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| WELDED ATTACHMENT & y

ONLY FOR SS/ALLOY STEEL PIPE
10 THK C.S. PLATE

2- d¢ BOLT HOLES
FOR SIZE OF BOLT
REF. TABLE BELOW

LOCATING DIM.

DETAIL=N

2— d¢ BOLT HOLES

FOR SIZE OF BOLT
REF. TABLE BELOW

10 THK C.S. PLATE

WELDED ATTACHMENT

| + ONLY FOR SS/ALLOY STEEL PIPE
v, —
|
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7 | |
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SECTION A—A L lg  DETAL=M
ISP2 - L - d/D]  Rer. ovEL NOTES:—
TYPE 1. MATERIAL FOR WELDED ATTACHMENT SHALL BE
LENGTH EQUIVALENT TO PIPE MATERIAL.
NOM. INLET PIPE DIA./

NOM. OUTLET PIPE DIA.
SYMBOL

B
D BOTSZE [ A [ ¢ |8 | ¢ | b1

1" 70 4" M12 X 50 75 50 150 A 14
6" T0 127 M16 X 50 100 75 200 106 18

FOR TEMP. UP TO 400 *C ONLY

0 |1211-00 APPROVED AKR PS DKD
REV. | DATE SUBJECT OF REVISION PREPD. CHKD. APPD.
DRAWING NO.
S F KEREY SUPPORTING ARRANGEMENT
l { FOR ANGLE AND RELIEF VALVES 1-06-026
() TYPE - SP2 had
SHEET NO. | 1 0F 1

- . aradati . P 543-0f-344 Vol-t-of-H-Fechmicat



FD PROTECTED SHIELD
«[(SEE VIEW A-A AND REF. NOTE-4)
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SLIDING PLATE BxBxT(TYP.)| [INSERT PLATE ExExT (TYP.)

L1 -1 - H/M | L1A - 2 — H/M]
TYPE TYPE
SIZE NO. SIZE NO.
HEIGHT LOCATION OF MATERIAL HEIGHT LOCATION OF MATERIAL
SYMBOL TRANSITION (NOTE-2) SYMBOL TRANSITION (NOTE-2)
D1 C K
SIZENO. 1 D | noTe-3) | B T | votE=5) | E | (NOTE=4)
2" ] 70
1 = 2 S4-0/1 0S 150 10 250 160
3 115
T ) 137
2 | 3" 540/105 | 200| 10 300 | 190
6 174
8" 205
3 10" 4" S40/10S 200 12 262 300 215
12" 287 ]
. 14" . 388
1 6" s40/105 | 250 12 30 | 270
16 418
5 18" 8" S4-0/1OS 300( 12 454 400 320
20" . 554
6 " 10 S40/ 10S 350 12 450 375
24 615
7 26" 675
30" 12" S40/10S 400 16 800 500 425
36" 950

NOTES:—
1. INSERT AND SLIDING PLATE MATERIAL SHALL BE CARBON STEEL WHERE DESIGN TEMP. IS >345°C WITH h < 200MM, SLIDING PLATE

MATERIAL SHALL BE EUIVALENT TO PIPE MATERIAL.

2. DIMENSION "M” LOCATES THE POINT OF MATERIAL TRANSITION ON THE SUPPORT. THE STUB MATERIAL SHALL BE EQUIVALENT TO THAT OF
LINE PIPE AND THE LOWER SUPPORT PIPE SHALL BE CARBON STEEL. MINMUM VALUE OF M SHALL BE "INSULATION THICKNESS+25MM".
A. FOR CARBON STEEL(CS) LINE PIPE, THE ENTIRE SUPPORT PIPE SHALL BE CS, THAT IS M=0.
B. FOR ALLOY STEEL(AS) OR STAINLESS STEEL(SS) LINE —PIPE, SUPPORT PIPE SHALL CONSIST OF THE FOLLOWING—
—FOR h LESS THAN OR EQUAL TO 500MM, ENTIRE SUPPORT PIPE MATERIAL SHALL BE EQUIVALENT TIO THAT OF LINE PIPE, THAT IS M=h,
—FOR h GREATER THAN 500MM,SUPPORT PIPE SHALL BE COMPOSITE WITH M=INSULATION- THK.+25MM OR 100MM, WHICHEVER IS GREATER
3. IN CASE SIZE AND/OR SCH. OF SUPPORT PIPE (D1) LISTED IN THE TABLE IS NOT AVAILABE USE NEXT HIGHER SIZE AND/OR NEAREST

HIGHER THICKNESS AVAILABLE.
4. PROTECTION SHIELD (LENGTH=KMM) CUT FROM LINE—PIPE OR EQUIVALANT PLATE SHALL BE PROVIDED ON HORIZONTAL LINE AS FOLLOWS—

A. FOR 150# AND 300# CLASS PIPEING
CS AND AS LINES — 10" AND ABOVE
SS LINES — 2" AND ABOVE
B. FOR 600# AND HIGHER CLASS PIPING
CS, AS AND SS LINES — 10" AND ABOVE
DIMENSION "C” IS TO BE MODIFIED IF OTHER THAN 1.5 D RADIUS ELBOWS ARE USED.
IN CASE CALCULATED h EXCEEDS THE MAX. VALUE, PEDESTAL SHALL BE RAISED ACCORDINGLY.

oo

0 12-11-09 APPROVED MS PS DKD
REV. DATE SUBJECT OF REVISION PREPD. CHKD. APPD.
DRAWING NO.
J P cENNY LOW SUPPORT SLIDING FOR BARE
IIW{ & INSULATED PIPE SIZE 2" oe0r
S THRU 36" TYPE-L1 AND L1A 08
SHEET NO. | 1 0F 1
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NOM. PIPE DIA. , D ,
T - THK. CS. PLATE |

NOM. PIPE DIA. , D

|
— /@_
100 -
-H 80:i ]
T_I_' T : f
<| N, NOTCH ol=
S I
" | \ \ g — \
~— N N
% | ~1 ; + § -4 ;
Z| -~ _'_\WELDED ATTACHMENT ONLY FOR =
= K | SS/ALLOY STEEL PIPE 6 THK. b
= = (NOTE- = SLIDING PLATE
| SLIDING PLATE BxB xT THK.
B x B xTTHK. __INSERT PLATE
4 . INSERT PLATE _ Ex Ex TIHK
'\. | ExExTITHK

T PROTECTION SHIELD

- NOTE—2
\
120}
_ i
o
d > —
FOR PIPE SIZES 2” THRU 4~ FOR PIPE SIZES 6" THRU 24”
«'=
6= 2 NOTES:—
TYPE 1. MATERIAL FOR WELDED ATTACHMENT SHALL BE
SIZE NO. EQUIVALENT TO PIPE MATERIAL.
HEIGHT 2. PROTECTION SHIELD IS TO BE CUT FROM LINE PIPE.
SYMBOL
SIZE NO. D K A T C E B
1 2" 70 4 | CUT FROM ISMB 200 | 200 | 10 _ 250 | 150
6 T0 10° | ISMC—125 2 NOS. 200 | 12 | 150 | 300 | 200
12° 70 24" | ISMC—225 2 NOS. 300 | 12 | 230 | 400 | 300
FOR TEMP. UP TO 400 °C ONLY
0 12-11-09 APPROVED MS PS DKD
REV. DATE SUBJECT OF REVISION PREPD. CHKD. APPD.
DRAWING NO.
J P IKENNY LOW SUPPORT FIXED FOR BARE
IW{ & INSULATED PIPE SIZE 2" o0z
[ ) THRU 24"TYPE-L6 -08-
SHEET NO. | 1 0F 1
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CLIENT : GAIL India Limited KHERA COMPRESSOR STATION
QUANTITY 01 No UPGRADATION PROJECT
TAG NO. : 56-T-101D
S.No. UNITS : Flow Rate : MMSCMD Pressure : ka/cm?q Temperature : Deg. C
OPERATING CONDITION
1 VESSEL TYPE / SPECIFICATION BLOW DOWN TANK - Horizontal, Cylindrical, Flat Ends, Foot/Saddle Mounted
2 SERVICE Dry Natural Gas
3 NORMAL FLOW RATE (MMSCMD) at 42.0 kgicm2g Pressure | Occasional
4 SPECIFIC GRAVITY 0.6972
5 INLET SIZE (Inch NB) 2.0
6 OPERATING PRESSURE (kg/cm?®g) 42.0
7 OPERATING TEMPERATURE (°C) 45.0
8 CORROSION ALLOWANCE (mm) 3.0
MATERIAL OF CONSTRUCTION
9 PLATES (SHELL / FLAT ENDS / NOZZLE REINFORCING PADS)ASTM A516 GR.70 / ASTM A234 GR. WPB / ASTM A106 GR.B
10 PIPES (NOZZLE NECKS) ASTM A106 GR.B
11 FLANGES (NOZZLE) / MANWAY ASTM A105 / ASTM A516 GR.70
12 BOLTING ASTM A193 GR.B7 & ASTM A194 GR.2H
13 FITTINGS ASTM A234 GR.WPB
14 SKIRT / LEG SUPPORT ASTM A516 GR.70 / ASTM A283 GR.C / IS 2062 GR.B
15 GASKET / O-RING SPIRAL WOUND WITH SS 316L METAL WINDING / BUNA-N
16 NAME PLATE SS 316
DESIGN & CONSTRUCTION
17 DESIGN CODE ASME -SEC VIII DIV-1 (Latest Edition)
18 DESIGN PRESSURE (kg/cm®g) 93.0
19 HYDROSTATIC TEST PRESSURE (kg/cm®g) 139.5
20 DESIGN TEMPERATURE (°C) 65.0
21 MAKE / MODEL *
22 NAME OF MANUFACTURER *
23 FLANGE RATING CLASS 600#
24 FLANGE FACING 125 AARH
25 FLANGE TYPE WNRF
26 INLET SIZE (INCH NB) 2.0
27 DRAIN SIZE (INCH NB) 2.0
28 PSV CONNECTION SIZE (INCH NB) 1.0
29 MANWAY SIZE (INCH NB) 24.0
30 INSTRUMENTS CONNECTION SIZE (INCH NB) 0.75
31 Wind Speed (m/s) 47.0
32 Earth Quake Zone / Factor as per IS-1893, 2002 Seismic Zone Ill, Zone Factor = 0.16
33 Insulation (Type & Thickness) NA
34 Products to be removed Water, Hydrocarbon Liquids, Oil, Mill Scale, Rust
35 Gas Composition As per Specification
36 SURFACE PREPARATION & PAINTING As per Specification
DIMENSION & WEIGHT
37 OVERALL LENGTH (mm) *
38 OVERALL HEIGHT (mm) *
39 VESSEL INSIDE DIA. (mm) *
40 VESSEL WALL THICKNESS (mm) *
41 FLAT END THICKNESS (mm) *
42 SKIRT/SADDLE THICKNESS (mm) *
43 EMPTY WEIGHT (kg) *
44 OPERATING WEIGHT (kg) *
45 HYDROTEST WEIGHT (kg) *
ACCESSORIES
46 INSULATION CLEATS NA
47 LIFTING LUGS YES
48 ANCHOR / FOUNDATION BOLTS & NUTS YES
49 BLIND FLANGES, BOLTS, NUTS & GASKETS FOR DRAIN & YES
VENT / UTILITY CONNECTIONS
50 LADDER & PLATFORM *
INSPECTION & TESTING
51 RADIOGRAPHY FULL (100%)
52 PWHT AS PER CODE
53 HYDROTESTING REQUIRED
54 DP / MP TEST YES
DATA SHEET DOCUMENT NO. REV.
OF 11-0330E-03-09-03-030 1
BLOW DOWN TANK SHEETTOF 2
Page 2 of 3
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CLIENT :

GAIL India Limited

QUANTITY

01 SET

KHERA COMPRESSOR STATION
UPGRADATION PROJECT

TAG NO. : 56-T-101D

S.No. UNITS :

Flow Rate : MMSCMD

Pressure : ka/cm?q Temperature : Deg. C

NOTES :

1.(*) BIDDER TO SPECIFY.

2. ALL CS MATERIALS SHALL BE OF FULLY KILLED QUALITY.
3. FLANGES SHALL CONFORM TO ASME B16.5

4. GASKETS SHALL CONFORM TO ASME B16.20.

5

6

7

. TAG NOS. SHALL BE PRECEDED BY "56" FOR ALL EQUIPMENTS / INSTRUMENTS |.E. FOR PRESSURE INDICATOR "PI-1007" SHALL BE READ AS "56-PI-1007"
. BIDDER TO PROVIDE LOAD CALCULATIONS OF ALL NOZZLES MENTIONING ALLOWABLE FORCES, MOMENTS AND THERMAL GROWTH.
. BIDDER SHALL SIZE PRESSURE RELIEF VALVE FOR FIRE.

DATA SHEET DOCUMENT NO. REV.
OF 11-0330E-03-09-03-030 1
BLOW DOWN TANK SHEET 2 OF 2

Page 3 of 3
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1.0

2.0

2141

2.2

3.0

3.1

3.2

4.0

4.1

4.2

4.3

SCOPE

This specification defines the requirements for the supply of earthing and lighting protection materials and
installation of the earthing and lightning protection systems.

CODES AND STANDARDS
The work shall be carried out in the best workman like manner / conformity with this specifications, JPK
installation Standards, layout drawings, the latest edition of relevant specifications, codes of practice of

Bureau of Indian Standards and OISD Standards listed below:

SP: 30 (BIS)  Special Publication — National Electrical Code

IS: 2309 Protection of buildings and allied structures against lightning.
IS: 3043 Code of practice for earthing

IS: 7689 Guide for control of undesirable static electricity.

OISD 110 Recommended practices on static electricity

OISD 147 Inspection and safe practice during electrical installation.

In addition to the above it shall be ensured that the installation conforms to the requirements of the
following as applicable:

Indian Electricity Act and Rules.

Regulations laid down by CEA/Electrical Inspectorate.

Regulations laid down by CCE/DGMS (as applicable).

The petroleum rules (Ministry of Industry Government of India).

Any other regulations laid by central/state/local authorities and Insurance agencies.

®oo oo

MATERIAL SPECIFICATIONS

All materials and hardwares to be supplied by the contractor shall be new, unused and of best quality and
shall conform to the specifications given here under and to latest specifications of Bureau of Indian
Standards. Contractor shall bring material samples to site and get it approved by Engineer-in-charge
before installation.

The main grid conductor shall be hot dip galvanized G.I. Flat or PVC insulated aluminum
conductor/copper conductor. Sizes for main conductors shall be marked on the drawings. Thickness of
hot dip galvanizing shall not be less than 75 microns.

EARTHING NETWORK

This consists of main earth conductor (grid conductor) forming a closed ring network with required
number of earth electrodes connected to it to provide a common earth for electrical devices and metallic
structures. From each earth electrode two distinct connections shall be made to the main earth
conductor. The earth plates shall be used for taking multiple earth connections to two or more equipment.

The earth conductor shall be laid along cable trays/cable trench/pipe racks as indicated on the earthing
layout drawing. Where lined cable trenches and shall be firmly cleated to the sidewall of concrete
trenches using Gl clamps at interval of 400 mm to 500 mm and near to the termination end. The earthing
conductor shall run along one of the cable trays along a cable route. The earthing conductor shall be
suitably cleated and electrically bonded to all the other cable trays on the same cable route at a regular
interval of 25 to 30 meter. The earthing for equipment shall be tapped from the main earth conductor and
not from cable tray support structure. Earth conductor when laid underground shall be at a depth of 500
mm below finished grade level.

Joints and tapping in the main earth loop shall be made in such a way that reliable and good electrical
connections are permanently ensured. All joints below grade shall be welded and shall be suitably
protected by giving two coats of bitumen and covering with Hessian tape. Earth strip laid above ground
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5.0

6.0

6.1

6.2

6.3

6.4

shall be welded across straight through joints and joints shall be suitably protected by giving two coats of
bitumen to avoid oxidation and insulation film formation of the strip surface. When two earth strips are to
be jointed by means of welding, lap welding with an overlapping of strip equivalent to double the width of
the strip and all four sides shall be continuously welded. All joints at tapping above ground shall be by
means of connector/lugs. A minimum of two bolts of adequate size shall be used for this purpose.
Earthing strip joints at earth plate and equipment shall be through Gl bolts, nut etc.

INSTALLATION OF EARTH ELECTRODE

51 Earth electrodes shall be installed as shown in the earthing layout drawing and in accordance
with the standard drawings and [S:3043. Their location shall be marked to enable accurate
location by permanent markers.

5.2 All earth electrodes shall preferably be driven to a sufficient depth to reach permanently moist
soil. Electrodes shall preferably be situated in a soil which has a fine texture and which is packed
by watering and ramming as tightly as possible. Wherever practicable, the soil shall be dug up,
all lumps broken and stones removed from the immediate vicinity of the electrodes. Earth pit with
all accessories shall be provided as per drawings.

5.3 All earth electrodes shall be tested for earth resistance by means of standard earth test meter.
The tests shall take place in dry months, preferably after a protracted dry spell.

5.4 The electrodes shall have a clean surface, not covered by paint, enamel, grease or other
materials of poor conductivity.

5.5 Earth electrodes shall be located avoiding interference with road, building foundation, column
etc.

5.6 The disconnect facility shall be provided for individual earth pits to check their earth resistance
periodically.

CONNECTION

The earth system connections shall generally cover the following:
- Equipment earthing for personnel safety.

- System neutral earthing

- Static and lightning protection

The following shall be earthed.

- System neutral.

- Current and potential transformer secondary neutral

- Metallic non-current carrying parts of all electrical apparatus such as transformers, switchboards,
bus ducts, motors, neutral earthing resistors, capacitors, UPS, battery charger panels, welding
receptacles, power sockets, lighting/power panels, control stations, lighting fixtures etc.

- Steel structures/columns, rail loading platforms etc.

- Cable trays and racks, lighting mast and poles

- Storage tanks, spheres, vessels, columns and all other process equipment.

- Fence and Gate for electrical equipment (e.g. transformer, yard etc.)

- Cable shields and Armour

- Flexible earth provision for Wagon, Truck

- Shield wire

Conductor size for branch connection to various equipment shall be as per JPK. Installation Standards
unless otherwise stated on earthing layout drawings.

All process pipelines shall be bonded and earthed at the entry and exist points of battery limit of
hazardous area. Earth continuity conductors across pipe line flanges shall not be provided as per OISD
110.

Steel pipe racks in the process units and offsite area shall be earthed at every 24 meters.

Equipment/street light pole etc. located remote from main earth network may be earthed by means of
individual earth electrode and earth conductor unless otherwise stated in job specifications.

jpkenny 3

Document No. Rev
TECHNICAL SPECIFICATION 11-0330E-02-10-02-005 1
e FOR EARTHING & LIGHTNING
PROTECTECTION SYSTEM SHEET 4 of 6

Khera compressor station up-gradation project Page 226 of 344 Vol: Il of 1l Technical




6.5

6.6

6.7

6.8

6.9

6.10

6.12

6.13

6.14

7.0

7.1

7.2

7.3

LIGHTNING PROTECTION shall be provided for the equipment, structures and buildings as shown on
layout drawing. An independent earthing network shall be provided for lightning protection and this shall
be bonded at least at two points with the main earthing network below ground. Lightning protection
system shall generally comprise lightning finials (air terminals), roof conductors, down conductors, test
links, and earth electrodes. The number, types, materials and sizes shall be in accordance with the
drawings. Air terminals shall be mounted on top of buildings or structure as required. All air terminals
shall be inter-connected with roof conductors, pipes, hands rails or any other metallic projection above
the roofs shall also be bonded to the roof conductors. Down conductors from air terminals or from roof
conductors shall be routed as directly as possible to the test links on earth buses, with minimum bends.
All provisions regarding connections of conductors for equipment earthing system shall also apply to
lightning protection system. In corrosive atmospheres, plumbing metal for corrosion protection shall cover
lightning finials or air terminals.

The main earthing network shall be used for earthing of equipment to protect against static electricity.

All medium and high voltage equipment (above 250V) shall be earthed by two separate from the
electrical earthing system.

Plant instrument system clean earthing, UPS system clean/safety earth shall be separate from the
electrical earthing system.

All paint, scale and enamel shall be removed from the contact surface before the earthing connections
are made.

All earthing connections for equipment earthing shall be preferably from the earth plate mounted above
ground wherever provided

Equipment foundation bolts shall not be used for earthing connection.
Earth connections shall be made through compression type cable lugs/by welded lugs.

All hardware used for earthing installation shall be hot dip galvanized or zinc passivated. Spring washers
shall be used for all earthing connections and all connections adequately locked against loosening.

Lighting fixtures and receptacles shall be earthed through the extra core provided in the lighting
circuit/cable for this purpose.

The reinforcements of sub-station building and the sub-station floor shall be connected to main earth grid.
TESTING AND COMMISSIONING
Earthing systems/connections shall be tested as follows:

Resistance of individual earth electrodes shall be measured after disconnection it from the grid by using
standard earth test meggar.

Earthing resistance of the grid shall be measured after connecting all the earth electrodes to the grid. The
resistance value of an earth grid to the general mass of earth shall be as follows:

- Earthing resistance of the grid shall be measured after connecting all the

electrodes to the grid. The resistance between any point on the metallic earth grid and the
general mass of earth shall not exceed 1 ohm.

- For lightning protection, the value of 5 ohms as earth resistance shall be desirable, but in no
case it shall be more than 10 ohms.
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7.4 The resistance to earth shall be measured typically at the following points:

a) At each electrical system earth or system neutral earth.

b) At each earth provided for structure lightning protections.

c) At one point on earthing system used to earth electrical equipment enclosures.

d) At one point on earthing system used to earth wiring system, enclosures, such as metal conduits

and cable sheaths or Armour.
e) At one point on fence enclosing electrical equipment.

7.5 All earthing layout drawings shall be marked by contractor for ‘AS BUILT STATUS’ and two sets of
copies shall be submitted to JPK.

8.0 TEST PROFORMA

The Contractor shall fill up the Test Report after the completion of the tests and shall
submit it to the owner duly signed for his approval and acceptance.

INSTALLATION TESTING REPORT - EARTHING INSTALLATION

Earthing System Data

Type of Electrodes

Total number of electrodes

Main grid size

Material

General Checks (Tick if it is in order

Otherwise give details)

2.1 Construction of earth pits and
Installation of ground electrodes as
per layout drawing

2.2 Size of earth conduct for various
Equipment as per layout drawing

2.3 Minimum distance kept between
Two electrodes

2.4 Welding at the joints are properly made:

3.0 Tests

3.1 Measured earth resistance of each

electrode in Ohms

N =
O~ WN-O0O

No.1
No.2
No.3
No.4
No.5
3.2 Measurement of earth grid resistance
(with all electrode connected to grid) :
a) At each electrical system or
System neutral earth
b) At one point on each earthing

System used to earth electrical
Equipment enclosure.
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Following is the list of approved makes for electrical items:-

Main Electrical DB/SSDB/ILDB/
OLDB/UPS DB

Cables-LT-Power-PVC(FRLS)

Nickel-Cadmium batteries

UPS system

Lighting Fixtures for safe area

Lighting Fixtures for
Hazardous Area

Cable glands for Hazardous area
FLP Junction Box

Protection relays
(Electromechanical type)

Auxiliary Relays

Vidyut control (I) Pvt. Ltd. / Milestones Switchgears
Pvt. Ltd./ Control & Switchgear / RYB Switchgear/
Trident Switchgear / Larsen & Toubro / Trident
Switchgear / Swati Switchgear

Associated Flexibles & Wires (P)

Ltd./ CCIl/ Finolex Cables Ltd./

Gemscab Ind. Ltd./ RPG Cables Ltd. / KEI Ind.
Ltd./Nicco Corp. Ltd./ Polycab Wires Pvt. Ltd./
Radiant Cables Pvt. Ltd./ Ravin Cables Ltd./
Torrent Cables Ltd./ Universal Cables Ltd. /
Incab / Havell's India Pvt. Ltd. / Cords Cable
Ind.Ltd.

Amco Power Systems Ltd./ HBL Nife Power
systems Ltd.

DB Power / Emerson Network Power

(India) Pvt. Ltd./Hi-rel Electronics

Pvt. Ltd./ Kerala State Elect. Dev.

Corp. Ltd./ Chloride Ind system/ Fuji Electric Co./
Gutor Electronics/ MGE Asia PTE Ltd./ Saft
NifeAB/Toshiba Corporation

Bajaj Electrical / Crompton Greaves / Philips / GE/
KESELEC / Schneider Electric

Bajaj/ Crompton/ Baliga Lighting / Sudhir
Switchgear / Flame proof Equipment Pvt. Ltd. /
Flexpro Electricals Pvt. Ltd.

Comet Industries / Baliga/ Comet Brass Products/
Flexpro/ Flameproof Equipment / FCG Power/
FCG Flameproof Control Gears pvt Ltd./ Prompt
Engg. Works/ Sudhir Swgrs. Pvt. Ltd

ABB (Baroda) /Easun Reyrolle /
Areva T&D India Ltd.

ABB (Bangalore) / Areva T&D India Ltd.
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Control switches/Selector
Switches

MCBs

MCCBs

Fuses

Timers

Meters

Push Buttons/Indicating lamps

Contactors

Bimetal Relays

CT/IPT

Selectro Switch

Fuse switch combination

L&T/ Siemens/ Havell's India/
Switron Devices/ Hot Line Swgrs.& Controls /
Kaycee/ ArevaT& D India Ltd.

Datar Switchgear /Havells India / Indo Asian fuse
Gear / Indiana Current Control/Standard
Electricals/ Schneider Electricals India Pvt.
Ltd./Legrand India Pvt. Ltd. /MDS

GE / L&T/ Siemens / Schneider Electric

L&T / Siemens/ GE India Industrial Ltd./ Indo Asian
fuse gear

Bhartia Ind./ L& T/ Siemens/ Electronic Automation

Automatic Electric/ Meco Instruments/
Rishab Instruments/ Nippen Electricals Instruments
Co. / Areva T& D India Ltd.

L&T/ Siemens/ Tecknic Controls/

Bhartia Ind. /Schneider Electric/ Shri Tulsi
Switchgears/ Controls & Switchgears &
Contactors Ltd./ Hot Line Switchgears & controls./
Precifine Product Pvt. Ltd.

(For LED type Indicating lamp only)

L&T / Siemens/ GE India Industrial
Pvt Ltd./ Schneider Electric/

Bhartia Ind./ Controls & Switchgears
& Contactors Ltd./ABB (Bangalore)

L&T / Siemens/ Bhartia Ind./
Controls & Switchgears / Contactors
Ltd./ABB (Bangalore) & Schneider Electric.

Indocoil / GM / AE

Kappa Electricals/ L& T / Pragati
Electricals/ Precise Electricals/
Silkaans Electricals/ Narayan Power
Tech. Pvt Ltd.

Kaycee

ABB (Bangalore)/ Control &
Switchgear/ Indo Asian Fuse Gear/ L&T /
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Heavy duty switches

Earth leakage circuit breaker .- Datar Switchgear / Indo Asian Fuse Gear/

(ELCB)

Notes:-

Siemens/ Schneider Electric/ Havells India Pvt. Ltd
/Standard Electricals Ltd.

- L&T / Siemens/ Schneider Electric/

Control & Switchgear/ Indo Asian Fuse Gear

Legrand India Pvt. Ltd.

1.0  Make of other equipment/components not mentioned above shall be subject to prior approval of

JPK//Owner.

2.0 In case of non-availability of equipment/material from above vendors, alternate makes, if
required may be supplied after JPK//Owner approval.
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1.0
1.1
1.1.1

GENERAL

Scope
This specification, together with the data sheets attached herewith covers the requirements for design,
materials, manufacturing, inspection, testing and shipping of signal cables.

Cables shall comply with latest edition of the following standards prior to the date of the purchaser's

enquiry.

ASTM D 2843  Standard Test Method for Density of Smoke from the Burning or
Decomposition of Plastics.

ASTM D 2863  Test method for measuring the minimum oxygen concentration to support
candle like combustion of plastics (oxygen index).

BS-5308 Part 1  Specification for Polyethylene insulated cables.

BS-5308 Part 2  Specification for PVC insulated cables.

IEC: 540 & 540 A Test methods for insulation and sheaths of electric Cables

IEC60584-3 Extension and compensating cables - Tolerances and identification
system.

IEC-60331 Testing of Fire Resistant cables.

IEC-60332 Tests on bunched wires and cables

IEC-60092 Electrical Installations of Cables.

IEC - 60574 Test on Gases Evolved during Combustion of materials from Cables - Part
1,2.

IS-1554 PVC insulated (heavy duty) electric cables-working voltage up to and
including 1100 V.

IS-3975 Mild steel wires, formed wires and tapes for armouring of cables.

IS-5831 PVC insulation and sheath of electric cables.

1S-6380 Elastomeric insulation and sheath of electric cables

1S-6474 Polyethelene Insulation and sheath of electric cables

IS-10810 Method of test for cables.

Part 40 Method for testing uniformity of coating on zinc coated articles.

Part 41 Mass of zinc coating on steel armour

Part 58 Oxygen Index test

Part 59 Determination of halogen acid gas evolved during combustion of polymeric

material taken from cables
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Part 61 Flame Retardant test
Part 62 Flame Retardance test for bunched cables

Part 63 Smoke density of electric cables under fire conditions

1.1.3 In the event of any conflict between this standard specification, data sheets, statutory

regulations, related standards, codes etc., the following order of priority shall govern:

a) Statutory Regulations
b) Data Sheets
) Standard Specification
d) Codes and Standards

12 Drawings and Data
1.2.1  Detailed drawings, data and catalogues required from the vendor are indicated by the purchaser in the
vendor data requirement sheets. The required number of reproducible, prints and soft copies should be
dispatched to the address mentioned, adhering to time limits indicated.
122  Final documentation consisting of design and constructional data submitted by the vendor after
placement of order shall include the following, as a minimum.
a) Specification sheet for each type of cable.
b) Cable details giving electrical characteristics, overall diameter, diameter under armour
and diameter over armour
2.0 DESIGN AND CONSTRUCTION
2.1 Constructional requirements:

2.1.1  Primary insulation for PVC insulated cables, shall be 85°C polyvinyl chloride Type C as per IS 5831.
Thickness of primary insulation shall be 0.5 mm as a minimum. For PE insulated cables, primary
insulation shall be of 70° C Polyethylene.

2.1.2  Inner sheath colour of signal cables shall be black. Outer sheath colour shall also be black except for
cables used in intrinsically safe systems. The outer sheath colour for all such cables used in

intrinsically safe application shall be light blue. The thickness of the sheath shall be as per IS 1554.
part 1.

