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1. CARRIAGE

CARRIAGE OF MATERIALS

SCOPE

The carriage and stacking of materials shall be done as provided in the Contract Agreement.
All tools and plants and means of transport shall be arranged by the Contractor. The carriage
of materials includes loading unloading and stacking unless specifically provided otherwise in
the Contract Agreement.

RESPONSIBILITY FOR LOSS OR DAMAGE
The Contractor undertaking carriage of material shall be responsible for its safe loading,
carriage, unloading, and delivery to the specified site within the specified time and stacking.

MODE OF CARRIAGE

Depending upon the feasibility and economy, the Contractor shall propose the mode of
carriage viz. whether by mechanical or animal transport and shall be as approved by the
Engineer-in-Charge in accordance with corresponding CSR item as provided in Contract
Agreement.

LEAD

All distances shall be measured over the shortest practical route and not necessarily the route
actually taken. Route other than shortest practical route may be considered in cases of
unavoidable circumstances and as approved by Engineer-in-Charge along with reasons in
writing. Carriage by animal and mechanical transport shall be reckoned in one km unit.
Distances of 0.25 km or more shall be taken as 0.50 km and distance of less than 0.25 km
shall be ignored.

Carriage by mechanical transport shall be reckoned in one km unit. Distances of 0.5 km or
more shall be taken as 1 km and distance of less than 0.5 km shall be ignored. However, when
the total lead is less than 0.5 km, it will not be ignored but paid for separately in successive
stages of 30 metres subject to the condition that the rate worked on this basis does not exceed
the rate for initial lead of 1 km by mechanical.

MEASUREMENT AND PAYMENT

The rates are applicable to carriage of materials in plain areas on Pacca road only. For Kacha
roads an allowance of 20% extra shall be allowed for 2" and subsequent distance covered in
Km. Rates. Rate upto 1%t km. is however common to both Kacha and Pacca roads. For Hilly
areas 25% above the rates in plain areas shall be allowed for total distance covered in Kms.
Similarly, for desert road 15% above the rates in plain areas shall be allowed for total distance
covered in Kms and 25% above the rates in Hard Area. The rates for carriage by boat or
streamer shall be the same as by any other mechanical means on land.

The Measurement and payment for the carriage of materials including loading unloading and
stacking shall be made corresponding to CSR items as provided in Contract Agreement and
shall constitute full compensation for performance and completion of work in all respects as
specified and approved by the Engineer-in-Charge. No additional payment shall be made to
Contractor for charges like demurrage, wharf age, toll tax, zila tax etc.
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2. LOADING, UNLOADING AND STACKING

SCOPE

Scope of work shall include the loading into trucks from specified sites or stockpiles (or
unloading as the case may be) as provided in the Contract Agreement and approved by
the Engineer-in-Charge.

REQUIREMENTS

The Contractor shall furnish, install, operate and maintain all necessary facilities for
loading/unloading trucks.

The Contractor shall perform all loading/unloading operations in a systematic manner
without breakages or segregation as determined by the Engineer-in-Charge and that the
cement bags and such other materials do not catch moisture and will not be contaminated
with soil or other foreign material. Contractor shall load trucks in which materials are to be
transported in such a manner as to avoid loss in transit and shall be responsible for and
make good any loss of materials lost in transit due to improper loading of mobile trucks
and other handing operations. The materials carted shall be properly stacked as specified
or directed by the Engineer-in-Charge.

STACKING AND STORAGE OF MATERIALS
Cement

Cement shall be stored at the work site in a building or a shed which is dry, leakproof and
as moisture proof as possible. The building or shed for storage should have minimum
number of windows and close fitting doors and these should be kept closed as far as
possible.

Cement shall be stored and stacked in bags and shall be kept free from the possibility of
any dampness or moisture coming in contact with them. Cement bags shall be stacked off
the floor on wooden planks in such a way as to keep about 150 mm to 200 mm clear
above the floor. The floor may comprise of lean cement concrete or two layers of dry
bricks laid on well consolidated earth. A space of 600 mm minimum shall be left all around
between the exterior walls and the stacks.

In the stacks the cement bags shall be kept close together to reduce circulation of air as
much as possible. Owing to pressure on the bottom layer of bags sometimes ‘warehouse
pack’ is developed in these bags. This can be removed easily by rolling the bags when
the cement is taken out for use. Lumbed bags, if any should be removed and disposed off.

The height of stack shall not be more than 10 bags to prevent the possibility of lumping up
under pressure. The width of the stack shall be not more than four bags length or 3
metres. In stacks more than 8 bags high, the cement bags shall be arranged alternately
length-wise and cross-wise so as to tie the stacks together and minimize the danger of
topping over. Cement bags shall be stacked in a manner to facilitate their removal and use
in the order in which they are received; a label showing date of receipt of cement shall be
put on each stack to know the age of cement.
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Extra safety shall be exercised in coastal areas, or when it is expected to store for an
unusually long period, the stack shall be completely enclosed by a water proofing
membrane such as polyethylene, which shall close on the top of the stack. Care shall
be taken to see that the waterproofing membrane is not damaged any time during use.

BRICKS
Bricks shall be stacked in regular tiers as and when they are unloaded to minimize
breakage and defacement. These shall not be dumped at site.

Bricks stacks shall be placed close to the site of work so that least effort is required to
unload and transport the bricks again by loading on pallets or in barrows. Building bricks
shall be loaded or unloaded a pair at a time unless palletized. Unloading of building bricks
or handling in any other way likely to damage the corners or edges or other parts of bricks
shall not be permitted.

Bricks shall be stacked on dry firm ground. For proper inspection of quality and ease in
counting the stacks shall be 50 bricks long, 10 bricks high and not more than 4 bricks in
width, the bricks being placed on edge, two at a time along the width of the stack. Clear
distance between adjacent stacks shall not be less than 0.8 m. Bricks of each truck load
shall be put in one stack.

BLOCKS

Blocks shall be unloaded one at a time and stacked in regular tiers to minimize breakage
and defacement. These shall not be dumped at site. The height of the stack shall not be
more than 1.2 m. The length of the stack shall not be more than 3.0 m, as far as possible
and the width shall be of two or three blocks.

Normally blocks cured for 28 days only should be received at site. In case blocks cured
for less than 28 days are received, these shall be stacked separately. All blocks should be
water cured for 10 to 14 days and air cured for another 15 days; thus no blocks with less
than 28 days curing shall be used in building construction. The date of manufacture of
the blocks shall be suitably marked on the stacks of blocks manufactured at factory or
site.

FLOOR, WALL AND ROOF TILES

Floor and wall roof tiles of different types, such as, cement concrete tiles (plain, coloured
and terrazzo),ceramic tiles (glazed and unglazed) and Porcelain tiles shall be stacked on
regular platform as far as possible under cover in proper layers and in tiers and they shall
not be dumped in heaps. In the stack, the tiles shall be so placed that the mould surface
of one faces that of another. Height of the stack shall not be more than one metre. During
unloading, these shall be handled carefully so as to avoid breakage.

Tiles of different quality, size and thickness shall be stacked separately to facilitate easy
removal for use in work. Ceramic tiles and clay roof tiles are generally supplied in
cartons which shall be handled with care. It is preferable to transport these at the site
on platform trolleys.

AGGREGATES

Aggregates shall be stored at site on a hard dry and level patch of ground. If such a
surface is not available, a platform of old corrugated iron sheets, or a floor of bricks, or a
thin layer of lean concrete shall be made so as to prevent contamination with clay, dust,
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vegetable and other foreign matter Stagks,,0f, fing and, coarse, aggregates, shall be kep
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STEEL
For each classification of steel, separate areas shall be earmarked. It is desirable that
ends of bars and sections of each class be painted in distinct separate colours. Steel
reinforcement shall ordinarily be stored in such a way as to avoid distortion and to
prevent deterioration and corrosion. It is desirable to coat reinforcement with cement
wash before stacking to prevent scaling and rusting. Bars of different classification,
sizes and lengths shall be stored separately to facilitate issues in such sizes and
lengths so as to minimize wastage in cutting from standard lengths. In case of long
storage, reinforcement bars shall be stacked above ground level by atleast 150 mm.
Moreover, in coastal areas or in case of long storage a coat of cement wash shall be
given to prevent scaling and rusting.

Structural steel of different classification, sizes and lengths shall be stored separately. It
shall be stored above ground level by at least 150 mm upon platforms, suitable supports
to avoid distortion of sections. In coastal areas or in case of long storage suitable
protective coating of primer paint shall be given to prevent scaling and rusting.

ALUMINIUM SECTIONS

Aluminium sections of different classification, sizes and lengths shall be stored
separately, on a level platform under cover. The aluminium sections shall not be pulled
or pushed from the stack nor shall be slided over each other, to protect the anodizing
layer.

DOORS, WINDOWS AND VENTILATORS

While unloading, shifting handling and stacking timber material, metal and plastic door
and window frames and shutters, care shall be taken that the material is not dragged
one over the other as it may cause damage to the surface of the material. The material
should be lifted and carried preferably flat avoiding damage of corners or sides. Metal
and plastic doors, windows and ventilators shall be stacked upright (on their sills) on
level ground preferably on wooden battens and shall not come in contact with dirt and
ashes.

Metal and plastic frames of doors, windows and ventilators shall be stacked upside
down. These shall not be allowed to stand for long in this manner before being fixed so
as to avoid the door frames getting out of shape and hinges being strained and shutters
drooping.

During the period of storage all metal doors, windows and ventilators shall be protected
from loose cement and mortar by suitable covering such as tarpauline. The tarpauline
shall be hung loosely on temporary framing to permit circulation of air to prevent
condensation.

All timber based frames and shutters shall be stored in a dry and clean covered space
away from any infestation and dampness. The storage shall preferably be in well
ventilated dry rooms. The frames shall be stacked one over the other in vertical stacks
with cross battens at regular distances to keep the stack vertical and straight. These
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cross battens should be of uniform thickness and placed vertically one above the other.
The door shutters shall be stacked in the form of clean vertical stacks over the other
and at least 80 mm above ground on pallets or suitable beams or rafters. The top of
the stack shall be covered by a protecting cover and weighted down by means of
scantlings or other suitable weights. The shutter stack shall rest on hard and level
ground.

If any timber based frame or shutter becomes wet during transit, it shall be kept
separate from the undamaged material. The wet material may be dried by stacking
in shade with battens in between adjacent boards with free access of dry air
generally. Separate stacks shall be built up for each size and type of material. When
materials of different sizes and types are to be stacked in one stack due to shortage
of space, the bigger size shall be stacked in the lower portion of the stacks. Suitable
pallets or separating battens shall be kept in between the two types of material.

ROOFING SHEETS
Plastic sheets and Fibre glass sheets shall be stacked under a shed to a height of not
more than 0.5 m on a firm and level ground with timber or other packing beneath them.

GYPSUM BOARDS, PLYWOOD, FIBREBOARD, PARTICLE BOARD, BLOCK BOARD.
These boards shall be stored flat in a covered clean and dry place. Different sizes and
types of each of these boards shall be stacked separately. The board shall be stacked on
a flat platform on which a wooden frame shall be constructed with 50 mm x 25 mm battens
in such a way that it will give support to all four edges and corners of the boards with
intermediate battens placed at suitable intervals to avoid warping. Boards shall be stacked
in a solid block in a clear vertical alignment. The top sheet of each stack shall be suitably
weighed down to prevent warping wherever necessary. The boards shall be unloaded and
stacked with utmost care avoiding damage to the corners and surface. In case of
decorative plywood and decorative boards, the surfaces of which are likely to get damaged
by dragging one sheet over another it is advisable that these are lifted as far as possible in
pairs facing each other.

GLASS SHEETS

It is important that all glass sheets whether stored in crates or not shall be kept dry.
Suitable covered storage space shall be provided for the safe storage of the glass sheets.
In removing glass sheets from crates, great care shall be taken to avoid damages. The
glass sheets shall be lifted and stored on its long edges against a vertical wall or other
support with the first sheet so placed that its bottom edge is 25 mm from the vertical
support. The stacks shall be of not more than 25 panes and shall be supported at two
points by fillets of wood at 300 mm from each end. The whole stack shall be as close and
as upright as possible.

The glass sheets of different sizes, thickness and type shall be stacked separately. The
distance between any two stacks shall be of the order of 400 mm.

CAST IRON, GALVANIZED IRON AND NON -ASBESTOS FIBRE CEMENT PIPES AND
FITTINGS

The pipes shall be unloaded where they are required when the trenches are ready to

receive them. Storage shall be done on firm, level and clear ground and wedges shall be
provided at the bottom layer to keep the stack stable.
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The stack shall be in pyramid shape or the pipes length-wise and cross-wise in alternate
layers. The pyramid stack is advisable in smaller diameter pipes for conserving space in
storing them.

The height of the stack shall not exceed 1.5 m. Each stack shall contain only pipes of
same class and size, with consignment or batch number marked on it with particulars
of suppliers wherever possible.

Cast iron detachable joints and fittings shall be stacked under cover separately from the
asbestos cement pipes and fittings

UNPLASTICIZED PVC PIPES

The pipe should be given adequate support at all times. Pipes should be stored on a
reasonably flat surface free from stones and sharp projections so that the pipe is
supported throughout its length. In storage, pipe racks should be avoided. Pipe should
not be stacked in large piles, especially under warm temperature conditions as the bottom
pipes may distort, thus giving rise to difficulty in jointing. Socket and spigot pipes should
be stacked in layers with sockets placed at alternate ends of the stacks to avoid lopsided
stacks.

It is recommended not to store pipe inside another pipe. Pipe should not be stored in a
stressed or bent condition or near the sources of heat. Pipes should not be stacked more
than 1.5 m high. Pipes of different sizes and classes should be stacked separately.

The ends of pipe should be protected from abrasion particularly those specially
prepared for jointing either spigot or socket solvent welded joints or shouldered for use
with couplings.

In Dry and Hot conditions, pipes should be stored in shade. In very cold weather, the
impact strength of PVC is reduced making it brittle and more care in handling shall be
exercised in wintry condition. If due to unsatisfactory storage of handling a pipe
becomes kinked, the damaged portion should be cut out completely. Kinking is likely to
occur only on very thin walled pipes.

BITUMEN, ROAD TAR, ASPHALT, ETC.

All types of bitumen, road tar, asphalt, etc, in drums or containers shall be stacked
vertically on their bottoms in upto 3 tiers. Leaky drums shall be segregated. Empty
drums shall be stored in pyramidal stacks neatly in rows.

WATER

Wherever water is to be stored for construction purposes this shall be done in proper
storage tanks to prevent any organic impurities getting mixed up with it.

OIL PAINTS

All containers of paints, thinners and allied materials shall preferably be stored in a
separate room on floors with sand cushions. The room shall be well-ventilated and free
from excessive heat, sparks of flame and direct rays of sun. The containers of paint
shall be kept covered or properly fitted with lid and shall not be kept open except while
using. The containers of paints have expiry date marked by the manufacturers, which
should be highlighted so as to facilitate use of paint within due period.

SANITARY APPLIANCES

All sanitary appliances shall be carefully stored under cover to prevent damage. When
accepting and storing appliances, advance planning shall be made regarding the
sequence of removal from the store to the assembly positions. Supporting brackets shall
be so stored as to be readily accessible for use with the appliances.
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OTHER MATERIALS

Small articles like nails, screws, nuts and bolts, door and window fittings,
polishing stones, protective clothing, spare parts of machinery, linings, packing,
water supply and sanitary fittings, electrical fittings, insulation board, etc, shall be
kept in suitable and properly protected store rooms. Valuable small material such as,
copper pipes and fittings shall be kept under lock and key.

MEASUREMENT AND PAYMENT

The Employer will not be responsible for possible damage of any material, equipment or
system during loading, unloading or transportation of goods to the site of works.

The Contractor shall replace any damage goods at his own expense without additional
cost to the Employer.

Measurement and payment for loading/unloading into trucks and stacking shall be made
corresponding to CSR item as provided in the Contract Agreement and shall constitute full
compensation for performance and completion of work in all respect as specified and
approved by the Engineer-in-Charge.

Length, breadth and height of stacks shall be measured correct to a cm. The quantity shall
be worked out in cubic metre correct to two place of decimal. The volume of stacks shall
be reduced by percentages as shown against each for looseness in stacking to arrive at
the net quantity for payment. No reduction shall be made in respect of articles or materials
for which mode of payment is by length or weight or number.

EARTH

In loose stacks such as cart loads, lorry loads, etc. — 20%

In fills consolidated by light mechanical machinery — 10%

In fills consolidated by heavy mechanical machinery but not under OMC (Optimum
Moisture Content) — 5%

In fills consolidated by heavy mechanical machinery at OMC — Nil

Consolidated fills in confined situation such as under floors. etc. — Nil

OTHER MATERIALS

Manure or sludge — 8%

Moorum, building rubbish Lime and sand — Nil

Stone metal, 40 mm nominal size and above — 7.5%

Coarse aggregate/ stone metal below 40 mm nominal size — Nil
Soling stone/ Boulder 100 mm and above — 15%

Excavated rocks — 50%
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3. EARTHWORK

SCOPE

Earth work shall include furnishing of all labour, material, tools, plants, equipment, instruments
and services for;

Excavation and formation of embankment in all types of soils. It also covers lifting and
transporting excavated material. Suitable material intended for use as backfill shall be placed in
temporary stockpiles. All other excavated material shall be placed in spoil banks. These works
shall be performed and executed by the Contractor in accordance with stipulations and
requirements set forth herein which shall apply except when they are specifically modified in
writing by the Engineer-in-Charge for any particular item. The method of carrying out earthwork
shall be subject to approval of the Engineer-in-Charge in writing.

Fill and backfill using selected excavated material or imported material obtained from approved
sources or by blending the excavated and imported materials.

Before commencement and during the execution of works, the Contractor shall be responsible
for surveys, layout and their maintenance for execution of works according to contract and as
approved by the Engineer-in-Charge-

Compaction of fill and backfill.

CODES AND STANDARDS

The following Codes and Standards shall be followed wherever relevant and as directed by the
Engineer-in-Charge.

ASTM D-1556-74 Test for density of soil in place by the sand cone method.

ASTM D-1557-78 Test for moisture-density relations of soils and soil aggregate moisture using
4.5 Kg rammer and 457 mm drop.

B.S 1377-75 Methods of tests for soils for civil engineering purposes.

CLASSIFICATION OF SOILS
The earthwork shall be classified under the following categories and measured separately for
each category:

SOFT SOIL

It shall include all cutting in sand, silt and those soils which offer no resistance to excavation and
sometime requires shoring when foundation of exact dimensions are required to be excavated
having small angle of repose. Ordinary kassi, shovels or spade can be used for excavation in
such type of soils.

ORDINARY SOIL

It includes cutting in earth which in general can be ploughed, irrespective of the fact whether
picks or “pkawrahs” have been used in actual excavation.

Generally, the ordinary soils comprise of:
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e Spoil or rubbish of every description.

e Earth and sandy loam

e Any other formation into which a shovel can be entered with foot pressure and can be
easily excavated by the application of Kassi, pick or showel.

MURUM AND HARD SOILS
There are the following two types of hard soils:

It includes a stiff and heavy clay soil having specific gravity of 1.5 and above, which can
be dug with repeated blows of kassi or pick axe.

Soil having small percentage, say up to 15, of kankar or boulders which can be dug and
removed along with the soil.

It includes hard murum with high percentage of kankar (More than 15%) or (Less than
20%) which can be individually lifted by hand.

SHINGLE AND GRAVEL/GRAVELLY SOIL

This Includes;

()  Gravel Formation

(I Large Boulders Above 20 Percent Which Can Be Individually Lifted By Hand

(1) Soils which contain more than 50% of larger than 1-2” size particles of gravel and
kankar etc., and is such as can be removed with a spade i.e. is in a semi compact
state and requires more labour to excavate than the soft or hard soil will be
classed as gravelly soil, stretches where gravel may be found in a loose state
which can be picked up by spade or can be easily removed with pick axe as hard
soil will not be classed as gravelly soil but as soil or hard soil as the case may be.

WET SOIL

Wet soil or slush when so composed that it cannot support weight of labourer working in
to the pit and excavated material sticks to the implements used for digging shall be
identified and paid for separately.

ANTIQUITIES AND USEFUL MATERIALS

Any as ancient carvings, relics of antiquity, coins, fossils or other articles of
archaeological value discovered or excavated during progress of work shall be delivered
to the Engineer-in-Charge and shall be the property of the Government.

In case of archaeological monuments are found within the area, the contractor shall take
such measures such as fencing etc. to secure these items as directed by the Engineer-
in-Charge and protect the same properly during execution of works. Payment for
providing fencing etc. shall be made separately.

PROTECTIONS

The Contractor shall so control his operations as to prevent damage to shrubs, which
are to be preserved. Protections may include fence and boards latched to shrubs, to
prevent damage from machine operations. Any damage as a result of Contractor's
operations shall immediately be rectified by the Contractor at his own expense.
Excavation where directed by the Engineer-in-Charge shall be securely barricaded and
provided with proper caution signs, conspicuously displayed during the day and properly
illuminated with red lights and/or written using fluorescent reflective paint during the
night to avoid accident. The Contractor shall take adequate protective measures to see
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that the excavation operations do not damage the adjoining structures or dislocate the
services. Water supply pipes, sluice valve chambers, sewerage pipes, manholes,
drainage pipes and chambers, communication cables, power supply cables etc. met
within the course of excavation shall be properly supported and adequately protected,
so that these services remain functional. However, if any service is damaged during
excavation shall be restored in reasonable time by the Contractor with approval of
Engineer-in-Charge.

