of
fine and coarse aggregate (not cement) may be determined by volume. If aggregate is moist and
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volume batching is adopted, allowance shall be made for bulging in accordance with 1S: 2386
(Part-IIl). Mix proportioning shall be carried out according to the ACI Standard ACI 631 or "Design
of Concrete Mixes" Road Research Note No.4 of Department of Scientific and Industrial
Research, U.K.

Whenever there is either a change in strength of concrete required, water cement ratio,
workability or the source of aggregates and cement, preliminary tests shall be conducted again to
determine the revised proportions of the mix to suit the later conditions. While designing mix
proportions, over wet mixes should always be avoided.

PRELIMINARY TESTS:

The materials and proportion used in main preliminary tests shall be similar in all respects to hose
to be actually employed in the works as the object of this test is to determine proportion of
cement, aggregates and water necessary to produce the concrete of consistency required to give
the strength specified. It will be the contractor's sole responsibility to carry out these tests and he
shall therefore furnish to the Engineer, statement of proportions proposed to be used for concrete
mix. For preliminary tests, the following procedure shall be followed. Materials shall be brought to
the room temperature and all materials shall be in a dry condition. The quantities of water, cement
and aggregate for each batch shall be determined by weight to an accuracy of 1 Part in 1000.

(a) Mixing:
Concrete shall be mixed in a mechanical mixer. The mixer should comply with I1S: 1791.
The cement and fine aggregate shall first be mixed dry until the mixture is in uniform
colour. The coarse aggregate shall then be added, mixed and water added and mixed
thoroughly for a period of not less than two minutes after all the materials are in the drum
and until the resulting concrete is uniform in appearance. If there is segregation after
unloading from the mixer, the concrete should be remixed.

(b) The consistency of each batch of concrete shall be measured immediately after mixing,
by the slump test in accordance with IS: 1999. In the slump test, care shall be taken to
ensure that no water is lost; the material used for slump test may be remixed with the
remainder of concrete for making the test specimen. The period of remixing shall be as
short as possible yet sufficient to produce a homogeneous mass.

Note : In exceptional circumstances such as mechanical breakdown of mixer, work in the
remote areas or when the quantity of concrete work is very small, hand mixing may be
permitted, subject to adding 10% extra cement at his (contractors) cost. When hand
mixing Is permitted, It shall be carried out on a watertight platform and care shall be ta