2.1.3  Inner and outer sheath of cable shall be flame retardant made of extruded PVC Type ST2 (90°C) as per

IS 5831 and shall meet the following requirements:

a) Minimum Oxygen index of PVC shall be 30 at 27 °C £2°C.
b) Temperature index shall be over 250 °C.
c) Inner and Outer sheath shall meet flame retardant requirements for bunched cables as per IS

10810 (Part 62) category AF or IEC 60332 category A.
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d) A rip cord shall be provided for inner sheath.

e) Outer sheath shall be suitable for protecting the cable against rodent and termite attack.

2.14

2.1.7
2.1.8

2.19
2.1.10

2.1.11
2.1.11.1

2.1.11.2

2.1.12

Armour over inner sheath shall be of galvanised steel wire/flat. The dimensions of armour shall be as
per IS 1554 (Part 1). Requirement and methods of tests for armour material and uniformity of
galvanisation shall be as per IS 3975 and IS 10810 (Part 40) respectively.

Each pair/triad shall be shielded. Shield shall be of aluminium backed by mylar / polyester tape bonded
together helically applied with metallic side down having 25% overlap on either side and 100%
coverage. Minimum shield thickness shall be 0.05 mm. Drain wire shall be 0.5 mm® multi-strand bare
tinned annealed copper conductor. The drain wire shall be in continuous contact with aluminium side
of the shield.

Overall shield shall be of aluminium backed up by mylar/polyester tape helically applied with the
metallic side down with either side having 25% overlap and 100% coverage. Minimum shield
thickness shall be 0.075 mm. Drain wire shall be similar to individual pair/triad drain wire and shall be
over the overall shield.

The cores of a pair triad shall be twisted with a minimum of 10 twists per metre of cable.

Sequential marking of the length of the cable in meters shall be provided on the outer sheath at every
one meter. The embossing /engraving shall be legible and indelible.

Tolerance in overall diameter of cable shall be within + 2 mm over offered value.

The cables used in installations under the jurisdiction of Director General of Mines and Safety
(DGMS) shall meet all requirements of DGMS. The word "Mining Cable" shall be embossed on the
cable outer sheath as per IS 1554 (Part 1).

Drum length and length tolerance
The length of the cables in each drum (drum length) shall be as specified in the purchaser
data sheets .Where no drum length is indicated in the data sheet /material requisition , the
following shall be apply:
Drum length for single pair/ single triad cable : 500 metres

Drum length for multi-pair/ multi- triad cable : 1000 metres

Actual produced drum length shall not vary by more than + 5% from the length indicated in
purchaser's datasheet or clause 2.1.11.1 of the specification

Tolerance over the total ordered length for a type of cable shall be as follows;
a) =+ 5% for total length less than 5 km.
b) =+ 2% for total length more than 5 km.

Specific Requirements for fire resistant cable.
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2.1.12.1
2.1.12.2

2.1.12.3

2.1.124

2.1.12.5

2.1.12.6

2.1.12.7

2.2
2.2.1

2221

2222

2223

223

224

The cables shall have circuit integrity as per IEC 60331.

Primary insulation shall be heat resisting elastomeric which can withstand temperature up
to 90°C such as silicon rubber/mica glass tape/EPR (medium grade) as per IS 6380.

Insulation thickness shall be 1.0mm minimum and shall confirm to IEC 60092.

A wrapping of tape made of PETP (polyethylene terepthalate)/woven glass shall be

provided over core insulation.

Individual pair triad shall be shielded. The shield shall be aluminium backed by glass

mica/ PETP tape with the metallic side down helically applied with 25% overlap on either
side and 100% coverage. Minimum shield thickness shall be as per IEC 60092. Drain wire
shall be 0.5mm? (7/0.3mm dia). Multi-stranded bare tinned annealed copper conductor.

Drain wire shall be in continuous contact with aluminium side of the shield.

Inner and outer sheath shall be made of low smoke, heat resistant, oil resistant and flame
retardant material with oxygen index over 30, temperature index shall be over 250°C. Acid
generation shall be maximum 20% by weight as per IEC 60754. Smoke density rating not to
exceed 60% as per ASTM D 2843.

The thickness of the sheath shall be as per IEC 60092. Inner and outer sheath colour shall be
orange. A rip cord shall be provided for inner sheath.

Armour bedding over inner sheath shall be of special high oxygen index, low smoke halogen
free fire resisting compound.

Electrical Characteristics

Maximum DC resistance of the conductor of the finished cable shall not exceed 12.3 O/ km at

20°C for cables with 1.5 mm? conductors and 39.7 O I km at 20°C for cables with 0.5 mm”
conductors.

Mutual Capacitance for PVC Insulated cables

The mutual capacitance of between pairs/triads or adjacent cores shall not exceed of 250 pF
/ metre at a frequency of 1 KHz.

Mutual Capacitance for PE Insulated cables

The mutual capacitance between the pairs/triads shall not exceed of 100 pF / metre at a
frequency of 1 KHz.

Capacitance between any core or screen

The capacitance between any core and screen shall not exceed a maximum of 400 pF / metre
at a frequency of 1 KHz.

L/R ratio of adjacent core shall not exceed 40 uH / Q. for cables with 1.5 mm® conductors
and 25 micro h / Q for cables with 0.5 mm? conductors.

The drain wire resistance including shield shall not exceed 30 Q. 7 km.
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Electrostatic noise rejection ratio of the finished cable shall be over 76 dB.

Type I (Single pair/Triad shielded).

Each core shall be 1.5 mm? made of 7 stranded annealed electrolytic copper conductor. Each
strand shall be 0.53 mm dia.

Colour of core insulation shall be black and blue in pair and black, blue and brown in a triad.

All other specifications shall be as per clauses 2.1. and 2.2 of this specification.

Type-1I (Multi-pair / Multi-triad cable with individual pair/triad shield and overall

shield)

Conductor sizes shall be 0.5mm’* made up of 7 strands of annealed electrolytic copper
conductor. Each strand shall be of 0.3 mm diameter.

Overall twist of all pair/triads shall be as per vendor's standard.

A pair of communication wire shall be provided for multipair / multitriad cables. Each wire
shall be 0.5 mm” of plain annealed single or multistrand copper conductor with 0.4 mm  thick
85°C PVC insulation. Insulation shall be green and red colour coded.

A pair identification shall be with numbers at interval of not more than 250 mm . All other
specifications shall be as per clauses 2.1. and 2.2 of this specification

All other specifications shall be as per clauses 2.1. and 2.2 of this specification.

Type-Ill (Multi-pair / Multi-triad cable with only overall shield)

The cable shall be same as type-II cable, except that the individual pair/triad shall not have
shielding.

Type-1V (Multi-pair /Multi-triad cable with individual pair shield and overall shield)

The cable shall be same as Type II, except conductor size shall be 1.5 mm® made of 7
stranded annealed electrolytic copper conductor. Each strand shall be of 0.53 mm dia.

Type-V (Multi-pair / Multi-triad cable with overall shield only)
The cable shall be same as type IV except that the individual pair/triad shall not have the
shielding.

NAMEPLATE

Each cable drum shall be marked with the following information at a visible place;

a)
b)
©)
d)

Manufacturer's name

Type and size of the cable with cable indicated in material requisition.
Length of the cable in meters contained in the drum.

Gross weight

Drum number

Direction of rotation of drum for unwinding by means of an arrow.
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4.0
4.1

42

43

4.4
44.1

442

4.5
4.5.1

2) Purchase order number.

INSPECTION AND TESTING

Unless otherwise specified purchaser reserves the right to test and inspect all the items at the vendors
work in line with the inspection test plan for signal cables..

Vendor shall furnish raw material test certificates for conductor, PVC / PE etc to prove the quality and
composition of the materials used for manufacturing the cable to the satisfaction of purchaser or their

authorised representative during various stages of expediting and inspection.

Type test, routine test and acceptance tests shall be carried out as per relevant Indian Standard (IS),

unless specified otherwise.

Type Test

Certificates from third party or purchaser's authorised representative for the following shall be

furnished by vendor for cables similar to those being offered ;

a) Flame retardant test on bunched cables.

b) Electrostatic noise rejection test

c) Fire resistance test

Vendor shall submit the following test certificates and test reports as per IS 10810 for each

batch for purchaser's review:

a)  Physical tests for insulation and outer sheath as given below as minimum:
1) Tensile strength and elongation at break
ii) Ageing in air oven.
iii) Shrinkage test
iv) Hot deformation
V) Loss of mass in air oven
vi) Heat shock test
vii) Thermal stability

b)  Test for armouring wires/strips.

Routine Tests

Each of the following tests shall be carried out by vendor during various stages of manufacture on
each finished cable drum.

a) Spark test as per BS 5308 Part 2.

b)  Conductor resistance

c¢)  High voltage test as per BS 5308 Part 2

Document No. Rev
TECHNICAL SPECIFICATION
FOR 11-0330E-01-11-02-028 1
INSTRUMENT CABLE
SHEET 8 of 9

Khera compressor station up-gradation project Page 240 of 344 Vol: Il of 1l Technical




d)  Armour resistance test (for mining cables).
e)  Mutual capacitance and capacitance between any core or screen.
D Inductance and L/R ratio.
¢)  Annealing test (for copper)
4.6 Acceptance Tests
4.6.1 Following acceptance tests shall be carried out by vendor on representative sampjes taken from

manufactured lot:

a)
b)
c)
d)
€)
f)
g)

Finished cable dimensions

Conductor resistance

Thickness of insulation and sheath.

Tensile strength and elongation at break of insulation and sheath.
Pair twisting, laying and identification.

Shield overlap, drain wire resistance and continuity check.

Armour resistance test (for mining cables). h)

Uniformity of zinc coating on armour.

1) Insulation resistance (volume resistivity) as per BS 5308 Part 2.
1) High voltage.
k)  Test for rodent and termite repulsion.
1)  Mutual capacitance and capacitance between any core or screen
m) Inductance and L/R ratio
n)  Oxygen and Temperature index as per ASTM D 2863.
0)  Flame retardant Test on single cable as per IS 10810 Part 61.
p)  Acid Generation test IEC 60754 / IS 10810 Part 59 ( for fire resistant cables)
q) Smoke density test ASTM D 2843 /IS 10810 Part 63 ( for fire resistant cables)
r)  Overall finish and drum length check.
4.7 Witness Inspection
4.7.1 Vendor shall offer all cables for pre-dispatch inspection to purchaser or their authorized

representative and following test/checks shall be carried out as minimum:

a)  Acceptance tests as per clause 4.6 on representative samples.
b)  Review of all certificates and test reports as indicated in clause 4.0.
4.8 Immediately after completion of electrical tests, the ends of the cable shall be sealed to prevent

ingress of moisture with suitable PVC / rubber caps.

49 In the event no witness inspection is carried out by purchaser, the tests shall anyway be
completed by the vendor and documents for the same shall be submitted to purchaser for scrutiny. |
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1.0

2.0

3.0

4.0

4.21

4.2.2

423

4.3

SCOPE

This Specification defines the basic requirements for Clearing, Area Grading, Excavation &
Earth Work.

REFERENCE DOCUMENTS

IS 2720 Method of test for Soils (Parts 1 to 40)

IS 4988 Glossary of terms and classification of earth moving machinery Parts 1, 2, 3, 4
and 5

IS 10379 Code of Practice for Field Control of Soils

IS 3764 Excavation Work — Code of Safety

In the event of conflict between various codes and standards, the most stringent condition will

apply.
Unless specified otherwise the International System of metric units (S.1.) is to be used.

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

EARTHWORKS
COMMON EXCAVATION

Common Excavation shall mean excavation in any material. All common excavated material
shall be classified as suitable or unsuitable according to 4.2.2 and 4.2.3 below.

SUITABLE MATERIAL

The fill material shall be granular, well graded, compactable, and possess good drainage
characteristics, and no swelling properties. It shall be free of vegetation, any organic matters
and other impurities. In extraordinary circumstances expansive soil of free swell index, less
than 50 % may be used, however approval shall be sought from the Owner/Owner’s
Representative.

The proposed fill material shall be tested to determine its suitability. However, filling material
shall have Liquid limit between 20-35 and Plasticity index shall not be more than 12.

UNSUITABLE MATERIAL

The following type of material will be considered unsuitable for filling:
Material with vegetation and shrubs

Material in frozen condition or susceptible to combustion
Material resulting in leaching of embankment.

Any material which classifies as CH, OH, Ol, LI as per IS: 1498
Material with swelling index more than 50.

agRrwON=

GENERAL SITE PREPARATION
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4.3.1

4.3.2

4.3.3

434

4.3.5

5.0

6.0

6.1

CLEARING

The Plot area shall be cleared of all materials above or at the natural ground surface. Materials
to be cleared include trees, bushes, vegetation, and obstructions. However, in certain specified
areas like green belts, trees and bushes shall be retained and preserved.

GRUBBING
The entire area within the limits of clearing shall have all stumps and roots removed.

STRIPPING

All turf and topsoil shall be stripped from the natural ground level upto 250 mm below NGL and
if the black cotton soil found then the same shall be removed upto 500 mm or as directed by the
Owner/Owner's Representative.

DISPOSAL

Debris from clearing operations shall be burned or disposed off in a manner approved by
Owner/Owner's Representative. Material too wet to burn shall be piled in windrows for later
burning. Material from grubbing operations shall be removed to the designated spoils disposal
areas.

GROUND MARKERS

A suitable number of permanent ground markers, shall be constructed before any setting-out
work is commenced. Temporary Reference Monuments shall be constructed when and where
required, as approved by the Owner/Owner's Representative.

BULK EXCAVATION

Excavations and cut and fill areas shall be kept free of water by pumping, temporary ditches or
other approved means. The surface of cut and fill shall be sloped to prevent ponding.
Excavation shall be performed to the lines and levels shown on the drawings.

Slope of cuttings and embankments shall be as shown on the drawings. Excavation beyond the
limits shown on the drawings shall be replaced with approved material, compacted in
accordance with this Specification.

All excavated material shall be separately stockpiled for re-use or taken to the designated
storage area, as directed by the Owner/Owner's Representative. Where cut areas have been
reduced to level; any unsuitable material apparent at the surface shall be separately excavated
and the resulting pockets filled with suitable material and compacted in accordance with this
Specification. In case of blasting of rock, Contractor shall prepare and submit a comprehensive
procedure to the Owner/Owner's Representative for approval. The blasting in rock shall only be
carried out with the prior written approval of, and under the supervision of a certified Blasting
Engineer. All local regulations shall be complied with. Adequate safety precautions shall be
carried out by means of Timber Shoring, Sheet Piling or similar protective measures as directed
by the Owner/Owner's Representative, to ensure the safety of existing structures, utility and
other installations in accordance with IS 3764.

If in-situ material at specified foundation depth does not meet the bearing capacity
requirements, it shall be removed to the depth as directed and filled with approved material and
method.

FILL

PREPARATION FOR FILL

Only approved suitable material from excavation/stockpiles or approved borrow pit soil shall be
used, as described in Clause 4.2.2. The proposed methods to be used in fill operations for the
compaction of material shall be approved prior to starting of work. Before filling commences the
area shall be proof rolled with at least four passes of a 10-ton vibratory roller.

P kenny- SITE CLEARING, AREA GRADING, 11-0330E-01-05-02-003 0
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6.2

PLACEMENT OF FILL
The Contractor shall at least 7 days before commencement of placement submit the following
to the Owner/Owner's Representative:

The dry density of fill material against moisture content plot and values of maximum dry density
and the optimum moisture content obtained in accordance with IS 2720 (Part 7) using the light
compaction method.

Proposed method of placing the fill in maximum lifts of 200 mm to achieve the requirement of
95% maximum dry density as determined from the above information. The maximum thickness
for placing fill material layer in large areas shall be maximum 300 mm and is determined by
field tests and governed by type of compaction equipment.

Once the above information is approved by the Owner/Owner's Representative, it shall form the
basis for compaction. Fill shall be compacted to at least 95% of the maximum dry density.
Places inaccessible to rollers shall be compacted with mechanical/plate compacter or hand
tampers.

Plant areas within the primary roads and paved areas which do not contain equipment or
buildings shall after completion of cut, fill, compaction, and final grading be proof rolled with at
least four passes of a 10 ton vibratory roller. Field density tests are not required.

Field density test (sand replacement) at bottoms of excavations for individual foundations shall
be carried out at the rate of 1 per foundation or every 10 sq. m of foundation on plan whichever
is the greater. The final requirement of these tests to suit strata conditions shall be determined
by the Field Engineer.

In areas to be paved, the sub-grade will normally be graded to the under side of paving level,
but in predominantly fill areas the filling operation may be temporarily halted, at an agreed lower
level, until after the construction of equipment foundations.

6.3 BROKEN ROCK FILL
Sound clean broken rock to a maximum size of 150 mm may be used as fill material subject to
the approval of the Owner/Owner's Representative. All voids are to be filled with approved fine
material.
The rock material shall be spread in layers not exceeding 400mm compacted thickness and
shall be compacted by a minimum of 5 passes of a vibratory roller having a static weight 8-10
tonnes and until there are no signs of deformation.

7.0 TOLERANCES
The grade shall be properly shaped to the required elevations and parallel to the required
surface. The elevation of any point and the line of any edge or centre of the earthworks shall
conform to that shown on the drawing within the tolerances of + 50 mm to final grade and
slopes.

8.0 EMBANKMENTS
Embankments shall be formed of suitable material as described in Clause 4.2.4. The material
shall be built up evenly over the full width of the embankment. The surface shall be maintained,
at all times, with sufficient camber to enable surface water to drain off.

9.0 EARTHWORK FOR FOUNDATIONS

9.1 EXCAVATION FOR FOUNDATIONS
Excavation shall be generally performed in accordance with Clause 5.0.
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9.2

9.3

9.4

10.0

11.0

12.0

PREPARATION

The bottom of any excavation ready to receive the permanent works shall be mechanically
compacted using a vibrating plate or suitable sized roller and any soft spots or pockets of
unsuitable material exposed, shall be excavated and replaced as approved by Owner/Owner's
Representative.

Precautions shall be taken to protect the bottom of the excavation, and should the bottom of the
excavated material become unsuitable, either by exposure to weather conditions, water, or due
to lapse of time between excavation and subsequent works, it shall be removed and replaced.

INSPECTION
When the bottom of any excavation is prepared, further work shall not proceed until the
excavated bearing surface is approved.

PROTECTION

Following completion of the excavation, and preparation of the bottom of the excavation to
receive the permanent works, and once approval has been given, the blinding concrete,
polythene membrane or such other protection as may be called for on the drawings shall be
immediately applied.

BACKFILLING

Backfilling of all foundations/trenches shall not be carried out until the foundations or structures
within the excavation have been approved and approval to commence backfill has been given.
The backfill material shall normally be the material excavated from the pit or trench. Boulders,
lumps of concrete and other foreign matter shall be excluded. The backfill shall be placed and
compacted evenly around the structure in layers not exceeding 200 mm and to 95% maximum
dry density as determined under Clause 6.2 above. Mechanical compaction shall be used
wherever possible and accordingly the thickness of layers adjusted. Care shall be taken during
backfill operations to prevent damage to the permanent works. Compacting within 1 m of
existing structures shall be performed by hand operated compactors. In particular damage to
waterproof membranes/cables etc. shall be repaired before backfilling is continued. Planking,
strutting, trench sheets and other supports in excavations shall be removed as backfilling
proceeds to maintain the stability of the side until backfill is completed. Temporary supports
shall not be left in the ground.

Areas of settlement or areas of fill that do not comply with the required tolerances shall be
investigated to determine the extent of non-conformance. Soft spots shall be excavated to
remove all unsuitable material, which shall be replaced with suitable material and re-compacted
to the required density. High spots shall be scarified and excess material removed as
necessary, the area shall then be re-compacted to the required density.

ACCEPTANCE CRITERIA

The SITE CLEARING, AREA GRADING, EXCAVATION AND EARTHWORK shall fulfill the
above said criteria unless otherwise mentioned.

PAYMENT

All payments shall be made as per SOR basis.
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1.0 SCOPE

This Specification covers the general requirement for plain and reinforced concrete to be used

as in-situ and pre-cast concrete. It covers:

a. Materials for batching, mixing, transporting, placing, curing, protecting, repairing, finishing
and testing of concrete.

~ooo0CT

Materials for & construction of, all formwork for cast in-situ concrete.
Materials for & the bending & fixing of, steel reinforcement for concrete.
The finishing of formed & unformed surfaces of concrete.

The casting, handling & placing of pre-cast concrete units.

Material for & the use or application of, mortars, grout & rendering.

2.0 REFERENCE DOCUMENTS

IS-SP23

1S-269

1S-280

1S-383

1S-432 (Part 1 & 2)

1S-455

1S-456

1S-516

1S-650

1S-1199

1S-1343

1S-1489 (Part 1 & 2)
1S-1786

1S-1791

1S-2386 (Part 1 to 8)
1S-2502

IS 2645

IS 3025

1S-3085

1S-3096

1S-3370 (Part 1 to 4)
IS 3812

1S-4082

1S-4926

IS-5525

1S-5816

Handbook on Concrete Mixes

Sand Cement Dry Pack Grout

Binding Wire

Coarse and fine aggregates from natural sources for concrete

Mild steel and medium tensile steel bars and hard-drawn steel wire for
concrete reinforcement

Portland slag cement

Code of practice for plan and reinforced concrete

Method of test for strength of concrete

Standard sand for testing of cement

Method of sampling and analysis of concrete

Code of practice for prestressed concrete

Portland pozzolana cement

High strength deformed steel bars and wires for concrete reinforcement
Batch type concrete mixers

Methods of test for aggregates for concrete

Code of practice for bending and fixing of bars for concrete reinforcement
Specification for integral cement water proofing compounds

Method of sampling and testing water

Method of test for permeability of cement mortar and concrete

Safety Code for scaffolds and ladders

Code of practice for concrete structures for the storage of liquids
Specification for fly ash for use as pozzolana and admixture
Recommendation on staking and storage of construction materials at site
Ready mixed concrete

Recommendations for detailing of reinforcement in reinforced concrete
works

Method of test for splitting tensile strength of concrete cylinders

IS-6461 (Part 2 to 12) Glossary of terms relating to cement concrete

IS-7861 (Part 1 & 2)
1S-8041

1S-8112

1S-12269

IS 8142

1S-9013

1S-9103

jp kenn'j?

Code of practice for extreme weather concreting

Rapid hardening Portland cement

43 Grade ordinary Portland cement

53 grade ordinary Portland cement

Method of test for determining setting time of concrete by penetration
resistance

Method of making, curing and determining compressive strength of
accelerated cured concrete test specimens

Admixtures for concrete
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4.0

4.1

411

4.1.2
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1S-9417 Recommendation for welding cold worked bars for reinforced concrete

construction

1S-10262 Recommended guidelines for concrete mix design

IS-10790 (Part 1&2) Methods of sampling of steel for prestressed and reinforced concrete

1S-11433 One Part Grade Polysulphide based joint sealant Part | & Il

1S-13311 Non-destructive testing of concrete methods of test: Ultrasonic pulse
velocity

IS 4031 Part 1 to 15 method of physical tests for hydraulic cement

IS 4032 Method of chemical analysis of hydraulic cement

In the event of conflict between various codes and standards, the most stringent condition will

apply.
Unless specified otherwise the International System of metric units (S.1.) is to be used.

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

MATERIAL

CEMENTS

The following cement types shall be used:

Grade 43 OPC to IS 8112.

> Grade 53 OPC to IS 12269.

> Factory blended Portland Pozzolana Cement (PPC) contain fly ash grade 1 to IS 3812.
> Rapid hardening Portland cement to IS 8041.
>
>
N

A\

Sulphate resisting cement to IS 12330.
Cement with pulverized fuel ash.
ote: Cement delivered hot from the factory shall not be used until its temperature is below
35°C.

TESTS AND ANALYSIS

Manufacturer’s certificates shall be provided confirming that cement delivered to the site has
been tested and found to comply with the requirements of the appropriate Standard. If the same
is not available the sample shall be sent to Lab for test and for every 100 MT test to be carried
out. If a subsequent test on any consignment of cement shows it does not comply with
Specification requirements, then the whole consignment shall be removed immediately from the
site.

Access to the cement store shall be provided during working hours for the purpose of sampling
the cement for further testing.

CEMENT STORE

Cement shall be kept at all times in covered storage in an approved manner.

No cement shall be kept on the site longer than three months before use. Any cement, which is
stored on site in excess of 90 days, shall be tested in accordance with relevant Indian Standard
prior to use. Sufficient cement for one week’s consumption shall be available at all times.
Cement shall be used in the sequence in which it is delivered.

The cement store for bagged cement shall be a weatherproof building or shed, ventilated, lit
and free of dampness. The size will be sufficient to hold enough cement for continuous
execution of the works. Bags for cement shall be lined in polythene or other damp-proof
material. If cement in bulk is to be used, prior approval must be obtained.
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4.2 AGGREGATES

421 GENERAL
All aggregates shall be from approved sources and shall comply with IS 383. Fine and coarse
aggregates shall be considered separate ingredients. Both shall meet the grading requirements
of IS 383.
Aggregates shall be clean, hard, durable, chemically inert and impermeable. They shall be free
from adherent coatings, laminated particles or admixtures of materials likely to be deleterious to
the concrete.
Dune and beach sand shall not be used for fine aggregate.
In general, coarse aggregate shall be max. 20 mm. However, this may be increased to a
maximum of 40mm for certain structures/foundations, as shown on the drawings or directed by
the Owner/Owner’s Representative.

4.2.2 SAMPLING AND TESTING
Sampling and testing of aggregates shall be carried out in accordance with IS 2386. If adequate
laboratory facilities do not exist on site, samples must be sent to a convenient approved testing
laboratory. Samples of fine and coarse aggregate shall be sent in suitable airtight containers.
Chlorides and other contents in the coarse aggregates and fine aggregates shall be limited as
follows:

4.2.2.1 COARSE AGGREGATES
Chlorides as CL 0.03% Max.
Sulphates as SO3 0.40% Max.

4.2.2.2 FINE AGGREGATES
Chlorides as CL 0.06% Max.
Sulphates as SO3 0.40% Max.
Any aggregates that do not meet the requirements of the relevant standards shall not be used
in the works.

4.2.3 STORAGE
Sufficient quantities of each type of aggregate shall be maintained on site at all times to ensure
continuity of work.
Each type and grading of aggregate shall be stored separately in such a manner that mixing of
the various size particles shall not occur. The floors of the storage areas at the batching plants
shall be of concrete or other approved material, and shall be sloped sufficiently to ensure
adequate drainage of surplus water.
A random check for dust contamination in the stock pile shall be carried prior to loading the
batch plant bins with aggregates.
As a minimum, aggregate storage shall satisfy the requirements of IS 4082.

43 WATER
Water used for the following shall be free of dirt, chemicals organic materials and litter in
suspension conforming to IS 456 clause 4.3 and tested to IS 3025:

44 ADMIXTURES

441 GENERAL
Admixtures conforming to IS 9103 may be used subject to approval. In no circumstances shall
admixtures containing chlorides or other corrosive agents be allowed. No air entraining agents
shall be used without prior trials and approval. Sample of packed admixtures shall be obtained
as per IS 3535. The Contractor shall prove compatibility with the type of cement used.
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4.4.2 SUPER PLASTICIZERS

5.0

5.1

In hot weather, after trials and approval, a naphthalene sulphate retarding super plasticizer can
be used to increase workability of the concrete and retard the initial set. The concrete mix with
plasticizer shall comply with IS 1199 and IS 8142 respectively. The plasticizer shall be of
approved brands. Confirmation shall be obtained that the super plasticizer is compatible with
any Pozzolana, which is used.

CONCRETE MIX PROPORTIONING

The mix proportion shall be selected to ensure adequate workability when handling and placing.
On hardening, concrete shall have the required strength, durability and surface finish. The
determination of the proportions of cement aggregates and water to attain the required strength
shall be either:

i) By determining the concrete mix; such concrete shall be called “Design Mix Concrete”, or
i) By adopting nominal concrete mix; such concrete shall be called “Nominal Mix Concrete”.
Concrete of grade M20 and above shall be ‘Design Mix Concrete’ unless otherwise specified.

In either case, the Contractor shall be solely responsible to ensure that the concrete has all the
essential properties, i.e. characteristic compressive strength, and any additional properties that
may be specified.

MIXES & MIXING

Concrete for construction shall be as detailed in the table of concrete mixes & as shown by test
cube results as specified. This list may be extended by the addition of other mixes as required
and to the approval of the Owner/Owner’s Representative.

The criteria stated in the table of concrete mixes are designed to produced concrete of the
required strength & durability.

The specified characteristics strength is for concrete which has been cured at a temperature of
20°C = 1°C. The term “characteristics strength” represents the value of the strength of concrete
corresponding to the probability that, for a normal statistics distribution of the test results for
determining the strengths by the compression tests, only 5% of the test result have a value
lower than the one determined in this way.

The mixes shall be designed mean strengths that are greater than the specified characteristics
cube strength by a margin of 1.64 times the standard deviation expected from the concrete
batching plant, except that no standard deviation of less than 3.5N/mm? shall be used as a
basis for designing a mix.

Mixes shall be designed with due regard for minimum workability necessary to allow the
contractor to place & compact the concrete as specified with the equipment he proposes to use
in any particular situation.

TABLE OF CONCRETE MIXES
Concrete | Minimum Qty of Maximum free s(t:rean:afrﬁggtrl\f;
Grade cement Kg/m® | water-cement ratio %ube
M20 300 0.55 20
M25 300 0.5 25
M30 320 0.45 30
M35 340 0.45 35
M40 360 0.4 40

Where air-entrainment is specified the average air content as measure in accordance with
relevant Indian codes:
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5.1.1

5.1.1.1

5.1.1.2

a. Concrete containing
40 mm max. size aggregate 4.0%+1.0%
b. Concrete containing
20 mm max. size aggregate 5.0%+1.0%
These air contents are applicable at the time of concrete placing.

Concrete for paving or non structural pre-cast units shall have minimum flexural beam strength
of 3.5 N/mm? at 28 days.

DESIGN MIX CONCRETE

At least two weeks before commencement of concreting of a particular grade in permanent
works, the Contractor shall have obtained the Owner/Owner’s Representative’s approval of the
Design Mix for that particular grade.

TRIAL MIXES

STRUCTURAL CONCRETE

The mix(s) shall be designed mixes in accordance with IS SP23 Handbook on Concrete Mixes
and IS 10262 and as specified in this document. The relative proportions of the fine and coarse
aggregates, the workability and strengths of the mixes shall be determined by production
equipment trial mixes. The trial mixes shall be carried out in order to produce a concrete which
can be properly placed and compacted, so that a dense impermeable concrete can be
produced which shall adequately resist the ingress of damaging salts. If an admixture is
proposed it shall be used in the trial mixes. The required workability for large foundations will
differ from that for tall thin sections of structural concrete cast above ground and the trial mixes
shall allow for both cases.