Excavation shall not be carried out below the foundation level of the adjacent buildings
until underpinning, shoring etc. is done as per the directions of the Engineer-in-Charge.
Any damages done by the contractor to any existing work shall be made good by him at
his own cost. Existing drains, pipes, culverts, overhead wires, water supply lines and
similar services encountered during the course of execution shall be protected against
damage by the tools and/ or equipment used during the excavation. The contractor shall
not store material or otherwise occupy any part of the site in manner likely to hinder the
operations of such services.

SETTING OUT AND SITE PREPARATION

The Contractor shall set out the Works and shall be responsible for true and perfect
setting out of the same and for correctness of the positions, levels, dimensions and
alignments of all parts thereof. If at any time any error in this respect shall appear the
Contractor shall at his own expense rectify such error, to the satisfaction of the
Engineer-in-Charge.

The bench marks or datum for setting out the Works will be provided by the Engineer-in-
Charge. The Contractor shall however maintain accurate bench marks and survey
monuments so that the lines and levels can be easily checked by the Engineer-in-
Charge.

The Contractor shall perform a joint survey with the Engineer-in-Charge, of the area
where earthwork is required, plot the ground levels on the Drawings and obtain approval
from the Engineer-in-Charge before starting the earthwork.

Before the earthwork is started, the area coming under cutting and filling shall be
cleared of shrubs, rank vegetation, grass, brushwood, trees saplings and removed
directed by Engineer-in-Charge. The roots of trees and saplings shall be removed to a
depth of 60 cm below ground level or 30 cm below formation level or 15 cm below sub
grade level, whichever is lower, and the holes or hollows filled up with the suitable
material as specified by the Engineer-in-Charge, rammed and levelled.

SUBMITTALS
Records of Excavation

Ground elevation shall be taken at specified intervals duly witnessed by the Engineer-in-
Charge immediately after the Contractor has completed the under listed jobs.

Clearing, grubbing including removal of 150 mm top surface soil, cutting and removal of
unwanted trees, stumps and roots of trees complete as per instructions of the Engineer-
in-Charge.
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The layout and levels will constitute the basis for measurements and shall be submitted
for necessary approval to the Engineer-in-Charge prior to commencement of Work.
Prior to cleaning and grubbing natural ground levels should be taken and submitted to
Engineer-in-Charge for the record.

Records of Fill

The Contractor shall submit to the Engineer-in-Charge within 7 days of the completion
of the respective survey work:

Contractor's record of foundation layout and levels taken prior to placement of fill duly
witnessed and signed by the Engineer-in-Charge.

Drawings showing layout plan and sections showing elevations before and after the fill.

Records of Tests

The Contractor shall submit the following to the Engineer-in-Charge for his review and
approval.

Laboratory test results as specified by the Engineer-in-Charge.

Field density test result for compaction, max dry density and relative density.

Methodology

The Contractor shall submit the following to the Engineer-in-Charge for his review and
approval before starting Earthwork. Proposed sources of fill material and samples of
proposed fill. Details of plant, equipment and method of excavation, fill and compaction.
Proposal for dewatering the areas of excavation.

EXCAVATION IN ALL KINDS OF SOILS

EXCAVATION OPERATIONS

All excavation operations manually or by mechanical means shall include excavation
and disposal of the excavated material for canals, drains foundations, buildings
foundations, trenches, basements, water tanks sewers and manholes; including
excavation in hard soils and under water etc. The work shall include of depositing the
excavated materials as specified. The disposal of the excavated material beyond free
lead shall be either stated as a separate item or included with the items of excavation
stating lead. During the excavation the natural drainage of the area shall be maintained.
Excavation shall be done from top to bottom. Undermining or undercutting shall not be
done.

In firm soils, the sides of the excavations shall be kept vertical up to a depth of 2 meters
from the bottom. For greater depths, the excavation profiles shall be widened by
allowing steps of 50 cms on either side after every 2 metres from the bottom.
Alternatively, the excavation can be done so as to give slope of 1:4 (1 horz.: 4 vert.).
Where the soil is soft, lose or slushy, the width of steps shall be suitably increased or
sides sloped or the soil shored up as directed by the Engineer-in-Charge-. It shall be the
responsibility of the contractor to prepare proposals for the stepping, sloping or shoring
as required for excavation for various depths, moreover in case of deep foundation the
proposal shall contain all safety arrangements which will be bear by the contractor at his
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own cost. The work shall be executed only after the proposal is approved by the
Engineer-in-Charge.

The excavation shall be done true to levels, slope, shape and pattern as per drawings
and directed by the Engineer-in-Charge. Only the excavation shown on the drawings or
as approved by the Engineer-in-Charge- shall be measured for payment. No separate
measurement and payment shall be made for excavation, centring, shuttering and for
contractor’s convenience.

For excavation in foundation in trenches and other like areas, the bed of excavations
shall be to the correct level or slope and consolidated by watering and ramming and
other means when necessary. If the excavation is done to a depth greater than that
shown in the drawings unless it is required by the Engineer-in-Charge-, the excess
depth shall be made good by the contractor at his own cost with the concrete of the mix
used for levelling/ bed concrete for foundations. Soft/defective spots at the bed of the
foundations shall be dug out and filled with concrete (to be paid separately) as directed
by the Engineer-in-Charge.

While carrying out the excavation for drain work care shall be taken to cut the side and
bottom to the required shape, slope and gradient. The surface shall then be properly
dressed. If the excavation is done to a depth greater than that shown on the drawing or
as required by the Engineer-in-Charge, the excess depth shall be made good by the
contractor at his own cost with stiff clay puddle at places where the drains are required
to be pitched and with ordinary earth, properly watered and rammed, where the drains
are not required to be pitched. In case the drain is required to be pitched, the back filling
with clay puddle, if required, shall be done simultaneously as the pitching work
proceeds. The brick pitched storm water drains should be avoided as far as possible in
filled-up areas and loose sails.

In all other cases where the excavation is taken deeper by the contractor, it shall be
brought to the required level by the contractor at his own cost by filling in with earth duly
watered, consolidated and rammed. In case the excavation is done wider than that
shown on the drawings or as required by the Engineer-in-Charge, additional filling
wherever required on that account shall be done by the contractor at his own cost.

The excavation shall be done manually or by mechanical means as proposed by the
contractor and approved by Engineer-in-Charge considering feasibility, urgency of work,
availability of labour/mechanical equipment’s construction completion programme and
other factors involved. Contractor shall ensure the safety measures for the workers fully
complying with recognised procedures and state laws.

DISPOSAL OF EXCAVATED MATERIALS

The free lead for disposal of excavated materials where stated in the “Schedule of
Quantities” against various items is the average lead for the disposal of excavated earth
within the site of work. The subsequent disposal of the excavated material where
required shall be either stated as a separate item or included with the item of excavation
stating lead. The actual lead for the disposal of earth beyond free lead shall be
measured for payment appropriately. The excavated earth shall be disposed of at the
locations proposed by the Contactor and approved by the Engineer-in-Charge-. The
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contractor has to take written permission about place of disposal of earth before the
earth is disposed of, from Engineer-in-Charge.

EXCAVATION IN ORDINARY / HARD ROCK

GENERAL

All excavation operations shall include excavation and disposal of the excavated
material as shown on drawings and approved by the Engineer-in-Charge-. In case of
excavation for trenches, basements, water tanks etc. the excavation shall include
disposal of the excavated materials within free lead as specified. The disposal of the
excavated material beyond free lead shall be stated as a separate item unless it is
included with the item of excavation. During excavation, the natural drainage of the area
shall be maintained; Excavation shall be done from top to bottom. Undermining or under
cutting shall not be done.

ORDINARY / SOFT ROCK

The ordinary rock excavation shall be carried out by crowbars, pick axes or pneumatic
drills and blasting operation shall not be generally adopted. Where blasting operations
are not prohibited and it is practicable to resort to blasting for excavation in ordinary
rock, contractor may do so with the permission of the Engineer-in-Charge in writing but
nothing extra shall be paid for this blasting. Blasting shall be done as specified hereof.

If the required excavation is done to a depth greater than that shown in the drawings or
as required by the Engineer-in-Charge, the excess depth shall be made good by the
contractor at his own cost with the concrete of the mix used for levelling/ bed concrete
for foundations. Soft/ defective spots at the bed of foundations shall be dug out and
filled with concrete (to be paid separately) as directed by the Engineer-in-Charge.

In case the excavation is done wider than that shown on the drawings or as required by
the Engineer-in-Charge, filling wherever required on this account shall be done by the
contractor at his own cost. Only the excavation shown on the drawings or as required by
the Engineer-in-Charge shall be measured and recorded for payment except in case of
hard rock, where blasting operations have been resorted to, excavation shall be
measured to the actual levels, provided the Engineer-in-Charge is satisfied that the
contractor has not gone deeper than what was unavoidable.

HARD ROCK

General

Where hard rock is met with and blasting operations are considered necessary, the contractor
shall obtain the approval of the Engineer-in-Charge in writing for resorting to the blasting
operations. Blasting operations shall be done as specified and chiselling and/ or drilling holes
shall be done to obtain correct levels, slopes, shape and pattern of excavation as per the
drawings or as required by the Engineer-in-Charge and nothing extra shall be payable for
chiselling.

The Contractor shall submit in advance a complete plan of the area requiring blasting, estimated
guantity of rock to be blasted, nature of rock, blasting charge required with complete calculations,
sequence of blasting for overall area and for daily operations, safety measures and qualification
and experience of contractor’s staff deputed for the work
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The Contractor shall be fully responsible for all operations and ensure safety of the works,
personnel and adjoining structures/ public property.

Any approval of the Engineer-in-Charge shall not relieve the Contractor of his responsibilities
mentioned herein.

Blasting

Blasting operations shall be carried out under the supervision of a responsible licensed
blasting authorized agent of the contractor (referred as agent), during specified hours as
approved in writing by the Engineer-in-Charge. The agent shall be conversant with the
rules of blasting notified by Government from time to time. All blasting operations shall
be carried out with due regard to safety regulations in force.

Where explosives are used the Contractor shall provide suitable buildings or warehouse
in approved positions for the storage of explosives, which shall be stored in the manner
and quantity approved by the Engineer-in-Charge or as per relative laws of government.
Such storage place shall be accessible only to authorized personnel. They shall be
properly marked, all doors or accesses thereto shall be constructed of materials as
directed by the Engineer-in-Charge and provided with secure locks and all necessary
means for preventing access by unauthorized persons.

The contractor shall be responsible for prevention of any unauthorized issued or
improper use of any explosives. The handling of explosives shall be entrusted only to
experienced and responsible men, to the satisfaction of the Engineer-in-Charge and in
conformity with the statutory regulations.

All procedures and safety precautions for the use of explosives drilling and loading of
explosives drilling and loading of explosives before and after shot firing and disposal of
explosives shall be taken by the contractor in accordance with safety code for blasting
and related drilling operation.

For blasting with dynamite or any other high explosive, the position of all the bore holes
to be drilled shall be marked in circles with white paint. These shall be inspected by the
contractor’s agent. Bore holes shall be of a size that the cartridge can easily pass down.
After the drilling operation, the agent shall inspect the holes to ensure that drilling has
been done only at the marked locations and no extra hole has been drilled. The agent
shall then prepare the necessary charge separately for each bore hole. The bore holes
shall be thoroughly cleaned before a cartridge is inserted. Only cylindrical wooden
tamping rods shall be used for tamping. Metal rods or rods having pointed ends shall
never be used for tamping. One cartridge shall be placed in the bore hole and gently
pressed but not rammed down. Other cartridges shall then be added as may be
required to make up the necessary charge for the bore hole. The top most cartridge
shall be connected to the detonator which shall in turn be connected to the safety fuses
of required length. All fuses shall be cut to the length required before being inserted into
the holes. Joints in fuses shall be avoided. Where joints are unavoidable a semi-circular
nitch shall be cut in one piece of fuse about 2 cm deep from the end and the end of
another piece inserted into the nitch. The two pieces shall then be wrapped together
with string. All joints exposed to dampness shall be wrapped with rubber tape.
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The maximum of eight bore holes shall be loaded and fired at one occasion. The
charges shall be fired successively and not simultaneously. Immediately before firing,
warning shall be given and the agent shall see that all persons have retired to a place of
safety. The safety fuses of the charged holes shall be ignited in the presence of the
agent, who shall see that all the fuses are properly ignited.

Careful count shall be kept by the agent and others of each blast as it explodes. In case
all the charged bore holes have exploded, the agent shall inspect the site soon after the
blast but in case of misfire the agent shall inspect the site after half an hour and mark
red crosses (X) over the holes which have not exploded. During this interval of half an
hour, nobody shall approach the misfired holes. No driller shall work near such bore until
either of the following operations has been done by the agent for the misfired boreholes.

The contractor’'s agent shall very carefully (when the tamping is of damp clay) extract
the tamping with a wooden scraper and withdraw the fuse, primer and detonator. After
this a fresh detonator, primer and fuse shall be placed in the misfired holes and fired, or
the holes shall be cleaned for 30 cm of tamping and its direction ascertained by placing
a stick in the hole. Another hole shall then be drilled 15 cm. away and parallel to it. This
hole shall be charged and fired. The misfired holes shall also explode along with the
new one.

Before leaving the site of work, the agent of one shift shall inform the another agent
relieving him for the next shift, of any case of misfire and each such location shall be
jointly inspected and the action to be taken in the matter shall be explained to the
relieving agent. The Engineer-in-Charge shall also be informed by the agent of all cases
of misfires, their causes and steps taken in that connection.

General Precautions

All drilling and blasting shall be done in such a manner as to bring the excavation as
close as possible to the required cross-section and to disturb as little as possible the
material to be left in place. Blasting by means of drill holes, tunnels, or any other method
shall be performed at the entire risk and responsibility of the Contractor who shall have
no claim to payment for extra work occasioned by breakage outside the approved cross-
sections or dimensions.

The greatest care shall be taken by the Contractor during all blasting operations to
ensure that no injury be done to persons or damage to property or to the finished work.
Shots shall be properly loaded and capped and only a moderate charge shall be used in
each hole. A record of all explosives used, showing locations and amounts, shall be
kept by the Contractor for checking by the Engineer-in-Charge.

Where directed by the Engineer-in-Charge, the Contractor shall provide heavy mesh

blasting mat for protection of persons, property and the work. If necessary, blasting shall
be restricted to time prescribed by the Engineer-in-Charge.
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For the safety of persons red flags shall be prominently displayed around the area
where blasting operations are to be carried out. All the workers at site, except those who
actually ignite the fuse, shall withdraw to a safe distance of at least 200 meters from the
blasting site. Audio warning by blowing whistle shall be given before igniting the fuse.

Blasting work shall be done under careful supervision and trained personnel employed
by the Contractor. Blasting shall not be done within 200 metres of an existing structure,
unless specifically permitted by the Engineer-in-Charge in writing.

Precautions against misfire

The safety fuse shall be cut in an oblique direction with a knife. All saw dust shall be
cleared from inside of the detonator. This can be done by blowing down the detonator
and tapping the open end. No tools shall be inserted into the detonator for this purpose.
If there is water present or if the bore hole is damp, the junction of the fuse and
detonator shall be made water tight by means of tough grease or any other suitable
material.

The detonator shall be inserted into the cartridge so that about one third of the copper
tube is left exposed outside the explosive. The safety fuse just above the detonator shall
be securely tied in position in the cartridge. Water proof fuse only shall be used in the
damp bore hole or when water is present in the bore hole.

If a misfire has been found to be due to defective fuse, detonator or dynamite, the entire
consignment from which the fuse detonator or dynamite was taken shall be got
inspected by the Engineer-in-Charge or his authorized representative before resuming
the blasting or returning the consignment.

EXCAVATION & GRADING OF ROCKS

Excavation Methods for Rock

The Method relates to rock strength and fracture density.

Direct excavation: possible in fractured lock and in all soils; using face shovel, backhoe,
clam shell grab or dragline.

Ripping: needed to break up slightly stronger rock, using tractor-mounted ripper, or
breaking with boom-mounted hydraulic pick (pecker).

Blasting: generally required in stronger, less fractured rock. Rock is loosened in the
ground by undercharged blasting in some quarries: on urban sites can be broken by
hand-held pneumatic drill or by pecker. Massive rock of moderate or high strength
needs to be fractured normally by blasting, where blasting is unacceptable, breaking by
pecker or hydraulic breaker is very slow. shown in the Table given below, the
excavation type and ranges with respect to UCS and Fracture spacing.

Excavation and Strength Properties of Rock

Grade

U.C.S. (unconfined

Material/Rock
Type and name

compressive
strength) MPa

Dry Density
t/m3

Field Properties of Rocks

Work Type

Coal

2-100

1.4

Crumble under blows
break with hammer and
hand

Pick work/
Jumper work
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Dent by finger nail white

Gypsum 20-30 2.2 . Jumper Work.
in color
Show cubical cleavage
Salt 5-20 2.1 ductile deformation in Jumper Work.
stress
Clay 1-4 18 Mold by f_mger, break by Pick work.
(Cretaceous) hammer if compacted.
Musdtone Pick work/
(Carboniferous) 10-50 2.3 Jumper work
Break by hammer :
Il Shale 05-30 2.3 crumble under pick Pick work/
(Carboniferous) ' P Jumper work
blows. Break by hand.
Chalk 05-30 1.8 Jumper Work
(Carboniferous) ' P '
Limestone 50-150 26 Moderately strong rock,
M (carboniferous) ' break by hammer lime Jumper work /
Dolomite 50-150 o5 stone. Blasting work.
Gneiss 50-200 27 Strong break by hammer
) Moderately strong rock,
v Marble 60-200 2.6 break by hammer. Jumper work /
Schist 20-100 2.7 Blasting work
Slate 20-250 2.7 Ripping needs to break.
Sandstone 100-200 26 BIastmg generally Blastllng yvork/
(Greywacke) required. Chiseling
\% Conglomerate variable variable rRelgSilrnegd&}Lf t():g?]t;nn%ed Jumper work /
Weathered 5.40 19 conalomerate Blasting work.
sandstone ' 9 '
Granite 50-350 2.7 Blasting, Chiseling and .
ripping required to break, Blacsr::;lg”vr;/ork/
VI Basalt 100-350 2.9 very strong rocks. Mostly 9
rocks are igneous and
Quartzite 100-350 2.7 metamorphic. Blasting Work.
b) Cut Slopes in Rock

Sound rock can be cut to vertical faces; normally raked back by 10° and benched at 10
m intervals to improve safety. Inclined fractures are main hazard, notably dipping 30-70°
Dips> 50° normally required cutting face back to clean bedding or fracture. Shale beds
may weather and undercut slopes in strong sandstone or limestone. Hillside
excavations may undercut unstable weathered rock, old landslides or soliflucted head.

The Table given below shows tha ranges of stable cutting slopes in rock and soil.

Critical Height, H
Material Cohesion
Un-fissured Fissured
Soft Clay 25 KPa 5m 3m
Firm Clay 50 KPa 10m 6m
Stiff Clay 12 KPa 24 m 15m
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Values for typical fissure depth =z = 1.5 cly

Cut Slopes in Clay

Drainage changes stability over time where face is cut into clay with initial water table
near the surface. Excavation permits stress relief, pore water pressure (pwp)
decreases. Pwp rises to regain equilibrium (drained state); strength and stability
therefore decrease.

Slope ultimately drains (or is artificially drained) to new lower water table; reduced pwp
then increases stability.

Premature failure occurs where stability is due to temporary pore water suction; failure
maybe in minutes or hours so faces are battered back for longer safety. Clay, un-
weathered, may cut to 65° slopes to 8 m high where small slips can be tolerated. Stiff
glacial till may stand close to vertical for some months at less than critical height, so
retaining walls can be built in front. Weep horizons on sand layers’ cause instability.
Lateral stress relief in slopes cut in over-consolidated clay may cause outward

movement. Settlement adjacent to stable cut slope may be 1-2 % of excavation depth.
Slope
(in degree) 20 40 60 80

Strong Igneous Rock

Strong Metamorphics

Stronger Limestones -

Weaker Limestones

Chalks

Stronger Sandstones

Weaker Sandstones

Mudstone

Shales

Heavely Fractured Rock
Weathered Rock and Soil

batter 1‘:3 1‘:2 1‘:1 2‘:1 3‘:1 5‘:1
Fig 1:
Parameters for Stable Cutting Slopes in rocks and Soils

EXCAVATION IN OR UNDER WATER AND /OR LIQUID MUD

GENERAL

Excavation, where water is encountered shall fall in this category. Steady water level in
the trial pits before the commencement of bailing or pumping operations shall be the
sub-soil water level in that area. Planking and strutting or any other protection work
done with the approval of the Engineer-in-Charge- to keep the trenches dry and/or to
save the foundations against damage by corrosion of rise in water levels shall be

3-11



3.10.2

3.10.3

Section-3 [Earthwork]

measured and paid for separately. Bailing or pumping out water, accumulated in
excavation, due to rains is included under respective items of earthwork and is not to be
paid separately. In case item for dewatering is listed in the bid schedule, it will be paid
as lump sum item and will constitute full compensation for all labour, equipment’s, tools
and all other items necessary and incidental to the completion of the work.