When the proposed workability and proportion of the aggregates and admixture (if any) for each
of the grades of concrete has been established, test concrete shall be produced for approval.
The following tests shall be carried out for each grade of concrete:

Four separate test mixes shall be prepared and six test cubes shall be made from each test mix
for each grade of concrete. The test cubes shall be made and cured in accordance with IS 516.

Testing shall be made in threes or multiples of threes. Only 28-day result shall be considered
and the mean strength and standard deviation established for each grade.

The test mixes shall be accepted provided that:

a) The mix proportions and workability are in accordance with this Specification.

b) The standard deviation for all the different grades shall be worked out as per clause 2.1 of
IS: 10262-1982.

c) The acceptance criteria shall be in accordance with clause 16 of IS 456.

Maximum Water Cement Ratio in
specified exposure

Cement Concrete to Ensure Durability under

L Concrete
Condition of Exposure
Plain Reinforced
Mild 0.6 0.55
For Example Completely Protected against weather, or aggressive conditions, except
for A brief period of exposure to normal condition during construction
Moderate 0.6 0.50
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water

0.45

Severe 0.5

wet, subject to heavy condensate or corrosive fumes

For Example Exposed to Sea water, alternate wetting and drying and to freezing while

Based on the results of the preliminary test, the contractor shall select a final design mix for the
trial mixes and shall furnish the same to the Owner/Owner's Representative. The contractor
shall demonstrate that the proposed design mix will produce the grade and quality of concrete

required with adequate workability

A fresh mix design shall be arrived at each time there is a change in the quality or source of

materials

Minimum Cement Content (Ref IS 456, Table 5)

Plain Concrete

Exposure Min. Grade of | Min. Cement Content
Concrete (kg/m3)

Mild - 220

Moderate M15 240

Severe M20 250

Very Severe M20 260

Extreme M25 280

Reinforced Concrete

Exposure Min. Grade of | Min. Cement Content
Concrete (kg/m3)

Mild M20 300

Moderate M25 300

Severe M30 320

Very Severe M35 340

Extreme M40 360

5.1.2 NOMINAL MIX CONCRETE

No mix design or preliminary tests are necessary for Nominal Mix Concrete. Nominal Mix
Concrete shall be restricted to works of minor nature in which the strength of concrete is not
critical as decided by the Engineer. The limit of chloride content of concrete shall be as follows:

Max.

Type or Use of Concrete

Total
Soluble
chloride
content
expressed as
kg/m3 of
concrete

Acid

Concrete containing metal and steam cured
at elevated temperature and pre- | 0.4
stressed concrete.

Reinforced or plain concrete containing

embedded metal m 0.6

Concrete not containing embedded metal 3.0
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5.2

6.0

6.1

6.2

6.3

BATCHING

In proportioning concrete, the quantity of both cement and aggregate shall be determined by
weight. In case uniformity of aggregate has been established over a period of time. If fine
aggregate is moist and volume batching is adopted, allowance shall be made for bulking in
accordance with IS 2386 (Part Ill). All measuring devices shall be accurate to + 3% and shall be
regularly checked.

The water-cement ratio shall be maintained constant at its correct value. To this end,
determination of moisture content in both fine and coarse aggregate shall be made by the
Contractor at no extra cost. The frequency of tests shall be determined by the Engineer
according to weather conditions.

FORMWORK

GENERAL

The design and construction of the formwork shall be the responsibility of the Contractor.
However, if instructed by the Engineer, the drawings and calculations for the design of the
formwork shall be submitted to the Engineer for approval. Design of formwork shall take
account of safety and surface finish. The formwork shall be sufficiently rigid and tight to prevent
loss of grout or mortar from the fresh concrete.

Formwork shall be designed to withstand the worst combination of self weight, reinforcement
weight, wet concrete weight, concrete pressure, construction and wind loads together with
dynamic effect caused by placing, vibrating and compacting the concrete. Forms shall be
designed and constructed to maintain rigidity throughout the placing, ramming, vibration and
setting of the concrete to the required shape, position and level and specified class of finish
within the allowable tolerances. All joints shall be sufficiently tight to prevent leakage of grout. If
movement or deflection of the formwork or loss of grout occurs, the damaged concrete
supported by such formwork shall be removed and the concrete re-cast so that the required
finish is obtained. Formwork and its supports should be designed to withstand the worst
combinations of self-weight, reinforcement and wet concrete weights, concrete pressure,
construction and wind loads. Due regard shall be taken to the type of mix when considering the
design pressure on the formwork. The formwork shall be precambered by an amount equal to
the expected maximum deflection shall be as shown on the drawings.

If timber forms are used they shall be of sound, well-seasoned timber free from loose knots.
The forms shall be faced to give the specified class of finish for the structures. The formed
surfaces of exposed concrete shall be smooth, true and free from all irregularities.

For below ground concrete except against existing structures, rough formwork, steel pans etc.,
provided all joints prevent the loss of grout.

The formwork shall be capable of being dismantled and removed from the cast concrete without
shock, disturbance or damage. The arrangement shall be such that the soffit forms properly
supported on props, can be retained in position for such period as may be required by maturing
conditions or specifications.

CLEANING AND TREATMENT OF FORMS

All rubbish shall be removed from the interior of the forms before the concrete is placed. The
faces of the forms in contact with the concrete shall be clean and treated with a suitable release
agent, where applicable. Release agent shall be applied so as to provide a thin uniform coating
to the forms without contaminating the reinforcement.

STRIKING OF FORM WORK
In normal circumstances where Ordinary Portland Cement is used, forms shall generally be
removed after the expiry of the following periods:
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6.4

6.5

6.6

Walls, Columns and vertical | 24 to 48 hours as may
faces of all structural be decided by
members the Engineer

Slabs (Props left Under) 3 Days

Beam Soffits (Props left Under) 7 Days

Removal of Props under Slabs:

1) Spanning upto 4.5m 7 Days

2) Spanning over 4.5m 14 Days

Removal of Props under Beams
and Arches:

1) Spanning upto 6.0m 14 Days

2) Spanning over 6.0m 21 Days

For other cements, the stripping time recommended for Ordinary Portland Cement shall be
suitably modified. The number, size and position of props left under shall be such as to be able
to safely carry the dead load of the slab, beam or arch, together with any live load likely to
occur during curing or further construction.

Sleeves for through bolts shall not be provided in formwork for liquid retaining structures as
they are potential hazard for leakage. Special devices shall be fabricated using two ordinary
M20 nuts separated by two numbers 10 mm rounds welded to opposite flat side of the nuts.
The faces of the nuts will have a compressible rubber bushing 20 mm thick. The overall
dimension of the assembly shall be 50 mm less than the designed thickness of the concrete.
Adjusting bolt shall pass through formwork and will lock into the nuts. While these bolts are
tightened, the formwork will travel inwards.

Once the desired dimension is achieved, concrete will be poured. During deshuttering, the bolts
will be removed to loosen the shuttering plates. The depression will be sealed using suitable
concrete sealant.

SURFACE FINISHES FROM FORMWORK
Generally formwork shall be specified as either wrought or unwrought depending on the
required surface finish.

UNWROUGHT FORMWORK

Unwrought Formwork shall consist of sawn boards, brick or concrete block work, sheet metal or
other suitable material to give adequate support to the concrete.

Appearance is not of primary importance for this class of formwork.

Surfaces to which plaster, granolithic or other finish is to be applied shall be roughened while
the concrete is still green.

WROUGHT FORMWORK

Wrought formwork shall be provided for concrete surfaces that are required to be finished
smooth.

Wrought formwork shall be lined with metal or plywood having smooth surfaces and edges.
Formwork shall be furnished in largest practicable sizes to minimize the number of joints. Care
shall be taken that there are no irregularities or roughness between successive sections of
shuttering such that finished surfaces shall be free of board or shutter marks. Upon removal of
formwork, surfaces of finished concrete shall be rubbed down with carborundum stone where
necessary to obtain a uniform and smooth appearance.

The finish shall be such as to require no filling of surface pitting, butt fins, surface discoloration
and other minor defects shall be remedied by approved methods.

Rendering of defective concrete as a means of making good will not be permitted except that,
in case of minor porosity on the surface, approval may be given for the surface to be treated by
rubbing down with a cement mortar of the same fine aggregate/cement ratio as the concrete.
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6.7

6.8

6.9

6.10

7.0

71

jpkenny %

The treatment shall occur immediately after removing the formwork. Both cement and
aggregate shall be from the same source as the concrete materials.
Concrete containing honeycombing, major air holes or similar defects shall be cut out and
replaced as directed. No repair shall be executed without approval.

TIES

Where it is required to use internal ties and spacers, their type, spacing and use shall be
approved. No part of any such tie or spacer remaining permanently embedded in the concrete
shall be nearer than the specified cover to the finished surface of the concrete. Wire ties
projecting through the concrete face shall not be permitted.

PERMANENT FORMWORK

Permanent formwork for elevated concrete floors in steel structures shall be profiled steel
sheet. The sheet shall be of sufficient thickness to sustain all construction loads plus the weight
of fresh concrete between supporting beams without excessive deflection. The underside of the
sheet shall be coated with an approved corrosive resistant paint. The material shall conform to
IS 513. The deflection shall be limited to span / 150. The sheet shall be fixed on the supporting
beams at every alternate valley by 10 mm dia fusion welding with 22 mm dia x 2.5 mm thick
reinforcing washer. Minimum 100 mm overlap shall be provided. The deck sheet end resting on
wall shall have a seating of 150 mm minimum. Side laps shall be secured with tack welding to
ensure that the slurry does not leak down. End laps shall always be on the supporting walls or
on supporting beams. The overhang of the deck sheet shall be limited to 300 mm maximum.
Temporary supports, where ever advised by the construction manager, shall be firm, and at the
same level as the permanent supports and shall be in place till the concrete attains its full
strength. While removing the temporary supports, care shall be taken that the slab is not
disturbed.

FORMWORK FOR VIBRATED CONCRETE
If external vibrators are to be used for compaction of concrete, the type of vibrator, design of
the formwork and the method of fixing the vibrators shall all be approved.

CLEANING AND TREATMENT OF FORMS

Before concreting is commencing the forms and previously cast concrete shall be thoroughly
cleaned and free from all sawdust, tie wire, shavings, dust, dirt and other debris. Temporary
openings shall be provided where necessary to drain away water and remove rubbish.

Release agents shall be applied and be compatible with the class of finish. Care shall be taken
not to contaminate the reinforcement.

CONSTRUCTION JOINTS

GENERAL

The number of construction joints shall be kept to the minimum necessary for the execution of
the work. Their location shall be carefully considered and approved by Engineer before
concrete is placed. Construction joints shall normally be at right angles to the general direction
of the member. The concrete at the joint shall be bonded with that subsequently placed against
it, without provision for relative movement between the two. When the work has to be resumed
on surface, which has hardened, such surface shall be roughened. It shall then be swept clean
and thoroughly wetted. For vertical joint neat cement slurry shall be applied on the surface
before it is dry. For horizontal joints the surface shall be covered with a layer of mortar about 10
to 15 mm thick composed of cement and sand in the same ratio as the cement and sand in
concrete mix. This layer of cement slurry or mortar shall be freshly mixed and applied
immediately before placing of the concrete.

Document No.

Rev

. TECHNICAL SPECIFICATION
11-0330E-01-05-02-005 0

e STRUCTURAL CONCRETE

ene®”?

FOR
Page 11 of 22

Khera compressor station up-gradation project

Page 258 of 344 Vol: 1l of 1l Technical




7.2

7.3

7.4

8.0

8.1

8.2

Where the concrete has not fully hardened, all laitance shall be removed by scrubbing the wet
surface with wire brushes, care being taken to avoid dislodgement of particles of aggregate.
The surface shall be thoroughly wetted and all free water removed. The surface shall then be
coated with neat cement slurry. On this surface, a layer of concrete not exceeding 150 mm in
the thickness shall first be placed and shall be rammed against old work, particular attention
being paid to corners and close spots; work thereafter shall proceed in the normal way. The
number, size and positions of props left under shall be able to carry safely the dead load of the
slab, beam or arch together with any live load likely to occur during curing or further
construction. Cambers and chamfers, wherever shown in drawing shall be provided
accordingly.

EXPANSION JOINTS

Expansion joints and joints around equipment in concrete paving shall be as detailed in the
drawing and shall be formed with an approved bitumen impregnated fibreboard. The upper 20
mm shall be sealed with an approved two part, Polysulphide, oil resistant sealant (H.C. grade)
or hot applied bitumen sealing compound, applied strictly in accordance with the manufacturer’s
instructions.

The joint filler shall be fixed firmly to the first placed concrete before the adjoining concrete is
placed. The concrete must be thoroughly compacted on both sides of the joint. The location of
expansion joints shall be shown on the engineering drawings.

CONTRACTION JOINTS

Contraction joints (either complete or partial) shall be located on the drawings and formed with
a building paper membrane interface, or equivalent separating membrane and the upper 25
mm depth sealed. The steel reinforcement shall be continuous through partial contraction joints.
The use of contraction joints should be kept to a minimum compatible with freedom from
cracking.

JOINT FILLERS
Joint fillers and sealing compounds shall comply to IS 1834, IS 1838 and IS 11433.

REINFORCEMENT

Reinforcement shall comply with IS 1786 or IS 432. Different types of reinforcement may be
used in the same structural member. Reinforcement shall be cut and bent in accordance with
approved bar bending schedules.

CUTTING AND BENDING

Reinforcement shall be cut and/or bent in accordance with IS 2502. It is essential that
reinforcement shall not be subjected to mechanical damage prior to embedment. In general,
reinforcement shall be bent cold.

Bends in reinforcement shall have a substantially constant curvature.

It is permissible to bend mild steel reinforcement projecting from concrete provided that care is
taken to ensure that radius of bend is not less than that specified in IS 2502. Grade Fe.415 bars
shall not be re-bent or straightened without the Engineer's approval.

FIXING

Reinforcement shall be secured against displacement outside the specified limits. Actual
concrete cover shall be not less than the required nominal cover minus 5 mm or two third the
nominal cover whichever is more. In slabs, the actual concrete cover shall be not more than the
required nominal cover plus.

5 mm on bars up to and including 12 mm size

10 mm on bars over 12 mm and up to 25 mm

15 mm on bars over 25 mm
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8.3

8.4

8.5

8.6

8.7

9.0

9.1

9.2

Spacers and chairs shall be used to maintain the specified nominal cover to the steel
reinforcement. Spacers or chairs shall be placed at a maximum spacing of 1 meter. Wherever
reinforcing bars are intended to be in contact, they shall be securely bound together with 18
gauge annealed soft iron wire.

The mix used for spacer blocks made from cement, sand and fine aggregates shall be
comparable in strength, durability and appearance to the surrounding concrete.

The position of reinforcement shall be checked before and during concreting, particular
attention being directed to ensure that the nominal cover is maintained within the limits, given,
especially in the case of cantilever sections.

SURFACE CONDITIONS

Concrete shall not be placed around reinforcement unless the reinforcement is free from mud,
oil, paint, loose rust, grease or any other substance which can be shown to adversely effect the
steel or concrete chemically or reduce the bond.

LAPS AND JOINTS
Laps and joints shall be made only by the methods specified and at the positions shown on the
drawings or as agreed by the Engineer.

WELDING

Welding on site shall be avoided if possible, but may be permitted where suitable safeguards
and techniques are employed. Generally, however, all welding shall be carried out in a
workshop. The competence of the welder shall be demonstrated prior to and periodically during
welding operations. Welding of mild steel bars shall be carried out in accordance with IS 2751.
Welding of high strength deformed bars shall be in accordance with IS 9417. The carbon
content of high yield strength deformed bars conforming to IS 1786 shall not be more than
0.25%. If carbon content exceeds the limits specified herein, specifically written down welding
and testing procedure shall be followed.

TOLERANCES ON PLACING

Reinforcement shall be placed within the following tolerances:
1. For effective depth 200 mm or less + 10 mm

2. For effective depth more than 200 mm + 15 mm.

TYING OF REINFORCEMENT

Bars crossing each other, where required shall be secured by binding wire (annealed)
conforming to IS 280. Every compression bar will be tied at least in two perpendicular
directions.

TRANSPORTING, PLACING, COMPACTING AND CURING OF CONCRETE

TRANSPORTING

Concrete shall be transported from the mixer to the formwork as rapidly as possible by methods
that will prevent the segregation, loss of any ingredients or ingress of foreign matter or water
and will maintain the required workability. The concrete shall be deposited as close as possible
to its final position to avoid handling or moving the concrete horizontally by vibrating. The
addition of water at point of discharge is prohibited.

PLACING AND COMPACTING CONCRETE

All placing and compacting shall be carried out under suitable supervision and as soon after
mixing as is practicable.

Placing of concrete shall commence only after embedment in the concrete is securely fixed in
position.
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Care shall be taken to avoid displacing reinforcement and damage to the faces of formwork,
particularly when the concrete is allowed to fall freely through the depth of lift. The concrete
shall not be dropped from a height of over 1.5 meters unless it is dropped by a tremie or chute.
Immediately before concrete placement, surfaces of previously placed concrete, which shall be
in contact with the concrete to be placed, shall be covered with a bonding mortar grout. The
bonding medium shall have the same cement-sand content as the concrete to be placed on it.
Bonding planes shall generally be horizontal.

No concrete shall be placed in flowing water. Under water, concrete shall be placed in position
by tremies or by pipeline from the mixer and never allowed to fall freely through the water.
Concrete shall be placed in successive horizontal layers in thicknesses not exceeding 500 mm.
Concrete shall be thoroughly compacted by vibration or other means during placing and worked
around the reinforcement, embedded fixtures and into corners of the formwork to form a solid
void free mass having the required surface finish. When vibrators are used, vibration shall be
applied continuously during the placing of each batch of concrete until the expulsion of air has
practically ceased and in a manner that does not promote segregation. Over vibration shall be
avoided to minimize the risk of forming a weak surface layer.

When internal or immersion type vibrators are used they shall have frequency of 7000 RPM.
They shall be inserted in a vertical position at an interval of about 600 mm. Vibrators shall not
be used to transport concrete inside the formwork. When external vibration is used, the design
of formwork and disposition of vibration shall be such as to ensure efficient compaction and to
avoid surface blemishes.

The Contractor shall keep a complete record of the work of concreting showing the time and
date of placing. This record shall be available for inspection at any time by the Engineer.
Structural concreting against open excavation will not be permitted.

CURING
Curing is the process of preventing the loss of moisture from the concrete while maintaining a
satisfactory temperature. The prevention of moisture loss from the concrete is particularly
important if the water/cement ratio is low.
Curing and protection shall start immediately after the compaction of the concrete to prevent it
from:
i)  Prematurely drying out, particularly by solar radiation and wind,
i) Leaching out by rain and flowing water.
Where members are of considerable bulk or length, the cement content of the concrete is
high, the surface finish is critical; the method of curing shall be specified in detail.
Surfaces shall normally be cured for at least for 7 days. The most common methods of
curing are:
e  Covering the surface with a damp absorbent material like sacking and keeping the material
constantly wet.
e By ponding top surface with water (sea water not permitted) for slabs and the like.
¢ By continuous or frequent applications of water to the surface, avoiding alternate wetting
and drying and the application of cold water to warm concrete surfaces.
e  Spraying the surface with an efficient curing membrane.
The curing compound shall conform to relevant Indian Standards and shall be applied in
accordance with the manufacturer’s instructions to provide a water loss not greater than 0.55
kg/ m2 in 72 hours. Curing compound shall be used where conventional curing by water cannot
be accomplished, following approval of construction manager.

PROTECTIVE COATINGS

The protective coating for underground and over ground structures will be decided on case-to-
case basis based on duty conditions and the importance of the structure and the same shall be
described in detail in the project specific specification and drawings. In general, method ‘A’ or
‘B’ shall be followed.
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METHOD A

Concrete shall be cast or placed onto polythene sheeting 1000 gauge laid over the concrete
blinding. Overlap shall be 150 mm and the sheeting shall extend 150 mm beyond the edge of
all foundations. Approved membranes are ‘Visqueen’ by I.C.I. Plastics or ‘Duraplane’ by British
Cellophane Ltd. or approved equal.

Surfaces below ground level shall be coated with two coats of a proprietary combined curing
compound and damp proof membrane (DPM).

A square scrape master sample shall be taken to determine the weight of specified thickness of
coating from a 300 mm x 300 mm patch. The weight can then be compared with test samples.
Concrete shall also be wrapped in 1000 gauge polythene sheeting.

Backfill material shall be select fill material so as to avoid damage to protective coatings.
Exposed external concrete surfaces for a depth of 150 mm below ground level and 300 mm
above, or to the underside of base plate, whichever is the lowest, shall be primed with a low
viscosity primer and coated with two coats of a light grey colored epoxy paint with a minimum
thickness of 125 microns per coat. This will protect the concrete in the splash zone against
ingress of aggressive salts. Application trials shall be carried out on the chosen coating.
Concrete surface preparation and application shall be strictly in accordance with the
Manufacturer’'s recommendations.

METHOD B

Concrete shall be cast or placed onto polythene sheeting 1000 gauge laid over the concrete
blinding. Overlap shall be 150 mm and the sheeting shall extend 150 mm beyond the edge of
all foundations. Approved membranes are “Visqueen” by I.C.I plastics or “Duraplane” by British
Cellophone Ltd. or approved equal.

After the foundations have been painted as specified below the 150 mm extension shall be
folded up flush with the sides of foundations.

Surfaces below ground level shall be coated with 3 coats of modified bitumen to give a total
coat thickness of 1mm. A square scrape master sample shall be taken to determine the weight
of specified thickness of coating from a 300 mm x 300 mm patch. The weight can then be
compared with test samples.

Backfill material shall be select fill material so as to avoid damage to protective coatings.
Exposed external concrete surfaces for a depth of 150mm below ground level and 300mm
above, or to the underside of base plate, whichever is the lowest, shall be primed with a low
viscosity primer and coated with two coats of a light grey colored epoxy paint with a minimum
thickness of 125 microns per coat. This will protect the concrete in the splash zone against
ingress of aggressive salts. Application ftrials shall be carried out on the chosen coating.
Concrete surface preparation and application shall be strictly in accordance with the
Manufacturer's recommendations. Where saline water has been used to compact site fill
surface protection for concrete below ground level shall be as per Method A except that
wrapping with 1000-gauge polythene can be omitted.

Where fresh water has been used to compact site fill no applied protection is required.

EXTERNAL SURFACES EXPOSED TO SALINE WATERS
Details shall be specified on construction drawings.

CONCRETING IN HOT WEATHER

In hot weather (above 40 deg C) special precautions shall be necessary to avoid the loss of
moisture and/or rapid stiffening of the concrete, which prevents its proper compaction, can
cause thermal and plastic cracking and a reduction in strength and durability.

During hot weather, the concreting shall be done as per the procedure set out in IS 7861 Part 1.
At the time of placing, no part of the concrete shall have a temperature exceeding 35 deg C.
The temperature of concrete can be reduced by cooling the water and aggregate.
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During hot dry weather at the point of placement the fresh concrete shall be protected from
drying winds and solar radiation by the provision of PVC or similar tented shelter, which shall
remain to avoid exposure to the sun. Suitable method to shelter the surface shall be adopted
such that finishing operations can be carried out whilst it is in place. To prevent early drying and
cracking, the relative humidity shall be kept high and the concrete surfaces kept moist by
spraying with clean water and covered with wet hessian.

Note: To avoid de hydration of concrete use OPC 43 grade cement.

PLACING CONCRETE WITHIN THE TIDAL RANGE

When concreting is to be carried out under tidal conditions the CONTRACTOR shall ensure
that concrete is placed and compacted before the seawater rises to the level of the concrete so
placed.

No concrete shall be disturbed after salt water has made contact with it. The top surface of the
concrete shall be covered after the initial set has taken place, to protect it against water action if
there is any risk of this occurring.

The CONTRACTOR shall submit to the CONSTRUCTION MANAGER for approval details of
the proposed method for complying with these requirements.

CONCRETING IN ADVERSE WEATHER

Concreting shall not be permitted when storm or rain appears to be imminent. In the event that
the rain storms or other severe weather conditions occur unexpectedly, concreting shall be
stopped and appropriate temporary stop ends, vee grooves etc., placed as necessary. To meet
such circumstances the contractor shall always have in readiness on site approved framed
sheeting or tarpaulins for protection of newly placed concrete. Under water concreting shall be
permitted only with the approval of construction manager. Concrete placed under water may be
lowered in bottom opening skips or may be fed continuously through an approved tremie pipe.
Unless otherwise agreed with the construction manager, the cement content of any concrete
mix to be placed under water shall be increased by 20%.

SAMPLING AND STRENGTH OF CONCRETE

Samples from fresh concrete which is to be used in the works shall be taken as per IS 1199
and cubes shall be made, cured and tested at 28 days in accordance with IS 516.

Facilities required for testing materials and concrete in the field such as testing machine with an
operator shall be made available at the Engineer's request.

Frequency of sampling and acceptance criteria for strength tests shall be as per clauses 15 and
16 of IS 456. Concrete test cubes may be cured by accelerated methods as described in IS
9013. Cubes may also be optionally tested at 7 days or at the time of striking the formwork.
However, in all cases, the 28 days compressive strength specified in IS 456 shall be the
criterion for acceptance or rejection of the concrete.

For pre casting work additional cubes shall be taken and tested at 3 days or prior to lifting.
Higher rate of sampling will be required at the beginning of the Construction period in order to
establish the level of quality control or where there are critical elements. All samples shall be
clearly marked with their identification and accurate records shall be maintained.

The concrete will be deemed to comply with the specified design strength provided the
acceptance criteria in IS 456 are met.

If any test results fail to comply with the above then the quantity of concrete represented by the
results shall be at risk, and may be required to be removed and replaced. The 28 days cube
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crushing results shall be grouped consecutively in different groups and each group shall have
standard deviation as specified IS 456

If the standard deviation is greater than this, the concrete production shall be reviewed. 7-Day

Tests (In situ Concrete)

. Tests shall be carried out at 7 days to establish a relationship between the 7-day and 28
day strengths. The relationship shall be used to interpret further test results in order to
predict the probable value of the corresponding 28-day strengths.

. Notice shall be given without delay of any 7 day test results which indicates that the
corresponding 28 day test results are likely to fail to meet the specified strength, so that
necessary action can be taken to minimize the effect of such possible failure.

3 Day Tests (Pre-cast Concrete)

. For pre-cast concrete tests shall be carried out at 3 and 7 days to establish the
relationship with the 28 day results.

There shall be no production tests on blinding concrete.

OPTIONAL TESTS

If the Engineer feels that the materials, i.e. cement, aggregates, reinforcement, and water, are
not in accordance with specification or if specified concrete strengths are not obtained, he may
order tests to be carried out on these materials in an approved laboratory as per relevant IS
codes. The Contractor shall not be required to bear the costs of such tests unless they reveal
defective material workmanship. If the works cubes do not give the stipulated strengths, the
Engineer reserves the right to ask the Contractor to dismantle and reconstruct such
unacceptable work at the Contractor's cost. In such a case, any other tests such as load tests,
taking out concrete cores and tests on cores, sonic testing etc shall be carried out by the
Contractor if directed by the Engineer. The Contractor shall carry out all such tests at his own
cost.

INSPECTION

All materials, workmanship and finished construction shall be subject to the continuous
inspection and approval of the Engineer. All materials supplied by the Contractor and all
construction performed by the Contractor, rejected as not in conformity with the specifications
and drawings shall be immediately replaced by the contractor at no cost to the Owner.

CLEAN UP

Upon the completion of concrete work, all debris, scraps of wood, etc., resulting from the work
shall be removed and the premises left clean.

SPECIAL REQUIREMENTS FOR LIQUID RETAINING

STRUCTURES

To ensure that strength, durability and impermeability will be adequate for liquid retaining
structures; the minimum cement content shall be 330 kg/m3. A maximum water/cement ratio of
0.45 shall be used. For reinforced concrete the cement content shall not exceed 400 kg/m3
when ordinary Portland cement is used.

In general, external type PVC water bars, minimum 230 mm wide, are preferred and shall be
incorporated where suitable in all construction and expansion joints as shown on the drawings.
Intersection pieces shall be factory made. Only butt jointing of identical sections shall be carried
out on site, strictly in accordance with manufactures specifications. Care shall be taken at all
times to ensure that water bars are not perforated or damaged in any way, concrete shall be
carefully placed and compacted to ensure dense impervious concrete. Particular attention shall
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be paid to the placing and vibration of the concrete to ensure well-compacted concrete around
the ribs of the water bars. At all joints the concrete shall be placed up to the centre line of the
water bar.

TESTING OF LIQUID RETAINING STRUCTURES

For a test of liquid retention, the structure shall be cleaned and initially filled to the normal level
with the specified liquid (usually water) at a uniform rate of not greater than 2 m in 24h. When
first filled, the liquid level shall be maintained by the addition of further liquid for a stabilizing
period of seven days. After the stabilizing period the level of the liquid surface shall be recorded
at 24h intervals for a test period of 7 days. During this 7 day test period, the total permissible
drop in level, after allowing for evaporation, shall not exceed 40 mm.

Notwithstanding the satisfactory completion of the test, any evidence of seepage of the liquid at
the outside face of the liquid retaining walls shall be given remedial treatment from the liquid
face. Should the structure not satisfy the 7 day test, then after completion of the remedial work,
it shall be retested.

TESTING OF ROOF

The roof of liquid retaining structures shall be watertight and shall be tested on completion by
flooding the roof with water to a minimum depth of 25 mm for 24 hours or longer. The roof shall
be considered satisfactory, if no leaks or damp patches show on the soffit. Should the structure
not satisfy the test, remedial work shall be carried out after obtaining the Engineer’s approval.
After completion of the remedial work it shall be retested in accordance with this clause.
Waterproofing to the roof shall be completed as soon as possible after satisfactory testing.

PLUM CONCRETE

Stone aggregate of size up to 300-mm cube, but less than 1/3 of the least dimension to be
concreted, called plums, shall not exceed 20% of total volume of finished concrete, and they
shall be well dispersed throughout the mass. This shall be achieved by placing a layer of
normal concrete, then spreading the plums, followed by another layer of concrete and so on.
Each layer shall be of such thickness as to ensure at least 100 mm of concrete around each
plum. Care must be taken to ensure that no air is trapped underneath the stones and that the
concrete does not work away from their underside. The plums must have no adhesive coating.