CARE OF WATER/ DEWATERING

All water that may accumulate in excavations during the progress of the work from
springs, tidal or river seepage, broken water mains or drains (not due to the negligence
of the contractor), and seepage from subsoil aquifer shall be bailed, pumped out or
otherwise removed by the contractor. The contractor shall take adequate measures for
bailing and/or pumping out water from excavations and/or pumping out water from
excavations and construct diversion channels, bunds, sumps, coffer dams etc. as may b
required. Pumping shall be done directly from the foundations or from a sump outside
the excavation or any other appropriate method proposed by Contractor in advance of
undertaking the work and approved by the Engineer-in-Charge- in such a manner as to
preclude the possibility of movement of water through any fresh concrete or masonry
and washing away parts of concrete or mortar. During laying of concrete or masonry
and for a period of at least 24 hours thereafter, pumping shall be done from a suitable
sump separated from concrete or masonry by effective means.

Capacity and number of pumps, location at which the pumps are to be installed,
pumping hours etc. shall be proposed from time to time by the contractor and approved
by the Engineer-in-Charge.

Pumping shall be done in such a way as not to cause damage to the work or adjoining
property by subsidence etc. Disposal of water shall not cause inconvenience or
nuisance in the area or cause damage to the property and structure nearby. To prevent
slipping of sides, planking and strutting may also be done with the approval of the
Engineer-in-Charge.

The approval by the Engineer-in-Charge of the Method Statement for pumping shall not
relieve the contractor of his responsibility. The applicable extra unit rate for wet and
underwater excavation of earthwork includes full compensation for performance of the
work and no separate payment shall be allowed, in case item for dewatering in not listed
in the bid separately.

MEASUREMENTS

The unit, namely, metre depth shall be the depth measured from the level of foul
position/ sub- soil water level and upto the centre of gravity of the cross sectional area of
excavation actually done in the conditions classified above. Metre depth shall be
reckoned correct to 0.1 m, 0.05 m or more shall be taken as 0.1 m and less than 0.05 m
ignored. The extra percentage rate is applicable in respect of each item but the
measurements shall be limited only to the quantities of earth work actually executed in
the conditions classified.

In case earth work in or under foul position is also in or under water and/or liquid mud,

extra payment shall be admissible only for the earth work actually executed in or under
foul position.
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Pumping or bailing out water met within excavations from the sources specified in above
where envisaged and specifically ordered in writing by the Engineer-in-Charge shall be
measured separately and paid. Quantity of water shall be recorded in kilolitres correct to
two places of decimal. This payment shall be in addition to the payment under
respective items of earthwork and shall be admissible only when pumping or bailing out
water has been specifically ordered by the Engineer-in-Charge in writing.

Planking and strutting or any other protection work done with the approval of the
Engineer-in- Charge to keep the trenches dry and/or to save the foundations against
damage by corrosion of rise in water levels shall be measured and paid for separately.
Bailing or pumping out water, accumulated in excavation, due to rains is
included under respective items of earthwork and is not to be paid separately.

FILLING

3.11.1. GENERAL

3.11.2.

b)

For fillings and embankment construction, the earth from excavation as far as practicable
shall be directly used for filing and no payment for double handling of earth shall be
admissible. All costs shall be deemed to be included in the unit rate for excavation.

The earth used for filling and embankment construction shall be free from all roots,
grass, shrubs, rank vegetation, brushwood, tress, sapling and rubbish. Filling with
excavated earth shall be done in regular horizontal layers each not exceeding 20 cm in
thickness unless otherwise specified or approved by the Engineer-in-Charge-. All lumps
exceeding 8 cm in any direction shall be broken.

Each layer shall be watered and consolidated with steel rammer or ¥z tonne roller. Where
specified, every third and top most layer shall also be consolidated with power roller of
minimum 8 tonnes. Wherever depth of filling exceeds 1.5-meter vibratory power roller
shall be used to consolidate the filing unless otherwise directed by Engineer-in-Charge.
The top and sides of filling shall be neatly dressed. The contractor shall make good all
subsidence and shrinkage in earth fillings, embankments, traverses etc. during execution
and till the completion of work unless otherwise specified.

LARGE SCALE LEVELLING WORK

In case of large scale levelling work involving both cutting and filling, an accurate site
plan shall be prepared before the work is commenced by contractor for approval of the
Engineer-in-Charge. The portions requiring cutting and filling shall then be divided into
squares and corresponding squares into filling, which are complementary to the squares
in cutting giving the same number.

A table may be provided in the plan showing leads involved between the various
complementary squares. This would form a lead chart for the work to be done.

Before the work of levelling is commenced, the lead chart shall be checked in the
presence of the contractor or his authorized representative, and his signatures shall be
obtained on the same. This should form an integral part of the contract and should be
duly signed by both the integral parties before commencement of the work.
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d) The payment for lead shall be based on lead chart prepared in the aforesaid manner.

3.11.3. BORROW SOIL

Materials required for fill and embankment construction not available from excavations
be imported from pre-determined borrow areas approved by the Engineer-in-Charge-
before the start of the work. Wherever feasible, the average lead should be worked out
and stipulated in the tender.

The borrow area shall be stripped carefully of topsoil, sod and other matter unsuitable for
fill. Surface of borrow areas shall be left after completion in a reasonable smooth and
even condition approved by Engineer-in-Charge-.

The initial limits and levels of the area to be filled should be recorded and approved by
Engineer-in-Charge-. The levels should be properly checked during the progress of work
and on completion.

The borrow pits for canals & drains shall comply with the provisions of Clause 3.9.

AASHTO SOIL CLASSIFICATION SYSTEM.
AASHTO Soil Classification System table is as follows

ASSHTO SOIL Classification System

Granular Materials Silt-Clay Materials
G | Cl ificati . . >35% ing 200 Si 0.075
eneral Liassincation 35% or less passing 200 Sieve (0.075 mm) ° passmgmm) leve (
A-1 A-3 A-2 A-4 A-5 A-6 A-7
Group Classification A-1- A-7-5
A-1-a A-2-4 | A-2-5 | A-2-6 | A-2-7
b A-7-6
Sieve Analysis, %
passing
2.00 mm (No. 10) 50 _
max
0.425 mm (No. 40) 30 50 51 _
max max max
0.075 mm (No. 200) 15 25 10 35 35 35 35 3§ 3§ 3§ 3§
max max max max max max max min min min min
Characteristics of
friction passing 0.425
mm (No .40)
Liquid Limit (LL) - - 40 4.1 40 4.1 4.1 40 4.1 40 4.1
max min max min min max min max min
.. 1 1 11 11 1 1 11 11
Plasticity Index (PI) 6 max N.P 0 0 . . 0 0 . .
max max min min max max min min
Usual Types of Stone .
N . Fine . . . .
significant constituent fragments, sand Silty or clayey gravel and sand Silty soils Clayey soils
material gravel and
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sand

General Rating as a

sub-grade

Excellent to Good

Fair to poor

P1 of A-7-5 subgroup is equal to or less than LL-30 ‘

PI of A-7-6 subgroup is greater than LL-30

Soil Classification as per ASTM D-2487-06 (Unified Soil Classification System based)

Criteria for Assigning Group Symbols and Group Names Using Lab

Soil Classification

Test # SGyrrzEEI Group Name
Coarse- Cleans Cu$4andl1l#Cc Well graded gravel
Grained Soils Gravels Gravels #3C cw D ’ ’
Less than 5 % Cu < 4 and/or GP Poorly graded
More than 50 % | .. . c b
of fines. 1>Cc>3 gravel
. Gravels with Fines classify as GM Silty gravel P-FG
coarse fraction .
retained on No. 4 Fines ML or MH -
sieve More than 12 Fines classify as | 1>GC | Clayey gravel P.FG
More than 50 % fines E CLor CH
% Retained Sands Clean Sands Cu$b6and 1# SwW Well graded sand H
on No. Cc #3¢
200 sieve 50 % or more of Less than 5 % Cu < 6 and/or SP Poorly graded
coarse fines'! 1>Cc>3¢ sand"
fraction  passes Sands with Fines classify as SM Silty sand F.GH
No. 4 sieve Fines ML or MH
More than 12 | Fines classify as SC
% Fines CLorCH ’ Clayey sand
Fine Grained Silts and Clays Inorganic Pl > 7 and plots on CL Lean clay KtM
Soils or above “A” line ?
Liquid limit less PI < 4 or plots ML Silt KtM
than 50 below “A” line J
Organic Liquid limit — oven oL Organic clay KtMN
Dried ><0.75
Liquid limit dried oL Organic silt KLM.0
50 % or more Silts & Clays Inorganic Pl plots on or CH Fat clay KtM
passes No above “A” line
200 Sieve Liquid limit 50 or PI plots below “A” MH Elastic silt Kt:M
more line
Organic Liquid limit — oven OH Organic clay XtMP
dried <0.75
Liquid limit- not Organic silt K-M.Q
dried
Highly Primarily organic matter, dark in colour, and organic PT Peat
Organic Soils odour
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A Based on the material passing the 3-in. (75-mm) sieve.
B If field sample contained cobbles or boulders, or both, add “with cobbles or boulders, or both” to group
name.

C Cu=D60/D10 Cc5~D30% (D10 x D60)
D If soil contains $15 % sand, add “with sand” to group name.
E Gravels with 5 to 12 % fines require dual symbols:
GW-GM well-graded gravel with silt
GW-GC well-graded gravel with clay
GP-GM poorly graded gravel with silt
GP-GC poorly graded gravel with clay
F If fines classify as CL-ML, use dual symbol GC-GM, or SC-SM.
G If fines are organic, add “with organic fines” to group name.
H If soil contains $15 % gravel, add “with gravel” to group name.
| Sands with 5 to 12 % fines require dual symbols:
SW-SM well-graded sand with silt
SW-SC well-graded sand with clay
SP-SM poorly graded sand with silt
SP-SC poorly graded sand with clay

J If Atterberg limits plot in hatched area, soil is a CL-ML, silty clay.

K If soil contains 15 to 29 % plus No. 200, add “with sand” or “with gravel,” whichever is predominant.
L If soil contains $30 % plus No. 200, predominantly sand, add “sand ” to group name.

M If soil contains $30 % plus No. 200, predominantly gravel, add “gravelly” to group name.

N PI $ 4 and plots on or above “A” line.

O PI <4 or plots below” A” line. P Pl plots on or above “A” line. Q PI plots below “A” line.
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Plasticity Chart

Some Important Terms as per Unified Soil Classification System Classification of Soil Table
as per ASTM D2487-06
Cobbles—particles of rock that will pass a 12-in. (300-mm) square opening and be retained on a 3-in.
(75-mm) U.S. standard sieve, and
Boulders—particles of rock that will not pass a 12-in. (300-mm) square opening.
Clay—saoil passing a No. 200 (75-um) U.S. standard sieve that can be made to exhibit plasticity (putty-like
proper- ties) within a range of water contents and that exhibits considerable strength when air dry. For
classification, a clay is a fine-grained soil, or the fine-grained portion of a soil, with a plasticity index equal
to or greater than 4, and the plot of plasticity index versus liquid limit falls on or above the “A” line.
Gravel—particles of rock that will pass a 3-in. (75- mm) sieve and be retained on a No. 4 (4.75-mm) U.S.
standard sieve with the following subdivisions:
Coarse—passes 3-in. (75-mm) sieve and retained on 3/4-in. (19-mm) sieve.
Fine—passes 34-in. (19-mm) sieve and retained on No. 4 (4.75-mm) sieve.
Organic Clay—a clay with sufficient organic content to influence the soil properties. For classification, an
organic clay is a soil that would be classified as a clay except that its liquid limit value after oven drying is
less than 75 % of its liquid limit value before oven drying.
Organic Silt—a silt with sufficient organic content to influence the soil properties. For
classification, an organic silt is a soil that would be classified as a silt except that its liquid limit
value after oven drying is less than 75 % of its liquid limit value before oven drying.
Peat—a soil composed of vegetable tissue in various stages of decomposition usually with an
organic odour, a dark-brown to black colour, a spongy consistency, and a texture ranging from
fibrous to amorphous.
Sand—yparticles of rock that will pass a No. 4 (4.75- mm) sieve and be retained on a No. 200
(75-um) U.S. standard sieve with the following subdivisions:
Coarse—passes No. 4 (4.75-mm) sieve and retained on No.10 (2.00-mm) sieve,
Medium—passes No. 10 (2.00-mm) sieve and retained on No. 40 (425-pum) sieve.
Fine—passes No. 40 (425-um) sieve and retained on N0.200 (75-um) sieve.
Silt—soil passing a No. 200 (75-um) U.S. standard sieve that is non-plastic or very slightly plastic and
that exhibits little or no strength when air dry. For classification, a silt is a fine-grained soil, or the fine-
grained portion of a soil, with a plasticity index less than 4 or if the plot of plasticity index versus liquid
limit falls below the “A” line.
Coefficient of Curvature, Cc—the ratio (D30)% (D10 x D60), where D60, D30, and D10 are
the particle sizes corresponding to 60, 30, and 10 % finer on the cumulative particle-size
distribution curve, respectively.
Coefficient of Uniformity, Cu—the ratio D60/D10, whereD60 and D10 are the particle
diameters corresponding to 60 and10 % finer on the cumulative particle-size distribution curve,
respectively.

3.11.4. MEASUREMENTS
The length and breadth of excavation or filling shall be measured with a steel tape

correct to the nearest cm. The depth of cutting or height of filling shall be measured,
correct to 5 mm, by recording levels before the start of the work and after the completion
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of the work. The cubical contents shall be worked out to the nearest two places of
decimal in cubic metres.

In case of open footings up to the depth of 1.5 metres, around excavation of 30 cm.
beyond the outer dimension of footing shall be measured for payment to make
allowances for centering and shuttering. Any additional excavation beyond this limit shall
be at the risk and cost of the contractor and shall not be measured for payment.

In case of open footings/Rafts at a depth of more than 1.5 metre, around excavation of
75 cm shall be measured for payment to make allowance for centering and shuttering.
Additional excavation beyond this limit shall be at the risk and cost of the contractor and
shall not be measured for payment.

In case the ground is fairly uniform and where the site is not required to be levelled, the
Engineer-in-Charge may permit the measurements of depth of cutting or height of filling
with steel tape, correct to the nearest cm. In case of borrow pits, diagonal ridges, cross
ridges or dead-men, the position of which shall be fixed by the Engineer-in-Charge, shall
be left by the contractor to permit accurate measurements being taken with steel tape on
the completion of the work Deduction of such ridges and dead men shall be made from
the measurements unless the same are required to be removed later on and the earth so
removed is utilized in the work. In the latter case nothing extra will be paid for their
removal as subsequent operation.

Where ordinary rock and hard rock is mixed. The measurement of the excavation shall
be made as specified in above. The two kinds of rock shall be stacked separately and
measured in stacks. The net quantity of the two kinds of rocks shall be arrived at by
applying deduction of 50% to allow for voids in stacks. If the sum of net quantity of two
kinds of rocks exceeds the total quantity of the excavated material, then the quantity for
each type of rock shall be worked out from the total quantity in the ratio of net quantities
in stack measurements of the two types of rocks. If in the opinion of the Engineering-in-
charge stacking is not feasible, the quantity of ordinary and hard rock shall be worked
out by means of cross-sectional measurements.

Where soil, ordinary rock and hard rock are mixed, the measurements for the entire
excavation shall be made as specified above. Excavated materials comprising hard rock
and ordinary rock shall be stacked separately, measured, and each reduced by 50% to
allow for voids to arrive at the quantity payable under hard rock and ordinary rock. The
difference between the entire excavation and the sum of the quantities payable under
hard rock and ordinary rock shall be paid for as excavation in ordinary soil or hard soil as
the case may be.

Where it is not possible or convenient to measure the depth of cutting by recording levels
as specified above quantity of excavation shall be worked out from filling. The actual
measurements of the fill shall be calculated by taking levels of the original ground before
start of the work after site clearance and after compaction of the fill as specified and the
guantity of earth work so computed shall be reduced by 10% in case of consolidated fills
and by 5% in case the consolidation is done by heavy mechanical machinery to arrive at
the net quantity of excavation for payment. No such deduction shall, however, be made
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in case of consolidation by heavy mechanical machinery at optimum moisture content, or
when the consolidated filling is in confined situations such as under floors.

3.11.4.1 RECORDING MEASUREMENTS FOR EARTH LEVELLING WORK

a)

b)

Level Books: In case of levelling operations and earthwork, measurements are
required to be recorded in level books in addition to Measurement Books. The Level
Books should be numbered, accounted for and handled like Measurement Books.

Preparatory Works: Before starting the earth work, following steps should be taken:
Original ground levels should be recorded in the Level Book in the presence of the
contractor or his authorized representative and should be signed by him and the
Department Officer who records the levels. All the local mounds and depressions
should be indicated clearly in the drawing and the field Level Book and should be
checked by the Assistant Engineer/Executive Engineer or consultant’s representative
before the levelling work is started.

A suitable baseline should be fixed with permanent masonry pillars at distances not
exceeding

150 metres to provide a permanent reference line for facilitating check work. The
base line (s) should be entered in the Level Book with co-ordinates. These baselines
should be maintained till the final payment for the work has been made.

While recording the levels, it should be ensured that the circuit is closed by taking
final levels of the starting point or any other point, the R.L. of which was previously
determined.

(Plans showing initial levels, location of bench marks and reduced levels, should be
prepared and signed by both the parties and attached to the agreement before
commencement of the work.

3.11.4.2 TEST CHECK OF THE LEVELS

a) Assistant Engineer or consultant’s representative should exercise test check at least
to the extent of 50%, and the Executive Engineer or Resident Engineer of consultant
at least to the extent of 10% where the value of this item of work exceeds 10% of the
tender acceptance power of the Assistant Engineer.

b) The test check of the levels should be carried out independently by each officer, and
the readings should be recorded in the prescribed Level Book in red ink against the
old levels which should be neatly scored out wherever necessary. If the test check
carried out reveals serious mistakes in the original levels, these should be taken or
re-taken and re-checked.

c) The test check carried out by an officer should be as representative as possible for
the entire work done.

d) On completion of work, the levels should again be recorded in the Level Book and
the contractor’s signatures obtained. These levels should also be test checked by
the Assistant Engineer/Executive Engineer or consultant’s representative to the
same extent as indicated above within one month of the date of completion of the

3-20



Section-3 [Earthwork]

earth work, and according to the procedure as laid down in the case of initial levels
as indicated above.

e) The formation levels as per final execution of the work should be compared with the
proposed formation levels and the work got rectified within permissible tolerance.

3.11.4.3 PAYMENT OF LEVELING WORK

b)

Every fourth running bill and the final bill should be paid on the basis of levels.
Intermediate payments can, however, be made on the basis of borrow pit measurements.
The Executive Engineer on Resident Engineer of Consultant should take care that the
guantities thus assessed are not in any case more than the actual work done.

Large Scale Leveling Work

In case of large scale levelling work involving both cutting and filling, an accurate site plan
should be prepared before the work is commenced. The portions requiring cutting and
filling shall then be divided into squares and corresponding squares into filling, which are
complementary to the squares in cutting given the same number.

A table may be written upon the plan showing leads involved between the
various complementary squares. This would form a lead chart for the work to be done.
Before the work of levelling is commenced, the lead chart shall be checked by the
Assistant Engineer in the presence of the contractor or his authorized representative and
his signatures shall be obtained on the same. This should form an integral part of the
contract and should be duly signed by both the integral parties before commencement of
the work. The quantity payable for earthwork shall be lower of the quantity derived from
cutting or filling. The payment for lead shall be based on lead chart prepared in the
aforesaid manner.

Import of Earth

In case of earth to be imported, the area from where the earth is to be imported, should be pre-
determined wherever possible before the start of the work, and wherever feasible, the average
lead should be worked out and stipulated in the tender. After this is determined, initial levels of
the area to be filled should be recorded. The levels should be properly checked during the
progress of work and on completion

3.11.
a)

b)

5. EXCAVATION IN TRENCHES FOR PIPES, CABLES ETC. AND REFILLING
General
This shall comprise excavation to any depth in trenches for pipes, cables etc. and
returning the suitable excavated material to fill the trenches after pipes, cables etc. are
laid and their joints tested and passed, and disposal of surplus excavated material.

Refilling

Filling in trenches shall be commenced soon after the joints of pipes, cables, conduits
etc. have been tested and passed. The space all around the pipes, cables conduits etc.
shall be cleared of all debris, brick bats etc. Where the trenches are excavated in hard/
soft sail, the filling shall be done with earth on the side and top of pipes unless otherwise
approved in layers not exceeding 20cm in depth. Each layer shall be watered, rammed
and consolidated. All clods and lumps of earth exceeding 8cm in any direction shall be
broken or removed before the excavated earth is used for filling. In case of excavation
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trenches in ordinary/ hard rock, the filling up to a depth of 30cm above the crown of pipe,
cable, conduits etc. shall be done with fine material like earth, moorum or pulverized/
decomposed rock according to the availability at site. The remaining filling shall be done
with boulders of size not exceeding 15cm mixed with fine material like decomposed rock,
moorum or earth as available to fill up the voids, watered, rammed and consolidated in
layers not exceeding 30cm. Excavated material containing deleterious material, salt
peter earth etc. shall not be used for filling. Ramming shall be done with iron rammers
where feasible and with blunt ends of crow bars where rammers cannot be used. Special
care shall be taken to ensure that no damage is caused to the pipes, Cables, Conduits
etc. laid in the trenches.