WORKABILITY

The concrete mix shall be designed by varying the relative proportion of fine and coarse
aggregates to ensure adequate workability for working it into corners and angles of the
formwork and around the reinforcement without segregation of the materials or bleeding of the
free water at the surface. On striking the formwork, the concrete shall present a face, which is
uniform, free from honeycombing, surface crazing or excessive dusting. To confirm the
workability of the designed mix for each grade of concrete, a series of workability tests shall be
carried out on the preliminary trial mixes, unless acceptable data exists.

INITIAL SETTING TIME

The initial setting time shall be not less than %2 hour after the production concrete is discharged
into he forms and with a maximum time between mixing and completion of placing concrete
shall not exceed 1 hour. The total time between mixing and initial set shall be a minimum of 1
hour. There shall be a maximum setting time of 6 hours.

When trial mixes are made to determine the workability of the concrete, the initial setting time of
the cement paste shall be determined as per IS 8142.
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SLUMP

The slump of the structural concrete mixes shall be such that the concrete can be transported,
placed into the forms, and compacted without segregation. Slump for pumpable concrete shall
be determined by site trials and shall at least be 100 mm on site of pouring.

PRECAST CONCRETE

GENERAL

The requirements of this Specification relating to concrete and reinforcement shall be observed
so far as they are applicable to reinforced concrete. In addition the following requirements
specifically relating to pre-cast work should be met.

RECASTING YARD

The yard in which pre casting work is to be undertaken shall be cleaned and have firm level
beds, preferably of concrete, with drainage channels between the beds. The beds shall have a
surface of suitable quality to give the pre-cast units the required class of finish.

Where pre-cast units have projecting reinforcement the moulds shall, if necessary, be raised on
stools above the general level of the pre casting yard.

MOULDS FOR PRE-CAST CONCRETE

The moulds shall be strongly constructed, closely jointed and true to the required shape with
edges, corners and surfaces which comply with the relevant class of finish. Moulds are to be so
designed that they can be readily taken apart and reassembled.

MARKING

All units shall be marked on the face which will not be exposed in the permanent works, with
the date of manufacture and such distinguishing letters or numbers required for erection
identification.

CURING, MATURING AND STACKING

The production schedules shall allow for proper curing and maturing of pre-cast concrete and
shall be carried out as approved. The sides of the moulds may be removed after not less than
12 hours provided that the concrete has thoroughly set. All concrete surfaces shall be kept
covered with thoroughly wetted hessian for at least 7 days.

Slinging, transporting and stacking may take place when designed handling stresses have been
attained, but building or setting in the works shall not be permitted until the 28 days cube
strength has been reached.

The time periods required for gain of strength of concrete may be reduced where approved
special techniques are adopted such as vacuum or pressed concrete, steam curing or when a
rapid hardening cement is used. No methods of accelerated curing shall be used without prior
approval.

CEMENT/SAND MORTAR

Cement/sand mortar for bedding and jointing pre-cast members shall be of equivalent strength,
quality and color to that of the concrete member being bedded or jointed. Cement/sand mortar
shall be mixed in small quantities and used immediately. Particular attention shall be paid to
compacting the cement/sand mortar to prevent the formation of voids and air pockets. The
mortar mix shall be determined from tests following the recommendations of Indian Standard,
alternatively grouting may be considered.
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SURFACES FOR STRUCTURAL CONNECTIONS (MARINE STRUCTURES)

The surfaces of pre-cast concrete slabs and other units, which are to be in contact with in situ
concrete, shall be prepared to achieve a good bond between the concrete unit and the
adjoining concrete. The CONTRACTOR shall submit to the Owner/Owner’s Representative his
proposals for preparation of a suitable surface.

GROUTING
GENERAL

. Where equipment manufacturer’'s drawings define a grouting procedure, said procedure
shall be followed, subject to the approval of Owner/Owner’s Representative.

*  All recommendation and instructions of the grout manufacturer shall be followed by
contractor.

. No grout shall be placed when the outside temperature is below 5 °C unless special
approval provisions are made against freezing.

. The minimum compressive strength of grout shall be at least equal to the parent concrete.

MATERIAL

. Sand cement dry pack shall be proportioned at the site, but all non-shrink grouts shall
consist of only pre-measured, pre-packaged material supplied by the grout manufacturer,
except water.

. Water to be used for mixing Portland cement grout shall be clean, potable and free from all
deleterious materials such as oils, acids, alkalis and organic materials.

GROUT TYPES

SAND CEMENT DRY PACK AND ORDINARY MORTAR GROUT

. Cement shall be Portland cement and shall conform to the requirements of IS 269.

+ Sand shall be mixed at two to one ratio by weight with the cement with a ramming
consistency and shall have a minimum compressive strength of 15 N/mm2 at 7 days.

NON-SHRINK CEMENT BASED GROUT

. Non-shrink cement based grout must have a full range of consistencies, including dry
pack, plastic and flowable state to be suitable for used in a variety of applications.

. Grout should be capable of being pumped flowable without segregation. Vibration only
when expressly stated by manufacturer.

. Grout working time shall be minimum of 60 minutes regardless of application consistency
used.

. The grout shall contain no metallic substances (catalyzed or non catalyzed), aluminum
powder, water reducing agents, fluidizers, accelerators, super plasticizers, or other
materials known to increase drying shrinkage and/ or compromise long term durability.

. Non-shrink cement based grout shall have a minimum compressive strength of 50 N/mm2
at 7 days.

NON-SHRINK EPOXY GROUT

. Grout shall be 100 % solids system with the ability to be placed in flowable state.

. Non-shrink epoxy shall have a minimum allowable compressive strength of 60 N/mm2 at
7 days.
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22.4 GROUT TYPE SELECTION

. When the application is an unobstructed bearing plate or void which is not subject to
impact or vibrations and allows the easy placement of grout without undue man-hour
expenditure, used a sand cement dry pack or an ordinary mortar grout.

. If one of the criteria cited in 1 is not met (i.e. obstructed bearing plate or void or subject to
impact or vibration) then use a pre-packaged, pre-measured, non-shrink, cement based
grout.

22,5 STORAGE

. Non-shrink cement based grout and epoxy grout aggregates shall be prepared by
contractor in sound, dry bags and epoxy grout liquid components in sealed hardener and
resin containers. Contractor shall be responsible for storing the grout in a dry,
weatherproof area and within a temperature range of 4 °C to 32 °C.

. Any material which becomes damp or otherwise defective shall be immediately removed
from the site by contractor at his own expense.

22.6 SURFACE PREPARATION

. All surfaces to be grouted shall be entirely free of oil, grease, dirt, wax, laitance, curing
compounds and other foreign substances that may interfere with complete bearing or
bonding.

. When removing laitance, a hand held pneumatic chipping hammer shall be of the largest
tool, contractor shall take the utmost care to prevent any possible structural damage that
could be caused by improperly or negligently removing the laitance.

. When any cement based grouts are used, concrete surfaces shall be saturated with water
for 24 hours prior to grout placement. Excess water shall be removed just prior to grouting.

. When epoxy grouts are used, all surfaces shall be made completely dry prior to grouting.

22.7 LEVELLING AND ALIGNMENT

. Prior to commencing grouting equipment bases, column bases or anchor bolts, leveling
and alignment shall be performed to place and maintain said items in their final position
during grouting.

. A minimum grout space of 25 mm shall be provided unless specified otherwise on the
drawing.

. All metal surfaces which are to be in direct contact with the grout shall be thoroughly
cleaned and made free of all grease, oil, dirt, wax or other foreign substance.

. Leveling shims shall be removed when they would prevent uniform bearing under the base
support such as tower bases rings. Removal of the shim shall be delayed long enough to
ensure against disturbing the grout. Voids where shims have been removed shall be
completely packed with grout before finishing.

22.8 MIXING

. Grout types shall be mixed according to manufacturer’'s recommended procedures.

. Epoxy grout component ratio shall not be changed from that recommended by the
manufacturers. No solvent or thinners shall be added to the mix.

. The amount of water added to a non-shrink cement based grout will determine its
consistency. The lowest water/ grout ratio need to get the grout in place should be used.

229 PLACEMENT

. Grout placement shall proceed in a manner that assures the filling of all voids and the
intimate contact of grouting materials with surfaces to be grouted.

. The placement of grout shall be rapid and continuous so as to avoid cold joints under any
base plate.
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. All grouting shall be done in one direction only, placing grout on one side and working it to
the other. Placement will be such as to provide full and uniform bearing under all

foundation bearing surfaces.

*  All exposed grout shall be provided with a 25 mm, chamfer, unless otherwise directed by

purchaser’'s Owner/Owner’s Representative.

22.10 Curing

. Grout shall be cured according to manufacturer’'s recommendations.

. Forms shall remain in place with a minimum of 24 hours regardless of whether grout is

cement based or epoxy.
. Cement based grout shall be protected from extreme drying conditions.
. Epoxy grout shall not be wet cured.

. The temperature of the base plate, concrete foundations and grout shall be maintained

between 4°C and 32 °C during grouting and for a minimum of 24 hours thereafter.

22.11 Testing

Field-testing of non-shrink grouts shall be as directed by Construction Manager. Contractor
shall be responsible for preparing, storage, curing and transporting the test samples to a

laboratory for testing, as required by Construction Manager.

23.0 ACCEPTANCE CRITERIA
The STRUCTURAL CONCRETE shall fulfill the above said criteria unless otherwise mentioned.

24.0 PAYMENT

All payments shall be made as per SOR basis.
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1.0

SCOPE

This specification covers the material and workmanship requirements for the following masonry
works in foundations, substructure, parts of super-structure, security wall, soling for floors on
grade, etc. as applicable. This specification also defines the materials and workmanship
requirements for pointing and plaster.

Brick masonry

Stone masonry

Precast concrete block masonry

Allied works

REFERENCE DOCUMENTS

IS: 8112 Specification for 43 grade ordinary Portland cement

IS: 12269 Specification for 53 grade ordinary Portland cement

IS 456 Code of Practice for Plain & Reinforced Concrete

IS 1077 Specification for Common Burnt Clay Building Bricks

IS 1123 Specification for Method of- Identification of Natural Building Stones.

IS 1124 Specification for Method of Test For Determination of Water Absorption.
Apparent Specific Gravity and Porosity of Natural Building Stones.

IS 1127 Recommendations for Dimensions and Workmanship of Natural Building Stones
for Masonry Work

IS 1129 Recommendation for Dressing of Natural Building Stones.

IS 1200 Indian Standard for Method of Measurement of Building and Civil Engineering
Works, (Part 3 - Brickwork: Part 4 - Stone Masonry)

IS 1397 Indian Standard Specification for Kraft paper.

IS 1597 Code of Practice for Construction of Stone Masonry (Parts 1 & 2)

IS 1661 Code of Practice for Application of Cement and Cement Lime Plaster Finishes

IS 1725 Specification for Soil Based Blocks used in General Building Construction.

IS 1905 Indian Standard Code of Practice for Structural use of Reinforced Masonry.

IS 2116 Specification of Sand for Masonry Mortar.

IS 2180 Specification for Heavy duty burnt-clay building bricks.

IS 2185 Concrete masonry Units (Part 1 to 3)

IS 2212 Code of Practice for Brick work

IS 2250 Code of Practice for Preparation and Use of Masonry Mortars.

IS 2386 Method of Test for Aggregates for Concrete (Part 1 to 3)

IS 2402 Code of practice for External Rendered Finishes.

IS 2572 Code of practice for Construction of hollow concrete block masonry

IS 2645 Specification for Integral Cement Water Proofing Compounds.

IS 2691 Indian Standard Specification for Burnt Clay Facing Bricks.

IS 3025 Methods of sampling and test (physical and chemical) for water used in industry.

IS 3316 Specification for Structural granite.

IS 3495 Methods of Tests of burnt Clay Building Bricks (Parts 1 to 4).

IS 3620 Specification for Laterite stone block for masonry.

IS 3696 Indian Standard Safety Code of Scaffolds and Ladders (Part 1 & 2)

IS 5454 Methods of Sampling of Clay Building Bricks

IS 6042 Code of Practice for Construction of lightweight concrete masonry.

IS 8112 43 grade ordinary Portland cement various applicable standards.

In the event of conflict between various codes and standards, the most stringent condition will

apply.
Unless specified otherwise the International System of metric units (S.1.) is to be used.
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3.0

4.0

4.1

4.2

4.2.1

4.3

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification. All
masonry work shall be true to line and level as shown on drawings and shall be tightly built
against structural members and bonded with dowels, inserts, etc. as shown in drawings.

MATERIALS

GENERAL

Material to be used for masonry shall comply with the IS codes listed in clause 2.0.

Water used for mixing and curing shall be clean and free from injurious amount of oils, acids,
alkalies, salts, sugar, organic materials or other substances that may be deleterious for the
masonry or concrete surfaces.

Permissible limits for solids tested according to IS 3025 shall be as given in Table 1 of IS 456.

SAND FOR MASONRY AND FOR PLASTER

Sand or fine aggregate shall consist of natural sand, crushed stone sand or crushed gravel
sand or a combination of any of these. Sand shall be hard, durable, clean and free from
adherent coatings and organic matter and shall not contain the amount of clay, silt and fine dust
more than specified as given in the table below.

DELETERIOUS MATERIAL

Sand shall not contain any harmful impurities such as iron, pyrites, alkalis, slates, coals or other
organic impurities, mica, shale or similar laminated materials, soft fragments, sea shale in such
form or in such quantities as to adversely affect the hardening, strength or durability of the
mortar. The maximum quantities of clay, fine silt, fine dust and organic impurities in sand shall
not exceed the following limits:

Clay, fine silt and fine dust, in natural sand
or crushed gravel sand and crushed stone | Not more than 5% by mass
when determined in accordance with IS

2386
Mica Not more than 2% by mass

Colour of the liquid shall be lighter than the
Organic impurities when determined in standard solution prepared as per section
accordance with IS 2386 (part 2) 6.2.2 of IS 2386 (part 2)

Grading of sand for use in masonry mortar shall conform to IS 2116.

Grading of sand for use in plaster shall conform to IS 1542.

Sand or fine aggregate shall be tested for organic impurities, particle size, silt content and
bulking in accordance with IS 2386 Part I, Il and .

BRICK

Bricks for masonry works shall conform to IS 1077 and shall be of class 5 with minimum
compressive strength of 5.0N/mm2. Specific requirement for any other class of bricks shall be
as shown on drawings. Physical requirements, quality, dimensions, tolerances, etc., of common
burnt clay building bricks shall conform to the requirements of IS 1077.

Bricks shall be hand-molded or machine molded and shall be made from suitable soils. The
bricks shall have smooth rectangular faces with sharp corners and shall be well burnt, sound,
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4.4

4.5

4.6

4.7

5.0

5.1

5.1.1

hard, tough and uniform in colour. These shall be free from cracks, chips, flaws, stones or
lumps of any kind.

A clear metallic ringing sound shall be emitted when two bricks are struck together. After 24
hours immersion in cold water, water absorption by weight shall not exceed 20% of the dry
weight of the brick. They shall not break when thrown on ground on their flat surface from a
height of 1.6 metre, in saturated condition.

The tolerance permitted in the accepted size of bricks shall be £3mm in any dimension. Only
bricks of one standard size shall be used in one work unless specifically permitted by the
Owner/Owner’s Representative. Each brick shall have the manufacturer's identification mark or
initial mark clearly in the frog.

All bricks proposed to be used shall conform to the approved samples in all respects. Any brick
found not up to the specification shall be removed from the site immediately at the Contractor's
cost.

STONE

All Stones used for masonry works shall conform to the requirements of IS 1123, IS 1127, and
IS 1129.

Stones shall be of approved quality, hard, dense, strong, sound, durable, clean and uniform in
colour. They shall also be free from veins, adherent coatings, injurious amount of alkalis,
vegetable matters and other deleterious substances such as iron pyrites, coal, lignite, mica, sea
shells, etc. Unless otherwise approved, stones from one single quarry shall be used for any one
work.

The strength of stones should be adequate to carry the imposed load. The minimum crushing
strength of building stones shall be 20 N/mm2 unless higher minimum strength is specified in
any particular case. The percentage of water absorption, when tested in accordance with IS
1124, shall not exceed 5%.

Stones used shall normally be small enough to be lifted and placed by hand. The length of the
stone shall not exceed 3 times the height. Width of stone on base shall not be less than 150mm
and in no case exceed 3/4th thickness of the wall. Height of the stone shall not be more than
300mm.

CEMENT
Unless otherwise specified, cement used for cement-sand mortar shall be Grade 43 or 53 OPC
conforming to IS 8112 or 12269 respectively.

LIME

Hydrated lime used for masonry mortar shall conform to IS 712. Hydrated lime shall be supplied
in suitable containers such as jute bags lined with polythene or high density polythene woven
bags lined with polythene or kraft paper bags preferably containing 50 kg. of dry lime.

WATER

Water used for masonry work shall be clean and free from injurious amounts of deleterious
materials. Potable water is generally considered satisfactory for mortar making and curing in
masonry work.

MORTAR

CEMENT MORTAR
Mortar for brick work shall be prepared in accordance with I1S: 2250.

PROPORTIONING

Cement bag weighing 50 kg shall be taken as 0.035 cubic meter. Other ingredients in specified
proportion shall be measured by volume using gauge boxes of suitable capacity. Sand shall be
measured on the basis of its dry volume.
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5.1.2

5.2

Unless otherwise specified on drawings, the cement-sand mix proportion (by volume) for the
mortar shall be as follows

Brick masonry less than one brick thick 14
Brick masonry equal to and more than one brick thick 1:6
Stone masonry 1:6
Concrete block masonry 1:6
The minimum compressive strength of masonry mortar shall be as follows:
1:4 Mortar 7.5 N/mm2.

1:6 Mortar 3 N/mma2.

MIXING

The mixing of mortar shall be done in mechanical mixers operated by power or manually as
decided by the Engineer. The Engineer may however, permit hand mixing at his discretion
taking into account the nature, magnitude and location of the work and practicability of the use
of mechanical mixers or where item involving small quantities are to be done or if in his opinion
the use of mechanical mixers is not feasible.

MECHANICAL MIXING

Cement and sand in the specified proportions shall be mixed dry thoroughly in a mixer. Water
shall then be added gradually and wet mixing continued for at least three minutes. Only the
required quantity of water shall be added which will produce mortar of workable consistency.
Only the quantity of mortar which can be used within 30 minutes of its mixing shall be prepared
at a time. Mixer shall be cleaned with water each time before suspending the work.

HAND MIXING

The measured quantity of sand shall be leveled on a clean water tight platform and cement
bags emptied on top. The cement and sand heap shall be thoroughly mixed dry by being turned
over and over, backwards and forwards, several times till the mixture is of a uniform colour. The
quantity of dry mix, which can be used within 30 minutes, shall then be mixed in a masonry
trough with just sufficient quantity of water to bring the mortar to a stiff paste of necessary
working consistency.

NOTE:
Mortar shall be used as soon as possible after mixing and before it begins to set, and in any
case within half an hour after the water is added to the dry mixture.

CEMENT LIME SAND MORTAR

Cement-lime-sand mortar for masonry works shall be prepared in accordance with IS 2250.
The proportioning of mix shall be as shown in drawings.

Lime putty shall be obtained by adding hydrated lime to water in a tank and stirring it to the
consistency of cream and allowing it to stand not more than 2 days. The putty shall be allowed
to mature but not allowed to dry out till it is used.

Sand shall be measured on the basis of its dry volume. In case of damp sand, its quantity shall
be suitably increased to allow for bulkage54 as per IS 2386 (part 3)

Cement, lime putty/dry hydrated lime and sand shall be taken in specified proportions. Lime
putty and sand shall be ground in a mortar mill before mixing the same with cement. In case
where factory made dry hydrated lime powder is used, prior grinding of lime and sand in a
mortar mill is not necessary. In that case the mixing may be done in one single operation in the
mechanical mixer.

In case of small works, where the Owner/Owner’s Representative permits hand mixing, in view
of mortar mill and mechanical mixer not being feasible, cement and sand shall be mixed in
clean watertight masonry platforms or troughs. Milk of lime prepared by mixing water and lime
putty, shall be added to mixture of cement and sand. Then the mixture shall be hoed back and
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forth for about 10 minutes with addition of milk of lime, care being taken to add this milk of lime
to the extent required for giving the mortar the consistency of a stiff paste.

The mortar thus prepared shall be used as soon as possible after mixing and in any case within
one hour the cement is mixed wet. Mixture of lime putty and sand can be kept for a period of 72
hours, provided it is kept damp with wet sacks or by suitable means approved by the
Owner/Owner’s Representative and not allowed to dry.

Mortar not formed as per specifications or laying unused after the periods specified above or
found partly set or dried or otherwise spoilt shall be rejected and removed from site of work at
Contractor's cost.

Unless otherwise specified in drawings, the mortar used for masonry work shall be of proportion
1 cement: 1 lime: 6 graded sand.

6.0 BRICK MASONRY

6.1 GENERAL
Bricks used in masonry shall be common burnt clay bricks conforming to IS 1077 or IS 2180.
Common burnt clay bricks shall be classified on the basis of average compressive strength as
given in Table 1.

Table 1- Classes of Common Burnt Clay Bricks

Class Average Compressive
Designation Strength Not Less Than,
N/mm2

50 50.0
35 35.0
30 30.0
25 25.0
20 20.0
175 175
15 15.0
125 125
10 10.0
7.5 75
5 5.0
3.5 3.5

Wherever the construction site is within a radius of 100 km from a coal/ lignite based thermal
power plant, fly ash shall be used in manufacturing bricks as per MOE&F — see Appendix 1.

6.2 GENERAL QUALITY
Bricks shall be hand moulded or machine moulded kiln burnt and shall be made from suitable
soils. They shall be free from cracks and flaws and nodules of free lime. The bricks shall have
smooth rectangular faces with sharp corners and shall be uniform in colour and shall emit
ringing sound when struck simply.
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6.3

6.4

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.5

6.5.1

6.5.2

6.5.3

DIMENSIONS

The standard modular or non modular size of common building bricks shall be as follows:
Type of Brick Length Width Height

Modular Brick 190 mm x 90 mm X 90 mm

Modular Tile Brick 190 mm x 90 mm X 40 mm

Non Modular Brick 230mm x 110 mm X 70 mm

Non Modular Tile Brick 230mm x 110 mm X 40 mm

SAMPLING AND TEST

SAMPLING
Sampling of bricks shall be in accordance with IS: 5454.

DIMENSIONAL TOLERANCES
The dimensions of bricks when tested in accordance with IS: 1077 shall be within the limits
specified therein.

COMPRESSIVE STRENGTH

The bricks, when tested in accordance with the procedure laid down in IS: 3495 Part | shall
have a minimum average compressive strength for various classes as given in Table 1. The
compressive strength of any individual brick tested shall not fall below the minimum average
compressive strength specified for the corresponding class of brick.

WATER ABSORPTION

The average water absorption of bricks when tested in accordance with the procedure laid
down in 1S:3495 Part 2 shall not be more than 20% by weight up to Class 12.5 and 15% by
weight for higher classes.

EFFLORESCENCE

The rating of efflorescence of bricks when tested in accordance with the procedure laid down in
1S:3495 Part 3.Appendix D shall be not more than "moderate" up to Class 12.5 and "slight" for
higher classes.

BURNT CLAY BRICK WORK
Brickwork shall generally conform to IS 2212.

CLASSIFICATION
The brickwork shall be classified according to the class designation of bricks used.

MORTAR
Brickwork shall be constructed in cement mortar 1:5 or as specified (also see section 6.5.13).
Lime shall not be used where reinforcement is provided in brickwork.

SOAKING OF BRICKS

Bricks shall be soaked in water such that water just penetrates the whole depth of the bricks.
The soaked bricks shall be removed from water early enough to be skin-dry when lying.
Alternatively bricks may be adequately soaked in stacks by profusely spraying with clean water
at regular intervals for a period not less than six hours. Soaked bricks shall be stacked on a
clean place where they are not spoiled by dirt, earth and the like.

Jip kenny

TECHNICAL SPECIFICATION Document No. Rev
i3z FOR 11-0330E-01-05-02-006 0
o MASONRY WORK

aee® Page 9 of 16

Khera compressor station up-gradation project Page 278 of 344 Vol: 1l of 1l Technical




6.5.4

NOTE:

The period of soaking shall be found at site by a field test. The bricks shall be soaked in water
for different periods and then broken to find the extent of water penetration. The least period
that corresponds to complete soaking will be the one that shall be allowed for in construction
work.

LAYING

Bricks shall be laid in English Bond unless otherwise specified.

Half or cut bricks shall not be used except as closers to complete the bond. Closers in such
cases, shall be cut to the required size and used near the ends of the wall. Header bond shall
be used preferably in all courses in curved plan for ensuring better alignment.

NOTE:

Header bond shall also be used in foundation footings unless the thickness of walls (width of
footing) makes the use of headers impracticable. Where the thickness of footing is uniform for a
number of courses, the top course of footing shall be headers.

All loose materials, dirt and set lumps of mortar which may be lying over the surface on which
brick work is to be freshly started, shall be removed with a wire brush and the surface wetted.
Bricks shall be laid on a full bed of mortar. When laying, each brick shall be properly bedded
and set in position by gently pressing with the handle of a trowel.

Its inside face shall be buttered with mortar before the next brick is laid and pressed against it.
Joints shall be filled and packed with mortar such that no hollow space is left. Walls shall be
taken up truly in plumb or true to the required batter where specified. All courses shall be laid
truly horizontal and all vertical joints shall be truly vertical. Vertical joints in alternate courses
shall come directly one over the other. Quoin, jambs and other angles shall be properly
plumbed as the work proceeds.

A set of tools comprising of wooden straight edge, masonic spirit levels, square, one meter rule
line and plumb shall be kept at the site of work for checking during the progress of work. Each
set of tools shall suffice for three masons.

All quoins shall be accurately constructed and the height of brick courses shall be kept uniform.
This will be checked using a graduated wooden straight edge or a story rod indicating height of
each course including thickness of joints. The position of damp proof course, window sills,
bottom of lintels, top of the wall etc. along the height of the wall shall be marked on the
graduated straight edge or story rod. Acute and obtuse quoins shall be bonded, where
practicable in the same way as square quoins.

Obtuse quoins shall be formed with squint showing three quarters brick on one face and quarter
brick on the other. The brick work shall be built in uniform layers. No part of the wall during its
construction shall rise more than one metre above the general construction level. Parts of wall
left at different levels shall be raked back at an angle of 45 degrees or less with the horizontal.
Toothing shall not be permitted as an alternative to raking back. For half brick partition to be
keyed into main walls, indents shall be left in the main walls.

Block work shall not be carried out in more than a height of 1200 mm in any one day unless
otherwise permitted by relevant Indian standards.

All pipe fittings and specials, spouts, hold fasts and other fixtures which are required to be built
into the walls shall be embedded, as specified in their correct position as the work proceeds
unless otherwise directed by the Owner/Owner’s Representative.

Top courses of all plinths, parapets, steps and top of walls below floor and roof slabs shall be
laid with brick on edge, unless specified otherwise.

Brick on edge laid in the top courses at corner of walls shall be properly radiated and keyed into
position to form cut corners. Where bricks cannot be cut into the required shape to form cut
corners, cement concrete 1:2:4 (1 cement:2 coarse sand: 4 graded stone aggregate 20 mm
nominal size) equal to thickness of course shall be provided in lieu of cut bricks. Bricks shall be
laid with the frog up. However, when the top course is exposed, bricks shall be laid with the frog
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6.5.5

6.5.6

6.5.7

6.5.8

6.5.9

6.5.10

down. For the bricks to be laid with frog down, the frog shall be filled with mortar before placing
the brick in position.

In case of walls, one brick thick and under, one face shall be kept even and in proper plane,
while the other face may be slightly rough. In case of walls more than one brick thick, both the
faces shall be kept even and in proper plane Pipe sleeves shall be provided for taking service
lines without excessive cutting of completed work.

Such sleeves in external walls shall be sloped down outward so as to avoid passage of water
inside top of the brick work in coping and sills in external walls shall be slightly tilted. Where
brick coping and cills are projecting beyond the face of the wall, drip course / throating shall be
provided where indicated. Care shall be taken during construction that edges of jambs, sills and
projections are not damaged in case of rain. New built work shall be covered with jute bags or
tarpaulins so as to prevent the mortar from being washed away. Damage, if any, shall be made
good to the satisfaction of the Owner/Owner’s Representative. In retaining walls and the like,
where water is likely to accumulate, weep holes, 50 to 75 mm square shall be provided at 2 m
vertically and horizontally unless otherwise specified. The lowest weep hole shall be at about
30 cm above the ground level. All weep holes shall be surrounded by loose stones and shall
have sufficient fall to drain out the water quickly.

JOINTS

The thickness of all types of joints including brick wall joints and cross joints shall be such that
four courses and three joints taken consecutively shall measure as follows:

390 mm, in case of modular bricks conforming to IS: 1077.

310 mm, in case of non-modular bricks.

NOTE:

Specified thickness of joints shall be 10 mm.

FINISHING OF JOINTS

The face of brick work may be finished flush or by pointing. In flush finishing either the face
joints of the mortar shall be worked out while still green to give a finished surface flush with the
face of the brick work or the joints shall be squarely raked out to a depth of 10 mm while the
mortar is still green for subsequent plastering. The faces of brick work shall be cleaned with
wire brushes so as to remove any splashes of mortar.

OPENINGS

Openings shall be square with the jambs vertical and formed with the uncut faces of blocks
using temporary framing installed for this purpose.

The jamb walling shall be built up against framework all around as the work proceeds.

INTERSECTING WALLS AND PARTITIONS

Walls and partitions shall be bonded or tied to one another at angles and junctions, unless
movement joints are indicated.

Wherever ties are used, they shall consist of 3x20 mm galvanized steel plate fully embedded in
the horizontal mortar joints at vertical spacing not exceeding 600 mm.

The ends of ties shall project a minimum of 75 mm into each wall partition.

PENETRATIONS
Penetrations for services through both external and internal walls shall be properly sealed
against fire and gas.

FIXINGS

Where fixing blocks, anchors, accessories, wall ties, etc are specified, they shall be built into
the walls or partitions and solidly bedded in mortar.

Fixings, which are not built in shall be drilled to the block work.
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Expanded bolt fixings shall only be drilled into solid blocks or blocks having their cavities filled
solid.

6.5.11 CURING
The brick work shall be constantly kept moist on all faces for a minimum period of seven days.
Brick work done during the day shall be suitably marked with the date on which the work is
done to monitor the curing period.