Measurements
Trenches for pipes, cables, conduits etc. shall be measured in running metre correct
to the nearest cm in stages of 1.5 m depth

Where two or more categories of each work are involved due to different classification
of soil within the same stage of trench depth or where the soil is soft loose or slushy
requiring increase in the width of trench or sloping sides or shoring, trenches for
pipes, cables, conduits, etc. shall be measured in cubic metres. Extra excavation, if
any, on account of collar/ socket of pipes shall neither be measured nor paid for
separately.

Planking and Strutting - General

When the depth of trench in soft/loose soil exceeds 2 metres, stepping, sloping and/ or
planking and strutting of sides shall be done. In case of loose and slushy soils, the
depths at which these precautions are to be taken, shall be as approved by the
Engineer-in-Charge according to the nature of soil. Planking and strutting shall be ‘close’
or ‘open’ depending on the nature of soil and the depth of trench. The type of planking
and strutting shall be as proposed by Contractor and approved by the Engineer-in-
Charge. It shall be the responsibility of the Contractor to take all necessary steps to
prevent the sides of trenches from collapse.

Close Planking and Strutting

Close planking and strutting shall be done by completely covering the sides of the trench
generally with short upright, members called ‘poling boards’. These shall be 250x38 mm
in section or as approved by the Engineer-in-Charge-.

The boards shall generally be placed in position vertically in pairs, one board on either
side of cutting. These shall be kept apart by horizontal wallings of strong wood at a
maximum spacing of 1.2 metres cross strutted with ballies, or as directed by Engineer-in-
Charge-. The length and diameter of the ballies strut shall depend upon the width of the
trench.

Where the soil is very soft and loose, the boards shall be placed horizontally against the
sides of the excavation and supported by vertical ‘wallings’ which shall be strutted to
similar timber pieces on the opposite face of the trench. The lowest boards supporting
the sides shall be taken in the ground for a minimum depth of 75 mm. No portion of the
vertical side of the trench shall remain exposed. The withdrawal of the timber members
shall be done very carefully to prevent collapse of the trench. It shall be started at one
end and proceeded systematically to the other end. Concrete or masonry shall not be
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damaged while removing the planks. No claim shall be entertained for any timber which
cannot be withdrawn and is lost or buried, unless required by the Engineer-in-Charge to
be left permanently in position.

e) Open Planking and Strutting
In case of open planking and strutting, the entire surface of the side of the trench is not
required to be covered. The vertical boards 250 mm wide & 38 mm thick, shall be
spaced sufficiently apart to leave unsupported strips of 50cm average width. The
detailed arrangement, sizes of the timber and the distance apart shall be subject to the
approval of the Engineer-in-Charge. In all other respect, specifications for close planking
and strutting shall apply to open planking and strutting.
f) Conversion Factors

Prior to the descriptions of conversions factor for converting loose materials into compact
the following definition of terms is given for understanding the 3 states.
Solid State:- The materials is in its natural state prior to excavation.
Packed State:- This include the materials undergoes spreading, levelling and / or

filled, compacted through any means.
Loose State:- These include the materials undergoes spreading and damping

only or in pile stock state and not in compacted state.
Following table showing the multiplications factor from which a loose state can be
measure into the solid state, it is important to mention that unsuitable soil and any other
organic matter shall be separated from the other excavated soils.

Sr . Multiplication Factor
No In-situ State Soils Rocks Remarks
1 Loose 0.80 0.60 These figures
2 Packed 0.89 0.67 accurate or
3 Solid 1.00 1.00 otherwise, shall be
4 90-100% Modified AASTHO _ binding on all
1.10 Nil .
parties.
3.11.6. FILLING IN PLINTH, UNDER FLOOR ETC.

3.11.6.1 EARTH FILLING

Normally excavated earth from same area shall be used for filling. Earth used for filling
shall be free from shrubs, rank, vegetation, grass, brushwood, stone shingle and
boulders (larger than 75mm in any direction), organic or any other foreign matter. Earth
containing deleterious materials, salt peter earth etc. shall not be used for filling. All clods
and lumps of earth exceeding 8cm in any direction shall be broken or removed before
the earth is used for filling.
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The space around the foundations and drains shall be cleared of all debris, brick bats
etc. The filling unless otherwise specified shall be done in layers not exceeding 20cm in
depth. Each layer shall be watered, rammed and consolidated. Ramming shall be done
with iron rammers where possible and with blunt end of crow bars where rammers
cannot be used. Special care shall be taken to ensure that no damage is caused to the
pipes, drains, masonry or concrete in the trenches. In case of filling under floor, the
finished level of filling shall be kept to the slope intended to be given to the floor.

MEASUREMENTS

Filling Side of Foundations: The cubical contents of bed concrete levelling course and
masonry/concrete in foundations upto the ground level shall be worked out and the same
deducted from the cubical contents of earthwork in excavation for foundations already
measured under the respective item of earth work to arrive at the quantity for filling sides
of foundation. The quantity shall be calculated correct to two places of decimal.

Filling in Plinth and under Floors: Depth of filling shall be the consolidated depth. The
dimensions of filling shall be on the basis of pre-measurement correct to the nearest cm
and cubical content worked out in cubic metres correct to two places of decimal.

3.11.6.2 SAND FILLING IN PLINTH

3.11.7.

3.11.8.

Sand shall be clean and free from dust organic and foreign matter. Sand filling shall be
done in a manner similar to earth filling in plinth specified above except that
consolidation shall be done by flooding with water. The surface of the consolidated sand
filling shall be dressed to the required level or slope and shall not be covered till the
Engineer-in-Charge has inspected and approved the sand filling.

MEASUREMENTS

The length, breadth and depth of consolidated sand shall be measured with steel tape
correct to the nearest cm and cubical contents worked out in cubic metres correct to two
places of decimal.

SITE CLEARANCE

The surface area of the ground to be occupied by all banks, spoils, borrow pits shall be
cleared of all roots, grass, shrubs, brush, trees, fences and such other works as may
either cause hindrance with the execution of works or may decay and form dangerous
pockets.

SURFACE DRESSING

Surface dressing before placement of fill and construction of embankment shall include
cutting and filling upto a depth of 15cm and clearing of shrubs, rank vegetation, grass,
brushwood, trees and saplings of girth upto 30cm measured at a height of one metre
above the ground level and removal of rubbish and other excavated material upto a
distance of 50 metres outside the periphery of the area under surface dressing. High
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portions of the ground shall be cut down and hollows and depressions filled upto the
required level with the excavated earth so as to give an even, neat and tidy look.

a) MEASUREMENTS
Length and breadth of the dressed ground shall be measured correct to the nearest cm
and the area worked out in square metres correct to two places of decimal.

3.11.9. JUNGLE CLEARANCE
Jungle clearance shall comprise uprooting of rank vegetation, grass, brushwood, shrubs,
stumps, trees and saplings of girth upto 2.5 ft. measured at a height of one metre above
the ground level.

3.11.9.1 UPROOTING OF VEGETATION’S

The roots of trees and saplings shall be removed to a depth of 60cm below ground level
or 30cm below formation level or 15cm below sub-grade level, whichever is lower. All
holes or hollows formed due to removal of roots shall be filled up with earth rammed and
levelled. Trees, shrubs, poles, fences, signs, monuments, pipe lines, cable etc., within or
adjacent to the area which are not required to be disturbed during jungle clearance shall
be properly protected by the contractor at his own cost and nothing extra shall be
payable.

3.11.9.2 CLEARANCE OF GRASS
Clearing and grubbing operation involving only the clearance of grass including removal
of rubbish upto a distance of 50m. outside the periphery of the area under clearance
shall not be measured and paid for separately. Its costs shall be deemed to be included
in the unit rate for earthwork.

3.11.9.3 MEASUREMENTS
The length and breadth shall be measured correct to the nearest cm and area worked
out in square metres correct to two places of decimal.

3.11.10 FELLING TREES

While clearing jungle, growth trees above 30cm girth (measured at a height of one metre
above ground level) to be cut, shall be approved by the Engineer-in-Charge- and then
marked at site. Felling trees shall include taking out roots upto 60 cm below ground level
or 30 cm below formation level or 15 cm below sub-grade level, whichever is lower. All
excavation below general ground level arising out of the removal of trees, stumps etc.
shall be filled with suitable material in 20cm layers and compacted thoroughly so that the
surfaces at these points conform to the surrounding area. The trunks and branches of
trees shall be cleared of limbs and tops and cut into suitable pieces as directed by the
Engineer-in-Charge-.

3.11.11 STACKING AND DISPOSAL
All useful materials obtained from clearing and grubbing operation shall be stacked in the
manner as directed by the Engineer-in-Charge. Trunks and branches of trees shall be
cleared of limbs and tops and stacked neatly at places indicated by the Engineer-in-
Charge. The materials shall be the property of the Government. All unserviceable
materials which in the opinion of the Engineer-in-Charge cannot be used or auctioned
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shall be removed up to a distance of 50 ft. outside the periphery of the area under
clearance. It shall be ensured by the contractor that unserviceable materials are
disposed of in such a manner that there is no likelihood of getting mixed up with the
materials meant for construction.

3.11.11.1 MEASUREMENTS

Cutting of trees above 30 cm in girth (measured at a height of one metre above level) shall
be measured in numbers

3.11.12 OTHER PHYSICAL OBSTRUCTIONS

3.12.
3.12.1

b)

d)

3.12.2

3.12.3

Other physical obstructions like structures, fencing appearing on ground shall be cleared
and accounted as approved by the Engineer-in-Charge.

EMBANKMENT CONSTRUCTION

MATERIAL REQUIREMENTS

Material for embankment shall consist of suitable material excavated under the foregoing
items 105 and 107 and approved by the Engineer-in-Charge. Borrow material however,
shall be used when is no suitable material available from the roadway or form structural
excavation. Wet excavated material that will be suitable when dry and if approved by the
Engineer-in-Charge shall first be allowed to dry before being placed in the embankment.
The material under this Section shall conform to the following specification.

The Contractor shall use AASHTO Class A-1, A-2, A-3, A-4 soil as specified in AASHTO
M 145 or other material as defined in AASHTO Soil Classification System Table given
before.

The material for embankment, except the top thirty (30cm), shall have a minimum
soaked CBR value of five (5) % unless otherwise stated on the Drawings. The CBR shall
be determined in accordance with AASHTO T 193 at a maximum dry density,
corresponding to required compaction of the embankment and under a minimum
surcharge load of 4.5 kg. for top thirty (30) cm, however, the CBR shall not be less than
eight (8) % determined as above at ninety-five (95) % laboratory maximum dry density
determined by AASHTO T-180 method. The swalling recorded during 96 hours soaking
should not exceed 2%.

In case sandy material (P.l < 4) is used for embankment formation, it shall be properly
confined with a material having plasticity index value from four (4) to (10) as approved by
the Engineer-in-Charge.

In area subject to flood and prolonged inundation of the embankment

MEASUREMENTS
All measurement and payments shall be made in accordance with 3.11.4

SOURCE OF FILL MATERIAL

The fill material for construction of embankment shall comply with the provisions of
Clause 3.8 and the work shall be carried out as shown on drawings and approved by the
Engineer-in-Charge-.

3-26



3.12.4

3.12.5

Section-3 [Earthwork]

If sufficient suitable materials are not available from the required excavations to construct
the embankment, diversion, coffer dams, backfill and other earthwork construction
shown on the approved drawings or directed in writing by the Engineer-in-Charge,
suitable materials shall be excavated from borrow-pits located in specified areas
approved by the Engineer-in-Charge.

In case sandy material is used for embankment formation, it shall be properly confined
with cohesive material to the extent, as approved by the Engineer-in-Charge- but with no
extra payment. Sandy material shall not be used on slopes of embankment.

Borrow pits shall be located so that the nearest edge of the pit is at least thirty (30)
meters from the roadway toe of slope unless otherwise directed by the Engineer-in-
Charge.

In case of flood and marginal banks, earth shall be obtained from borrow pits on the river
side of the banks. No borrow pit shall be excavated on the land side of the bank, unless
permitted by the Engineer-in-Charge- in writing depending upon the depth of borrow pits
and height of embankment. However, the minimum berm width between the toe of the
bank and the edge of the borrow pits on the river side shall be 15 metres and that
between the toe of the bank and the edge of the borrow pits on the land side 25 metres.
Guide-banks shall be constructed from material obtained from excavation for laying
stone aprons and further borrow pits excavated if necessary, according to the directions
of the Engineer-in-Charge.

FOUNDATION PREPARATION & LAYOUT OF EMBANKMENTS

The foundations of the embankment shall be ploughed to a depth of 15 to 25cm. All
clods shall be broken into fine earth and the area roughly levelled. The surface shall then
be well watered before the earth work is started. Before commencement of filling the
centre and toe lines of the embankment shall be marked by pegs driven into the ground
at 15 metres intervals and by continuous nicking (das belling) to indicate the limits of the
construction. Bamboo and string profiles shall be erected at every 60 metres interval in
straight reaches and 15 metres apart in curved portions.

FILL PLACEMENT FOR EMBANKMENT COMPACTION

3.12.5.1 FILL PLACEMENT

Embankment material shall be laid in 20cm layers which shall be continuous and parallel
to the finished grade. The placing of earth fill shall be done in the full width of
embankment including slopes, and the section of formation shall be kept slightly sloping
away from the centre to avoid pools of water forming due to rain. The height of filling in
different sections shall be uniform as far as possible. All clods shall be broken while the
earth is being placed. Organic matter of any kind shall be removed and disposed of as
directed by the Engineer-in-Charge. Joining of old and new embankments shall be done
by stepping in an overall slope of about 1 to 5. Each layer of earth shall be adequately
watered to aid compaction. The specified compaction shall be achieved by using
appropriate compaction equipment as approved by the Engineer-in-Charge.

If the material delivered for fill is too wet it shall be dried by aeration and exposure to the
sun, till the moisture content is acceptable for compaction. The embankment if required
shall be rolled with roller of minimum 1/2 tonne weight, not less than 5 times and further
if required till it gets evenly and densely consolidated with wooden or steel rammers of 7
to 10 kg weight having a base of 20 cm square or 20 cm diameter. The labour for
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a)

b)

c)
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ramming shall be at-least one rammer to six diggers. Every third layer of earth and the
top most layer shall be well consolidated with a power roller of minimum 8 tonnes weight,
rolled not less than 5 times, till the soil behaves as an elastic material and gets
compressed only elastically under the load of roller.

DRESSING

The embankment shall be dressed neatly as per designed section and grade, after it has
been completed and thoroughly consolidated. The top and slopes shall be protected
from any damage and maintained, till the work is completed and handed over to the
Engineer-in-Charge.

MEASUREMENTS
All measurement and payments shall be made in accordance with 3.11.4

EMBANKMENT COMPACTION

GENERAL

The Compaction of the embankment may be required at specified relative density
according to ASTM D 1556 at optimum moisture content or otherwise compaction as
required.

EMBANKMENT CONSTRUCTION (UNDER OPTIMUM MOISTURE CONDITIONS)
General

The optimum moisture contents for specified density shall be determined by contractor
in laboratory in advance of start of construction.

The optimum moisture contents for specified density shall be determined by contractor
in laboratory in advance of start of construction. Control on compaction in the field shall
be exercised through frequent moisture content and density determinations. A
systematic record of these shall be maintained. At all times during construction the top
of the embankment shall be maintained in a profile to shed water and prevent pounding.

Density Measurement and Acceptance Criteria

Measurement of density shall be made for each 500 sq.m of compacted area or for a
smaller area as decided by the Engineer-in-Charge. Each measurement shall consist of
at least 5 density determinations and the average of these 5 determinations shall be
treated as the field density achieved.

In general, the control at the top 40 cm thickness of the formation shall be stricter with
density measurements being done at the rate of one measurement for 250 sq.m. of
compacted area. Further for the determination of the mean density the number of tests
in one measurement shall not be less than 10 and the work will be accepted if the mean
dry density equals or exceeds the specified density.

When density measurements reveal any soft areas in the embankment, the Engineer-in-
Charge shall direct that these be compacted further. If in spite of that the specified
compaction is not achieved the material in the soft areas shall be removed and replaced
by approved materials and compacted as specified to the satisfaction of the Engineer-
in-Charge .

Control Tests on Borrow Material
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Soil suitable for consolidation under O.M.C. conditions should preferably have the
following characteristics:

a) | Minimum percentage of clay 10%
b) | Liquid limit 14%
c) Plasticity index (ASTM D-4318) 4%
d) | Percentage of silt should not exceed 5%
e) | Peat, muck and organic soils are unsuitable Nil

The Engineer-in-Charge may, however, relax these requirements taking into account
availability of materials, cost of transportation and other relevant factors. Various test
required to be conducted on the borrow material with their recommended frequency are
indicated below. All the test need not be stipulated on every project. Depending upon
site condition etc. only some may be found necessary at a particular project. The
frequency of testing indicated refers generally to the minimum number of tests to be
conducted. The rate of testing must be stepped up as found necessary depending upon
the variability of the materials and compaction methods employed at a project.

I Gradation:
At least one test for each kind of soil. Usual rate of testing shall be 1 to 2 tests per 8000
cum of soil.

. Plasticity:
At least one test for each kind of soil. Usual rate of testing shall be 1 to 2 tests per 8000
cum of soil.

iil. Proctor Tests:
At the rate of 1 to 2 tests per 8000 cum of soil.

iv. Deleterious Contents:
As required.
V. Moisture contents:

One test for every 250 Cu. M. of sail.

3.12.6.3 EMBANKMENT CONSTRUCTION (WITHOUT OPTIMUM MOISTURE CONDITIONS)

Materials used in embankments shall be earth moorum, gravel, a mixture of these or
any other material approved by the Engineer-in-Charge. Such materials shall be free of
logs, stumps, roots, rubbish or any other ingredient likely to deteriorate or affect the
stability of the embankment. The work shall be so planned and executed that the best
available materials are saved for the top portion of the embankment. Highly expansive
clays exhibiting marked swell and shrinkage properties may be deposited only at the
bottom of the embankment and no such material shall be placed nor permitted to remain
in the top 500 mm portion of the embankment below the sub-grade.

3.12.6.4 EMBANKMENT AROUND STRUCTURES
To avoid interference with the construction of abutments, wing walls or return walls of
culvert/bridge structure, the contractor shall at points to be determined by the Engineer-
in-Charge suspend work on embankments forming approaches to such structures, until
such time as the construction of the latter are sufficiently advanced to permit the
completion of approaches without the risk of interference of damage to the bridge works.
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Unless directed otherwise, the filling around culverts, bridges and other structures upto
a distance of twice the height of the embankment shall not be done. The fill material
shall not be placed against any abutment or wing wall unless permission has been given
by the Engineer-in-Charge but in any case, not until the concrete or masonry has been
in position for 14 days. The embankment shall be brought up simultaneously in equal
layers on each side of the structure to avoid displacement and unequal pressure. The
sequence of work in this regard shall be got approved from the Engineer-in-Charge.
Where the provision of any filter medium is specified behind the abutment, the same
shall be laid in layers simultaneously with the laying of fill material. The material used for
filter material shall conform to the requirements for filter medium as specified. Payment
for providing filter material shall be made separately under relevant items.

Where it may be impracticable to use power roller or other heavy equipment,
compaction shall be carried out by mechanical tempers or other methods approved by
the Engineer-in-Charge. Care shall be taken to see that the compaction equipment’s
does not hit or come too close to any structural member so as to cause any damage to
it.

EARTHWORK FOR WIDENING EXISTING ROAD EMBANKMENT

Embankment

When an existing embankment is to be widened and its slope is steeper than 4:1
continuous horizontal benches each at least 0.3-metre-wide, shall be cut into the old
slope for ensuring adequate bond with the fresh embankment material to be added. The
material obtained from cutting of benches could be utilised in the widening of the
embankment. However, when the existing slope against which the fresh material is to be
placed is flatter than 4:1 the slope surface may only be ploughed or scarified instead of
resorting to benching.

Where the width of the widened portion is insufficient to permit the use of standard
rollers compaction shall be carried out with the help of sheep’s foot roller mechanical
tampers or other approved equipment. End dumping of material from trucks for widening
operations shall be avoided except in difficult circumstances when the extra width is too
narrow to permit the movement of any other type of hauling equipment.

Cutting

Where the formation level of the road is lower than the ground level, cutting shall be
done up to formation level. Side slopes except in rock cutting shall be evenly and truly
dressed.

Disposal of Surplus Earth

Earth from cutting shall be utilised for filling in embankment as directed by the Engineer-
in-Charge. Earth not required for embankment shall be disposed of as directed by the
Engineer-in-Charge. The area where the surplus earth is disposed of shall be levelled
and neatly dressed. The surplus earth is disposed of beyond free lead shall be paid as
provided.

Measurements
All measurement and payments shall be made in accordance with 3.11.4
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EARTHWORK BY MECHANICAL MEANS

Earth work by mechanical means involves careful planning keeping in view site
conditions i.e. type of soil, nature of excavation, distances through which excavated soil
is to be transported and working space available for employing these machines. The
earth moving equipment should be accordingly selected.

The contractor shall submit for approval of the Engineer-in-Charge his detailed Method
statement for carrying out the work. The approval of Method statement by the Engineer-
in-Charge shall not relieve the contractor for carrying out the work according to Contract
Agreement as approved by the Engineer-in-Charge. The earth moving equipment
consists of excavating and transporting equipment. Excavating equipment’s may be
further classified as excavators and tractor based equipment’s. The major items which
may be used in Construction are listed below.

3.12.8.1 MEASUREMENTS

All measurement and payments shall be made in accordance with 3.11.4

3.12.8.2 EXCAVATORS

a)

b)

d)

Excavators generally used at site are as follows:

Dipper—shovel

It is used for excavating against a face or bank consisting of open-top bucket or dipper
with a bottom opening door, fixed to an arm or dipper stick which slides and pivots on
the jib of the crane. It is suitable for excavating all clay chalk and friable materials and
for handling rock and stone. However, it is not suitable for surface excavation for which
a skimmer is used.

Backhoe

It is similar to face shovel except that the dipper stick pivots on the end of the jib and the
dipper or bucket works towards the chassis and normally has no bottom door but is
emptied by swinging away from the chassis to invert the bucket. It may be designed to
carry both a front—-mounted bucket and a rear mounted backhoe. It is mainly used to
excavate trenches and occasionally used for the excavation of open areas such as
small basements.

In the backhoe mode the bucket lifts, swings and discharges materials while the
undercarriage is stationary. When used in the ‘loader mode the machine loads or
excavated through forward motion of the machine, and lifts, transports and discharges
materials.

Skimmer

This arrangement is similar to the face shovel except that in this case the bucket slides
on rollers directly along the jib and thus has a more restricted movement. It is used for
surface excavation and levelling in conjunction with transport to haul away the
excavated material.

Dragline

It is usually fitted with a long slender boom or jib and the bucket, which in operation
faces towards the machine and has no door, is supported by cable only as on a crane.
It works from the side of the excavation at normal ground level and is used for
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excavating large open excavations such as basements when the depth is beyond the
limit of the boom of a backhoe. It is commonly used for open cast mining operations.

Clamshell
It comprises two hinged half-buckets or jaws pivoted to a frame which is suspended by
cable from a long jib of an excavation. The grab is used for deep excavations of limited
area on all types of soil except rock. Crane and Grab is a variant of this type of
equipment.

TRACTOR BASED EQUIPMENT

It is a self-propelled crawler or wheeled machine used to exert a push or pull force
through mounted equipment. It is designed either as attachments to normal tracked or
wheeled tractors or as machines in which the earth moving attachments and the tractor
are designed as a single integrated unit. A tractor, which is hydraulically operated, can
be rigged as:

Loaders

It is used for loading, light dozing, scraping and grabbing operations, lifting and
transporting the materials (loose earth, rubble, sand, gravel aggregate etc.) at various
sites through forward motion of the machine.

Tractor Shovel

This consists of a tipping bucket at the front attached by strong pivoted arms or booms
to the frame of the machine. It is used for stripping top soil, excavating against a face,
bulldozing and for loading spoil or loose materials. It is similar to crawler dipper-shovel.

Trench Digger
It operates on the same principle as a backhoe excavator except that the bucket is
controlled by hydraulic rams instead of cables and pulleys.

Scraper

Scrapers provide unique capability to excavate, load, haul and dump materials.
Scrapers are available in various capacities by a number of manufacturers with options
such as self — loading with elevators, twin engines or push-pull capability. They are cost
effective where the haul distance is too long for bulldozers, yet too short for trucks. This
distance typically ranges from 120 m. to 1200 m. however, the economics should be
evaluated for each project. Scraper has an open bowl with a cutting edge positioned
between the axles, which cuts, loads, transports, discharges and spreads through
forward motion of the machine. Loading through forward motion of the machine can be
assisted by a powered mechanism (elevator) fixed to the scraper bowl.

Bulldozer and Angle-dozer

The most common equipment used for clearing and levelling activities is a bulldozer.
The term bulldozer is used to define a tractor mounted with a dozing blade. The
bulldozer consists of a rectangular steel blade with renewable cutting edge set at right
angles (capable of only tilting but not angling) to the direction of travel and attached by
steel arms to the side frames of a crawler tractor. It may be used for excavating natural
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soil or for moving loose soil or debris, which is pushed forward as the tractor forces it
ahead. Angle dozer is capable of both tilting and angling.

TRANSPORTING EQUIPMENT

This implies horizontal movement primarily but it can involve some vertical movement
too.

Dumpers

These are self-propelled wheeled machines, having an open body. It is designed for
the transport of excavated materials and consists of a shallow tipping hopper or skip
mounted on a wheeled chassis, such as, power barrow, dumper, multi-skip dumpers,
high discharge dumpers, dump truck, etc. These can be rear dump, side dump or
bottom dump

Trolley.

It is designed for the transport of Construction material and are highly used for carrying
materials and dust from place to place. These trolleys are of two types, Single wheel
and Double wheel, and are easily available in Pakistan.

3.13 ANTI-TERMITE TREATMENT

3.13.1

Sub-terrane a termites are responsible for most of the termite damage in buildings.
Typically, they form nests or colonies underground. In the soil near ground level in a
stump or other suitable piece of timber in a conical or dome shaped mound. The
termites find access to the super-structure of the building either through the timber
buried in the ground or by means of mud shelter tubes constructed over unprotected
foundations.

Termite control in existing as well as new building structures is very important as the
damage likely to be caused by the termites to wooden members of building and other
household article like furniture, clothing, stationery etc. is considerable. Anti-termite
treatment can be either during the time of construction i.e. pre-constructional chemical
treatment or after the building has been constructed i.e. treatment for existing building.
Prevention of the termite from reaching the super-structure of the building and its
contents can be achieved by creating a chemical barrier between the ground, from
where the termites come and other contents of the building which may form food for the
termites. This is achieved by treating the soil beneath the building and around the
foundation with a suitable insecticide.

MATERIALS
Chemicals:
Any one of the following chemicals in water emulsion to achieve the percentage
concentration specified against each chemical shall be used:

a.  Chlorphriphos emulsifiable concentrate of 20%

b. Lindal emulsifiable concentrate of 20%
Anti-termite treatment chemical is available in concentrated form in the market and
concentration is indicated on the sealed containers. To achieve the specified
percentage of concentration, Chemical should be diluted with water in required quantity
before it is used. Graduated containers shall be used for dilution of chemical with water
in the required proportion to achieve the desired percentage of concentration. For
example, to dilute chemical of 20% concentration, 19 parts of water shall be added to
one part of chemical for achieving 1% concentration.
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Engineer-in-Charge shall procure the chemical of required concentration in sealed
original containers directly from the reputed and authorized dealers, chemical shall be
kept in the custody of the Engineer-in-Charge or his authorized representatives and
issued for use to meet the day’s requirements. Empty containers after washing and
concentrated chemical left unused at the end of the day’s work shall be returned to the
Engineer-in-Charge or his authorized representative.

MEASUREMENTS
Concentrated chemical in sealed containers shall be measured in litres. Chemicals of
different types and concentration shall be measured separately.

SAFETY PRECAUTIONS

Chemical used for anti-termite treatment are insecticides with a persistent action and
are highly poisonous. This chemical can have an adverse effect upon health when
absorbed through the skin, inhaled as vapours or spray mists or swallowed.

The containers having emulsifiable concentrates shall be clearly labelled and kept
securely closed in stores so that children or pet cannot get at them. Storage and mixing
of concentrates shall not be done near any fire source or flame. Persons carrying out
chemical soil treatments should familiarize themselves and exercise due care when
handling the chemicals whether in concentrated or in diluted form. After handling the
concentrates or dilute emulsion, worker shall wash themselves with soap and water and
wear clean clothing especially before eating and smoking. In the event of severe
contamination, clothing shall be removed at once and the skin washed with soap and
water. If chemical has splashed into the eyes, they shall be flushed with plenty of soap
and water and immediate medical attention shall be sought.

The use of chemical shall be avoided where there is any risk of wells or other water
supplies becoming contaminated.

3.13.3 ANTI-TERMITE TREATMENT -CONSTRUCTIONAL MEASURES

The construction measures specified below should be adopted for protection against
subterranean termites originating both internally from within the plinth and externally
from the area surrounding the building.

Earth free from roots, dead leaves, or other organic matter shall be placed and
compacted in successive horizontal layers of loose material not more than 200 mm
thick. Dry brick shall be inserted at last 50 mm in brick masonry for providing apron
floor around the periphery.

3.13.4 TREATMENT FOR EXISTING BUILDING (POST CONSTRUCTION TREATMENT)
3.13.4.1 CHEMICALS

Any one of the following chemicals conforming to international Standards in water
emulsion may be used for soil treatment in order to protect a building from termite
attack.

Chemical with Percent Concentration by weight
(Active Ingredient)

Chlorpyrfos 20 EC 1.0

Lindane 20 EC 1.0
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These chemicals are available in concentrated form in the market and concentration is
indicated on the sealed containers. To achieve the specified percentage of
concentration, chemicals should be diluted with water in required quantity before it is
used. Graduated containers shall be used for dilution of chemicals with water in the
required proportion to achieve the desired percentage of concentration. For example, to
dilute chemical of 20% concentration, 19 parts of water shall be added to one part of
chemical for achieving 1% concentration. Oil or kerosene based solution of chlorpyrifos
20 EC or Lindane 20 EC, 1.0 percent (by weight) concentration is useful for treatment of
wood. Engineer-in-Charge shall procure the chemical of required concentration in
sealed original containers directly from the reputed and authorized representative.
Chemical shall be kept in the custody of the Engineer-in-Charge or his authorized
representatives and issued for use to meet the day’s requirements. Empty containers
after washing and concentrated chemical left unused at the end of the day’s work shall
be returned to the Engineer-in-Charge- or his authorized representative.

3.13.4.2 MEASUREMENTS

Concentrated chemical in sealed containers shall be measured in litres. Chemicals of
different types and concentration shall be measured separately.

3.13.5 SAFETY PRECAUTIONS
3.13.5.1 TREATMENT

Once the termites have an ingress into the building, they keep on multiplying and
destroy the wooden and cellulosic materials, and as such it becomes essential to take
measures for protection against termites. Anti-termite measures described below are
necessary for the eradication and control of termites in existing building. To facilitate
proper penetrations of chemical in to the surface to be treated, hand operated pressure
pump shall be used. To have proper check for uniform penetration of chemical,
graduated containers shall be used. Proper check should be kept so that the specified
quantity of chemical is used for the required area during the operation. Chemical
treatment for the eradication and control of subterranean termites in existing building
shall be done. Treatment shall be got done only from the approved specialized
agencies using the chemical procured directly by the Engineer-in-Charge from reputed
and authorized dealers.

Treatment along outside of foundations

The soil in contact with the external wall of the building shall be treated with chemical
emulsion at the rate of 7.5 litres per square metre of vertical surface of the sub-structure
to a depth of 300 mm. To facilitate this treatment, a shallow channel shall be excavated
along and close to the wall face. The chemical emulsion shall be directed towards the
wall at 1.75 litres per running metre of the channel. Rodding with 12 mm. diameter mild
steel rods at 150 mm apart shall be done in the channel. If necessary, for uniform
dispersal of the chemical to 300 mm depth from the ground level. The balance chemical
of 0.5 litre per running metre shall then be used to treat the backfill earth as it is returned
to the channel directing the spray towards the wall surface.

If there is a concrete or masonry apron around the building, approximately 12 mm

diameter holes shall be drilled as close as possible to the plinth wall about 300 mm
apart, deep enough to reach the soil below and the chemical emulsion pumped into
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these holes to soak the soil below at the rate of 2.25 litres per linear metre. In soils
which do not allow percolation of chemicals to desired depth, the uniform disposal of the
chemical to a depth of 300 mm shall be obtained by suitably modifying the mode of
treatment depending on site condition.

In case of RCC foundations the soil (backfill) in contact with the column sides and plinth
beams along with external perimeter of the building shall be treated with chemical
emulsion at the rate of7.5 litres/sg.m. of the vertical surface of the structure. To facilitate
this treatment, trenches shall be excavated equal to the width of the shovel exposing the
sides of the column and plinth beams upto a depth of 300 mm or upto the bottom of the
plinth beams, if this level is less than 300 mm. The chemical emulsion shall be sprayed
on the backfill earth as it is returned into the trench directing the spray against the
concrete surface of the beam or column as the case may be.

Treatment of Soil under Floors
The points where the termites are likely to seek entry through the floor are the cracks at
the following locations:

a. At the junction of the floor and walls as result of shrinkage of the concrete;

b On the floor surface owing to construction defects;

c. At construction joints in a concrete floor, cracks in sections; and

d Expansion joints in the floor.

Chemical treatment shall be provided in the plinth area of ground floor of the structure,
wherever such cracks are noticed by drilling 12 mm holes at the junction of floor and
walls along the cracks on the floor and along the construction and expansion joints at
the interval of 300 mm to reach the soil below. Chemical emulsion shall be squirted into
these holes using a hand operated pressure pump to soak the soil below until refusal or
upto a maximum of one litre per hole. The holes shall then be sealed properly with
cement mortar 1:2 (1 cement: 2 coarse sand) finished to match the existing floors. The
cement mortar applied shall be cured for at least 10 days as per instruction of Engineer-
in-Charge.

Treatment of Voids in Masonry

The movement of termites through the masonry wall may be arrested by drilling holes in
masonry wall at plinth level and squirting chemical emulsions into the holes to soak the
masonry. The holes shall be drilled at an angle of 45 degrees from both sides of the
plinth wall at 300 mm intervals and emulsion squirted through these holes to soak the
masonry using a hand operated pump. This treatment shall also be extended to
internal walls having foundations in the soil. Holes shall also be drilled at wall corners
and where door and window frames are embedded in the masonry or floor at ground.
Emulsion shall be squirted through the holes till refusal or to a maximum of one litre per
hole. Care shall be taken to seal the holes after the treatment.

Treatment at Points of Contact of Wood Work

The wood work which has already been damaged beyond repairs by termites shall be
replaced. The new timber shall be dipped or liberally brushed at least twice with
chemical in oil or kerosene. All existing wood work in the building which is in contact
with the floor or walls and which is infested by termites, shall be treated by spraying at
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the points of contacts with the adjoining masonry with the chemical emulsion by drilling
6 mm holes at a downward angle of about 45 degrees at junction of wood work and
masonry and squirting chemical emulsion into these holes till refusal or to a maximum of
half a litre per hole. The treated holes shall then be sealed.

Infested wood work in chowkats, shelves, joints, purlins etc., in contact with the floor or
the walls shall be provided with protective treatment by drilling holes of about 3mm
diameter with a downward slant to the core of the wood work on the inconspicuous
surface of the frame. These holes should be at least 150 mm centre to centre and
should cover in entire frame work. Chemicals shall be liberally infused in these holes. If
the wood is not protected by paint or varnish two coats of the chemicals shall be given
on all the surfaces and crevices adjoining the masonry.

MEASUREMENTS

All dimensions shall be measured correct to a cm. The measurements shall be made of
the surface actually provided with anti-termite treatment. Measurements shall be done
separately for treatment of foundations, soils under floors, voids in masonry and wood
work as detailed below:

Treatment along outside of foundations: The measurements shall be made in
running metres taking length along the plinth of the building.

Treatment of soil under floors: The measurements shall be made in square metres,
inside clear dimensions of rooms, verandah etc. shall be taken.

Treatment of voids in masonry: The measurements shall be made in running metres
along the plinth of the building.

Treatment of wood work: The measurements shall be made in running metres for
chowkhats, joints, purlins, beams etc.

3.14 MEASUREMENT AND PAYMENT
3.14.1 LABOUR RATE

The measurement and payment for the items of the work of Earthwork hereof shall be
made corresponding to applicable CSR item as provided in Contract Agreement and
shall constitute full compensation for procurement transportation, performance in all
respects and completion of work as specified including site clearance, as approved by
the Engineer-in-Charge except the cost of materials to be provided by Department at
designated location as defined in the Contract Agreement.

3.15 GLOSSARY

a)

b)

c)

Burjis:

Short pillars of brick/ stone having top surface finished with cement plaster for marking
etc.

Formation or Profile:

Final shape of the ground after excavation or filling up.

Lead:
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d)

f)
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All distances shall be measured over the shortest practical route and not necessarily the
route actually taken. Route other than shortest practical route may be considered in
cases of unavoidable circumstances and approved by Engineer-in-Charge-in-charge
along with reasons in writing.

Lead distance:
It shall mean the shortest possible horizontal route between the centre of gravity of the
material excavated and centre of gravity of the material finally placed

Lift:
The vertical distance for removal with reference to the ground level.

Safety Rules:
Safety rules as laid down by the statutory authority shall be followed.

3-38



4.1

4.2

4.3

4.4

4.5

TABLE OF CONTENTS

DISMANTLING (DEMOLITION)

SCOPE

DISCONTINUITY AND DIVERSION OF UTILITY SERVICES

SERVICEABLE AND UNSERVICEABLE MATERIALS

PRECAUTIONS

MEASURES TO BE ADOPTED FOR DEMOLITION OF CERTAIN ELEMENT OF STRUCTURES

4.4.1.

4.4.2.

4.4.3.

4.4.4.

4.4.5.

4.4.6.

Roof Trusses

Heavy Floor Beams

Jack Arches

Brick Arches

Cantilevers (Not part of a Framed Structure)

In-situ Reinforced Concrete

WASTE HANDLING

45.1.

45.2.

4.5.3.

45.4.

45.5.

4.5.6.

45.7.

4.6

4.6.1.

4.6.2.

4.7.

4.7.1.

4.7.2.

4.7.3.

4.7.4.

4.8.

4.8.1.

Chutes

Debris Recycling

Dust Minimization

Debris Accumulation

Debris Disposal & Management System
Debris Loading

Waste Management
WRECKING BALL

General

Recommended Criteria

OTHER METHOD

Non Explosive Demolition Agent
Non Explosive Demolition Agent
Demolition by Pusher Arm
Demlotion by Wire Rope Pulling
MEASUREMENT & PAYMENT

Composite Rate

4-0



4.8.2.

Labour Rate

Chapter- 4 [Demolition]

4-1

13



4.0

4.1

4.2

4.3

Chapter- 4 [Demolition]

4. DISMANTLING (DEMOLITION)

SCOPE

The work shall comprise dismantling/demolishing whole or part of work including all relevant
items consisting of but not limited to stone work, brick work, concrete, floorings, roofing and
metal work structural steel roofs, trusses as specified and or shown on the drawings.

Only such work or part of works which are designated on the Drawings or by the Engineer to
be removed shall be included in the work to be done under these specifications.

When approved by the Engineer, the contractor shall remove the dismantled/demolished
works required to be removed and clear the site, as specified or directed by the Engineer.

DISCONTINUITY AND DIVERSION OF UTILITY SERVICES

Before the commencement of dismantling works, the Contractor shall be responsible to
ensure that all the utility services including water supply, electric supply, gas supply,
telephone connection and sewerage have been cutoff / discontinued. Wherever, directed by
Engineer-in-Charge the Contractor shall also divert these services and install the same as
per written instruction of the Engineer-in-Charge.

SERVICEABLE AND UNSERVICEABLE MATERIALS

Upon written instructions of Engineer-in-Charge, the Contractor shall make a list of all such
items which in opinion of Engineer-in-Charge can be re-used. The Contractor shall take
such measures to protect these materials / items from damage during dismantling process.
The Contractor shall provide labour and other arrangements to properly stack / store such
items safely until handed over to the Engineer-in-Charge.

All unserviceable materials, rubbish etc. shall be disposed off as directed by the Engineer-
in-Charge.

PRECAUTIONS

a) Before commencement of dismantling/demolition, the Contractor shall prepare and
submit his proposals and program for proceeding with the work for approval of the
Engineer-in-Charge. Generally, the Contractor will be permitted to demolish the
structures only through approved means, Blasting can be permitted only where
specified by written approval of the Engineer-in-charge provided the necessary
precautions are taken to protect the Works, public and private property and all
persons in the vicinity of the Works.

b) The work should generally be performed in reverse order of the one in which the
structure was constructed. Necessary propping, shoring and or under pinning shall
be provided to ensure the safety of the workers, adjoining work or property before
dismantling and demolishing is taken up and the work shall be carried out in such a
way that no damage is caused to the adjoining work or property. Temporary
enclosures or partitions and necessary scaffolding wherever specified shall also be
provided, as directed by the Engineer-in-Charge.

C) Necessary steps/ precautions should be taken to keep noise and dust nuisance to a
minimum. If specified or directed by the Engineer-in-Charge, the Contractor shall
provide, erect and remove screens of canvas or other suitable material to minimize
the nuisance from dust and shall provide for watering as the work of demolition
proceeds. The Contractor shall ensure provision of all human safety items and its
use at site including helmets, goggle, safety belts etc. All materials which are likely to
be damaged by dropping from a height or by demolishing roofs, masonry etc. shall
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be carefully removed first and lowered using appropriate methods. Chisels and
cutters may be used carefully as directed. The dismantled articles should be
removed manually or lowered to the ground and then properly stacked as directed by
the Engineer-in-Charge.

d) No demolition work should be carried out at night especially when the building or
structure to be demolished is in an inhabited area. Screens shall be placed where
necessary to prevent injuries due to falling pieces. Water may be used to reduce
dust while tearing down plaster from brick work. Safety belts shall be used by
labourers while working at higher level to prevent falling from the structure. First-aid
equipment shall be got available at all demolition works of any magnitude.

MEASURES TO BE ADOPTED FOR DEMOLITION OF CERTAIN ELEMENT OF
STRUCTURES

ROOF TRUSSES

The roof structure should be removed to wall plate level manually. Sufficient purloins and
bracing should be retained to ensure stability of the remaining roof trusses while each
individual truss is removed progressively. Temporary bracing should be introduced, where
necessary, to maintain stability. The end frame opposite to the end where dismantling is
commenced, should be independently and securely guyed in both directions before
commencement of work. The bottom tie of roof trusses should not be cut until the principal
rafters are prevented from making outward movement.