6.5.12 SCAFFOLDING
Scaffolding shall be strong enough to withstand all dead, live and impact loads which are likely
to come on them. Scaffolding shall be provided to allow easy approach to every part of the
work. Only double scaffolding shall be used. Single scaffolding shall be used only when
specifically permitted in writing by Owner/Owner’s Representative.

* Single Scaffolding

In single scaffolding, one end of the put-log/pole shall rest in the hole provided in the header
course of rick masonry. Not more than one header for each put-log/pole shall be left out. Such
holes shall not be allowed in the case of pillars, brick work less than one metre in length
between the openings or near the skewbacks of arches or immediately under or near the
structural member supported by the walls.

The holes for put logs/poles shall be made good with brick work and wall finishing as specified.

* Double Scaffolding
Where the brick work or tile work is to be exposed and not to be finished with plastering etc.
double scaffolding having two independent supports; clear of the work, shall be provided.

6.5.13 HALF BRICK WORK
Brick work in half brick walls shall be constructed in the same manner as described in Clause
6.5.4 except that the bricks shall be laid in stretcher bond. These walls shall be constructed in
cement mortar 1:4. Lime mortar shall not be used. When the half brick work are to be reinforced
two MS bars of 6 mm diameter shall be embedded in every third course or 75 mm thick RCC
M15 beams with 2 numbers 8 mm dia high strength deformed bars shall be provided at a
vertical spacing of 1 meter.
The reinforcement shall be securely anchored at the end of the wall. The free ends of
reinforcement shall be keyed into the mortar of the main work to which the half brick work is
joined. Laps in reinforcement if any shall not be less than 30 cm.
Depending on the dimensions of the wall, 200 mm x 115 mm RCC mullions at every 3 meters
and at corners shall be provided with reinforcement of 4 numbers 8 mm diameter high strength
deformed bars. The steel in the horizontal beams in such cases will run through these mullions.
These partition walls shall be constructed in two stages. In the first stage, brick work with
binders shall be constructed leaving gaps equal to and at the locations of the mullions. In the
second stage mullions shall be constructed.

6.5.14 ACCEPTANCE CRITERIA
The acceptable deviations for brick work shall be as follows:
Deviation from position shown on plan of any brick work shall not exceed 12.5 mm.
Relative displacement between load bearing wall in adjacent stories shall not exceed 6 mm.
Brick / Block work shall be built into the following tolerances:

I. TOLERANCE ON LINE

Length up to and including 5 m 610 mm
Length over 5 m, up to and including 10 m 615 mm
Length over 10 m 620 mm
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6.5.15

6.5.16

6.5.17

[I. TOLERANCE ON HEIGHT AND LEVEL

Height up to and including 3 m 65 mm

Height over 3 m, up to and including6 m 615 mm

Height over 6 m 620 mm
[ll. TOLERANCE IN PLUMB

Heightupto 4 m 10 mm
IV. TOLERANCE IN STRAIGHTNESS

Deviation from line shall not be more than 5 mm

Deviation from the specified thickness of all joints shall not exceed one-fifth of specified
thickness.

REINFORCED BRICKWORK

Where specified, brick walls less than one brick thick shall be provided with 2 numbers 6 mm
dia. M.S. reinforcement bars at every fourth course embedded inside the joint. The free ends of
reinforcement shall be keyed into the mortar joint of main brick work. Round bars shall be
properly lapped, and joints staggered.

For brick walls equal to or more than one brick thick, reinforcement shall be as specified in
drawings. Bars shall be lapped with dowels left in R.C. columns, beams or welded to steel
stanchions. Other requirements shall be as applicable for un-reinforced brickwork.

HONEYCOMB BRICKWORK

Honeycomb brickwork shall be done with wire cut bricks of specified class and size in specified
mortar as per drawings. The thickness of honeycomb brickwork shall be that of half brick unless
otherwise specified.

The openings shall be equal and alternate with half brick laid with a bearing of 20mm on either
side. The honeycomb work shall present a uniform pattern.

All joints shall be struck flush to give an even surface. Upon completion of masonry installation,
all exposed brickwork shall be cleaned of all mortar droppings. As the cleaning progresses, all
masonry work shall be examined and all imperfect joints, nail holes, cracks, etc., carefully
pointed and filled with mortar where required and the horizontal ratings left tooled and clean.
The brickwork shall be cured and protected as specified under clause 6.5.11

CAVITY WALL

One or both leaves of a cavity wall may be of brick (the other being of concrete or other
material). The two leaves of the cavity wall shall be tied by means of specially made wall ties
spaced at not more than four brick lengths apart horizontally and not more than five brick
courses vertically and staggered. Additional ties shall be used near opening. There shall be at
least five ties per square meter of surface area of the wall. Ties shall be sloped away from the
inner leaf of the cavity wall.

Ties shall be of hot dip galvanized/non-ferrous metal/stainless steel suitably twisted at the
middle to prevent water flowing along it or round bars bent to oval shape and twisted in the
middle.

Small openings shall be left in the exterior leaf approximately 2 meters apart at the start of
masonry so as to facilitate hand cleaning out by means of a rake. These holes should be closed
at the end of construction of the wall after doing the necessary cleaning at the cavity.

During construction of cavity wall, mortar droppings are quite likely to fall into the cavity and get
lodged over ties and become a constant source of transmittance of moisture. For preventing
this, a wooden batten should be kept over ties during the construction of wall to catch any
mortar droppings.

The batten should be lifted up every time when the next row of ties is reached and the process
repeated as the construction of wall proceeds. The inner surface of outer leaf of the wall should
not encourage splash of dripping water that may penetrate through the outer leaf and thus
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7.0

7.1

7.2

7.3

7.4

7.5

7.6

transmit dampness to the inner leaf. To avoid this, projections from outer leaf extending in the
cavity should not be allowed.
The mix proportion and joint thickness for the mortar shall be as specified in drawings.

RUBBLE MASONRY
Un-coursed Rubble Stone Masonry

STONE

The stone shall be obtained from quarries approved by the Owner/Owner’s Representative and
shall conform to 1S:1597 Part I. Stone shall be hard, sound, durable and free from weathering
decay and defects like cavities, cracks, flaws, sand holes, veins, patches of loose or soft
materials and other similar defects that may adversely affect its strength and appearances. As
far as possible, stone shall be of uniform colour, quality or texture. Generally stone shall not
contain crypts crystalline silica or chart, mica and other deleterious materials like iron oxide,
organic impurities etc.

Stone with round surface shall not be used. For Basalt stone the minimum compressive
strength shall be 400 kg/cm2 and the percentage of water absorption shall not exceed 5%.

SIZE OF STONE

Unless otherwise indicated, the length of stones shall not exceed three times the height and the
breadth or base shall not be greater than three fourth the thickness of wall or not less than 150
mm. The height of stone may be up to 300 mm. Stones having sharp corners or round surfaces
shall, however, not be used.

DRESSING

Each stone shall be hammer dressed on the face, the sides and the bed. Hammer dressing
shall enable the stones to be laid close to neighbouring stone such that the brushing in the face
shall not project more than 40 mm on the exposed face and 10 mm on the face to be plastered.

LAYING

All stones shall be wetted before use. Each stone shall be placed close to the stones already
laid so that the thickness of the mortar joints at the face is not more than 20 mm. Face stones
shall be arranged suitably to stagger the vertical joints and long vertical joints shall be avoided.
Chips or sprawls of stones may be used for filling of interstices between the adjacent stones in
heartening and these shall not exceed 20% of the quantity of stone masonry. No hollow space
shall be left anywhere in the masonry. The masonry work in wall shall be carried up true to
plumb. Before commencing the masonry work the foundation trenches shall be leveled right
through and bottom of the same watered and well rammed down. The trenches shall be kept
free of water while masonry work is in progress.

BOND STONES

Bond or through stones running right through the thickness of walls shall be provided in walls
up to 600 mm thick and in case of walls above 600 mm thickness a set of two or more bond
stones overlapping each other by at least 150 mm shall be provided in a line from face of the
wall to the back.

At least one bond stone or a set of bond stones shall be provided for every 0.5m? of the area of
wall surface.

QUOIN AND JAMB STONE

The quoin and jamb stones shall be of selected stones neatly dressed with hammer or chisel to
form the required angle. Quoin stones shall not be less than 0.01m? in volume. Height of quoins
and jamb stones shall not be less than 150 mm. Quoins shall be laid header and stretcher
alternatively.
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Curing shall be done till the mortar used in masonry is sufficiently set. Masonry work in cement
mortar of 1:5 shall be kept constantly moist on all faces for a minimum period of seven days.

Green work shall be protected from rain by a suitable covering. The work shall also be suitably
protected from damage, mortar dropping and rain during construction.

The joints of masonry shall be raked at least 12 mm deep for burnt clay bricks and 6 mm deep
for concrete block whilst the mortar is green and not later than 48 hours of time of lying. The
dust shall then be brushed out of the joints and the wall, washed with water.

The mortar shall be of specified mix. Mortar shall be filled into joints and well pressed with
special steel trowels. The joints shall not be touched again after it has once begun to set. The
joints of the pointed work shall be neat. The lines shall be regular and uniform in breadth and
the joints shall be raised, flat, sunk or "V" as may be directed. No false joints shall be allowed.
The work shall be kept wet for a week after the pointing is complete. Whenever colored pointing
has to be done, the colouring pigment of the colour required shall be added to cement in such
proportion as recommended by the manufacturer and as approved by the Owner/Owner’s

PRECAST CONCRETE BLOCK MASONRY

Precast concrete block masonry could be either with hollow blocks or solid blocks and shall be

HOLLOW CEMENT CONCRETE BLOCKS

Hollow cement concrete blocks shall conform to IS 2185 and shall have the minimum average
compressive strength of 7 N/mm2 and minimum block density of 1500 kg/m3.

Hollow block can have one or more than one hole or cavity passing through the block and
having solid material between 50% to 75% of the total volume of block calculated from the

All blocks shall be sound, free from cracks, broken edges, honey combing and other defects
that would interfere with the proper placing of blocks or impair the strength or performance of

7.7 CURING
7.8 PROTECTION
8.0 CEMENT POINTING
Representative.
9.0
as specified in drawings.
9.1
overall dimensions.
the masonry.
9.2

SOLID CEMENT CONCRETE BLOCKS

Solid cement concrete blocks shall be precast with concrete of specified mix and shall conform
to 1S 2185

A block shall be deemed to be solid if the solid material is not less than 75 percent of the total
volume of the block calculated from the overall dimensions. In no case solid concrete block
shall have a density lesser than 1800 Kg/m3.

The concrete mix used for blocks shall not be richer than 1 part cement: 6 parts graded
aggregate by volume.

The blocks may be either machine made or hand made. The concrete mix, mixing,
manufacturing of blocks, curing and drying shall be in accordance with IS 2185.

Faces of the blocks shall be flat and rectangular. Surface finish shall be rendered smooth or
plastered with cement mortar 1:3 (1 cement: 3 course sand) or as specified.

The average compressive strength of eight blocks when determined in accordance with IS 2185
shall not be less than 5 N/mm2 of the gross area. The strength of the lowest individual block
shall not be less than 75 percent of the average compressive strength of eight blocks.
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9.3

10.0

10.1

10.2

10.3

104

10.5

11.0

12.0

JOINTS AND FINISHING

The thickness of mortar joint, both vertical and horizontal, shall be 10 mm unless otherwise
specified.

Mortar shall not be spread so much ahead of the actual laying of the units as it tends to stiffen
and loose its plasticity, thereby resulting in poor bond.

Except in extruded joint construction, the mortar joints shall be struck flush with wall surface
and when the mortar has started stiffening, it shall be pressed back with a rounded or U-shaped
tool. Rendering and other finishes for different types of concrete blocks, if specified, shall be
carried out as per IS 6042.

ALLIED WORKS

EXPANSION AND SEPARATION JOINTS

Location and details of expansion joints shall strictly be as shown on drawings. Filler boards
and sealing strips shall have minimum transverse joints and shall be approved by the
Owner/Owner’s Representative.

Separation joints shall be with standard water proof paper or with alkathene sheets about 1mm
in thickness. Length and sealing of laps shall be to the satisfaction of the Owner/Owner’s
Representative.

MOULDING, CORNICE AND DRIP COURSE

These shall be made as shown on drawings. Brick or stone shall be cut and dressed as
required. If subsequent finish is envisaged, these shall be rubbed to correct profile with
carborundum stone.

EMBEDDING OF FIXTURES

All fixtures shall generally be embedded in mortar and/or concrete of specified grade, and
masonry built as required.

Encasing of Structural Steel

This shall be done by building masonry work round flanges, webs, etc,, and filing the gap
between steel and masonry by minimum 12 mm thick mortar. Encased member shall be
wrapped with chicken wire mesh when shown on drawings. The minimum lap in chicken wire
mesh shall be 50 mm.

Damp-Proof Course

Unless otherwise specified, damp-proof course shall be minimum 40 mm thick cement concrete
of grade M20 by weight using 10 mm and down graded coarse aggregate, with admixture of a
water-proofing compound as approved by the Owner/Owner’s Representative. The percentage
of admixture shall be as per manufacturer's specification but not less than 2% by weight of
cement. The top surface shall be double check and cured by pending for seven days.

ACCEPTANCE CRITERIA

The MASONRY WORK shall fulfill the above said criteria unless otherwise mentioned.

PAYMENT

All payments shall be made as per SOR basis.
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1.0

2.0

3.0

4.0

410

4.20

4.30

4.40

4.50

5.0

SCOPE

This specification covers the material and workmanship requirements for the Plastering works
in super-structure, as applicable.

REFERENCE DOCUMENTS

IS 269 Specification for 33 grade ordinary Portland cement

IS 1661 Code of Practice for Application of Cement and Cement Lime Plaster Finishes
IS 456 Code of Practice for Plain & Reinforced Concrete

IS 1542 Grading of sand for Plastering

In case any particular aspect of work is not covered specifically by these or any other relevant
Indian Standard Specification, any other good engineering practice as may be specified by the
company shall be followed.

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs covered by this specification.

MATERIALS

CEMENT
Refer specification for structural concrete

SAND

Sand for plaster and pointing shall conform to IS: 1542. Sand shall be hard, durable, clean and
free from adherent coatings and organic matter and shall not contain any appreciable amount
of silt, day bails or pellets. Sand shall not contain harmful impurities such as iron pyrites, coal
particles, lignite, mica shale etc.

Sand whose grading falls outside the limits of IS: 460 due to excess or deficiency of coarse or
fine particles shall be processed to comply with the standards.

Fine sand shall be obtained from river beds not affected by tidal water of the sea and shall be
clean, sharp and free from excessive deleterious matter. The sand shall not contain more than
8 per cent of mud and silt as determined by field test with a measuring cylinder.

WATER

Refer specification for structural concrete

CEMENT MORTAR

Refer specification for structural concrete

CEMENT MORTAR WITH WATERPROOFING COMPOUND

Waterproof compound shall conform to IS: 2645 of approved make. The compound shall be
well mixed with dry cement in the proportion of 3% by weight or as recommended by
manufacturer. Further procedures for preparation of cement mortar shall be as per above

clause-4.4.

WORKMANSHIP
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5.1

5.20

5.3.

5.4.

6.0

6.10

6.20

6.2.1

PREPARATION OF BACKGROUND SURFACE

The surface shall be cleaned of all dust, loose mortar droppings, traces of algae, efflorescence
and other foreign matter by water or by brushing. Smooth surfaces shall be roughened by wire
brushing or hacking for non-hard and hard surfaces respectively. Projections on surfaces shall
be trimmed wherever necessary to get even surfaces. In case of brick/stone masonry, raking of
joints shall be carried out wherever necessary. The masonry shall be allowed to dry out for
sufficient period before carrying out the plaster work. The masonry shall not be soaked but only
damped evenly thereafter before applying the plaster.

In case of concrete work, projecting blurs of mortar formed due to the gaps of joints in
shuttering shall be removed. Such surface shall be scrubbed clean with wire brushes. The
surface shall be pock marked with a pointed tool at spacing of not more than 50 mm centers,
the pocks being made not less than 3 mm deep to ensure a proper key for the plaster. The
surface shall be washed off and cleaned of all oil, grease etc. and well wetted before the plaster
is applied.

SEQUENCE OF OPERATIONS

For external plaster, the plastering operations shall be started from the top floor level and
carried downwards. For internal plaster, the plastering may be started wherever the building
frame, roofing and brick work are ready.

The surfaces to be plastered, shall first be prepared as described in ‘Preparation of background
surface.

The first layer shall then be applied to ceilings. After the ceiling plaster is complete and
scaffolding for the same removed, plastering on wall shall be started.

After a suitable time interval as detailed under various types of plaster in subsequent paras,
depending upon the type of mortar, the secondary layers if required shall be applied. After a
further suitable time interval as detailed under various type of plaster in subsequent paras, the
finishing coat shall be applied first to the ceiling and then to the walls.

Plastering of cornices, decorative features, etc. shall be completed before the finishing coat is
applied. Unless otherwise specified corners and edges shall be rounded off to a radius of 25
mm, such rounding off shall be complete along with the finishing coat to prevent any joint marks
showing out later.

SCAFFOLDING
Refer specification for structural concrete

DAMAGE RECTIFICATION

Any cracks, damages, any part of work which sound hollow when tapped or found damaged or
defective otherwise shall be cut out in rectangular shape and redone as directed by
Owner/Owner’s Representative.

PLAIN CEMENT PLASTER

PREPARATION OF MORTARS
The mortars of specified mix shall be used as per the specifications of ‘Cement Mortar as
described in clause no. 4.4 above.

APPLICATION OF PLASTER
ONE LAYER PLASTER WORK

To ensure even, specified thickness, plaster of 150 mm x 150 mm shall be first applied
horizontally and vertically at not more than 2 meter interval over the entire surface to serve as
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6.2.2

gauges. 'he surface of these gauged areas shall be truly in the plane of the finished plaster
surface. The mortar shall be brought to true surface by working with a wooden straight edge
reaching across the gauges with small upward and sideways movements at a time. Finally the
surface shall be finished off true with a trowel or wooden float to obtain a smooth texture.
Excessive trowelling or overworking the float shall be avoided. All corners, arises, angles and
junctions shall be truly vertical/horizontal and shall be carefully finished. Rounding or
chamfering of corners, arises, junctions etc. shall be carried out with proper templates to the
size required.

In suspending the work, the plaster shall be left, cut clean to line, both horizontally and
vertically. When recommencing the plastering the edge of the old work shall be scrapped clean
and wetted before plastering the adjoining area. Plastering work shall be closed on the border
of the wall and nearer than 150 mm to any corners or arises and shall not be closed on the
body of the features such as plaster bands, cornices nor at the corners or arises.

TWO LAYER PLASTER WORK

6.2.2.1 FIRST OR UNDER LAYER

6.2.2.2

6.2.3

6.0

6.1

6.2.

7.0

71.

The first or under layer of the specified thickness shall be applied as described above or
mentioned in drawing. Before the first coat hardens, surface of it shall be beaten up by edges of
wooden tapers and close dents shall be made on the surface. The subsequent coat shall be
applied after this coat has been allowed to set for 3 to 5 days depending upon weather
conditions. The surface shall not be allowed to dry during this period.

SECOND OR FINISHING LAYER
The second layer shall be complete to the specified thickness in the same manner as for first
layer.

CURING

Curing shall be started 24 hours after finishing the plaster. The plaster shall be kept wet for a
period of 7 days. During this period the plaster shall be suitably protected from all damages at
the Contractor’s expense by such means as approved by the Owner/Owner’s Representative.
The date of execution of plastering shall be marked on the plastering to ensure the proper
duration of curing.

SAND FACE PLASTER

PREPARATION OF MORTAR
The mortar of specified mix shall be used as per the specifications of cement mortar as
described in clause no. 4.4 above.

APPLICATION OF PLASTER

Sand face plaster shall consist of 12 mm thick (1 cement: 4 coarse sand by volume) under layer
and 6 mm thick (1 cement: 2 coarse sand by volume) top layer. Application of plaster shall be
as described in ‘two coat plaster work’ in clause no. 6.2.2 above.

The surface of the sand face plaster shall be finished rough with sponge or as directed by the
Owner/Owner’s Representative.

EXPOSED AGGREGATE FINISH

PREPARATION OF MORTAR

The mortar of specified mix shall be used as per the specifications of ‘cement mortar’ as
described in clause no. 4.4 above. White and coloured marble chips shall be of 6 mm to 12 mm
size out of Makrana/Ambaji, grade | or Dongri Chittor Brown/Rajnagar/Abu green grade-1
quality as specified. Marble dust shall be obtained from crushing hard marble stone.
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7.2,

APPLICATION OF PLASTER

Exposed aggregate finish plaster shall consist of 12 mm thick plain cement plaster under layer
(1 cement: 4 coarse sand by volume) finished rough and 20 mm thick top layer. Under layer
shall be applied in accordance with ‘One Layer Plaster Work’ as described in clause no. 6.2.1
above.

Top layer shall be 20 mm thick admixture of white cement and grey cement (mix. Ratio 1:1 by
volume) mixed with white/coloured marble chips/pebbles of 6 mm to 12 mm nominal size as per
item description. Mix ratio shall be 1cement: 1 marble chips/pebbles by volume. Marble dust @
15% by volume shall be added to the admixture. The pebbles to be used shall be well washed
and drained. The admixture shall be thrown wet on to the under layer while it is still plastic
using strong whipping motion at right angles to the face of the wall. One coat of neat cement
slurry @ 2.75 kg cement per square meter of area shall be applied on to the under layer to
receive the top layer. The whole plastering shall be laid in panels of maximum 1.2 M x 1.2 M or
as per drawing with 12 mm x 20 mm grooves in between formed by holding removable wooden
battons of 12 mm x 25 mm size over the under layer.

Loose mortar etc. on the top surface shall be cleaned/removed by brushing/washing/ spraying
with water jet after initial setting of mortar.

Pointing shall be of the type specified such as flush, cut or weather struck, raised and cut etc.

PREPARATION OF BASE SURFACE
The joints shall be raked to such a depth that the minimum depth of the new mortar measured
from either the sunk surface of the finished pointing or from the edge of the brick shall be less

Mortar shall be in accordance with the specifications of cement mortar as described in clause

APPLICATION OF MORTAR AND FINISHING

The mortar shall be pressed into the raked out joints with a pointing trowel according to the type
of pointing specified. The mortar shall be spread over the corner edges or surfaces of the
masonry. The pointing shall then be finished with the pointed tool. The superfluous mortar shall

The mortar shall be pressed into joints and shall be finished off flush and leveled. The edges
shall be neatly trimmed with trowel and straight edges.

CUT OR WEATHER STRUCK POINTING

The mortar shall first be pressed into joints. The top of the horizontal joints shall then be neatly
pressed back by about 15 mm with the pointing tool so that the joint is sloping from top to
bottom. The vertical joint shall also be similarly pointed. The junctions of vertical joints with the
horizontal joints shall be at true right angles in case of brick and coursed rubble masonry.

8.0 POINTING
8.1
than 20 mm.
8.1.1 MORTAR
no. 4.4 above.
8.1.2
be cut off from the edges.
8.20 FLUSH POINTING
8.30
8.40

RAISED AND CUT POINTING

This type of pointing shall project from the wall facing with its edges cut parallel so as to have a
uniformly raised band about 6 mm and width 10 mm more as directed. The pointing shall be
finished to a smooth but hard surface.
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9.0 ACCEPTANCE CRITERIA

The PLASTERING & POINTING shall fulfill the above said criteria unless otherwise mentioned.
10.0 PAYMENT

All payments shall be made as per SOR basis.
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1.0 SCOPE

This Specification defines the requirements for the supply, fabrication and erection of structural
steel work, design of connections and preparation of fabrication drawings for buildings, plant
and equipment supports, stairways, access platforms, steel flooring, ladders and the like. This
Specification does not include the requirements of protective treatment like painting,
fireproofing, jetty and other marine structures.

2.0 REFERENCE DOCUMENTS

IS 800 Code of Practice for General Construction in Steel
IS 801 Code of Practice for use of Cold Formed Light Gauge Steel Structural Members
in General Building Construction
I1S-806 Code of Practice for use of Steel Tubes in General Building Construction
IS 808 Dimensions for Hot Rolled Steel Beam, Column, Channel and Angle Sections
IS 814 Covered Electrodes for Manual Arc Welding of Carbon and Carbon Manganese
Steel - Specification
IS 816 Code of Practice for Use of Metal Arc Welding for General Construction in Mild
Steel
IS 817 Code of Practice for Training and Testing of Metal arc Welders
IS 817 (Part 1) Manual arc welding
IS 822 Code of Practice for Inspection of Welds
IS 919 (Part 1) Recommendation for limits and fits for engineering.
IS 1161 Steel tubes for Structural purposes.
IS 1182 Recommended practice for radiographic examination of fusion welded butt joints
in steel plates
IS 1363 Specification for Hexagon head bolts, screws and nuts of product Grade C (Parts
1t0 3)
IS 1367 (All Parts) Technical supply of Threaded Steel Fasteners
IS 1395 Specification for Low and Medium Alloy Steel Covered Electrodes for Manual
Metal Arc Welding
IS 1852 Rolling and cutting tolerances for hot rolled steel products
IS 1977 Specification for Structural Steel (Ordinary Quality)
IS 2062 Steel for General Structural Purposes - Specification
IS 2074 Ready mixed paint, red oxide, zinc chromate priming.
IS 3658 Code of Practice for Liquid Penetrant Flaw Detection (DPI)
IS 3757 Specification for High Strength Structural Bolts
IS 4000 High Strength Bolts in Steel Structures - Code of Practice
IS 4260 Ultrasonic Testing of weld in ferritic steel.
IS 4759 Hot-dip zinc coatings on structural steel and other allied products
IS 4923 Hollow Steel Sections for Structural Use.
IS 5334 Code of Practice for magnetic practice flaw detection of welds
IS 5372 Taper Washers for channels
IS 5374 Taper Washers for | beams.
IS 6610 Heavy Washers for Steel Structures
IS 6623 High Strength Structural Nuts
IS 6419 Specification for Welding Rods and Bare Electrodes for Gas Shielded Arc
Welding of Structural Steels.
IS 6639 Specification for Hexagon Bolts for Steel Structures.
IS 6649 Hardened & tempered washers for high strength structural bolts and nuts
IS 7205 Safety code for erection of structural steelwork
IS 7215 Tolerances for fabrication of steel structures.
IS 7307 (Part 1) Approval Tests for Welding Procedures
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IS 7310 (Part 1) Approval Tests for welders working to approved Welding Procedure

IS 8500 Structural steel Micro alloyed.

IS 9595 Recommendation for Metal arc welding of Carbon and Carbon Manganese
Steels

IS 12843 Tolerances for erection of steel structures.

BS 3692 ISO metric precision hexagon bolts, screws and nuts. Specification

BS 4921 sherardised coatings on Iron and Steel

BS 5289 Visual Inspection of Fusion Welded Joints

In the event of conflict between various codes and standards, the most stringent condition will

apply.
Unless specified otherwise the International System of metric units (S.1.) is to be used.

3.0 GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

40 MATERIALS

41 GENERAL
i.  All materials used in the Works shall be new, first quality steel of Indian manufacture free
from laminations, seams, blisters and other harmful defects and shall comply with the
appropriate Indian Standards.
ii.  Manufacturer or Laboratory test certificates in accordance with the requirements of the
relevant Indian Standards, shall be supplied to the Engineer-In-Charge in respect of all
materials to be used in the Works, prior to commencement of fabrication.

4.2 STRUCTURAL STEEL
i. Unless specified otherwise, structural steel used in the Works shall comply with the
requirements of IS 2062 and be of Grade Fe 410WB specified therein.

ii. Hotrolled sections shall be Indian Standard Sections in accordance with IS 808.

iii.  The thickness tolerance for plates and flats shall be as specified in IS 1852. The deviation
over or under the nominal thickness shall be equal to half the total thickness tolerance.

iv.  Steel shall be marked in accordance with IS 2062. Members in steel grades other than
Grade A shall have additional marks of a form and in positions to be agreed with the
Engineer-In-Charge.

v.  When design drawing do not specify grade of steel intended for connections and fittings,
IS 2062 Grade Fe 410 WB or BS EN 10025 Grade 430 B shall be used.

vi.  Steel for cold rolled sections shall be as per IS 801.

vii.  Hollow rectangular / square sections shall conform to IS 4923. Steel Tubes shall conform
to IS 1161.

4.3 BOLTS, NUTS AND WASHERS

i. Bolts and nuts shall comply with IS 1363, IS 1367, IS 3757 and IS 6639 as appropriate.
Nuts shall be of at least the strength grade appropriate to the grade of bolts or other
threaded elements with which they are used.

ii. Plain washers for use with ordinary bolts and nuts shall comply with IS 5369. Tapered
washers shall comply with IS 5372 or IS 5374 as applicable.

iii. High tensile bolts of strength grade 8.8 shall comply with requirements of IS 3757 or BS
3692. Dimensional requirements to comply with IS 3757. Bolt shall be of product grade C
to IS 1367 part 2 and mechanical properties to IS 1367 part 3.
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iv. Nuts shall be heavy hex Grade 4 conforming to IS: 1363 Part 3 and 1367 Part 2 for
ordinary strength bolts and heavy hex Grade 8 conforming to IS: 6623 for high tensile
bolts.

V. All Bolts, Nuts and Washers shall be hot-dip galvanized in accordance with IS 1367 (part
13) or sherardised in accordance with BS 4921.

4.4 WELDING CONSUMABLES
Welding consumables, used for metal arc welding of steels complying with IS 2062, shall
comply with IS 814. Welding consumables and procedures shall be such that the mechanical
properties of deposited weld metal are not less than the respective minimum values for the
parent metal being welded.

4.5 STEEL GRATING AND STAIR TREADS
Steel grating and stair treads shall be open grid rectangular pattern complying with Standard
drawings.

5.0 CONNECTION DESIGN AND FABRICATION DRAWINGS

51 GENERAL
i. Before commencing of job all related detailed engineering documents shall be approved.
ii. Structural steel work shall be designed in accordance with IS 800.
iii. The design of ladders, platforms, handrails, stairways and the like shall be in accordance with
Standard Drawings.

5.2 DESIGN DETAILS
Connections made in the shop shall be either bolted or welded. Connections made on site shall
generally be bolted. Welded site connections shall be permitted only when specified on design
drawings or with prior permission of the Engineer-In-Charge.
Bolted connections shall contain a minimum of two bolts each. Bolts smaller than M16 shall not
be used without the prior approval of the Engineer-In-Charge. Tapered washers shall be used
for bolts passing through tapered sections.
The thickness of gusset plates and welded end plates shall be not less than 8 mm. Connections
shall not generally project above the level of the top of steel work. In the case of pipe racks the
top of steel work shall be free from projections within the width of the rack.
All grating floor panels shall be fixed to supporting steel work by means of positive non-slip
flooring grips and all panels shall be side-bolted together with two 6 mm diameter galvanized
bolts per side.
The design drawing shall show the position on the structure where temporary bracing or
restraints are to be provided until walls / floors and other non steel structures are built.