HEAVY FLOOR BEAMS
Heavy bulks of timber and steel beams should be supported before cutting at the farthest
point and should then be lowered to a safe working place.

JACK ARCHES

Where tie rods are present between main supporting beams, these should not be cut until
the arch or series of arches in the floor have been removed. Due care should be exercised
and full examination of this type of structure undertaken before demolition is commenced.
The floor should be demolished in strips parallel to the span of the arch. rings (at right
angles to the main floor beams).

BRICK ARCHES

Full time supervision should be given by experienced persons fully conversant in the type of
work to ensure that the structure is stable at all times. Dead loads as much as possible may
be removed provided it does not interfere with the stability of the main arch rings but it
should be noted that the load-carrying capacity of many old arches relies on the filling
between the spandrels. The restraining influence of the abutments should not be removed
before the dead load of the spandrel fill and the arch rings are removed.

Special temporary support shall be provided in the case of skew bridges. A single span arch
can be demolished by hand by cutting narrow segments progressively from each springing
parallel to the span of the arch until the width of the arch has been reduced to a minimum
which can then be collapsed. Where it is impossible to allow debris to fall to the ground
below, centering designed to carry the load should be erected and the arch demolished
progressively. The design of the centering should make appropriate allowance for impact.

Where deliberate collapse is feasible the crown may be broken by the demolition ball
method working progressively from edges to the centre. Collapse of the structure can be
effected in one action by the use of explosives. Charges should be inserted into boreholes
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drilled in both arch and abutments. This method is the most effective for demolition of tall
viaducts.

In multi-span arches before individual spans are removed, lateral restraint should be
provided at the springing level. Demolition may then proceed as for a single span care being
taken to demolish the spandrels down to the springing line as the work proceeds. Where
explosives are used it is preferable to ensure the collapse of the whole structure in one
operation to prevent the chance of leaving unstable portions standing.

CANTILEVERS (NOT PART OF A FRAMED STRUCTURE)

A cantilever type of construction depends on the super imposed structure for its stability.
Canopies, cornices, staircases and balconies should be demolished or supported before the
tailing down load is removed.

IN-SITU REINFORCED CONCRETE

Before commencing demolition, the nature and condition of the concrete, the condition and
position of reinforcement, and the possibility of lack of continuity of reinforcement should be
ascertained. Attention should be paid to the principles of the structural design to determine
which parts of the structure depend on each other to maintain overall stability. Demolition
should be commenced by removing partitions and external non-load bearing cladding. It
should be noted that in some buildings the frame may rely on the panel walls for stability.
Where hard demolition methods are to be used, the following procedures should be
adopted.

a) Reinforced Concrete Beams

For beams, a supporting rope should be attached to the beam. The concrete should
than be removed from both ends by pneumatic drill and the reinforcement exposed. The
reinforcement should then be cut in such a manner so as to allow the beam to be
lowered under control to the floor.

b) Reinforced Concrete Columns

In case of columns, the reinforcement should be exposed at the base after restraining
wire guy ropes have been placed around the member at the top. The reinforcement
should then be cut in such a manner so as to allow the column to be pulled down to the
floor under control.

¢) Reinforced Concrete Walls

Reinforced concrete walls should be cut into strips and demolished.

WASTE HANDLING

CHUTES

Debris waste and other materials shall not be thrown, tipped or shot down from a height
where they are liable to cause injury to any person on or near the site.

Existing lift shaft, light well and openings on floor may be used to convey debris down the
building floors. Areas adjacent to the openings of these features used as a chute shall be
barricaded when they are not in use. Warning signs shall be posted to prevent workers
from entering the area. As an option, plastic chutes may be used inside the floor openings
and lift wells to minimize noise and confine the falling debris.
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Lift Shaft

Lift shaft may be used to convey debris inside the building. The openings to the elevator
shall be adequately enclosed to prevent spilling out of debris.

Light Well
All the glass windows in the light well shall be taken out or protected before using the light
well for conveyance of debris in order to minimize any dangerous situation.

Opening on Floor

Openings on the floor may be used to convey debris. If openings are created on the floor,
the total openings shall be less than 25% of the total aggregate floor area. Each opening
shall not be larger than 900 mm x 900 mm unless otherwise substantiated with standard
justifications with regard to the safety of the remaining structure and minimizing the
possible risks arising from the impact force induced. Openings shall not cut through
structural support elements that may affect the stability of any structural components.

Exterior Chutes

No demolition materials shall be allowed to fall freely outside the building unless it is
confined within a chute. If exterior chutes are used, adequate clear spaces shall be
provided for their operation. Temporary refuse chutes, assembled from old metal barrels
shall not be used. The chutes shall not cause any obstruction to the public. A dust barrier
shall be provided if the chute outlet is near public access. The chute shall be designed and
constructed with adequate strength and support to allow safe conveyance of debris.

DEBRIS RECYCLING

Better site management and practice would not only prevent the mixing of the inert portion
together with the non-inert portion of construction and demolition waste, but could also
facilitate and allow on site sorting, and separation at source of construction and demolition
waste.

The method of ‘selective demolition’ should be adopted as far as practicable. It involves
demolition and removal of wastes of the same category one at a time. The goal is to
facilitate recycling of wastes for beneficial reuse, thus minimizing the burden on municipal
landfills and public filling areas. In general, domestic wastes such as furniture, household
appliances, etc., metal components such as window frames, pipes, etc., timber components
such as doors, wooden floors, etc., other wastes such as tiles, asphaltic materials, ceramic
products should be removed first. Most of these materials may be recycled. The building
demolition shall begin after all the above non-structural materials have been stripped and
removed.

The sequence of demolition shall be planned to allow the separation and sorting of building
materials.

Concrete and/or brick debris shall be broken down into smaller sizes and separated from
reinforced steel for disposal.

Concrete debris may be pulverized into aggregate size and used for temporary haul roads,
fill materials or aggregates for concrete. Old bricks may be salvaged for reuse as
architectural features or other uses.

Broken concrete may be disposed of at construction and demolition

(C&D) materials recycling facilities for processing into recycle

products and aggregates for beneficial reuse. In the event that broken concrete is mixed
with some other wastes, broken concrete should be sorted out on site from the mixture of
wastes, before disposal at a C&D materials recycling facilities. As regards the way for
facilitating the recycling of broken concrete, Authorized Persons / Registered Structural
Engineers may seek advice from Civil Engineering and Development Department during the
planning stage for demolition.
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DUST MINIMIZATION

To prevent dust generation during the debris hauling, water spraying shall be applied during
the hauling process. However, the Registered Specialist Contractor (Demolition) shall
ensure proper control of water supply and floor drainage system in order to avoid flooding
which is a nuisance and may cause overloading of floors.

DEBRIS ACCUMULATION

In general, the debris accumulation on the floors is not allowed unless the debris
accumulation is justified by engineering calculations. Debris shall not accumulate against
the hoarding or external wall. Excessive accumulation of debris may cause overloading
condition and may induce lateral loading on the walls and shall be avoided. The propping
design shall include the debris loading.

DEBRIS DISPOSAL AND MANAGEMENT SYSTEM
The debris disposal plans shall generally consist of following details:

a) Method of handling demolished building debris.

b) The routing and movement of debris from each floor to on grade holding area
prior to leaving the site;

c) Means of transportation of debris off site.

d) Time and frequency of debris disposal off site.

e) Record scheme on the tonnage of each truck load, truck licence plate, driver's
name, trip tickets and location of dump site.

f) The site supervisory personnel responsible for the debris disposal.

DEBRIS LOADING
In the case when loaders and trucks have to work, the following conditions shall be
considered:

a) The route of loaders and trucks shall be checked to avoid conflict with temporary
propping supports.

b) The working headroom shall be checked, any local strengthening to suit removal of
mezzanine floor or first floor beams shall be properly designed.

¢) Loading of the debris shall conform to the Code of Practice for the Loading of
Vehicles by the Transport Department.

WASTE MANAGEMENT

On-site sorting of surplus construction and demolition (C&D) material is strongly
recommended so that inert material can be disposed of at public filing areas as far as
practicable, and the remaining C&D waste disposed of at landfills. Care shall be taken for
delivering waste disposal to public filling areas require that material to be disposed of at
public filling areas must comprise only earth, building debris, broken rock and concrete.
Such materials shall be free from marine mud, household refuse, plastic, metal, industrial
and chemical waste, animal and vegetable matter and other matter considered unsuitable.
Small quantities of timber mixed with otherwise suitable material may be permitted.

All construction and demolition materials arising from or in connection with demolition work
shall be sorted on-site and be separated into different groups for disposal at landfills, public
filling areas, or recycling as appropriate.

WRECKING BALL
GENERAL

The wrecking ball application consists of a crane equipped with a steel ball. The destruction
of the building is by the impact energy of the steel ball suspended from the crawler crane.
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The wrecking ball operates outside the building. This method is suitable for dilapidated
buildings, silos and other industrial facilities. However, the operation requires substantial
clear space. The application also demands high level skill operators and well-maintained
equipment.

4.6.2. RECOMMENDED CRITERIA

a)

b)

Vi.

Vii.

viil.

Xi.

Xii.

d)

e)

f)

The recommended criteria for the use of wrecking ball are presented in the following:

Except for special application, the balling of each section of the structure shall proceed
from top to bottom. Care shall be taken to maintain the stability of the structure;
Recommended techniques for the wrecking ball operations include:

Vertical Drop - free falling of the wrecking ball onto the structure.

The boom angle when balling should not be more than 60 degrees to the horizontal.
The top of the boom should not be less than three meters above the wall being
knocked down.

Any other building nearer than a distance equal to half the height of the building being
demolished is in danger.

Keep the public well away from balling operations.

Keep employees clear of the demolition area and make sure that the area is clear
each time demolitions resume after break.

Remember that the shocks from a building being knocked down can be felt in any
attached building. Avoid damage to attached buildings by detaching them: hand
demolition is necessary for this.

When a building is being demolished by ball and crane, the crane should provide for
sufficient drop height and the ball should be of sufficient weight to enable suitable
force to pass through all floors levels of the building.

Avoid build-up of debris on floors and against walls.

A heavy-duty swivel joint must be provided between the ball and the end of the crane
rope.

Check the ball, swivel, rope and the rigging hourly.

Note the location of all overhead power lines and be aware of these when turning the
crane from the normal work face.

Swing in line - swinging of the ball in-line with the jib. A second dragline will normally
connect to the ball horizontally to control the ball motion. The ball shall be swung into
the building. The ball shall strike at the top of the member so as to avoid the member
from falling outside the building

Slewing the jib is not recommended. The motion of the ball by slewing the jib is
difficult to control. It demands expert knowledge of the machine and structure as well
as operating skills to safely perform the task. Slewing can potentially induce a
tremendous amount of stress on the jib, as such, its use shall be avoided.

The jib or boom shall be operated with no less than 3 m above the portion of the structure
being demolished.

Clear space for operation between the crane and the structure being demolished shall be
50% of the height of structure, the clear distance between the site boundary and the
building to be demolished shall not be less than 50% of the building height plus an
additional 6 m for the crane to man oeuvre, these criteria shall apply to all sides of the
building to be demolished by wrecking ball.

The demolition ball shall be connected with swivel type anti-spin device to prevent twisting
and tangling of the wire during operation.

The wire and boom of the machine used for balling shall have a rated capacity, at the
working radius, of at least 5 times the weight of the ball.
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g) The strength of the wire shall be at least twice the tensile strength of the nominal steel
reinforcement of the floor slab and beams. The high strength wire allows the pullout of the
wrecking ball from potential traps.

4.7. OTHER METHOD

4.7.1. NON EXPLOSIVE DEMOLITION AGENT

Non Explosive Demolition Agent (NEDA) is a static demolition agent. When the reaction
takes place in a confined drill hole, the NEDA generates an expansive pressure to crack and
break concrete and stone.

The NEDA is a suitable application in a restrictive environment where noise, flying debris
and vibration are less tolerated. A drilling pattern shall first be designed. For large projects,
test breaking shall be performed. The NEDA shall be mixed with water to form a slurry and
immediately placed into the pre-drilled holes. The loading intensity and water content shall
be controlled to optimize the expansive pressure and prevent blow-out of the NEDA. The
breaking effect of NEDA is relatively small comparing to explosives. Secondary efforts are
required to further break down and remove the debris by mechanical means.

NEDA may be used on foundation works, pile caps or structures that are fully supported.
When used in rock, NEDA should be contained within strong, flexible, impermeable bags to
prevent uncontrolled entry into rock joints.

4.7.2. SAW CUTTING

Saw cutting is suitable for alteration and additional works where accuracy in the cutting is
important and the tolerance to noise and vibration is very limited. It can be used to cut
concrete slabs and wall elements into segments. An entire building may be dismantled by
saw cutting. Saw cutting generally includes conventional disc saw and chain saw,
diamond core stitch drilling and wire saw.

a) Wire Saw Cutting

Wire saw cutting comprises a special steel wire often impregnated with diamond
beads to increase its cutting ability. The wire saw method is a suitable application
for projects that require precision and total control of demolition work. A hole shall
first be pre-drilled for the passage of the diamond wire, the wire cutting operation
follows. Because of its flexibility, it may be used for “hard to reach” areas. A
diamond wire saw may also be applied in cutting off piling of marine structures and
bridges.

b) Diamond Core Stitch Drilling

Diamond core stitch drilling may be adopted to cut concrete elements by
continuously coring a set of holes to carve up the concrete structure. The
thickness of the concrete to be cut depends on the depth of the drilling or coring
equipment. Diamond core stitch drilling is particularly suitable in the removal of
existing pile cap for construction of large diameter bored pile foundation.

c) Management of Process Water
The sawing and drilling operations require large amounts of water to cool down the
blade which cuts through the concrete at high speed. Provision shall be made to
provide a water source for the operation and for the disposal of the cooling water.

4.7.3. DEMOLITION BY PUSHER ARM
Hydraulically- operated excavators and loaders can be fitted with various attachments for
demolition work. Excavator buckets, boom- mounted hydraulic percussion breakers and
pusher arm equipment have been successfully used with these machines.
The main advantage pf such machine are that they are extremely mobile, have a high
output, and are able to work on vertical faces and floors above standing level. Their

4-8



4.7.4.

4.8.

Chapter- 4 [Demolition]

disadvantage are that the machine need adequate access, a firm and relatively flat base to
work from, and can only work within the reach of their booms. To operate these machine
efficiently, the length of boom when fully extended should be at least 1.5 meters above the
height of the building being demolished.

The pusher arm method is not suitable for large buildings of confined sites, but it is good for
masonry infill structure. The building is pushed over in stage by a horizontal force from the
machine. An arm is fitted to the lower boom instead of a bucket. The arm is extended
forward against the facing wall and force of the excavator pressing forward provides the
push.

When using this method, always take the following precautions:
i. Ensure that the site has been secured safely to prevent unintentional entry by

unauthorized personal during demolition.

ii. Work from outside the building, never let anyone enter the building while plant is
wrecking the building.

iii. Be sure that the operator has been trained in the work, or is being instructed by a
trained person.

iv. Use hand demolition to get the building to a level where pushing can start.

V. Separate the building from any attached buildings using hand methods.

Vi. Make sure that debris does not build up too high against the wall: this may push the
wall onto the machine.
Vii. If terraces (ramping) of debris are used to enable the machine and its pusher arm to

gain height, ensure that the terraces are well-consolidated and the machine can be
maintained level during operation.

DEMOLITION BY WIRE ROPE PULLING

This method is a form of deliberate collapse. Cables and wire ropes are fixed to key
structural members, then pulled down by tractors or winches. It is suitable for detached
buildings where there is plenty of surrounding room. The method can be used for timber-
framed buildings, bridges, bricks, masonry or steel chimneys, and for spires and masts

When using this method, always take the followings precautions:

i. Use wire ropes od at least 16 mm in diameter, and check them regularly. Wire ropes
must have a factor of safety of 6.
ii. Anchor the machine securely, and set it so that the rope is flatter than 1 inch.
iii. Do not let anyone stand between the tractor and the building, or beside the rope.
iv. Have a full ROPS AND FOPS canopy on the tractor to protect the operator from
broken ropes and falling objects.
V. Never let anyone enter the building while pulling is in progress.

Vi. Ensure the ropes are properly secured before commencing the pull.

Vii. Ensure that the pulling ropes are kept clear of overhead power lines, especially
when taking up the rope slack.

viil. Remember that pylons and masts can twist as they are pulled. If the legs are

different lengths, the pylon could fall at right angles to the pull.

MEASUREMENT AND PAYMENT

All work shall be measured net in the decimal system, as fixed in its place, subject
to the following limits, unless otherwise stated hereinafter. Dimensions shall be
measured correct to a cm. Areas shall be worked out in sgm correct to two places
of decimal. Cubical contents shall be worked out to the nearest 0.01 cum.
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Parts of work required to be dismantled and those required to be demolished shall
be measured separately. Measurements of all work except hidden work shall be
taken before demolition or dismantling and no allowance for increase in bulk shall
be allowed. Specifications for deduction for voids, openings etc. shall be on the
same basis as that adopted for new construction of the work. Work executed in the
following conditions shall be measured separately.

i. Work in or under water and/or liquid mud
ii. Work in or under foul position.

ROOFS

i. Roof coverings generally including battens boarding, mats or other
subsidiary supports shall be measured in square metres except lead sheet
roof covering which shall be measured in Kgs and stone slab roof covering
which shall be measured in cubic metres.

il. Ridges, hips and valleys shall be girthed and included with the roof area.
Corrugated or semi corrugated surfaces shall be measured flat and not
girthed.

iil. Mud phuska on roofs shall be measured in cubic metres.

iv. Lead sheets in roofs shall be measured in kgs and hips, valleys, flashings,
lining to gutter etc. shall be included in this weight.

V. R.B. or R.C.C. roofs shall be measured as specified in 4.14.

Vi. Supporting members, such as rafters, purlins, beams joists, trusses etc. of

wood shall be measured in cubic metres and steel or iron sections, in kgs.
CEILING

The stripping of ceilings shall be measured in square metres.

Dismantling of supporting joists, beams, etc. shall be measured in cubic
metres or in kgs as specified in 4.8.1(vi).

Height above floor level, if it exceeds 3.5 m shall be paid for separately.

FLOORING AND PAVINGS

Dismantling of floors (except concrete and brick floors) shall be measured in
square metres. Supports such as joints, beams etc. if any shall be measured as
per 4.8.1(vi). Concrete and bricks paving shall be measured as per 4.8.4.

CONCRETE AND BRICK ROOFS AND SUSPENDED FLOORS

Demolition of floors and roofs of concrete or brick shall be measured in cubic
metres. Beams cantilevers or other subsidiary supports of similar materials, shall
be included in the item. In measuring thickness of roofs provide with water
proofing treatments, the thickness of water proofing treatment shall be ignored.

WALLS AND PIERS
i. Taking down walls and independent piers or columns of brick, stone or
concrete shall be measured, in cubic metres. All copings, corbels, cornices
and other projections shall be included with the wall measurements.
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ii.  In measuring thickness of plastered walls, the thickness of plaster shall be
ignored.

iii. Ashlar face stones, dressed stone work, pre-cast concrete articles, etc. if
required to be taken down intact shall be so stated and measured
separately in cubic metres.

iv.  Cleaning bricks stacking for measurements including all extra handling and
removal and disposing off the rubbish as stated shall be enumerated in
thousand of cleaned bricks.

v. Cleaning stone obtained from demolished/dismantling stone masonry of
any description including ashlar facing dressed stone work, stone slabs or
flagging and pre-cast concrete blocks including all extra handling and
disposing off the rubbish as stated shall be measured in cubic metres of
cleaned stone.

vi.  Honey comb works or cavity walls of bricks stone or concrete shall be
measured as solid.

REINFORCED CONCRETE AND BRICK WORK

Reinforced concrete structures and reinforced brick roofs and walls shall be
measured in cubic metres and if reinforcement is required to be salvaged, it shall
be so stated. Where reinforcement is required to be separated, scraped and
cleaned, the work shall be measured separately in quintal of salvaged steel.

PARTITIONS WORK ETC.

Partitions or light walls, of lath and plaster, trellis work, expanded metal, thin
concrete or terracota slabs and other similar materials including frame work if any
shall be measured in square metres stating the over all thickness.

WOOD WORK

All wood work including karries average 40 sq cm or over in section, shall be
measured in cubic metres, while that under 40 sg cm in section, in running metres.
Ballies shall be measured in running metres.

Boarding including wooden chajjas and sun shades along with supports shall be
measured in square metres in its plane.

STEEL AND IRON WORK
(i)  All steel and iron work shall be measured in quintals. The weight shall be
computed from standard tables unless the actual weight can readily be

determined.

(i) Riveted work, where rivets are required to be cut, shall be measured
separately.

(i)  Marking of structural steel required to be re-erected shall be measured
separately.

(iv) In framed steel items, the weight or any covering material or filling such as
iron sheets and expanded metal shall be included in the weight of the main
article unless such covering is not ordered to be taken out separately.
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DOORS AND WINDOWS

Dismantling of doors, windows, ventilators etc. (wood, metal or plastic) whether
done separately or along with removal of wall by making recess in the wall shall be
enumerated. Those exceeding 3 sqm each in area shall be measured separately.
The item shall include removal of chowkhats architraves, holdfasts and other
attachments. If only shutters are to be taken out it shall be measured separately.

PIPES AND SEWER LINES

I. Water pipe lines including rain water pipes with clamps and specials, sewer
lines (salt glazed ware or concrete) etc. shall be described by their diameter
and length measured in running metres inclusive of joints.

ii. If the joints, special and fittings etc. are required to be separated, it shall be
so stated and enumerated.

iil. Pucca drains shall be measured under relevant items.

iv. Valve cistern, public fountain platform, fire hydrants, etc. shall be
enumerated.

V. Manholes and inspection chambers shall be enumerated stating the size
and depth of manhole/inspection chamber. They shall be classified into
different groups depending upon the depth, in unit of half and one metre
depth. The depth of the manhole shall be the distance between the top of
manhole cover and invert level of the drain.

Vi. Ventilating shafts, gully traps, flushing cisterns and other appurtenant items
of work shall be enumerated.

POSTS OR STRUTS
Posts or struts (wood, steel or RCC) section including taking out embedded portion
shall be measured in running metres.

FENCING WIRE MESH
Wire mesh fencing of any type with frame shall be measured in square metres.

GLAZING

Taking out any portion of serviceable glass except polished plate, from old sashes,
skylights, etc. (any thickness, weight or size) raking out old putty, etc. shall be
measured in square metres.

Irregular circular panes shall be measured as rectangle or square enveloping the
same. The width and height being measured correct to the nearest 0.5 cm.

ROAD WORK

0] Different types of road surfaces shall be measured separately.

(ii) Road surfaces metalling or soling (base) shall be measured in square
metres.

(i) Concrete paving shall be measured as in 4.8.3 or 4.8.4 as the case may be.

COMPOSITE RATE
The measurement and payment for the items of the work of Dismantling hereof shall be
made corresponding to the applicable CSR items as provided in Contract Agreement and
shall constitute full compensation, for procurement, transportation, performance in all
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respects and completion of work as specified including the site clearance as approved by
the Engineer-in-Charge.

LABOUR RATE
The accepted quantities measured as provided above shall be paid for at the Contract unit
price respectively for the items shown in Bill of Quantities, which price and payment shall
constitute full compensation for dismantling, removal and disposal of material as directed by
the Engineer.

The measurement and payment for the items of the work of Dismantling hereof shall be
made corresponding to applicable CSR item as provided in Contract Agreement and shall
constitute full compensation for procurement transportation, performance in all respects and
completion of work as specified including site clearance, as approved by the Engineer-in-
Charge except the cost of materials to be provided by Department at designated location as
defined in the Contract Agreement.
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5. PLAIN AND REINFORCED CONCRETE

SCOPE

The work shall include furnishing of all labour, materials, plant, equipment, accessories and
services as required to complete the concrete items as shown on the drawings, specified
herein and/or as directed by the Engineer-in-Charge. The materials herein specified shall be
proportioned, mixed, formed and placed in accordance with the herein stated requirements.
The stipulations and requirements herein set forth shall apply except when such stipulations
and requirements are specifically modified by the Engineer-in-Charge for any particular item
of work.

The Contractor shall submit method statement before starting of concreting operations. The
method statement shall provide the procedures and resources planned to be employed for
completion of construction and maintenance of work as specified.

CLASSIFICATION OF CONCRETE
In order to meet the strength and durability of the requirements, the concrete is divided into
the following categories in the context of this Baluchistan Schedule Rates

VOLUMETRIC PROPORTION (CEMENT: SAND: AGGREGATE)

1:.1:2

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
course aggregate, fine aggregate and water. The concrete having Volumatic proportions of
1:1:2 (1 Cement: 1 Fine Aggregate: 2 Coarse Aggregate). Nominal 28 days Cylinder
Compressive Strength of such concrete is 28 MPa (4000 psi). However, it may vary
depending on physical and chemical properties of aggregates.

1:1.5:3

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
course aggregate, fine aggregate and water. The concrete having Volumatic proportions of
1:1.5:3 (1 Cement: 1.5 Sand : 3 Aggregate). Nominal 28 days Cylinder Compressive Strength
of such concrete is 21 MPa (3000 psi). However, it may vary depending on physical and
chemical properties of aggregates. It shall be used for structural members (RCC slabs,
beams, columns, walls, partitions etc) or any other structural work where such strength is
specified by the designer.

1:2:4

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
course aggregate, fine aggregate and water. The concrete having Volumatic proportions of
1:2:4 (1 Cement : 2 Sand : 4 Aggregate). Nominal 28 days Cylinder Compressive Strength of
such concrete is 16.5 MPa (2400 psi). However, it may vary depending on physical and
chemical properties of aggregates. It shall be used for structural members (RCC slabs,
beams, columns, walls, partitions etc) or any other structural work where such strength is
specified by the designer.

1:3:6
Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.

course aggregate, fine aggregate and water. The concrete having Volumatic proportions of
1:3:6 (1 Cement : 3 Sand : 6 Aggregate). Nominal 28 days Cylinder Compressive Strength of



e)

51.1.2

51.2

Chapter-5 [Plain & Reinforced Concrete]

such concrete is 10.5 MPa (1500 psi). However, it may vary depending on physical and
chemical properties of aggregates. It shall be generally used for some structural members like
foundation, hard standings, concrete blocks etc, and any other works where such strength is
specified.

1:4:8

Concrete made by using Ordinary Portland Cement (OPC) and other basic ingredients i.e.
course aggregate, fine aggregate and water. The concrete having Volumatic proportions of
1:4:8 (1 Cement : 4 Sand : 8 Aggregate). Nominal 28 days Cylinder Compressive Strength of
such concrete is 8 MPa (1200 psi). However, it may vary depending on physical and chemical
properties of aggregates. It shall be used for no structural works like floor underlay, lean
concrete etc.

MIX DESIGN
For ease of use, it is further classified into the following types;-

TYPE A:

The concrete requiring minimum 28 days estimated Cylinder Compressive strength, equal or
more than 6000 psi or requiring special features to meet higher strength, environmental,
architectural and survivability requirements. Such concrete will be comprehensively designed.
It shall be used for structural members (RCC Bridge Girders etc.) or any other structural work
where such strength is specified by the designer.

TYPE B:-

The concrete having minimum 28 days Cylinder Compressive strength 5000 psi, it shall be
used for structural members (RCC slabs, beams, columns, PCC work etc) or any other
structural work where such strength is specified by the designer.

TYPE C:-

The concrete having minimum 28 days Cylinder Compressive strength 4000 psi, it shall be
used for structural members (RCC slabs, beams, columns, walls, partitions etc) or any other
structural work where such strength is specified by the designer.

TYPE D:-

The concrete having minimum 28 days Cylinder Compressive strength 3000 psi, it shall be
generally used for some structural members like (RCC slabs, beams, columns, walls,
partitions etc) or any other structural work where such strength is specified by the designer.

TYPES OF CONCRETE WORKS

Under Ground Concrete

Concrete poured below Natural Surface Level with or without shuttering and shoring.

On Ground Concrete

Concrete poured by erecting formwork with necessary bracings on ground.

Elevated Concrete

Concrete poured by erecting props, bracing and towers to support the formwork at
higher levels.
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DRY RAMMING OF BRICK OR STONE BALLAST

BRICK BALLAST

The brick ballast, wherever specified for use in concrete shall be obtained by breaking bats of
1stclass well burnt bricks to the specified sizes usually 1%z inches to 2 inches (40 mm to 50mm).
They shall be screened through the appropriate sieves to remove dust and under size ballast.

PLACING & RAMMING OF BRICK BAT

Wherever brick bats is specified for placement in foundations to provide a firm base, the ballast
from pre-approved stacks shall be placed evenly in layers, not exceeding 6 inches (15 cm)
thickness in the foundation trench and thoroughly consolidated by means of small plate
compactor (may be hand operated) or square rammer. If required/directed by the Engineer-in-
Charge small quantity of water may be sprinkled on the brick ballast by means of can fitted
with hose. The quantity of water will be just enough to facilitate the consolidation and it should
not make the foundation muddy.

PLAIN & REINFORCED CEMENT CONCRETE
MATERIALS

General

Cement shall be fresh, furnished in sacks or in bulk form as approved by the Engineer-in-
Charge. Unless otherwise permitted, cement from not more than two plants shall be used and
in general, the product of only one plant shall be used in any particular section of the work.
Cement recovered through cleaning of sacks shall not be used.

Portland Cement

Portland cement shall be of Pakistan origin and manufacture unless otherwise approved by
the Engineer-in-Charge. Portland cement shall conform to Pakistan Standard 232 or to British
Standard 12 or to ASTM C 150 Type |. Portland cement conforming to ASTM C 150, Rapid
hardening type Ill or Sulphate Resistant, Type-V or conforming to BS 4027 or ASTM C-150
may also be used in certain parts of the Works as specified or directed by the Engineer-in-
Charge. Where specified Low Heat Cement complying with BS 1370 shall be used. The
Contractor shall use Pozzolanic materials (blast-furnace slag or fly ash or calcined clay) by
blending the materials with Ordinary Portland Cement/Sulphate Resisting Cement (whichever
is specified in the Contract when alkaline reactive aggregates are used) by replacing up to
maximum of 40% of cement. The slag cement thus formed shall conform to BS 146 or ASTM
C 595. Raw or Calcined natural pozzolan shall conform to ASTM C618 Class N or Class F.
The granulated iron blast-furnace slag shall be finely ground and shall conform to ASTM C989
Grade80, 100 or 120.The final proportions of OPC/SRC and Pozzolanic materials shall be
determined by the Contractor and approved by the Engineer-in-Charge before each mix. The
mix will normally be designed by the Contractor to have:

i) Amortar bar reduction not less than 75% at 14 days when tested in accordance with ASTM
C441, and

i) A heat of hydration of less than 70 calories per gram of Pozzolanic materials (blast-furnace
slag or fly ash or calcined clay) at 7 days when tested in accordance with ASTM C186.

Types of Cement

Different types of the cements along with their usage is shown in the given table
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Type Use

I Ordinary Portland Cement, general purpose cement, where there is

no extenuating conditions.

Il Modified Cement, aids in providing moderate resistance to

Sulphate attack.

i Rapid Hardening Cement, when high early strength is required.

v Low Heat Cement, where low heat of hydration is desired

(in massive structures)

Vv Sulphate Resistance Cement, where high sulphate resistance
is required (especially in RCC sewer pipes, Manhole, Septic
Tanks)

I A Type | Cement, containing an integral air — entraining agent.

A Type Il Cement, containing an integral air — entraining agent.

A Type Il Cement, containing an integral air — entraining agent.

Where Suplhate Resistant Cement is ordered and used, it should be Sulphate Resistant
Portland Cement of the approved make fully conforming to ASTM C-150/BSS 4027.

TRANSPORTATION OF CEMENT

Transportation of the cement from the factory to the Site stores and to the point of use shall
be accomplished in such a manner that the cement is completely protected from exposure to
moisture. Cement which has been adversely affected by moisture, as determined by the
Engineer-in-Charge, shall be rejected. Cement in sacks shall be delivered in strong, well-made
sacks, each plainly marked with the manufacturer's name, brand, type of cement and the
weight of cement contained therein. Packages varying from the standard weight marked
thereon may be rejected and if the average weight of packages in any consignment as shown
by weighing fifty packages taken at random, is less than that marked on the packages, the
entire consignment may be rejected. Packages received in broken or damaged condition shall
be rejected or may be accepted only as fractional packages as determined by the Engineer-
in-Charge.

STORAGE OF CEMENT
Cement shall be stored at Site in dry, weather tight and properly ventilated stores. All storage
facilities shall be subject to approval and shall be such as to permit easy access for inspection
and identification of each consignment. Adequate storage capacity shall be furnished to
provide sufficient cement to meet the peak needs of the project. The following special
precautions shall be observed for storage of cement:
1. Reduce the time of storage as much as possible.
2. The sack should be stacked closely on damp proof or timber raised a foot or so from
the ground with the air space below.
3. To avoid bursting of bags and setting under pressure the height of stack should be
limited to eight (8) bags.
The best method of storage is that adopted by the cement manufacturers viz; in bulk; and bins
of loose cement 6’ (six feet) or more in depth can be intact for longer than one year.
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The Cement stored for more than three months or through a monsoon, shall be used only after
it has been approved by the Engineer— in- charge. The Contractor shall use cement in the
approximate chronological order in which it is received at the Site.

Cement storage facilities shall be emptied and cleaned by the Contractor when so directed.
However, the interval between required cleaning normally will not be less than four months.
Suitable, accurate scales shall be provided by the Contractor to weigh the cement in stores
and elsewhere on the Site, if required, and he shall also furnish all necessary test weights.

f) Sampling, Cement Usage

Sampling of cement shall be in accordance with AASHTO T 127. Mill Test Certificates shall
accompany delivery of the material to the work.

“Cement shall be delivered in sufficient quantities to ensure that there is no suspension
of the work of concreting at any time. Different brand or different types of cement from
the same mill, or the same brand or type from different mills shall not be mixed or used
alternately in the same item of construction unless authorized by the Engineer in
Charge after preparing new mix design.”

5.3.1.2 AGGREGATES

a)

i)

i)

General Requirements

Cleanliness.

The aggregates should be free from injurious amount of clay, salt, alkali, organic matter, shale,
loam, soft flaky particles and other deleterious substance. Aggregate when not obtained in
clean state are invariably washed before use. All deleterious substance shall not exceed 5%
in fine aggregates and shall not exceed 3% in course aggregate. The extent of these impurities
are determined by various field and laboratory tests as described in the testing requirements
of fine and coarse aggregates

Shape.

Crushed aggregate should be sharp, angular and of hard grains, approximately cubical in size
and those obtained from natural source be rounded, well-shaped and of hard grains. The fine
aggregate should be such shape that it covers the maximum voids between coarse
aggregates.

Size.

To obtain high crushing strength of concrete the maximum size of aggregate should be as
large as conveniently possible but it should not be normally greater than one- fourth in plain
concrete and one-fifth in reinforced concrete of the smallest dimension in the structure. The
maximum size of aggregate may be up to 6 ins. For mass concrete, but a size of up to 9 ins.
has also been used in dams. Aggregate of size requires carefully designed mixes to avoid
segregation and it is probably wise to limit the maximum size to 3 ins. Large stones which are
embedded in mass concrete work are called “plums” plums should be sound and hard. The
spacing between two plums or a plum and the outer surface should not be less than six inches,
for heavily reinforced member the nominal maximum size of aggregate should be % in. less
than the minimum distance between the reinforcement bars or minimum cover of concrete
over the reinforcement whichever is less, provided that the concrete can be placed without
difficulty so as to surround all reinforcement thoroughly and fill corners of form work.
Similarly, the nominal maximum size of the aggregates shall not be larger than one fifth of the
narrowest dimension of the finished wall or slab, or larger than three fourth of the minimum
clear spacing between the reinforcing steel and embedment. These limitations may be waived
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if, in the judgement of the Engineer-in-Charge, workability and method of consolidation be
such that the concrete can be placed without honey-combs or voids.

Grading.

Aggregate are required to be graded into different size and mixed in desired proportions for
producing mortar and concrete of specified quality and strength. The graded aggregate is one
that contains all size of particles between extremes of limits proportions to produce a dense
and economical mixture which will use minimum of cement per unit volume to give required
strength. The aggregates are graded into minimum of cement per unit volume to give required
strength. The aggregates are graded into nominal size by sieving and their fineness Modulus
determined. The fineness Modulus id calculated by dividing by 100, the sum of the total,
percentage retained on designated sieves in the standard sieve Analysis. A smaller value of
the fineness modulus indicated the presence of large proportions of fine particles. The testing
requirements are discussed in the relevant sections of testing requirements of fine and coarse
aggregates.

Durability.

Aggregates should be hard to resist grading actions; tough to withstand impact and sound to
remain whole during changes in weather conditions. the resistance to grinding action is
determined by Los Angles Abrasion Test. The soundness test is carried out by means of
Sodium Sulphate Test. Crushing strength test is carried out to determine the strength. The
specific gravity test is required to determine the density. The testing requirements are
discussed in the relevant sections of testing requirements of fine and coarse aggregates.

Storage.

Storing on dusty, muddy or grassy spots, should be avoided. Dump must be protected from
exposure to dust. Old steel sheet or wooden planks may be used as platforms for storage. On
large works storage bins and usually used.

Aggregate which has deteriorated or which has been contaminated shall not be used for
concrete

vii) Composition

The use of natural sand or a combination of natural and manufactured sand may be permitted,
provided that the fine aggregate meets the applicable requirements of the Specifications for
the particular use intended. Coarse aggregate shall consist of gravel, crushed stone or a
combination thereof.

The aggregates shall be non-alkaline reactive in accordance with the provisions of ASTM  C-
227, C-289.

viii) Source

iX)

The Contractor shall obtain concrete aggregate from deposits of natural sand and gravel or
shall procure crushed aggregate from approved quarries (refer to construction material source
study) which produce aggregates meeting with the Specifications contained herein.

Processed Aggregates

The Contractor in procuring the processed aggregates or in planning his aggregate processing
operations shall ensure that the aggregates, as delivered to the mixer, consist of clean, hard
and uncoated particles; light weight elements (chalk, clay, coal) are separated by segregation
under water by vibration where required and the fines are removed from the coarse aggregate
by adequate washing. The coarse aggregate shall be re-screened just prior to delivery to the
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concrete mixer bins. The moisture content of coarse and fine aggregates shall be as directed
by the Engineer-in-Charge. Compliance with the aggregate grading and uniformity
requirements shall be determined before the material is delivered at the mixer. All aggregates
shall be sieved and washed with clean water. The aggregates shall conform to the specific
requirements given hereinafter.

Test Requirements for Fine Aggregate

The fine aggregate shall consist of sand, stone screenings or other approved inert materials
with similar characteristics, or a combination thereof, having clean, hard, strong, sound,
durable, uncoated grains free from injurious amount of dust, lumps, soft or flaky particles, shale
alkali, organic matter, material reactive with alkalis in the cement loam or other deleterious
substances and shall not contain more than three (3) % of material passing the No. 200 sieve
by washing nor more than one percent of clay lumps or one (1) % of shale..

For exposed work, the fine aggregate shall be free from any substance that will discolor the
concrete surface.

The fine aggregate shall be uniformly graded and when tested in accordance with AASHTO T

11 and T 27 shall meet the following grading requirements:

Table 5.2
GRADING OF FINE AGGREGATES

Sieve Designation Percentage Passing by Weight
3/8inch 100
No. 4 95~100
No. 16 45~85
No. 50 10~30
No. 100 2~10
No. 200 0~3

Fine concrete aggregate shall meet the following requirements. Deleterious substances such as,
but not limit to, pyrites, coal or micas shall not exceed two percent (2%) by weight.

Fineness Modulus, AASHTO M6 23t03.1
Sodium Sulphate Soundness, AASHTO

T-104, 5 cycles, percent loss 10 Maximum
Clay Lumps and Friable Particles AASHTO

T-112, Percent 1 Maximum
Test for Organic Impurities, AASHTO Lighter
Than standard T-21

Sand Equivalent AASHTO T-176 75 Minimum
Potential Cement — Aggregate Reactivity

ASTM C 289, as supplemented by ASTM

C 227 Innocuous

Petrographic analysis shall be done against alkali- silica reactivity.
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For the purpose of determining the degree of uniformity, a fineness modulus determination shall
be made upon representative samples submitted by the Contractor from such sources as he
proposes to use. Fine aggregate from any one source having a variation in fineness modulus
of greater than 0.20 either way from the fineness modulus of mix design samples submitted by
the Contractor may be rejected till new trial mixes are prepared and tested by the Contractor.

Sand for Mortar

All sand for mortar used in the construction of brick paving, brick lining and brick masonry shall
be natural sand and when tested by means of standard screens (ASTM Designation: E11)
shall conform to the following limits:

Screen No. Percentage by weight, passing screen
8 100
100 15 (Maximum)

Within the above range, the sand shall be well-graded and as coarse as practicable for the
production of workable mortar.

Test Requirements for Coarse Aggregates (Aggregates)

The coarse aggregate shall consist of crushed or broken stone, gravel or other approved inert
materials with similar characteristics, or a combination thereof, having clean, hard, strong,
sound, durable uncoated patrticles, free from injurious amount of soft, friable, thin elongated,
or laminated pieces, alkali, organic or other deleterious matter and conforming to the
requirements of these Specifications.

The coarse aggregate shall be of uniform grading with maximum sizes as required for the
various classes of concrete as shown in Table 5.2 and when tested in accordance with

AASHTO T 11 & T 27 shall meet the following grading requirements.

TABLE 5.2
GRADING OF COARSE AGGREGATES

. Percentage by Weight Passing Laboratory Sieves, in inches,
Designated Having Square Openings
Sizes
2% 2 1% 1 Y Y% 3/8 No. 4
%" to No. 4 - - - - 100 90~100 | 40~70 | 0~15*
¥" to No. 4 - - - 100 90~100 - 20~55 | 0~10*
1"to No. 4 - - 100 95~100 - 25~60 - 0~10*
1%"toNo.4 | - 100 95~100 - 35~70 - 10~30 | 0~5
2"toNo. 4 |100 | 95~100 - 35~70 - 10~30 - 0~5
19" to%a" - 100 90~100 | 20~55 0~15 - 0~5 -
2"to 1" 100 | 90~100 | 35~70 0~15 - 0~5 - -

e Not more than five (5) % shall pass No. 8 sieve.