6.0 FABRICATION

6.1 GENERAL
Fabrication shall be carried out in accordance with the requirements of IS 800.
Fabricated structural steel work shall be within the tolerances specified in IS 7215.
The radius of re-entrant flame cuts shall be as large as possible but not less than 20mm, except
in small members where this is impracticable.
Ends of columns shall generally be gas flame cut and ground where steelwork fabrication is
carried out on site. For critical and highly stressed structures fabricated in off-site workshops,
ends of columns shall be sawn square and base plate surface machined prior to welding, as
called for on the design drawings. Joint assembly of column and base plate shall be jigged.
Frames, platforms, stairs and handrails shall be shop assembled in the largest units suitable for
handling and transportation. All fabricated frames shall be suitably braced to prevent distortion
during transit.
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6.2

6.3

6.4

6.5

6.6

Where fillet welds to very thick column base plates are called for on the design drawings,
preheating of the plate may be required to retard cooling rate and reduce shrinkage stresses
and shall be incorporated in the welding procedures.

IDENTIFICATION
At all stages of fabrication, structural steel members shall be positively identified by a suitable
marking scheme.
For the purposes of marking for erection, every part shall be marked with a durable and
distinguishing mark in such a way as not to damage the material. For small members which are
delivered in bundles or crates, the required marking shall be done on small metal tags securely
tied to the bundle.

STRAIGHTENING

All materials shall be straight and, if necessary before being worked shall be straightened
and/or flattened (unless required to be of curvilinear form) and shall be free from twists.

Rolled Sections and plates shall be clean, free from kinks, bends or twists, and straight within
the tolerances allowed by IS 1852 “Specification for Rolling and Cutting Tolerances for Hot
Rolled Steel Products”.

Where straightening is necessary, it may be carried out by mechanical means or by the
application of a limited amount of localized heat. The temperature of heated areas, measured
by methods approved by the Engineer-In-Charge shall not exceed 600°C

Rolled sections and plates with major defects shall be returned to Supplier for replacement.

CLEARANCES

The erection clearance for ends of members with web cleats or end plates shall be not greater
than 2 mm at each end. The erection clearance at ends of beams without web cleats and end
plates shall be not more than 3 mm at each end but where for practical reasons, greater
clearance is necessary, suitably designed seating approved by the Engineer-In-Charge shall be
provided.

CUTTING

Prior to cutting, all members shall be properly marked showing the requisite cut length/width,
connection provisions e.g. location and dimensions of holes, welds, cleats, etc. Marking for
cutting shall be done judiciously so as to avoid wastages or joints as far as possible.

Cutting shall be by sawing, shearing, cropping or machine or hand flame cutting. Hand flame
cutting shall be used only where it is impractical to use machine flame cutting and for notching,
or for the completion of the formation of slotted holes. Electric metal arc cutting shall not be
permitted.

Cut edges shall be true to profile and be free from major notches and sharp edges and shall be
dressed immediately by grinding.

Where members are notched to fit other members the notches shall be as small as practicable
and chamfered at re-entrant corners with a minimum radius of 6 mm.

HOLES

All holes for fasteners or pins shall be drilled except as permitted otherwise herein. All matching
holes for fasteners or pins shall register with each other so that fasteners can be inserted freely
through the assembled members in a direction at right angles to the faces in contact.

Holes for ordinary bolts of property class below 8.8 in light roof members or other light framing
and in connecting angles and plates other than splices may be punched full size through
material not thicker than the diameter of the hole, provided that the punching does not unduly
distort the material.

Slotted holes shall either be punched in one operation or formed by drilling two holes and
completed by cutting, grinding or filing the surface smooth.
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Burrs shall be removed from holes before assembly except that where holes are drilled in one
operation through parts clamped together which would not otherwise be separated after drilling,
they need not be separated to remove the burrs.

For bolts not exceeding 24 mm diameter, holes shall be not more than 1.5 mm greater in
diameter than the bolt and for bolts over 24 mm diameter, holes shall be not more than 2 mm
greater in diameter than the bolts, except in steel base plates and where otherwise specified on
the Drawings.

All matching holes for fasteners or pins shall register with each other so that fasteners can be
inserted without undue force through the assembled members in a direction at right angles to
the faces in contact. Drifts may be used but holes shall not be distorted. All unused drilled holes
shall be plugged by welding.

6.7 JOINTS IN COMPRESSION
Abutting surfaces dependent on contact for the transmission of load shall be within the
specified tolerances.

6.8 SPLICING
Splicing of built up/compound/latticed sections shall be done in such a fashion that each
component of the section is jointed in staggered manner.
Where no butt weld is used for splicing, the meeting ends of two pieces of joint/channel/built up
section shall be ground flush for bearing on each other and suitable flange and web splice
plates shall be designed and provided for the full strength of the flange/web of the section and
bolts/welds designed accordingly.
Where full strength butt weld is used for splicing (after proper edge preparation of the web and
flange plates) of members fabricated out of joist/channel/built up section, additional flange and
web plates shall be provided over and above the full strength butt welds, to have 40% strength
of the flange and web.
Where a cover plate is used over a joist/channel/section the splicing of the cover plate and
channel/joist section shall be staggered by minimum 500 mm. Extra splice plate shall be used
for the cover plate and joist/channel section.

7.0 ERECTION

71 GENERAL
Prior to erection, the Contractor shall carry out an inspection of the location and level of the
prepared foundations and anchor bolts, and advise the Engineer-In-Charge of his findings.
Erection shall be carried out in accordance with the requirements of IS 800.
All components shall be erected within the specified tolerances and in such a manner so that
they are not bent, twisted or otherwise damaged and the specified cambers are provided when
required. Drifting to align holes shall not enlarge the holes or distort the metal. Holes which
cannot be aligned without distortion shall be a cause for rejection unless enlargement by
reaming is specifically approved by the Engineer-In-Charge. Holes shall not be made by gas
cutting.
Throughout the erection of the structure, the steel work shall be securely bolted or fastened in
order to ensure that it can adequately withstand all loadings liable to be encountered during
erection, including where necessary, those from erection plant and its operation. Any temporary
bracing or temporary restraint shall be left in position until such time as erection is sufficiently
advanced so as to allow its safe removal.
All connections for temporary bracings, members, etc. to be provided for erection purposes
shall be so made that they do not weaken the permanent structure or impair serviceability.
No permanent bolting or welding shall take place until the steel work has been properly aligned
and the erection has been approved by the Engineer-In-Charge.
Connected parts shall be firmly drawn together. If there is a gap remaining which may affect the
integrity of the joint, the joint shall be remade after insertion of a suitable pack. Where parts
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cannot be brought together by drifting without distorting the steelwork, rectification may be
made by reaming, provided the design of the connection will allow for larger diameter holes and
bolts, and is approved by the design Engineer-In-Charge.

7.2 WELDING

7.21 GENERAL
Welding of structural steel shall be in accordance with IS 9595 and IS 816
For welded parts, all mating surfaces shall be sealed by welding against the ingress of
moisture. Welding shall be carried out by suitably qualified welders who have satisfactorily
completed the appropriate tests laid down in IS 7310. All welding shall be carried out under the
direction of a competent Welding Technologist.
The minimum size of fillet weld shall be 6 mm.
The Contractor shall make necessary arrangement for providing sufficient number of welding
sets of the required capacity, all consumables, cutting and grinding equipment with requisite
accessories/auxiliaries, equipment and materials required for carrying out various tests such as
dye penetration, magnetic particle, ultrasonic and the like.
Adequate protection against rain and strong winds shall be provided to the welding personnel
and the structural members during welding operation. Welding shall not be carried out in the
absence of such protection.
It shall be the responsibility of the Contractor to ensure that all welding is carried out in
accordance with this specification and relevant IS Codes. The Contractor shall provide all the
supervision to fulfill this requirement.

7.2.2 PREPARATION OF MEMBER FOR WELDING

7.2.2.1 EDGE PREPARATION
Edge preparation/leveling of the fusion faces for welding shall be done strictly in accordance
with the dimensions shown in the drawings.
In case, the same are not indicated, edges shall be prepared (depending on the type of weld
indicated in the drawing) in accordance with the details given in IS 9595. Leveling of fusion
faces shall be approved by the Engineer. The tolerance on limits of gap, root face and included
angle shall be as stipulated in IS 9595.

7.2.2.2 CLEANING
Welding edges and the adjacent areas of the members (extending up to 20 mm) shall be
thoroughly cleaned of all oil, grease, scale and rust and made completely dry. Gaps between
the members to be welded shall be kept free from all foreign matter.

7.2.2.3 PREHEATING

Preheating of members shall be carried out as per IS 9595 when the base metal temperature is
below the requisite temperature for the welding process being used. Preheating shall be done
in such a manner that the parts, on which the weld metal is being deposited, are above the
specified minimum temperature for a distance of not less than 75 mm on each side of the weld
line. The temperature shall be measured on the face opposite to that being heated. However,
when there is access to only one face, the heat source shall be removed to allow the
temperature equalization (1 minute for each 25 mm of plate thickness) before measuring the
temperature.

7.2.2.4 GRINDING
Column splices and butt joints of struts and compression members (depending on contact for
load transmission) shall be accurately ground and close-butt end over the whole section with a
tolerance not exceeding 0.2 mm locally at any place. In column caps and bases, the ends of
shafts together with the attached gussets, angles, channels etc. shall be accurately ground so
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that the parts connected butt over minimum 90% surface of contact. In case of connecting
angles or channels, care shall be taken so that these are fixed with such accuracy that they are
not reduced in thickness by grinding by more than 2 mm. Ends of all bearing stiffeners shall be
ground to fit tightly at both top and bottom. Similarly bottom of the knife edge supports along
with the top surface of column brackets shall be accurately ground to provide effective bearing
with a tolerance not exceeding 0.22 mm locally at any place.

Slab bases and caps shall be accurately ground over the bearing surfaces and shall have
effective contact with the ends of stanchions. Bearing faces which are to be grouted need not
be ground if such faces are true and parallel to the upper faces.

7.2.3 WELDING PROCESSES
Welding of various materials under this specification shall be carried out using one or more of
the following processes.
. Manual Metal Arc Welding Process (MMAW)
. Submerged Arc Welding Process (SAW)
. Gas Metal Arc Welding Process (GMAW)
. Flux Cored Arc Welding Process (FCAW)
The welding procedure adopted and consumables used shall be specifically approved by the
Engineer.

7.2.4 NON DESTRUCTIVE TESTING OF WELDS
Visual inspection shall be made in accordance with guidance given in IS 822 or BS 5289 after
completion of all welding over the full length of the weld.
All NDT shall be performed by personnel qualified to a recognized national or international
standard (e.g. PCN, ASNT Level Il, etc.)
Magnetic particle inspection (MPI) shall be in accordance with the recommendations given in IS
5334 or BS 6072.
Dye penetrant inspection (DPI) may be used in accordance with the recommendations given in
IS 3658 or BS 6443.
The test results shall be recorded and be available for inspection by the Engineer in charge.
Where ultrasonic examination is required, it shall be made in accordance with IS 4260 or BS
3923 Part 1, level 2

7.3 BOLTING
Bolts of property class 4.6 shall generally be used for all connections including bracing and
column splices. However, for connections resisting large moments and forces, bolts of property
class 8.8 shall be used with the prior approval of the Engineer-In-Charge.
Where necessary the connected parts shall be firmly drawn together. Steel packing plates shall
be provided where necessary to ensure that the total remaining gap between adjacent surfaces
does not exceed 2 mm.
The length of bolt shall be such that at least one clear thread shows above the nut after
tightening and at least one thread plus the thread run out is clear between the nut and the
unthreaded shank of the bolt. The threaded length shall be clear of the joint mating surfaces.
Washers shall be provided under the element (nut or bolt head) turned during tightening.
Nuts used on connections subject to vibration shall be secured to prevent loosening. Self-
locking nuts shall be used or else the nuts shall be secured by the use of locknuts or upsetting
of the threads of the bolts after assembly and tightening.
Bolts, nuts and washers used to connect metal sprayed or galvanized steel work shall be spun
galvanized.
Where slotted holes are provided for movement connections, the joint shall be free to move.
Areas of steel which will form the mating faces of a high strength friction grip joint or are to be
concrete cased shall be unpainted and maintained in a clean condition and free from loose rust,
oil, loose scale and other deleterious matter.
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7.4

7.5

7.6

High tensile bolts to IS 1367 property class 8.8 shall be tightened in accordance with the
manufacturer’'s recommendations using a torque wrench which shall be calibrated at least once
each working day.

The combination of bolts and nuts shall be not less than the following:

4.6 bolts with grade 4 nuts (IS-1363, 1S-1367/BS 4190)

8.8 bolts with grade 8 nuts (1S-3757, 1S-6623/BS 3692)

Any bolt assemblies which seize when being tightened shall be replaced.

Grade 4.6 and grade 8.8 bolts of the same diameter shall not be used in the same structure,
except for holding down bolts.

The bolt length shall be chosen such that at least one thread plus the thread run-out will be
clear between the nut and unthreaded shank of the bolt after tightening and at least one clear
thread shall show above nut.

When the members being connected have surface protective treatment, a washer shall be
placed under the nut or bolt head being rotated. A suitable plate washer shall be used under
the head and nut when bolts are used to assemble components with oversize or slotted holes.
When the bolt head or unit is in contact with a surface which is inclined at more than 30 from a
plane at right angles to the bolt axis, a taper washer shall be placed to achieve satisfactory
bearing.

Galvanized Nuts — Nuts shall be checked after being galvanized for free running on the bolt and
re-tapped if necessary to ensure a satisfactory tightening performance.

Ordinarily bolts Grade 4.6 to 1S1367 shall be tightened to a “snug tight” fit. “Snug tight” is
defined as tightness attained by a few impacts of an impact wrench or the full effort of a man
using an ordinary spud wrench.

High tensile bolts Grade 8.8 to IS 3757 shall be tightened to a torque of approximately 85% of
the proof load of the bolt, by means of a power or hand operated torque wrench. Bolts shall be
tightened to the torques given in the following table.

Bolt Torque to be Applied (Nm)
Diameter For Bolt Class 8.8 of IS 3757
M20 476
M24 822
M30 1630
M35 2850

PROTECTIVE TREATMENT

Steel shall be pre-treated and painted or galvanized .The protective treatment shall be carried
out after fabrication is complete. No welding, holing or other work which may damage the
protective treatment shall be carried out following painting.

EQUIPMENT

All equipment used in erection shall be provided by the Contractor, and shall be suitable for its
purpose and of adequate capacity.

Equipment to be used shall include staging, ladders, and plant including temporary structures
necessary to complete the erection.

ALIGNMENT

Each part of the structure shall be aligned as soon as practicable after it has been erected
Packs, shims and other supporting devices shall be flat, of adequate strength and rigidity and
not larger than necessary. Where packings are to be left in position and subsequently grouted,
they shall be placed such that they are totally enclosed by the grout.
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7.7 CLEARING AWAY
The Contractor shall periodically clean up as required by the Engineer-In-Charge to maintain a
safe working environment and on completion of the work remove all rubbish, plant and surplus
materials from the site of work, storage areas, to the satisfaction of the Engineer-In-Charge.

7.8 SAFETY AND SECURITY DURING ERECTION
The Contractor shall comply with IS 7205 for necessary safety and adhere to safe erection
practice and guard against hazardous as well as unsafe working conditions during all stages of
erection.
During erection, the steel work shall be securely bolted or otherwise fastened and when
necessary, temporarily braced/guyed to provide for all loads including those due to the wind,
erection equipment and its operation to be carried by the structure till the completion of
erection.
No permanent bolting or welding shall be done until proper alignment has been achieved.
Proper accesses, platforms and safety arrangements shall be provided for working and
inspection whenever required.

8.0 INSPECTION

8.1 GENERAL
Prior to inspection, all slag, loose scale, dirt, grit, weld spatter, paint, oil or other foreign matter
shall be removed from the steel work.
Welded connections shall not be painted prior to inspection.

8.2 TESTS ON WELDING
The Contractor shall carry out the following non-destructive testing of welds at his own cost in
the presence of the Engineer’s Inspector:
BUTT WELDS
Radiographic tests shall be carried out in accordance with IS 1182 or as appropriate, or
ultrasonic tests in accordance with IS 4260 on a random 10% of the welds. Welds shall be
accepted as satisfactory if the defects are within the limits stated in IS 7310.
Fillet Welds
Liquid penetrant tests shall be carried out in accordance with IS 3658 or magnetic particle tests
in accordance with IS 5334 on a random 5% of the welds. Welds shall be accepted as
satisfactory the defects are within the limits stated in IS 7310.
If the results of the weld tests are unsatisfactory, the defective welds shall be repaired by
methods approved by the Engineer-In-Charge. All repaired welds shall be re-tested.
For each weld which is judged to be unsatisfactory a further test shall be carried out on a
different randomly selected weld.
In addition to the tests specified above the Contractor shall carry out such further tests as may
be required by the Engineer-In-Charge.

8.3 SCOPE AND FREQUENCY OF INSPECTION
All welds shall be visually inspected along 100% of their length.
NDT testing of welds for general steel structures is not required.
For critical structures where connections are highly stressed, NDT inspection shall be
performed on the following, and where called for on the design drawings:
* Fillet welds with throat thickness greater than 15 mm shall be MPI tested.
* Fillet welds where the connecting material is greater than 20 mm, shall be MPI tested.
* Butt-welds where the connecting material is less than 20 mm, shall be DPI tested.
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* Butt-welds where the connecting material is greater than 20 mm, shall be ultrasonically tested.
Non-destructive testing shall be carried out for the first ten identified joints of each type, having
the same basic dimensions, material grade and weld geometry, welded to the same
procedures.

Thereafter one in ten joints of each type shall be tested.

Where welding is used during erection, random testing of welds by MPI/DPI shall be carried out
at the discretion of the Site Engineer.

The acceptance criteria for any welding shall be in accordance with IS 9595 or BS 5135
Category A.

9.0 TOLERANCES

9.1 GENERAL
Structural steel work shall be fabricated, and erected within the tolerances specified in IS 7215
and IS 12843 with the exception of those items specified below.

9.1.1 PERMISSIBLE DEVIATIONS
The erection of steel framed structures shall be controlled in such a way that the following
Permissible Deviations (PD) for the completed structure are not exceeded.

9.1.1.1 | Position
P.D
Item (mm)
a) Permissible deviation between designed and +8
actual position of any erected column at Base
b) Permissible deviation between designed and
actual position of any erected column at Base
10m Centres +10
20m Centres +15
50m Centres +25
100m Centres and Over + 40
9.1.1.2 | Plumb

Unless otherwise specified, the level of a beam shall be taken as the
top of the upper flange

a) Permissible deviation between designed and +3
actual levels of the base of any column to erected
Permissible deviation between designed and

b) actual levels of any beam at the junction with the 15
column
When the beam is up to 6m from grade 5
When the beam is above 6m and upto 10m grade 18
When the beam is above 10m from grade +12
Not withstanding the above the maximum

c) difference between the levels at the ends of a 15

beam shall be:
For length of beam up to 6m between column

4

centres

For length of beam up to 6m and up to 10m +6

between column centres

For length of beam above 10m Between column +8

centres B
i D t No. R
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10.0 STORAGE AND HANDLING

Fabricated parts shall be handled and stacked in such a way that permanent damage is not
caused to the components. Means shall be provided to avoid damage to the protective
treatment on the steel work.

All work shall be protected from damage in transit. Particular care shall be taken to stiffen free
ends, prevent permanent distortion and protect all machined surfaces adequately.

11.0 RECOMMENDED SEQUENCE OF ERECTION PROCEDURE FOR ROOF TRUSS

Columns shall be bolted firm on the foundation, if they are in structural.

Erection of truss shall start from one of gable ends

After erection of gable truss, secure the gable truss in position by holding down bolts and tie it
up with guy ropes two on either side of the truss. Guy ropes shall not be tied to the building
columns, but to separate anchors driven firm into the ground. Erect the next truss adjacent to
gable and secure it well with the gable truss through purlins before releasing the truss from
erection tackles.

Secure rafter and tie level horizontal bracings, tie runners where these are provided before
erecting the next trust.

Erect the next truss only after securing gable truss and the adjacent truss. Continue this
procedure for all successive trusses.

12.0 PAINTING

121 GENERAL
Steelwork shall be prepared, primed and painted in accordance with the project Specification
for painting. Steelwork to be galvanized shall be in accordance with IS 4759.
Paint shall be excluded from areas within 50mm of joints to be field welded. In order to
minimize coating damage, all reasonable care shall be taken: 1) when handling steelwork
between stages in painting, and 2) when slinging and loading steelwork which has received its
final coat.
No material shall be shipped until the final shop coat of paint is thoroughly dry and clearly
colour coded. Adequate packing, crating, blocking and/or bracing shall be provided to prevent
damage to the fabricated material while loading, in transit and while unloading.

12.2 TOUCH-UP PAINTING
After complete erection, surfaces, areas damaged subsequent to shop painting shall be
repaired in accordance with the Painting Specification. Any damage caused, during delivery
and/or erection, to galvanized steel surfaces shall be repaired in accordance with Paint
Specification.

13.0 HOLDING DOWN BOLTS

Bolts shall be turned from M.S. rounds conforming to IS 2062 and IS 432 grade 1.

Nuts and washers shall conform to IS 1363 and IS 3138.

Threading shall be coarse conforming to IS 1367 and IS 4218

Sleeves shall be M.S. Tubes — medium to IS 1239.

For projection of bolt, property class and other relevant details reference design drawing shall
be followed.

14.0 ACCEPTANCE CRITERIA
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The STRUCTURAL STEEL WORK shall fulfill the above said criteria unless otherwise
mentioned.

15.0 PAYMENT

All payments shall be made as per SOR basis.

TECHNICAL SPECIFICATION Document No. Rev
FOR 11-0330E-02-05-02-013 0
STRUCTURAL STEEL

Page 14 of 14

Khera compressor station up-gradation project Page 306 of 344 Vol: 1l of 1l Technical



oy

jp kenny

GAIL (India) Limited

KHERA COMPRESSOR STATION UP-GRADATION @
,,,,,,,, : PROJECT
TECHNICAL SPECIFICATION CLIENT JOB NO | 0330E
FOR
PAINTING, COLOUR WASHING AND POLISHING TOTAL SHEETS | 07
DOCUMENT NO 11 0330E 01 05 02 019

1| 2112111 ISSUED FOR TENDER DY HM HM

0 | 21/10/11 ISSUED FOR IDC DY HM HM
REV | DATE DESCRIPTION PREP | CHK | APPR

Khera compressor station up-gradation project

Page 307 of 344

Vol: Il of Il Technical



TABLE OF CONTENTS

1.0 SCOPE ...t —— 3
2.0 REFERENCE DOCUMENTS.........oiitrrtrr s s 3
3.0 GENERAL ...t 3
4.0 INSTALLATION......oeei it s n e an s s n e s n e 3
41 L€ ] 3
4.2 SYNTHETIC ENAMEL PAINT ...t 4
4.3  WATERPROOF CEMENT PAINT ..ottt insss s nnssss s ssssss s sssssss s s ssss s snsnns 4
4.4  ACRYLIC EMULSION PAINT ...ooeiiiimrmnnnne s snssss s ssssssssssssss s ssssssss s ssssssss s ssssnns 4
4.5 OIL BOUND DISTEMPER......ccooiiitiniinininsnssnss s s ssssssssss s 4
4.6 FLAT OIL PAINT ...ttt s ss s s s s s a s s n s s an s s 4
4.7 CHEMICAL RESISTANT PAINT ...t ss s 4
4.8 FIRE RESISTANT PAINT ...ttt sss s s s ns s s 4
4.9 OIL RESISTING PAINT ....coiiiiittrinistrs s snssss s nssss s s ssss s s sss s s sssssns s s snsnns 5
410 WHITE WASHING. ...t as s s aan e e 5
4.11 COLOUR WASH ...t s s s s s a e s a s an s 5
412 ACRYLIC CO POLYMER AGGREGATE FINISH.........cccociniimniiinninnennenaens 5
5.0 STORAGE OF MATERIAL.......ooiiieiniei s sss s ass s s asn s 5
6.0 PREPARATION OF SURFACE ........ocooiirininin s s s e 5
6.1 LT ] 5
6.2 MASONRY, CONCRETE AND PLASTERED SURFACE .........ccccoiiirnneeennnee 5
6.3 MET AL, R R anns 6
L T - o o 0 (07 0 6
7.1 GENERAL ...t e 6
7.2 SYNTHETIC ENAMEL PAINT .....cociiiirnininnin s ssss s s 6
7.3  WATERPROOF CEMENT PAINT ......ooiter s s sssnns 6
7.4  ACRYLIC EMULSION PAINT ...ttt issss s ss s s sss s s ssns s s ssnne s 6
7.5  OIL BOUND DISTEMPER.........ccoiiiiriiriinie s sssss s sns e 7
7.6 FLAT OIL PAINT ...t nnsss s sss s s sss e s sss s s as s e s an s e s an s e s mnn e 7
7.7 CHEMICAL RESISTANT FIRE RESISTANT AND OIL RESISTANT PAINTS.......... 7
7.8  WHITE WASHING .......co it s s s nn s nn s 7
7.9 COLOUR WASHING ...ttt isss s snsss s sssss s s sass s s s s s sssssss s s snnes 7
710 ACRYLIC COPOLYMER AGGREGATE FINISH.......coooiiieree e 7
8.0 09 I8 L 1 7

Khera compressor station up-gradation project Page 308 of 344 Vol: 1l of 1l Technical




9.0
10.0

1.0

2.0

3.0

4.0

4.1

ACCEPTANCE CRITERIA......... e an e 7
PAYMENTS ...t an e e ann e s 8
SCOPE

This specification covers painting, white washing, polishing, wall finishing etc. of both interior
and exterior surfaces of masonry, concrete, plastering, plaster of paris, false Ceiling, structural
and other miscellaneous steel items.

REFERENCE DOCUMENTS

IS : 55 IS-Ultramarine blue for paints.

IS :63 IS-paint and putty.

IS: 110 IS-Ready mixed paint, flushing, grey filler for enamels for use over paints.

IS:137 IS-flat oil paint,

IS : 162 IS-fire resistant paint.

IS : 384 IS-Brushes, paints and varnishes.

IS : 427 IS- Distemper, dry, colour as required.

IS : 428 IS-Oil bound distemper.

IS : 486 IS-Brushes, Sash, tools for paints and varnishes.

IS:712 IS-Building limes.

IS : 1200 IS-Method of measurement of building and Civil Engg. works (Part-23).

IS : 1477 IS-Practice for painting of ferrous metal in building (Part-1 & 2)

IS : 2338 IS-Finishing of wood and wood based materials (Part- 1 & 2)

IS : 2395 IS-Painting concrete, masonry and plaster surfaces.

IS : 2524 IS-Paining non-ferrous metals in buildings (Part 1 & 2)

IS : 2932 IS-Synthetic enamel paint exterior Type- 1.

IS : 2933 IS-Synthetic enamel paint exterior Type-2.

IS : 3585 IS-Ready mixed paint, aluminium brushing priming water resistant for Wood
work.

IS : 5410 IS-Waterproof cement paint.

IS : 5411 IS-Plastic emulsion paint (Part-1 & II).

IS : 5807 IS-Methods of test for clear finishes for wooden furniture (Part — 1 to Part — 6).

IS : 6275 IS-Practice for white washing and colour washing.

In case any particular aspect of work is not covered specifically by these or any other relevant
Indian Standard Specification, any other good engineering practice as may be specified by the
company shall be followed.

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs covered by this specification.

INSTALLATION
GENERAL
Materials shall be highest grade products of well known approved manufacturer and shall be

delivered to the site in original scaled containers bearing brand name, manufacturer's name
and colour/shade, with labels intact and seal unbroken. All materials shall be subject to
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4.2

4.3

4.4

4.5

4.6

4.7

4.8

inspection, approval by the Owner/Owner’s Representative. It is desired that the materials of
one manufacturer only shall be used as far as possible and paint of one shade be obtained
from the same manufacturing batch. All paint shall be subjected to analysis from random
samples taken at site from Painters bucket, if so desired by the Owner/Owner’s Representative.
All primer coats shall be compatible to the material of the surface to be finished as well as to
the finishing coats to be applied.

All unspecified materials such as shellac, turpentine or linseed oil shall be of the highest quality
available and shall conform to the latest Indian Standards. All such materials shall be
manufactured by recognized manufacturers and shall be approved by the Owner/Owner’s
Representative.

All colours shall be as per painting/finish schedule and tinting and matching shall be done to the
satisfaction of the Owner/Owner’s Representative. In such cases, where samples are required,
they shall be executed in advance with the specified materials for the approval of the
Owner/Owner’s Representative.

SYNTHETIC ENAMEL PAINT

It shall be made from synthetic resins and drying oil with futile titanium dioxide and other
selected pigments to give a smooth, hard, durable and glossy finish to all exterior and interior
surface. White and pastel shades shall resist yellowing and darkening with aging. The paint
shall conform to IS: 2932 and IS 2933.

WATERPROOF CEMENT PAINT

It shall be made from best quality white cement and lime resistant colours with accelerators,
waterproofing agents and fungicides. The paint shall conform to IS: 5410.

ACRYLIC EMULSION PAINT

It shall be water based acrylic co-polymer emulsion with futile titanium dioxide and other
selected pigments and fungicide. It shall exhibit excellent adhesion to plaster and cement
surface and shall resist deterioration by alkali salts. The paint film shall allow the moisture in
wall to escape without peeling or blistering. The dried paint surface shall be able to withstand
washing with mild soap and water without any deterioration a colour, or without showing flaking,
blistering or peeling.

OIL BOUND DISTEMPER

Oil bound distemper conform to IS: 428 of approved brand and manufacture shall be used. The
primer where used shall be cement primer or distemper primer. These shall be of same
manufacturer as that of distemper.

FLAT OIL PAINT
Flat oil paint as per IS: 137 of approved brand and manufacture shall be used.

CHEMICAL RESISTANT PAINT
Chemical resistant paint of approved brand and manufacture shall be used. Prime coat to be
used shall be as per manufacturer's specification.

FIRE RESISTANT PAINT
Fire resistant paint (silicate type) shall be as per IS: 162 and of approved brand and
manufacture. Primer to be used shall be as per manufacturer's specifications.
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4.9

410

4.11

412

5.0

6.0

6.1

6.2

OIL RESISTING PAINT
Oil resisting paint shall be of approved brand and manufacture. Primer coat shall be as per
manufacturer's specifications.

WHITE WASHING

White washing shall be done from pure shell lime or fat lime or a mixture of both as instructed
by the Owner/Owner’s Representative, and shall conform to IS: 712 latest edition. Samples of
lime shall be submitted to the Owner/Owner’s Representative for approval, and lime as per
approved sample shall be brought to site in unslaked condition. After slaking, it shall be allowed
to remain in a tank of water for two days and then stirred up with a pole, until it attains the
consistency of thin cream, 100 grams of gum to 6 liters of white wash water. Approved quality
synthetic ultramarine blue/indigo shall be added to the lime at 3g per kg of lime.

COLOUR WASH

Colour wash shall be done with mineral colours, not affected by lime added to white wash. No
colour wash shall be done until a sample of the colour wash to the required tint or shade has
been approved by the Owner/Owner’s Representative. The colour shall be of even tint or shade
over the whole surface. If it is blotchy or otherwise badly applied, it shall be re-done by the
contractor at his own cost.

ACRYLIC CO POLYMER AGGREGATE FINISH
Material for acrylic copolymer aggregate finish consists of quartz and silica aggregate, inorganic
pigments and other additives to form a crack free, flexible, tough, water proof coating.

STORAGE OF MATERIAL

The contractor shall arrange for safe and proper storage of all materials and tools. Paints shall
be kept covered at all times, mixing shall be done in suitable containers. All necessary
precautions shall be taken by the contractor to prevent fire. Any material considered defective
by the Owner/Owner's Representative shall be immediately removed from the site at no cost
benefit.

PREPARATION OF SURFACE

GENERAL
Before starting the work the contractor shall obtain the approval of the Owner/Owner’s
Representative regarding the soundness and readiness of the surface to be painted on.

MASONRY, CONCRETE AND PLASTERED SURFACE

All surfaces shall be free from all oil, grease, efflorescence, mildew, loose paint or other foreign
and loose materials. Masonry cracks shall be cleaned out and patch filled with mortar similar to
the original surface and uniformly textured. Where this type of resurfacing may lead to the
finishing paint being different in shade from the original surfaces, the resurfaced area shall be
treated with minimum one coat of cement primer which should be continued to the surrounding
area for a distance of minimum 100mm.

All mildewed surfaces shall be treated with an approved fungicide such as ammonical wash
consisting of 7g. of copper carbonate dissolved in 80 ml liquor ammonia and diluted to 1 litre
with water, or 2.5 percent magnesium silicofluoride solution and allowed to dry thoroughly
before paint is applied.

All efflorescence shall be removed on the affected surfaces with a solution of muriatic acid in
water washed fully with clear water and allowed to dry thoroughly.
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6.3

7.0

7.1

7.2

7.3

7.4

METAL

All metal surfaces shall be absolutely clean, dry and free from wax, grease or dried soap films.
All steel and iron surfaces in addition shall be free from nest. All galvanized iron surfaces shall
be pretreated with a compatible primer according to the manufacturer's direction. Arty abrasion
in shop coat shall be touched up with the same quality of paint as the original coat.

APPLICATION

GENERAL

The method of application shall be as recommended by the manufacturer. In case of selection
of special shades and colour (not available in standard shades) the contractor shall mix
different shades and prepare lest panels of minimum size 1 meter square as per instruction of
the Owner/Owner’'s Representative and obtain his approval prior to application of finishing
paints.

Proper tools and implements shall be used. Scaffoldings if used shall be independent of the
surface to be painted to avoid shade differences of the freshly repaired anchor holes.

Only approved skilled labours shall be employed. All materials shall be evenly applied, so as to
be free of sags, runs, crawls or other defects. All coats shall be of proper consistency. In case
of application by brush, no brush marks shall be visible. The brushes shall be clean and in good
condition before application of paint.

All priming undercoats for painting shall be applied by brush only, and rollers, spray equipment
etc. shall not be used.

No work shall be done under conditions that are unsuitable for production of good results. No
painting shall be done when plastering is in progress or is drying. Application of paint which
seals the surface to moisture shall only be done after the moisture on and the base surface has
dried out.

All coats shall be thoroughly dry before being sand papered or before the succeeding coat is
applied. Coats of painting as specified are intended to cover surfaces perfectly. In case the
surface is not covered properly by applying the specified number of coats, further coats shall be
applied by the contractor when so directed by the Owner/Owner’s Representative.

All primer and undercoats shall be tinted to approximate the colour of the finishing coats.
Finished coats shall be of exact colour and shade as per approved samples and all finish shall
be uniform in colour and texture. All parts of mouldings and ornaments shall be left clean and
true to finish.

SYNTHETIC ENAMEL PAINT

Paint shall be applied on properly primed surface. Subsequent coats shall not be applied till the
previous coat is dry. The previous coat shall be lightly sand papered for better adhesion of
subsequent coats.

WATERPROOF CEMENT PAINT

Surface to be coated with cement paint shall be washed and brushed down. As soon as the
moisture has disappeared, the surface shall be given one coat of paint. Care shall be taken so
that the paint does not dry out too rapidly. After 4 to 6 hours, the water shall be sprinkled over
the surface to assist curing and prevent cracking. After the first coat has dried (24 to 48 hours),
the second coat shall be applied in a similar manner. The finished surface shall be kept moist
by occasional sprinkling with water for seven days after painting.

ACRYLIC EMULSION PAINT

Lime gauged cement plastered surfaces shall not be painted for atleast one month after
plastering. A sample patch shall be painted to check alkali reaction if so desired by the
Engineer. Painting shall be strictly as per manufacturer's specifications.
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7.5

7.6

7.7

7.8

7.9

7.10

8.0

9.0

OIL BOUND DISTEMPER

Any unevenness in surface shall be made good by applying putty. The patched surface shall be
allowed to dry thoroughly before the coat of distemper is applied. One coat of distemper
properly diluted with thinner as specified by the manufacturer shall be applied by brushes in
horizontal strokes followed immediately by vertical ones, which together will constitute one coat.
Two or more coats of distemper as found necessary shall be applied to obtain even shade.

FLAT OIL PAINT
Method of application is the same as for oil bound distemper.

CHEMICAL RESISTANT FIRE RESISTANT AND OIL RESISTANT PAINTS
In general, methods of application of these paints shall be strictly as per manufacturer's
specifications.

WHITE WASHING

The surface where white washing is to be applied shall be cleaned of all loose materials and
dirt. All holes and irregularities of the surface shall be filled up with lime putty and shall be
allowed to dry up before application of the lime Solution.

One coat of white wash shall consist of one stroke from top downwards, another from bottom
upwards over the first stroke and another from left to right before the previous one dries up.
Second coat shall be applied after the first coat dries up completely and similarly third coat shall
be applied and in case the Engineer feels that one or more coats are required the contractor
shall do so without any extra costs to the GAIL. No brush marks shall show on the finished
surface. The inner plastered surfaces of wall shall be given 3 or more coats of white washing.

COLOUR WASHING

For new work, the priming coat shall be of whitewash with lime with whiting. Two or more coats
shall then be applied on the entire, surface till it represents a smooth and uniform finish. The
finished dry surface shall not be powdery and shall not readily come off on hand when rubbed.
Indigo (Neel) shall, however, not be added.

ACRYLIC COPOLYMER AGGREGATE FINISH

Bonding agent shall be mixed with water. The flakes/granules shall be added and mixed
thoroughly and kneaded till no lumps are found. The dough shall be left for 20-30 minutes
before stating application. The bonding agent, flakes/granules and water shall be mixed in
different ratios for different finishes as per manufacturer's specifications. The first application
shall be by steel trowel. Specific finish required shall be applied by plastic trowel after the first
applied surface is smoothened.

CLEANING UP

The contractor shall, upon completion of painting etc. remove all marks and make good
surfaces, where paint has been spilled, splashed or splattered. Including all equipment, fixtures,
glass furniture, fittings, and site to the satisfaction of the Owner/Owner’s Representative.

ACCEPTANCE CRITERIA

All painted surfaces shall be uniform and pleasing in appearance. The colour, texture, etc. shall
match exactly with approved samples.
All stains, splashes and splatters of paints shall be removed from surrounding surfaces.
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10.0 PAYMENTS

Payment shall be as per SOR basis.
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1.0

1.
V.
VI.
VII.

VIII.
IX.

2.0

3.0

4.0

SCOPE
This specification covers the material and construction details for various civil works as given
below:

All Earthworks except for Site Grading and Underground Piping.

PCC or RCC work in catch pits clean outs manholes, pipe supports, water monitors, hydrant
pedestals, thrust block etc.

Brick work for various structures such as Manholes, Catch basins, Valve Chambers, instrument
tapping chambers, flushing chambers etc.

Plastering for the above structures as applicable.

Manhole frames, manhole covers, ladder rungs etc. for the above structures as applicable.
Miscellaneous structure steel work such as ladders, platforms, chequered plate covers, gratings
etc.

Damp Proof Course

Anti-Corrosive Layer

Anti termite treatment

The work shall include supply of various materials as per relevant standards, required for the
execution of work

REFERENCE DOCUMENTS

IS 1742 Building Drainage

IS 2185 Specification for concrete masonry unit

IS 2720 Method of test for Soils (Parts 1to 40)

IS 4988 Glossary of terms & classification of earth moving machinery (Part 1to 5)
IS 10379 Code of Practice for Field Control of Soils

IS 3764 Excavation Work — Code of Safety

IS 6313 Code of Practice for Anti-Termite Measures in Buildings (Part I1)
IS 5455 CI Steps for Manholes

IS 3502 Chequered plate

IS 2062 Steel for grating plate

IS 1726 Cl Manhole covers and frames

IS 1239 MS black steel tube

IS 383 Coarse and fine aggregates

IS 73 Paving bitumen

In the event of conflict between various codes and standards, the most stringent condition will
apply.

Unless specified otherwise the International System of metric units (S.1.) is to be used.
GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

EARTHWORK AND BACKFILLING

Refer specification for ‘Excavation, Backfilling and Compaction
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5.0

6.0

7.0

8.0

9.0

10.0

11.0

12.0

PLAIN AND REINFORCED CEMENT CONCRETE
Refer specification for ‘Structural Concrete

BRICK WORK

Refer specification ‘Brick Masonry

CEMENT PLASTERING
Refer specification for ‘Plastering and Pointing

MS RUNGS / CI STEPS

The rungs for valve pits/manholes shall be of M.S. conforming to Indian Standard and to the
shape and size as shown in drawings. CI steps for manholes if used shall be as per IS: 5455.
M.S. Rungs or CI Steps shall be coated with 2 coats approved bituminous paint.

CHEQUERED PLATES AND STRUCTURAL STEEL WORKS

Chequered plates shall be 6 mm (7 mm moreover chequers and shall conform to IS: 3502).
Steel for chequered plate shall conform to IS: 2062 and shall be clearly rolled and free from
harmful surface defects such as crack surface flaws etc. The plate shall be cut to shape and
fixed to the bearing members as shown in relevant drawings and as direction by
Owner/Owner’s Representative. The edges shall be made smooth, no burrs or gauged ends
shall be left. The plates may be spliced with prior consent of the Owner/Owner’s
Representative. But in that case care should be taken so that there is continuity in the pattern
of the plates between the portions. Lifting arrangements shall be provided including lifting rods.
Grating shall be fabricated out of MS flats, angles and rounds etc., as per drawings and as
approved by Owner/Owner’s Representative. Steel for grating plates shall conform to 1S: 2062
of general weldable quality and shall be clearly rolled and shall be free from harmful surface
defects.

Cl MANHOLE FRAME AND COVER

C. I. Manhole frame and covers shall conform to IS: 1726 with size and grade as shown in
drawings.

VENT PIPES

These shall be M.S. Black Steel Tube conforming to I1S: 1239 medium grade or as specified in
drawings. The pipe bends shall be embedded in 1:3:6 grade cement concrete or as shown in
drawing.

All pipes shall be 25 mm clear of wall or column with M.S. holder bat clamp as per instructions
of the Owner/Owner’s Representative. All holes in walls and column shall be made good by
1:2:4 grade cement concrete. All pipes and clamps shall be painted with two coats of paints of
approved make.

FUNNELS, CLEAN OUTS, PLUGS

These shall be fabricated from M.S. Plates, pipes chequered Plates, rounds, angles etc., to be
supplied by the Contractor. The fabrication shall be in accordance with the approved drawings.
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13.0

BRICK BAT FILL

The brick bats used for filling in valve pits shall be from common burnt clay building bricks. A
sample of brickbats used shall be got approved from Owners’ Representative.

The compaction of the layer of brick bats shall be proper so that brickbats are not disturbed and
do not sink in the soil.

14.0 DAMP PROOF COURSE - (DPC)

14.1 All materials used for Damp Proof Course shall comply with relevant specification.

14.2 The 40 mm thick Damp Proof Course shall consist of plain cement concrete of grade M-20,
unless otherwise specified.

14.3 The Damp Proof Course shall be laid at plinth level of masonry walls, flush with the floor
surface and shall not be carried across doorways.

14.4 Before laying, the top surface of wall shall be thoroughly cleaned and watered. The DPC shall
be laid in layers of 20 mm thickness retaining the edges by necessary form work and shall be
well tamped and troweled to smooth finish. The layer shall be cured by keeping the surface wet
for 40 hours and after it has dried, two coats of hot bitumen of grade A120/S120 conforming to
IS:73 shall be applied over it at the rate of 1.7 Kg./m2. Over this, the second layer of 20 mm
thick concrete shall be laid and cured as described in case of the first layer and two coats of hot
bitumen at the rate of 1.7 kg/m2 shall be applied again in a similar manner. Over this, dry
sharp sand shall be sprinkled evenly before hardening of second coat of bitumen paint.

15.0 ANTI-CORROSIVE LAYER
This specification covers the requirement of materials, method of preparation and procedure for
laying an anticorrosive layer over top surface of tank foundations for protection of bottom plates
of steel tanks against corrosion attack.

15.10 MATERIALS
Sand shall be clean, dry, coarse, hard, angular and free from coatings of clay, dust and mix of
vegetable and organic matter and shall conform to I1S: 383 — Grade Il
Bitumen shall be of grade A 90 conforming to IS: 73.

15.20 MIXING AND LAYING
The bitumen shall be heated to a temperature of 1750C to 1900C with 3% kerosene if required
and sand (8 to 10% by volume) shall be thoroughly mixed with it in a mixing drum to give a
uniform mixture and shall be laid over clean and dry surface of tank foundation to line, grade
and levels as shown on the drawings and directed by the Owner’s Representative. Bitumen
shall not be heated beyond the specified temperature limits. The layer shall be tamped to form
hard mass of specified compacted thickness.

16.0 ANTI-TERMITE TREATMENT
This section establishes the material and method of accomplishing anti-termite treatment of soil
for the protection of buildings against attack by subterranean termites. The areas of application
shall be as shown on drawings.

All work shall conform to latest edition of IS: 6313. In the event of conflict between provisions of
codes and recommendations of manufacturer, the most stringent condition shall apply.
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16.1 MATERIALS
Chloropyrifos, Heptachlor, Chlordane or equivalent Government approved material shall be
used for Anti-termite treatment. Dosage and application procedure shall conform to the
manufacturer’s written instructions and the requirement of IS: 6313 and other relevant codes.

16.2 APPLICATION
The treatment shall be carried out by a licensed and approved agency specialized in the field.
Dosing rates shall be finalized as per approved manufacturer's recommendations and as per
IS: 6313.

16.2.1 SUB-GRADE PREPARATION

Prior to start of chemical treatment, areas shall be made free from logs, stumps, timber off cuts,
leveling pegs, roots of plants/trees etc. Soil treatment shall start when foundation trenches/pits
are ready to take concrete/masonry in foundations and shall continue when plinth area is ready
for laying the sub-grade. Treatment shall not be carried out when it is raining or the subsoil
water level is at the same or higher than the level of treatment. In the event of water logging of
foundations, the water shall be pumped out and the chemical emulsion applied when the soil is
absorbent.

16.2.2 TREATMENT OF SOIL ALONG EXTERNAL PERIMETER OF BUILDING
After the building is complete, the earth along the external perimeter of the walls shall be
rodded at intervals of 150 mm and to depth of 300 mm. The rod shall be moved backward and
forward parallel to the wall to break up the earth and chemical emulsion poured along the wall.
After the treatment, the earth shall be compacted back into place.

16.2.3 TREATMENT OF FOUNDATION

The bottom surface and the sides (up to 300 mm from bottom surface) of the excavated
pits/trenches for foundations and plinth beams shall be treated with specified chemical
emulsion. After the masonry sub-structure is built, the back-fill in immediate contact with the
sub-structure shall be treated with emulsion along the vertical surface of the sub-structure for
each side. The treatment shall be given after ramming of each layer of soil, by rodding the earth
at 150 mm centres close to the wall structures and working the rod backward and forward
(parallel to the wall surface) and when spraying the specified dosage of emulsion. The emulsion
shall be directed towards the masonry surfaces so that the soil in contact with these surfaces is
well treated with the chemical. After treatment, the soil shall be compacted back into place.

16.2.4 TREATMENT OF PLINTH/BASEMENT AND APRON

The top surface of the consolidated earth below the ground floor slab and the peripheral apron
up to 750 mm width, earth below the basement slab and on the sides of basement excavation
shall be treated with chemical emulsion. Holes 50-70 mm deep and 150 mm both ways shall be
made on the surface with 12 mm diameter rods and then emulsion shall be sprayed uniformly
over the area. At the expansion joint locations, anti-termite treatment shall be supplemented by
treating the expansion joint with the specified chemical before applying the joint sealant.

Along junction of plinth filling and wall/column faces, a small channel 30 mm x 30 mm shall be
made and rod holes 150 mm apart made in the channel and rod moved backward and forward
to break up the earth and chemical emulsion poured along the channel of the vertical
wall/column surface so as to soak the soil right to the bottom. The soil shall be compacted back
into place after treatment.

16.2.5 INSPECTION AND TESTING
Certificate relevant to physical and chemical composition of the material along with
manufacturer's recommendation regarding application procedure have to be submitted for
approval. Only after receiving clearance, treatment will be taken up. No construction work will
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be carried out in the vicinity during treatment unless otherwise approved. Re-compaction of soil
will be taken up after allowing sufficient time for absorption of chemicals and its drying as
recommended by the manufacturer of the chemical.

16.2.6 HEALTH AND SAFETY

All legally mandatory, and manufacturer advisory, health and safety precautions shall be fully
observed. Recommended antidotes shall be kept handy with the application personnel

17.0 ACCEPTANCE CRITERIA

The above items shall fulfill the said criteria unless otherwise mentioned.

18.0 PAYMENT

Payments shall be as per SOR basis.
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1.0

2.0

3.0

4.0

5.0

5.1

5.2

SCOPE

This specification deals with the procedures to be adopted while demolishing/dismantling of
existing concrete, steel and masonry structures.

While the intent is not to specify each and every details of the, dismantling activity, the
contractor shall take every possible care while executing the works and as per directions of the
Owner/Owner’s Representative.

REFERENCE DOCUMENT

Refer specification for HSE

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

SAFETY AND SECURITY

Safety and security of the structures, site, or the field personnel shall be solely the responsibility
of the Contractor. The Contractor shall take all necessary safety measures to prevent mishaps
or accidents during dismantling work.

For important structure/buildings as directed by the Owner/Owner's Representative, an
advanced / improved demolition / dismantling technique / control demolition technique shall be
adopted after carrying out collapse analysis as and when required. This shall be done such that
the ground vibrations caused during demolishing/dismantling shall not unduly disturb/ damage
the adjacent / neighbouring buildings/structures.

As for as possible for dismantling, core cutting techniques that uses cutting tools which
produces less vibration/noise shall be used. Wherever applicable, approval of statutory
body/concerned environmental agencies shall be obtained before starting of the
dismantling/demolishing work.

WORKMANSHIP AND SPECIFIC REQUIREMENTS

STATEMENT

Before taking up any dismantling/demolishing activity, a clear and detailed method statement
indicating the detailed procedure adopted shall be prepared and submitted to the
Owner/Owner’s Representative for approval. The documents approved by the Owner/Owner’s
Representative do not absolve or dilute the Contractor's responsibilities towards safety
precautions. Any liabilities/injuries/accidents arising due to defective safety practices of the
Contractor shall be solely to the Contractor's accounts.

GENERAL REQUIREMENTS

All materials obtained from dismantling/demolishing operations shall be the owner property,
unless otherwise specified and shall be kept in the safe custody until handed over to the
Owner/Owner’s Representative

Where it becomes necessary to disconnect any existing service lines such as Electrical, Piping
etc. during dismantling/demolishing operation and where so required by the Owner/Owner’s
Representative suitable alternate arrangement shall be made by the Contractor to maintain the
continuity and proper functioning of the affected service linkage.
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5.3

6.0

7.0

WORKMANSHIP

Dismantling activity implies carefully taking up or down and removing without damage. The
articles shall be passed by hand where necessary, and lowered to the ground, and not thrown.
Where nails, screws, bolts etc. fix these, these shall be taken out with proper tools and not by
tearing or ripping off. Demolition activity implies taking up or down or breaking up. This shall
consist of demolishing whole or part of work including all relevant items as specified or shown
in the drawings.

Prior to commencement of activity, the structures to be dismantled shall be studied carefully
and the works procedure planned out. The permission to dismantle shall be obtained in writing
from the Owner/Owner’'s Representative. Adequate warning/sign posts shall be provided at
locations. The entire area shall be cordoned off after prior intimation. Where the plant is in
operation, the operating staff of the plant shall be informed of the dismantling activity.

The demolition shall always be planned before hand and shall be done in reverse order of the
one in which the structure was constructed. The scheme of demolition shall be got approved
from the Owner/Owner’s Representative before starting the work. Necessary propping, shoring
and under pinning shall be provided for the safety of the adjoining work or property, which is to
be left intact before demolition is taken up and the work shall be carried out in such a way that
no damage is caused to the adjoining properties. Necessary precaution shall be taken to keep
the dust nuisance down as and where necessary. The dismantling shall be commenced in a
systematic manner- Chipping of concrete shall proceed taking adequate care as not to cause
damage to the existing structures. Use of sledgehammer shall be limited so as not to cause
damage to adjacent structures/equipment. Floor slabs shall be chiseled around the perimeter to
enable removal of slabs in units. The area identified for chiseling shall be suitably assessed so
as not to cause any damage to floor below, if any. The reinforcement shall be subsequently cut
and the debris shall then be moved to the location identified by the Owner/Owner’s
Representative and as per his instructions. Masonry units shall be dismantled in such a way so
that collapse of entire units is avoided. The bricks shall be removed in units. These shall be
then moved to a location us directed by Owner/Owner’s Representative, Adequate supports
wherever necessary shall be provided to the area adjacent to the dismantling activity so as to
protect any damage or collapse, Shuttering shall be provided below the slabs where chipping is
envisaged. If necessary, blinds shall be erected to avoid dust and flying of the chipped
particles.

Any serviceable material obtained during dismantling or demolition shall be separated out and
stacked properly as directed by Owner/Owner’s Representative within a lead of 100 metres. All
unserviceable materials rubbish etc., shall be disposed off as directed by Owner/Owner’s
Representative.

Where structural steel platforms are to be dismantled, these shall be either carefully cut or if it is
a bolted structure such as platforms, be dismantled to enable reuse of these units for a different
location.

After the dismantling or demolishing work is complete, all loose debris etc. shall be removed
and the area swept clean or washed with water.

ACCEPTANCE CRITERIA

The DISMANTLING AND DEMOLITION OF EXISTING CONCRETE, STEEL & MASONRY
STRUCTURES shall fulfill the above said criteria unless otherwise mentioned.

PAYMENT

All payments shall be made as per SOR basis.
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1.2

SCOPE

This specification covers the requirements of material, laying and finishing for different types of
pavement as following;

A. Concrete pavement

B. Flexible pavement (upto WBM layer)
C. Bitumen premix carpet

D. Brick pitching

REFERENCES

IS: 73 Paving bitumen

IS: 383 Coarse & fine aggregate

IS: 456 Plain & Reinforced concrete

IS: 8112 OPC 43 grade

IS: 1834 Hot applied sealing compound

IS: 2116 Sand for masonry mortar

IS: 2430 sampling of aggregate for concrete

IS: 2720 Methods of Test of Soil (Part-1V, V&VIII)

IRC: 19 Standards Specification and Code of Practice for Water Bound Macadam.

In the event of conflict between various codes and standards, the most stringent condition will

apply.
Unless specified otherwise the International System of metric units (S.1.) is to be used.

GENERAL

In accordance with the requirements of this specification, the contractor shall submit the details
specified in the following paragraphs regarding the materials covered by this specification.

A. CONCRETE PAVEMENT
MATERIALS

WATER

Water used for cement concrete, mortar, plaster, grout, curing etc. shall be clear and free from
injurious amounts of oils, acids, alkalis, organic matters or other harmful substances. Only
natural water suitable for drinking shall be used. It shall conform to IS: 456.

AGGREGATE FOR CONCRETE

The aggregate for concrete shall comply in all respects with I1S: 383 and IS: 456. This should be
furnished in at least two separate sizes with separation at 20mm IS sieve when combined
material graded from 5 to 38 mm is specified and at 25mm IS sieve when combined material
graded from 20 to 50 mm is specified. This shall be obtained from a source approved by
Owner/Owner’s Representative and shall be chemically inert, strong, hard, durable and of
limited porosity. This shall be of the gauge specified in the schedule of rates and approximately
cubical in shape. It shall be free from soft or decayed pieces, dirt, clay, leaves or any organic
matter. The aggregate shall not have any injurious effect when mixed with cement nor shall it
corrode the reinforcement, nor otherwise impair the strength and durability of the concrete. The
size of coarse aggregate mentioned in this specification denotes maximum size of aggregate
and the same shall be grade downward as per IS: 383.
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SAND FOR CONCRETE AND MORTAR

Fine aggregate shall preferably be natural sands. In case of crushed sand the very fine natural
sand amount passing IS: 383. Sand shall consist of clean, hard, strong, sharp, durable
uncoated particles free from any mix of clay, dust, vegetable matter, mica, iron pyrites, shells,
soft or flaky and elongated particles, alkali organic matter, salts, loam and other impurities
which may be considered by the Owner/Owner’s Representative as harmful. Sulphate content
should not exceed 1%. Total content of all deleterious matter should not exceed 5%. This
source of sand shall be approved by the Owner/Owner’s Representative. Sand obtained from
river bed subject to tidal effect will not be allowed in works. All sand shall be washed before
being brought to site.

STORAGE OF AGGREGATES

The contractor shall at all time maintain at the site of work such quantities of aggregates as are
considered by the Owner/Owner’s Representative to be sufficient to ensure continuity of work.
Each type and grade of aggregates shall be stored separately. This ground on which the
aggregates are stored shall be firm and have sufficient slope to ensure adequate drainage of
rain water.

Any aggregate delivered to site wet shall be placed in storage for atleast 24 hours to ensure
adequate drainage before it is used for concreting.

Sand heaps shall be covered with bricks or such other materials to prevent blowing off and to
assist in good house keeping.

CEMENT

The cement used shall be ordinary Portland cement, conforming to I1S: 8112, unless otherwise
specified.

The cement issued to the contractor shall be stored in a suitable weather tight building and in
such a manner as to permit easy access for proper inspection. All cement stored at site by the
contractor shall be arranged in batches and used in the same order as received from owner.
Contractor shall maintain a cement register in which all entries shall be completed day-to-day
showing quantities received, date of receipt and daily cement consumption.

REJECTION OF CEMENT

The Owner/Owner’s Representative may reject cement which has deteriorated after issue to
the contractor owing to inadequate protection against moisture or other causes or in any other
case where the cement is not to his satisfaction.

ADMIXTURE

No admixture shall be normally permitted for concrete or mortar. Water proofing compound to
be used in concrete, plaster, damp proof course etc. where specified, shall be of approved
make. It shall be mixed as per manufacturer’s specifications and as approved and directed by
the Owner/Owner’s Representative.

Joint sealing in pavements and around equipments structural columns shall be approved
compound conforming to IS: 1834 TYPE ‘b’ (SHALITEX or approved equivalent).

GRADES AND PROPORTIONING
The grades indicated in drawings and schedules shall conform to IS: 456, the strengths being
indicated below.

Min. Crushing Strength of 15 cm. Cube in Kg/cm? at 28 days
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Grade Prel. Test Works cube test
M-20 260 200
M-25 320 250
M-30 380 300

The water cement ratio aggregates and grading for each mix shall be predetermined from the
results of cube tests of trial mixes. The mix proportions determined thus shall be followed at site
and shall in no way relieve the contractor of his responsibility as regards the prescribed
strength of mix. The mix proportions, however, shall be revised if the results of the cube tests
during the construction show consistently lower or higher strength than the prescribed one. No
claim to alter the rates of concrete work will be entertained due to such changes in mix designs,
as the contractor will be responsible to produce the concrete of required grade. The slump of
concrete mix for pavements compacted by vibrations should not be more than 25 mm and that
for manual compaction not more than 50 mm.

All concrete shall be controlled concrete conforming to IS: 456. For mud-mat and filling purpose
ordinary concrete of 1:4:8 mix proportions may be used or as indicated in drawings.

EQUIPMENT

All equipment like weighting devices, measuring boxes, mixers, sub-grade templates, hand
tempers, vibrating screens, internal vibrators, longitudinal floats, bridges, belts, push brooms,
straight edges, edging tools etc. shall be on the worksite in first class working condition and
shall have been inspected by the Owner/Owner’s Representative before paving operations are
permitted to start. Throughout the construction period the contractor shall maintain adequate
equipment in first class working conditions to ensure the proper execution of the work.

PREPARATION OF SUB GRADE

The sub grade or sub base for laying of the concrete slabs shall comply with the following
requirements:

No soft spots are present in the sub grade or sub base.

The uniformly compacted subgrade or subbase extends atleast 300mm on either side of the
width to be concreted.

The subgrade is properly drained.

The minimum modulus of subgrade reaction obtained with a plate bearing test shall be 5.54
Kg/cm>.

Sub grade shall be prepared to the lines and grades shown on the drawings.

No concrete shall be placed around manholes or other structure until they have been brought to
required grade and alignment.

The subgrade shall be in moist condition at time of concrete placement.

FORMS

All side forms shall be of mild steel unless uses of wooden sections are specially permitted. The
steel forms shall be MS channel sections and their depth shall be equal to thickness of the
pavement. The sections shall have a length of atleast 3.0m except on curves, where shorter
sections may be used. These forms should be provided with ample bracing and supports to
prevent the springing of the forms under the concrete pressure or thrust of machinery operating
nearby.
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The torms should be In sufficient number and they should not be removed until concrete Is
hardened sufficiently.

In case wooden forms are permitted, these shall have minimum base width of 100mm for
200mm slabs and 150mm for more than 200mm thickness.

REINFORCEMENT

All reinforcement work shall confirm to I1S: 456. Reinforcing steel shall be free from dirt scale or
other foreign matter and rust. The number, size, form and position of all the reinforcement shall
unless otherwise directed or authorised by Owner/Owner's Representative be strictly as per
drawings. The placing of reinforcement shall be such that when properly placed into the work,
extreme longitudinal bars will be located not less than 50mm nor more than 100mm from the
edges of the slab except for dummy joints, the length of reinforcement will keep clear of
transverse joints by not less than 50mm nor more than 100mm as measured from the centre of
the joint to the ends of longitudinal bars.

While overlapping the bars in either direction the overlap shall be atleast equal to spacing
between bars in the respective direction.

To prevent displacement before or during concreting, the bars shall be secured to one another
with 16 SWG black soft annealed binding wire. Wooden planks provided for labour to move
shall be supported independent of reinforcement and the cage shall never be permitted to sag
or get displaced during concreting. Concrete blocks shall be used to ensure correct cover of
concrete over bars as shown in drawings.

Dowels if used as load transferring device shall be checked for exact position before
concreting. Dowels shall be parallel to the surface and perpendicular to the joint and shall not
place any restraint on the movement of the joint.

MIXING

Mixing should be carried out in mechanical mixers. Drum of the mixer shall rotate at a
peripheral speed of 60RPM (Rotation per minute). Hand mixing can, however, be permitted by
Owner/Owner’s Representative in special cases. Water cement ratio shall be rigidly controlled
during mixing. Mixers shall be fitted with automatic devices to discharge measured quantity of
water directly into the mixing pan. The water shall be introduced into the drum within first 15
seconds of mixing, but not until all the cement and aggregate constituting the batch are
thoroughly mixed. Mixing shall continue until the concrete is uniform in colour and for not less
than 2 minutes after all the materials and water are in the drum. The entire content of the drum
shall be discharged before any materials are placed therein for the succeeding batch.

Correction for Bulking- In volume batching suitable allowance shall be made for the bulking of
fine aggregates due to presence of water. For this purpose the bulking shall be determined as
directed by Owner/Owner’s Representative.

PLACING
The place where concrete is to be poured should be clean and free from all loose dirt, standing
water etc.

Walking on reinforcement layers is not permissible. Walkways of wooden planks or similar
material can be placed with removable supports and should be independent of the
reinforcement. The reinforcement position should not be disturbed nor should at sag during
carriage and placement of concrete.

Placing and vibration should not take totally more than 20 minutes from time of mixing. Method
of placing should be got approved by Owner/Owner's Representative. Segregation during
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carriage and placement should be avoided. If during carriage concrete segregates, it should be
remixed before placement.

Concrete should not be dropped from a height of over 1.5m.

To ensure bond and water tightness between old concrete surface and fresh concrete to be
placed, the surface should be cleaned and roughened by “initial green cut” by wire brushing or
chipping. The initial green may be done by wire brush after 6 hours of placing concrete in order
to facilitate the work. Chipping can be done only after 48 hours. A layer of cement slurry with
1:1 mix (1 cement: 1 sand) should be poured to obtain a uniform coating on old concrete.
Immediately thereafter, the fresh concrete should be poured.

Concrete shall be mixed in quantities required for immediate use and shall be deposited on the
sub-grade in a single operation to the required depth and width of the pavement. Spreading
shall be as uniform as possible to avoid re-handling of concrete. Where however, a certain
amount of redistribution is necessary it shall be done with shovels and not with rakes. Concrete
shall be vibrated with internal vibrators. Concrete shall be placed continuously until completion
of the part of the work between construction joints or as directed by Owner/Owner’s
Representative continuously until completion of the part of the work between construction joints
or as directed by Owner/Owner’s Representative.

PLACING IN INCLEMENT WEATHER

All precautions shall be taken for concreting in extreme weather in accordance with the relevant
clauses of IS: 456. Due protection shall be provided to prevent cement being blown away while
proportioning and mixing during windy weather. No concreting shall be carried out in continuous
heavy rains. Necessary arrangements to cover the freshly poured concrete shall be provided, to
protect it from the direct rays of the sun and from drying winds.

All concreting placement should be co-ordinated with placement of conduits, inserts, embedded
parts etc. executed either by same agency or separately.

Concrete in standing water shall be executed strictly as per IS: 456. This shall be paid as a
separate item where applicable.

The concrete shall be laid in panels not exceeding 4m x4m as shown in layout drawing or as
directed by Owner/Owner’s Representative.

COMPACTION & FINISHING

COMPACTION

The surface of the pavement shall be compacted either by means of power driven finish
machine or a vibrating hand screed. For areas where width of the slab is very small as the
corner of street junction etc. hand consolidation and finishing shall be done as follows:

Concrete as soon as placed, shall be struck off uniformly and screeded to the crown and cross-
section shown on the plans and to such level above the base that when compacted and
finished, the pavement shall conform to the grade and cross section indicated by the plans. The
entire surface shall then be tamped until a close knit dense surface is obtained.

The tamper shall rest on the side forms and shall be drawn ahead with a swing motion in
combination with a series of lifts and drops alternating with lateral shifts, the aim of this
operation being compaction and screeding to the approximate level required. Subsequent
tamping should advance 75mm at a time in the direction in which the work is proceeding and in
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final stages the tamping should be closer about 12mm at a time until a level and dense surface
is obtained.

If so directed by Owner/Owner’s Representative, hand operated vibrating tamper consisting of
normal type of hand tamper attached to a pneumatic or electric vibrating unit shall be used for
compaction.

Segregated particles of coarse aggregate which collect in front of the tamper shall be thrown
outside the forms or thoroughly mixed by hand with a mass; of concrete already on the base.

Compaction by tamping shall be carried on till the mortar in the mix just works upto the surface.
The surface shall be examined after compaction correction, if needed, shall be made by adding
or removing concrete followed by further compaction and finishing.

FLOATING

As soon as practicable, after concrete has been struck off and compacted, it shall be further
smoothened and compacted by means of a longitudinal float 1200 mm long and 75mm wide
operated from a foot bridge.

STRAIGHT EDGING
After floating is completed and excess water removed but while concrete is still plastic the slab
surface shall be tested for trueness with a straight edge and rectified, if necessary.

BELTING

Just before the concrete becomes non-plastic, the surface shall be belted with a two ply canvas
belt not less than 200mm wide and atleast 1.0M longer than the width of the slab. Hand belts
shall have suitable handles to permit controlled uniform manipulation. The belt shall be
operated with short strokes transverse to the carriage way centreline and a rapid advance
parallel to the centre line.

BROOMING

After belting and as soon as surplus water has risen to the surface the pavement shall be given
a broom finish to produce corrugations of uniform appearance of not more than 1/16 inch in
depth.

EDGING
Before the concrete has its initial set the edges shall be carefully finished with an edger of the
radius required and pavement edge shall be left smooth and true to line.

CURING

INITIAL CURING
Immediately, after the completion of the finishing operations, the surface of pavement shall be
entirely covered with wetted burlap, cotton or jute mats.

FINAL CURING

Upon the removal of the mats, the slab shall be thoroughly wetted and covered by the following
method:

Curing with wet earth- A system of transverse and longitudinal dykes of clay about 50mm high
shall be laid over the slab. These dykes shall be blanketed with sandy soils free from stones to
prevent drying up. The rest of the slab shall be covered with sufficient sandy soil so as to
produce a blanket of earth not less than 37mm depth after wetting. This earth shall be kept
thoroughly wet till the concrete has attained the required strength but not less than 14 days.
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11.0 JOINTS

1.1

12.0

1.0

1.1

Wherever called for on the drawings expansion joints, dummy joints and longitudinal joints shall
be provided as per details indicated in the drawing and as directed by Owner/Owner’s
Representative.

SEALING OF JOINTS

After the curing, the temporary seal or other intruded materials of all expansion and contraction
joints shall be removed completely and the slots filled with approved joint sealing compound.
The edges of the joints shall thoroughly cleaned and primed with a thin bituminous paint which
shall be allowed to dry before the sealing compound is applied.

The primer shall be applied with a brush. The composition of primer shall be as follows:

Name of Material Percent by weight
200 — Penetration Bitumen 66%
Light creosote oil 14%
Solvent Naphtha 20%

The bitumen shall be melted and fluxed with oil. When cold, solvent Naphtha shall be added.
BITUMINOUS emulsion shall not be used as primers. Care shall be taken to ensure that the
sealing compound is not heated above 200°C and the temperature does not exceed 180°C for
long periods.

Sealing compound shall be poured into the joint opening in such a manner that the material will
not be spilled on the exposed surface of the concrete. When required to prevent pick up under
traffic, the exposed surface of the sealing compound shall be dusted with hydrated lime.

OPENING TO TRAFFIC

Traffic shall not be allowed for a period of 28 days after laying of concrete.
Before opening the roads to traffic all joints shall be filled and trimmed or topped out as
required.

B. FLEXIBLE PAVEMENT (UPTO WBM LAYER)
EARTH WORK FILLING

MATERIALS

Only material considered suitable by the Owner/Owner’s Representative shall be employed for
the construction and that considered unsuitable shall be disposed off as directed by
Owner/Owner’s Representative at his own cost and no claim for compensation will be
entertained. The Contractor shall give the samples of earth, he proposes to use for filling along
with the following characteristics of the sample to Owner/Owner's Representative prior to
collection and use, for approval.

I.  Mechanical analysis or gain size analysis as per IS: 2720 Part IV.
II. Liquid limit as per IS: 2720 Part V

lll. Plastic limit as per IS: 2720 Part V.

IV. Moisture density relationship as per IS: 2720 Part VIII.

The material (soil) used for filling shall be free from boulders, lumps, tree roots, rubbish or any
organic deleterious matter.
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Material (soil) having plasticity index less than 20 shall be used for filling purposes. Soll having
laboratory maximum dry density of less than 1.5 gm/cc shall not be used.

Care shall be taken to see that unsuitable waste material is disposed off in such a manner that
there is no likelihood of its getting mixed with the materials proposed to be used for filling.

The work shall be so planned and executed such that the best available material (soil) is
reserved for the top portion of embankment.

FILLING FOR EMBANKMENTS AND SHOULDERS

The area where filling is to be placed must be cleared of all loose material and virgin soil must
be exposed. Such exposed surface must be consolidated properly to obtain 90% of maximum
laboratory dry density of the soil. All soft patches must be worked out to remove the soft soil
and selected approved earth must be filled back and compacted.

Payment for the removal of loose top soil as described in clause 1.2.1 above shall be included
in the item for earthwork in filling. No separate payment for consolidation of exposed ground
surface will be made. The rate quoted for the earth fill shall be inclusive of the cost of clearing
and stripping, consolidation, including watering, testing etc. of the exposed ground.

Approved fill material shall be spread in uniform layers not exceeding 20 cm in loose depth for
embankment filling. Shoulder construction shall be so organized as to keep pace with the
construction of different layers of the pavement, which may require earth fill thickness less than
20 cm. All clods, lumps etc. shall be broken before compaction.

In general the soil shall be spread uniformly over the entire width of embankment or shoulder
as the case may be. For large embankments, the spreading of soil shall be as directed by
Owner/Owner's Representative.

Successive layers of filling shall not be placed until the layer under construction has been
thoroughly compacted to satisfy the requirements laid down in this specification.

Prior to rolling, the moisture content of material shall be brought to within plus or minus 2% of
the optimum moisture content as described in IS: 2720- Part-VIIl. The moisture content shall
preferably be on the wet side for potentially expensive soils.

After adjusting the moisture content as described in Clause 1.2.6, the layers shall be thoroughly
compacted by means of rollers till 90% of maximum laboratory dry density is obtained as per
1S:2720 Part VIII.

Each layer shall be tested in field for density and accepted by Owner/Owner's Representative
subjected to achieving the required density before laying the next layer. A minimum of one test
per 500 M2 area for each layer shall be conducted.

All type of rollers that should be employed for compaction shall be as per direction of
Owner/Owner’s Representative.

If the layer fails to meet the required density, it shall be reworked or the material shall be
replaced and method of construction altered as directed by Owner/Owner’s Representative to
obtain the required density.
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The filling shall be finished in conformity with alignment, levels, cross sections and dimensions
as shown in the drawings.

Extra material shall be removed and disposed off as directed by Owner/Owner’s
Representative.

TOLERANCE
Embankment and shoulders for roads, units etc. shall be carried to within a tolerance of cm.
From final lines but shall be to required grades and slopes.

FILLING WITH SAND/ MURRUM

Sand for filling shall preferably be locally available sand clean and free from any chemical or
other impurities. Murrum for filling shall be clean and well graded. Sand/ Murrum shall not
contain any vegetation, organic, clayey or other material and shall be obtained from a source
approved by Owner/Owner’s Representative.

Murrum/ Sand shall be spread in layers not exceeding 15 cm in loose thickness over the areas.
Each layer shall be uniform in density, quality of material and’ moisture content before
compaction. The moisture content shall be within two percent of the optimum moisture content
as per IS: 2720 Part VIII.

In case of pure sand, flooding with water is permissible.

Compaction of each layer shall be by mechanical means as per directions of Owner/Owner’s
Representative. Only in accessible reaches shall be worked manually. Each layer shall be
uniformly compacted to obtain 90% of maximum laboratory dry density of the material. If the
material fails to achieve the required density, the layer shall be reworked with necessary
alteration in compaction, so that the required compaction is obtained. A minimum of one test
per M2 area for each layer shall be conducted.

Subsequent layers shall be placed only after the layer already laid has been compacted to the
required density and approved by Owner/Owner’s Representative.

The finish surface must be dressed to required grade and slope. Excess material must be
removed from compaction site, as directed by Owner/Owner’s Representative.

WATER BOUND MACADAM SUB BASE/ BASE COURSE

The sub-base course shall consist of one or more layers, each of 100 mm compacted
thickness.
The base course shall consist of one or more layers, each of 75 mm compacted thickness.

STONE AGGREGATE FOR WBM

The coarse aggregates shall be hard, crushed or broken stone metal from quarries approved by
Owner/Owner’s Representative, it shall be hard durable and free from flat elongated, soft and
disintegrated particles. It shall not have excess of dirt and other objectionable matter. The
quality, size and grading of the coarse aggregate shall be conforming to IRC 19: Std Spec and
code of practice for WBM.

a) The grading of the coarse aggregates for the sub-base course shall be as below:
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Size Range Sieve % by weight

Designation passing the sieve
(IS: 460)
90mm to 45 mm 125 mm 100
Grade-| 90 mm 90-100
63 mm 25-60
45 mm 0-15
22.4 mm 0-5

b) The grading of the coarse aggregate for the base course shall be as below:

Size Range Sieve % by weight
Designation passing the sieve
(IS: 460)

63 mm to 45 mm 90 mm 100

Grade-2 63 mm 90-100
53mm 25-75
45mm 0-15
22.4 mm 0-5

a) Physical requirement of coarse aggregates for sub-base course shall be below:
i) Los Angles Abrasion Value 60% (Maximum) or
ii) Aggregate Impact Value 50% (Maximum)
b) Physical requirement of coarse aggregates for base course shall be as below:
i) Los Angles Abrasion Value 50% (Maximum) or
Aggregate Impact value 40% (Maximum)
ii) Flakiness index value 15% (Maximum)
Samples of test shall be representative of the material to be used and collected as per IS: 2430.

The aggregates shall be stacked at the road side on firm, well drained ground in regular stacks,
as directed by Owner/Owner’'s Representative. The various grade shall be stacked separately
and contamination by earth and other extraneous matter shall be prevented effectively.

BINDING MATERIAL MURRUM

The binding material shall be clean, dry murrum free from leaves, organic matter and any
deleterious material.
It shall be obtained from quarries approved by Owner/Owner’s Representative.

SPREADING COARSE AGGREGATES

The sub grade or sub-base to receive WBM coarse shall be prepared to the required grade and
camber. Before starting with WBM construction, side shoulders shall be constructed in advance
to a thickness corresponding to the compacted layer of the WBM coarse for lateral confinement
of aggregate. After shoulders are ready, there inside edge shall be trimmed vertical to receive
the aggregate. The practice of constructing WBM in a trench section excavated on the
embankment/ formation must be avoided.

The coarse aggregate shall be spread uniformly and evenly on the prepared base in required
quantities from the stacks. The aggregate shall be spread to proper profiles by using templates
across the road about 6m apart.

The surface of the aggregate spread shall be carefully, trued up and all high or low spots
remedied by removing or adding aggregate as may be required. The surface shall be checked
from time to time, during the spreading and rolling of the coarse aggregate to ensure a finished
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surface without variation greater than 12 mm, when a 3 meter long straight edge Is laid parallel
to centre line of the road.

The WBM layer shall be tested by depth blocks. No segregation on large or fine particle shall
be allowed and the coarse aggregate as spread shall be of uniform gradation with no pocket of
fine materials.

The coarse aggregate shall not be spread in lengths more than 3 days average work in
advance of the rolling, spreading murrum and bonding of the preceding section.

ROLLING ROAD METAL

Immediately following the spreading of the coarse aggregates, if shall be compacted to full
width by rolling with either three wheeled power roller of 8 to 10 tonne weight or equivalent
vibratory roller true to the line and camber as shown in the drawing. The course shall not be
rolled when the sub-grade is soft or yielding or the rolling causes a wave like motion in the base
course or sub-grade. When rolling develops irregularities that exceed 12mm when tested with a
3 metre straight edge, the irregular surface shall be loosened and then aggregate added to or
removed from it as required and the area rolled until it gives uniform surface conforming to the
desired cross-section and grade. The surface shall also be checked transversely by template
and any irregularities corrected as above. The use of murrum to make up depression shall not
be permitted.

The rolling shall begin from edges with roller running forward and backward until the edges
have been firmly compacted. The rolling shall then progress gradually from edges to the centre
parallel to the centre line of the road lapping uniformly each preceding rear wheel track by one
half width and shall continue until the entire area of the course has been rolled by the rear
wheel. On the super elevated portions of road, the rolling shall commence from the lower edge
and progress gradually towards the upper edge of the road.

Rolling shall be discontinued when aggregate are thoroughly keyed and creating of stone wheel
of roller is no longer visible partially compacted with sufficient void space in them to permit
application of screenings. Slight sprinkling of water may be done if required.

SCREENINGS

MATERIAL

Screenings to fill the voids in the coarse aggregates shall, as far as possible be the same
material as the coarse aggregates. Where it is decided by the Owner/Owner’s Representative
to use other materials, the same shall be predominantly non plastic materials such as Kankar
nodules, gravel (other than river-borne rounded aggregate) or murrum, provided that the liquid
limit and plasticity indeed of such material is below .20 and 6 respectively, and the fraction
passing 75 micron sieve does not exceed 10 per cent.

Grading requirements of screenings
Size Range Sieve % by weight
Designation (IS: 460) passing the sieve
13.2 mm 13.2 mm 100
11.2 mm 5.6 mm 95-100
15-35 180 micron 0-10

This grading, however, shall not be mandatory, in case either murrum or gravel is used as
screenings.
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3.6

3.6.1

3.6.2

3.6.3

3.6.4

3.7

3.8

3.9

APPLICATION OF SCREENINGS

After the coarse aggregate has been rolled as described in Clause 3.3, screenings shall be
applied uniformly and gradually over the surface to completely fill the interstices. Dry rolling
shall be continued while the screenings are being spread so that the jarring effect of the roll will
cause them to settle into the voids of the coarse aggregates.

The screenings shall not be dumped in piles on coarse aggregate but shall be spread uniformly
in successive thin layers either by the spreading motion of hand shovels or by mechanic
spreaders.

The screenings shall be applied at a uniform and slow rate (in three or more applications so as
to ensure filling of all voids. Rolling and brooming shall continue with the spreading of the
screenings. Either mechanical brooms or hand brooms or both may be used. In no case shall
the screenings be applied so fast and thick as to form cakes or ridges on the surface making
the filling of voids difficult or preventing the direct bearings of the roller on the coarse
aggregates. The spreading, rolling and brooming of screenings shall be performed on sections
which can be completed within one day’s operation and shall continue until no more screenings
can be forced into the voids of the coarse aggregates. Damp and wet screening shall not be
used under any circumstances.

The quantity of screenings used shall be such as to fill all voids in the water bound macadam
courses.

SPRINKLING AND GROUTING

After spreading the screenings, the surface shall be copiously sprinkled with water, swept and
rolled. Hand brooms shall be used to sweep the wet screenings into voids and to distribute
them evenly. The sprinkling, sweeping and rolling shall be continued and additional screenings
applied where necessary until the coarse aggregates are well compacted and grout of
screenings and water form a wave ahead of wheels of the roller. Care shall be taken to see that
the base of sub-grade does not get damaged due to the addition of the excessive quantity of
water during the construction.

BINDING MATERIAL

Binding material, to prevent revelling of WBM, shall consist of fine grained material possessing
P.l.value upto 6

Application of binding material shall not be necessary where murrum or gravel is used as
screenings.

Binding material shall be obtained from quarries/ sources approved by the Owner/Owner’s
Representative.

APPLICATION OF BINDING MATERIAL

After the application of screenings as described above, the binding material shall be applied at
a uniform and slow rate (in two or more successive thin layers) so as to ensure filling of all
voids.

After each application of binding material, the surface shall be copiously sprinkled with water
and the resulting slurry swept in with hand brooms/ mechanical brooms or both so as to fill the
voids properly. This shall be followed by rolling with a 6-10 tonne roller during which water shall
be applied to the wheels to wash down the binding material that may get stuck to them. The
spreading, rolling and brooming of binding material shall be performed on sections which can
be completed within one day’s operation and shall continue until no more binding material can
be forced into the voids of the coarse aggregates and until the slurry of binding material and
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water forms a wave ahead of the wheels of moving roller. Damp and wet binding material shall
not be used under any circumstances.

The quantity of binding material used shall be such as to fill all voids in the water bound
macadam.

3.10 SUBSEQUENT LAYERS OF WBM
Before laying the subsequent layers of WBM, the surface shall be scarified and reshaped to the
required camber and profile, and all ruts, depressions, pot holes etc. made good. The second
layer shall be laid after the surface preparation is approved by Owner/Owner’s Representative.
The specification and mode of measurement for subsequent layers of WBM will be similar to
that described before.
4.0 CONSTRUCTION OF SHOULDERS OR BERMS
After the WBM course is laid and compacted, the existing surface at side berms or shoulders of
the roadway must be scarified. Fresh quantity of approved earth must be spread in layers for
building up of berms upto the required level and scope.
The earth must be consolidated by at least three passes of an 8-10 tonne road roller. The
edges must be well consolidated by suitable means to prevent edge slips and the work properly
trimmed and dressed.
C. BITUMEN PREMIX CARPET
1.0 MATERIAL
1.1 COARSE AGGREGATE
The aggregate shall consist of crushed stone of clean, hard, tough, durable rock of uniform
quality and shall be clean, free from excess of dust, flat or elongated pieces, soft or
disintegrated stone, clay or other deleterious matter. The size of aggregate shall be as
mentioned in the schedule of quantities.
1.2 SAND
The sand shall consist of clean hard, durable, uncoated, coarse dry particles and shall be free
from injurious amounts of dust, soft or flaky particles, organic matter or other deleterious
substances.
1.3 BINDER
The binder shall be bitumen or penetration 80/100 conforming to IS:73. The bitumen shall be
collected on road side drums. Any drum leaking or damaged shall not be accepted.
2.0 QUANTITIES OF MATERIAL (PREMIX CARPET)
For Premix Carpet 20 mm thick
Material For Premix Carpet For Seal Coat
Per 100 m2 Per 100 m2
1 2 3
1) | Coarse Aggregate 12 mm and down | 2.75 m® -
size
2) Bitumen 80/100 150 Kg 68.3 Kg
3) Coarse sand as sealing aggregate -- 0.6 m*
For Premix Carpet 25 mm thick
| | Material | For Premix Carpet | For Seal Coat |
Document No. Rev
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3.0

3.1

Per 100 m2 Per 100
1 2 3
1) Coarse Aggregate 12 mm and down | 3.5 m® -
size
2) Bitumen 80/100 185 Kg 68.3 Kg
3) Coarse sand as sealing compound -- 0.6 m*
For Premix Carpet 50 mm thick
Material For Premix Carpet For Seal Coat
Per 100 m2 Per 100 m2
1 2 3
i) Coarse Aggregate 25 mm and down | 5.5 m® --
size (For 35 mm thick Carpet
1 Layer)
i) Coarse Aggregate 12 mm and down | 2.0 m® -
size (For 15 mm thick Carpet
Layer)
iii) Bitumen 80/100 150 Kg 68.3 Kg
a) For 35 mm thick Carpet | 269 Kg. 68.3 kg.
(1 Layer)
b) For 15 mm thick Carpet | 110 kg. -
(Il Layer)
iv) Coarse sand as sealing aggregate -- 0.6 m*

For Premix Carpet 75 mm thick

Material For Premix Cazrpet For Seal Cozat
Per 100 m Per 100 m
1 2 3
i) Coarse Aggregate 25 mm and down size | 8.5 m® -
(For 50 mm thick Carpet 1 Layer)
i) Coarse Aggregate 25 mm and down size | 3.5 m® --
(For 15 mm thick Carpet Il Layer)
iii) Bitumen 80/100
a) For 50 mm thick | Layer 375 Kg. 68.3 kg.
b) For 25 mm thick Il Layer 185 kg. --
iv) Coarse sand as sealing aggregate -- 0.6m°

LAYING

PREPARATION OF ROAD SURFACE

The existing surface shall be thoroughly cleaned of dust, loose materials, caked mud and other
foreign matter with the help of wire brush, chisel, picks etc. before laying the tack course. The
cleaning shall be carried out in such a manner as to expose the stone metal to a depth of 1 to 2
mm without dislodging the interlocking of the metal. All dust and other material thus removed
shall be carried away and dumped at suitable places as directed by the Owner/Owner’s

Representative.

If pot holes or ruts are found on the existing road surface, these irregularities must be filled in
with premix chippings and well rammed about a week before the carpet is laid.
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3.2

3.3

3.4

3.5

3.6

3.7

TACK COAT
The bitumen shall be heated in asphalt boilers to 177° — 188°C and shall be spread uniformly at
the rate of 1 kg / m2 by means of sprayers. The applied binder shall be evenly brushed.

The tack coat shall be applied just ahead, keeping pace with laying of premix carpet.

PREPARATION OF PREMIX

Mechanical mixers shall be generally used for preparation of premix Improvised hand mixing
drums may be used if permitted by the Owner/Owner’s Representative.

Stone chippings of specified size shall be thoroughly mixed dry in the mixer at the rate indicated
above. Binder heated at temperature suitable for the grade of bitumen is added to the mixer
drum at the specified rate per 100 m3 of surface and thoroughly mixed till the stone chips are
completely coated with the binder.

The premix shall be emptied on to wheel barrows or stretchers and carried to work site.

SPREADING OF PREMIX

Immediately after applying the tack coat, the premix shall be spread with rakes to the required
thickness land distributed evenly by means of a drag spreader. The camber shall be checked
by means of camber board and the unevenness shall be rectified.

ROLLING

3.56.1  When the premix has been laid for a length of 15-20 meters, rolling shall be
commenced with tandem rollers (8 to 10 tonnes). Rolling should commence from
edges and proceed towards centre longitudinally.

3.56.2 The wheels of roller shall be continuously moistened to prevent the premix, adhering to
the wheels and being picked up.

3.5.3 After the preliminary rolling and honey combing, high spot or depressions shall be
rectified by adding or removing the premix as per requirements and the surface shall
be rolled again to compaction. Camber shall be checked at every stage and any
defects found shall be rectified. Excessive rolling shall be avoided.

SEAL COAT (FOR LOW RAINFALL AREAS - UNDER 150 CM/YR)

A premix seal coat, mix preferably in a mechanical mixer after heating the sand should be
applied immediately after laying the carpet and rolled. Materials required for this seal coat are
as per clause 1.

SEAL COAT (FOR HIGH RAINFALL AREAS - OVER 150 CM/YR)

The material requirement for seal coat in high rainfall areas in as under:-

Binder 80/100 = 98 kg / 100 m? of road surface

Coarse aggregates 6.3 mm

Passing IS 10 mm Square mesh

Retained on IS sieve 2.36 mm = 0.9 m*/100 m? of road surface.

A liquid seal coat, preferably with chippings as above (through coarse sand can also be used)
should be applied after laying the carpet. The binder, heated to permitted temperature, should
be applied to the cleaned surface, blinded with chippings and rolled.

Traffic may be allowed on the road preferably 24 hours after providing the seal coat.
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4.0

1.0

2.0

21

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

210

Removal of Surplus Earth

Surplus earth and soil from excavation shall be removed from construction area to the area
demarcated by the Owner/Owner’s Representative.

Payment shall be made only for lead beyond initial 50M from construction areas Rate shall
include loading, transportation, dumping, stacking the surplus earth and soil in the area
demarcated. Payment shall be made on cubic meter basis of the difference of measurements
of the volumes of the excavated pits and the measurements of the backfilling.

D. JOB SPECIFICATION FOR BRICK PITCHING
EXCAVATION

Trench shall be excavated / dressed true to line, section and grade as per drawings prior to
starting the pitching work.

MATERIAL

Bricks shall be locally available best bricks.

Cement, sand and water used shall be as per IS: 8112, 2116.

The concrete mix used for bedding shall be as per drawings and schedule of rates.

The work of pitching shall be done after the bottom concrete has been laid and sides properly
trimmed to the required grade and thoroughly compacted.

Brick pitching shall be done in 1:4 cement mortar using best quality locally available bricks.

Bricks shall be laid in herring bone pattern with their length at 450 to the length of the ditch as
sown in drawings.

Mortar joints shall never exceed 6 mm in thickness and all bricks shall be laid with vertical joints
quite full of mortar.

Bricks shall be soaked for a period of at least 12 hours immediately before use and no broken
and damaged bricks shall be used in any part of the work except such as will be required to
close any line of bricks.
The face of pitching shall be made even and smooth.
The brick work shall be raked and flush pointed with cement mortar 1:3 as specified.

E. ACCEPTANCE CRITERIA

The ROAD WORK shall fulfill the above said criteria unless otherwise mentioned.

F. PAYMENT

All payments shall be made as per SOR basis
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