Coarse aggregate gradation should conform to the requirements of ASTM C 33. Coarse
aggregate shall contain no more than one (1) % by weight of material passing the No. 200
sieve by washing and not more than five (5) % of soft fragments.
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It shall have an abrasion loss of not more than forty (40) % at five hundred (500) revolutions,
when tested in accordance with AASHTO T 96.

When tested in accordance with AASHTO T 104, for five cycle, the loss with the sodium
sulphate soundness test shall be not more than 12 percent.

Natural aggregates shall be thoroughly washed before use.

The aggregate shall be non-alkali/silica reactive where the concrete is to be poured under
water or exposed to humid conditions. In case the Contractor proposes to use the aggregate
having the alkaline/siliceous characteristics with the intention to use it with Blast Furnace Slag
Cement, he will undertake to carry out the job without any extra cost and shall arrange to
conduct the necessary tests as directed by the Engineer in Charge.

Coarse aggregate shall not contain materials such as iron pyrites, coal, mica, laminated
materials or other materials which may adversely affect the strength and durability of the
concrete.

Coarse aggregates shall meet the following requirements:
Sodium Sulphate Soundness, AASHTO T-104

5 cycles, percent loss 12 Maximum

Clay Lumps and Friable Particles AASHTO
T-112, Percent 1 Maximum

Soft Fragments and Shale, AASHTO 5 Maximum
M-80, Percent

Flakiness Index BS 812: Part 105: Sectoin105.1 15

Potential Cement — Aggregate Reactivity
ASTM C 289, as supplemented by ASTM
C 227 Innocuous

Petrographic examination and description, including approximate composition against
alkali-silica reactivity shall be done as per ASTM C 295. Under no circumstances shall the
contractor use Dacite Andesite Hyolite, Opal Cherts or Tuffs.

Tests & Approval

All aggregates shall be subject to testing which shall be carried out by the contractor at his
own expanse upon instructions of Engineer-in-Charge. Aggregates not meeting the
requirements of these Specifications as determined by tests or inspection may be rejected.



Grading Requirements for Coarse Aggregate (ASTM C-33-03)

TABLE 5.3
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Nominal Size

Amounts Finer than Each Laboratory Sieve (Square openings) Weight Percentage

Sr. | (Sieves with Square

No. Openings) 4’ 3% 3" 2Y5” 2’ 17" 1” 8 s 3/8” No.4 No.8 | No.100
1. 3% to 1% 100 | 90t0100 _ 25t0 60 _ 0to 15 _ Oto5 _ _ _ _ _
2. 2% to 1% _ _ 100 90 to 100 35t0 70 0to 15 _ 0Oto5 _ _ _ _ _
3. 2’to 1” _ _ _ 100 90t0 100 | 35t0 70 0to 15 _ 0to5 _ _ _ _
4. 2”to No. 4 _ _ _ 100 95 to 100 _ 35t0 70 _ 10to 30 _ 0to5 _ _
5. 1%" to % _ _ _ _ 100 90t0 100 | 20to55 0to 15 _ 0to5 _ _ _
6. 1%" to %" B B B B 100 95 to 100 B 35t0 70 B 10t030 | Oto5 B B
7. 1"to % B B B B B 100 90t0100 | 20t0o55 | Oto 10 Oto5 B B B
8. 17 to %" _ _ _ _ _ 100 90to 100 | 40to85 10to40 | Oto15 | Oto5 _ _
9. 1"to No.4 B B B B B 100 95 to 100 B 25 to 60 B Oto10 | Oto5 B
10. %" to % B B B B B B 100 9010100 | 20t055 | Oto15 | Oto5 B B
11. %" to No.4 _ _ _ _ _ _ 100 90 to 100 _ 20to55 | 0to10 | Oto5 _
12. %" to No.4 B B B B B B _ 100 9010100 | 40t070 | Oto15 | Oto5 B

85to
13 %" to No.8 100 100 0to30 | 0to10 | Oto5
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Water

The water for curing, for washing aggregates and for mixing shall be subject to the approval of
the Engineer in charge.Generally it should be free from oil and the turbidity limit shall not
exceed 2000 parts per million and the pH value shall range between 6.0 to 8.0.

In no case shall the water contain an amount of impurities that will cause a change in the
setting time of Portland cement of more than twenty-five (25) % nor a reduction in the
compressive strength of mortar at fourteen (14) days of more than five (5) % when compared
to the result obtained with distilled water

The water shall be free from oil, alkali, vegetable matter, salt and other impurities. If the specific
conductance is less than fifteen hundred (1500) microhms per centimeter, the total solids
content requirement may be waived. Water for washing aggregates, mixing, and curing shall
contain no chlorides as ClI, nor sulfates as exceeding the values for the type of the work as
follows:

Type of Work Chlorides Sulphates

(Parts per million) (Parts per million)
Conventionally Reinforced 500 1000
Pre-stressed Concrete 500 1000

In non-reinforced concrete work, the water for curing, for washing aggregates and for mixing
shall be free from oil and shall not contain more than two thousands (2,000) parts per million
of chlorides nor more than one thousand five hundreds (1,500) parts per million of sulfates as
SOa.

In addition to the above requirements, water for curing concrete shall not contain any impurities
in a sufficient amount to cause discoloration of the concrete or produce etching of the surface.

When required by the Engineer in charge, the quality of the mixing water shall be determined
by the Standard Method of Test for Quality of Water to be used in concrete, AASHTO T 26.

Combined Aggregate

The coarse and fine aggregate shall be combined in the proportions according to the
approved trial mixes for each class of concrete.

Changes from one gradation to another shall not be made during the progress of the work
unless approved by the Engineer in Charge, and shall meet the following requirements for
the combined aggregate:

Material passing the 200 sieve by weight 3% Maximum
Water soluble Chlorides 0.04%Maximum
Water soluble Sulphates

Pre-stressed concrete 0.05% Maximum
Reinforced concrete 1.0% Maximum
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Non-reinforced concrete 2.0%

The water soluble chlorides and sulfates limits specified for the fine and coarse-aggregate
individually, are subject to the following overriding requirement:

The total water-soluble chloride content (AASHTO T 260) in any mix from all sources,
including any chloride present in other materials and the mixing water, shall not exceed
the following limits as a percentage of the weight of cement in the mix.

Reinforced concrete in humid environment
and exposed to chloride 0.1%

Reinforced concrete in humid environment
but not exposed to chloride 0.15%

Pre-stressed concrete 0.06%

In case of any likeliness of alkali reactivity the following further tests shall be conducted,
as soon as practicable after the Contract is awarded to the Contractor.

(1) Potential Reactivity Tests
- Gel Pat Test
- ASTM Test C 289 (Standard Test Method For Potential Alkali-Silica
- Reactivity Of Aggregates- Chemical Method)
- ASTM Test C 227 (Standard Test Method For Potential Alkali-Silica
- Reactivity Of Aggregates —Mortar Bar Method)

(2) Shrinkage

The properties of the aggregates shall be such that Drying Shrinkage of concrete
prepared and tested in accordance with the United Kingdom Building Research
Station Digest No 35 (second series) shall not exceed forty-five thousand this percent
(0.045%).

The initial Drying Shrinkage of all the proposed concrete mixes prepared and tested
in accordance with BS 1881 shall not exceed six hundredths percent (0.06%).

(3) Reactivity
Aggregates for use in concrete or mortar that will be subject to wetting, extended to
humid atmosphere, or contact with moist ground, shall not contain any materials that
are deleteriously reactive with the alkalis in the cement, or any which may be
additionally present in the aggregates and mixing water or water in contact with the
concrete or mortar, in amounts sufficient to cause excessive localized or general
expansion of concrete or mortar.
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Admixtures

An admixture can be defined as a chemical product which, except in special cases, is added
to concrete mix in quantities not more than 5% by mass of cement during mixing or during an
additional mixing operation prior to the placing of the concrete, for achieving a specific
modification, to normal properties of the concrete. Admixture may be organic or inorganic in
composition, but their chemical character as distinct from mineral, is their essential feature.
Admixture are commonly classified by their function in concrete.

Classification of admixtures as per ASTM C-494 is given as under
Type A Water Reducing (Normal Plasticizing)
Type B Retarding
Type C Accelerating
Type D Water Reducing and Retarding
Type E Water Reducing and Accelerating
Type F High Range, Water Reducing or Super Plasticizing.

Type G High Range, Water Reducing and Retarding or Super Plasticizing and
Retarding

Approval Required

Admixtures, including air-entraining admixtures, foaming chemicals and water-reducing
admixtures, shall not be used, except with the prior approval of the Engineer-in-Charge.
Before using admixtures in concreting process, trial mixes shall be made to determine the mix
design by laboratory testing.

Air-Entraining Admixtures

The source and brand of air-entraining admixtures, if required, shall be proposed by the
Contractor and approved by the Engineer-in-Charge. The air-entraining admixture will be an
approved substance or compound conforming to the requirements of ASTM C 260, which will
produce entrained air in the concrete as hereinafter specified. The air-entraining admixture
shall be added to the batch in solution in a portion of the mixing water. This solution shall be
batched by means of a mechanical batcher capable of accurate measurement and in such a
manner as to ensure uniform distribution of the admixture throughout the batch during the
specified mixing period.

Measurement

Where so specified, Air Entraining Admixture of approved quality shall be added to the
concrete mixture in accordance with the manufacturer's specification stating the quantity
of water proofing material in litres or kg as specified in Composite Schedule of Rates
will be paid for separately

Water-Reducing Admixtures

The source, brand, types of suitable water reducing cement dispersing admixtures, if required,
shall be proposed by the Contractor and approved by the Engineer-in-Charge.. The quantities
of water-reducing, ¢ admixture to be used shall be in accordance with the instructions of the
manufacturers as approved by the Engineer-in-Charge. Water reducing admixture shall
conform to the requirements of ASTM C-494.
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Measurement

Where so specified, Water Reducing Admixtures of approved quality shall be added to the
concrete mixture in accordance with the manufacturer’s specification stating the quantity of
water proofing material in litres or kg as specified in Composite Schedule of Rates will
be paid for separately

Foaming Chemicals
The source, brand and types of suitable foaming chemicals, if required, shall be as approved
by the Engineer-in-Charge. The foaming agent shall conform to ASTMC-869.

Water stops

PVC Water-stops

Except as otherwise shown on the Drawings, water-stops shall be installed with an
approximately equal width of material embedded in concrete on each side of the joint. Water
stops shall be sealed to other cut off systems as shown on the Drawings or as directed by the
Engineer-in-Charge. All water-stops shall be installed and carefully positioned so as to form a
continuous water tight diaphragm in each joint. All splices shall be neat with the ends of the
joined materials in true alignment.

Concrete shall be carefully placed and vibrated around water stops to ensure maximum
concrete imperviousness and density, the complete filling of the forms in the vicinity of the
waterstop and complete contact between the concrete and all surfaces of water stop.

PVC (polyvinylchloride) water-stops shall be extruded from an elastomeric plastic compound,
the basic resin of which shall be polyvinylchloride. The compound shall contain such additional
resins, plasticizers, stabilizers or other materials needed to ensure that when the material is
compounded and extruded to the shapes and dimensions shown and tested it shall have the
physical characteristics as shown in Table 5.4.

Splices in the continuity or at the intersections of run of PVC water-stops shall be performed
by heat sealing the adjacent surfaces in accordance with the manufacturer's recommendations
or as directed by the Engineer-in-Charge. A thermostatically controlled electric source of heat
shall be used to make all splices. The correct temperature at which splices should be made
will differ with the material used but should be sufficient to melt but not char the plastic. After
splicing, a remoulding iron with ribs and corrugations to match the pattern of the water-stop
shall be used to reform the ribs at the splices. The continuity of the characteristic components
of the cross-section of the water-stop design (ribs, tubular center axis, protrusions, and the
like) shall be maintained across the splice. The splices joints shall be tested in accordance
with the applicable standards and as directed by the Engineer-in-Charge.

Table 5.4
Physical Characteristics of PVC Waterstop
Physical Characteristics Test Method Typical Values
. . ASTM D .
Ultimate Elongation (CSRD c 567338) 350 % min
. ASTM D 638 1750 psi
Tensil h .
ensile Strengt (CRD C 573) (12.07 Mpa) min
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Low Temperature Brittleness ASTMD 746 No Failure
P (CRD C 570) @-35F(-37C)
) . ASTM D 747 400 psi
Stiffness in Flexure (CRD C 571) (2.76 Mpa) min
Specific gravity ASTM D 792 1.37 max
Hardness, Shore A ASTM D 2240 70 - 80

Metal Water-stops

COPPER:

Copper water-stops shall conform to the requirements of ASTM B-370 and shall have the
weight as shown in the Drawings.

STAINLESS STEEL:

Stainless steel water and grout stops shall conform to the requirement of ASTM A-167, Type
302 or 304.

STEEL:

Sheet steel for steel water-stops shall conform to the requirements of ASTM A-366 or ASTM
A-569 where no welding is required and to ASTM A-4256 where welding is required.
ALUMINIUM:

Aluminium sheet for water-stops shall conform to the requirements of ASTM B-209.
COPPER:

Copper sheet water-stops shall conform to the requirements of ASTM B-152-97(a).

Copper, stainless steel, steel and aluminium water-stops shall be installed in joints at the
locations shown on the Drawings. The thickness, shape, dimensions and splicing of metal
water-stops shall be as shown on the Drawings or as approved by the Engineer-in-Charge.

Joint Sealing Compound

Sealing compound shall be either of the cold application type conforming to ASTM D-1850 or
of the single or multiple component type or of the hot poured type conforming to the
requirements of ASTM D-1190 or their equivalents.

Measurements

The length and breadth of the finished work shall be measured in metre correct to cm.
The area should be calculated in sq. metre correct to two places of decimal.

Non-Shrink Grout

Non-shrink grout of a thickness less than 25mm shall consist of one part cement, one part
clean sharp sand and 1:22000 to 1:15000 part of grained aluminium powder containing non-
polishing agent. Non-shrink grout 25mm or more in thickness shall be proportioned as above
except that 1.5 parts of 9mm to 6mm (pea-size) gravel shall be added to the mix. The above
composition may be varied if so required by the Engineer-in-Charge. In each case, however,
the Contractor shall, at his own cost, prepare optimum mix design and conduct testing of the
grout composition for strength and non-shrink performance. Pre-mix non-shrink grout from
approved manufacturers may also be used.
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PROPORTIONING & MIXING OF CONCRETE MIX

5.3.2.1 PROPORTIONING OF INGREDIENTS

a)

b)

The proportioning of the concrete for its ingredients namely cement, sand and coarse
aggregates is specified for CSR items on volume basis and on weight basis for the specified
use. The proportioning and batching of concrete mix shall accordingly be done on volume
basis.

The proportion in which the various ingredients are to be used for different parts of the work
shall be as determined from time to time during the progress of the work and as tests are made
of the aggregates and the resulting concrete. Mix proportions and water- cement ratio shall be
so determined as to produced concrete having suitable workability, density, im-permeability,
durability or strength. The contractor shall not be entitled to any compensation because of
these adjustments.

The amount of water used in the concrete shall be so regulated as to secure concrete of a
proper consistency and to adjust for any variation in the moisture contents, or grading of the
aggregates as they enter the mixer. Water shall not be allowed to be added to undo the
stiffening of the concrete resulting from excessive over-mixing or objectionable drying before
placing. Uniformity in concrete consistency from batch to batch shall be required. Unless
otherwise specified or directed by the Engineer-in-Charge the slump of concrete after it has
been deposited, but before it has consolidated, shall have the following values under different
situations:

Sr. p Slump
No. urpose (inches)
2. High strength reinforced and pre-stressed concrete section, 0-1

paving and mass concrete compacted by vibration.

3. Normally reinforced concrete sections compacted by vibration,
hand compacted mass concrete.

4, Heavily reinforced concrete sections compacted by vibration,
hand compacted concrete in normally reinforced slabs, beams, 2-4
columns and walls.

5. Heavily reinforced concrete sections compacted without
vibration and work where compaction is particularly difficult.

1-2

5.3.2.2 PROPORTIONING ON VOLUMETRIC BASES

For volumetric proportioning suitable gauge boxes shall be used. Cement shall be taken as
weighing 50 Kg as per standard bag of 0.035 cubic meter (1.25 ft3). The bulking effect of
aggregates shall be taken into the consideration.

The Engineer in Charge shall ensure preparations for various strength requirements, based
on the availability of local materials. Depending upon the variations in site condition and
locally available aggregate (both coarse and fine) the Engineer in Charge shall ensure
preparation of Concrete mix designs as specified by the Designer and get them tested from
an authenticated Government Material Testing Laboratory at the expense of the contractor
before commencement of the Job. The following table shows the proportions of the
concrete ingredients on volumetric bases: -
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Estimated Mix Proportions for Regular / Normal Concrete

For Various Strength Requirements
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Minimum 28 . Estimated Quantities per Cum
Days Cylinder Approximate Aggregate
. Type Concrete Mix Cement
compressive for Estimation K (Cum)
Strength 9 Fine Coarse
24 MPa P 0.436 0.872
(3500 psi) B 1:1.5:3 415.5 (15.4 ft3) (30.8ft3)
21 MPa 0.457 0.914
(3000 psi) c L:2:4 327 (16.14 ft8) | (32.28 ft3)
10.5 MPa 0.480 0.960
(1500 psi) D 1:3:6 2285 (16.95 ft®) | (33.90 ft3)

Proportioning By Weight Bases
The proportions by weight of cement, fine aggregates, coarse aggregates and water
necessary to produce concrete of the required strength and consistency shall be approved
by the Engineer in Charge. Such approval may be withdrawn at any time and changes in
the proportions may be required for the purpose of required workability, density,
impermeability, durability and strength.

Based on the approved mix proportions, the Contractor shall prepare lists showing the
number of kilograms of the various material to be used in the batch size adopted. The
required consistency shall also be shown. Such lists are subject to approval by the Engineer
in Charge and shall be posted at the mixer. The amount of water in the mix is the total
amount of free water, including the free water held by the aggregates.

No concrete shall be placed in the Works until the results of the twenty-eight (28) days’ test
indicate that the design proportions are satisfactory as per requirements. Adjustment of the
proportions shall be subject to the following provisions:

i.  Adjustment for variation in workability - If it is found impossible to obtain concrete of
the desired workability with the proportions originally approved, the Engineer in
Charge shall make such changes as are necessary.

i. Adjustment for new materials - No change in the source or character of the material
shall be made without due notice to the Engineer in Charge and no new materials
shall be used until the Engineer has accepted such materials and has approved new
proportions based on trial mixes.

The Contractor’s attention is drawn to the time required to prepare and test trial batches
and the Contractor shall be responsible for production of trial batches at a sufficiently early
date so that the progress of the work is not delayed.

The Contractor shall provide the Engineer in Charge with access at all times to laboratory
facilities and personnel during the preparation of trial mixes. The trial mixes prepared by
the contractor shall produce dense concrete mixtures containing the minimum cement
content and having the specified consistency and minimum compressive strength for each
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Class of concrete listed in the Bill of Quantities. The compressive strength reported shall
be the average cylinder strength of either three (3) or two (2) individual cylinder test results.

The maximum aggregate size in all classes of concrete included in the specifications,
except blinding concrete, shall be not larger than one-fifth of the narrowest dimension
between sides of forms, one — third of the depth of slabs nor two-thirds of the minimum
clear spacing between individual reinforcing bars or bundles of bars.

After the Contractor completes the necessary mix design testing and obtains approval of
the job-mix proportions for each class of concrete by the Engineer in Charge, he shall
sample all materials used in the design of the concrete mixtures along with a copy of the
approved job-mix reports and submit them. All material samples shall be certified by the
Engineer in Charge as being representative of those used in the testing procedure and
shall be in sufficient quantities for the conduct of all specified physical and chemical tests
as well as for preparation of the required test specimens for strength evaluation purposes.

When the materials proposed for use by the Contractor are of such a nature or are so
graded that proportions based on minimum cement content cannot be used without
exceeding the maximum allowable water content, the proportions shall be adjusted to
produce concrete with the required consistency and workability without exceeding such
allowable water content. No increase in payment shall be allowed when such changes
cause an increase in cement content.

Six (6) test cylinders shall be prepared for each trial mix and each class of concrete to be
furnished. The Contractor shall provide facilities for the proper curing of the test cylinders.
The Contractor, after giving notice to the Engineer in Charge and providing an opportunity
for the Engineer in Charge to be present, shall break three (3) cylinders after seven (7)
days curing and the remaining three (3) cylinders after twenty-eight (28) days curing. The
concrete temperature shall be recorded for 21 days from the time of placement of concrete

After receipt of the Contractor’s mix design report, the Engineer in Charge shall review the
information. When the trial mix information, for any class of concrete, fails to meet the
specifications, the Engineer in Charge will direct the Contractor to prepare additional trial
mixes. When the Engineer in Charge has determined that the Contractor’'s recommended
concrete materials and mix proportions conform to the specifications he shall allow
production of concrete to begin. No class of concrete shall be produced or placed until the
Engineer in Charge has reviewed trial mix information and allowed production to begin.

The approval of mix proportions by the Engineer in Charge , to the Contractor in
establishing those proportions, shall not relieve the Contractor from responsibility for
producing concrete which conforms to the specifications.

All costs connected with furnishing laboratory facilities and personnel, testing all materials,
preparing every required trial mix, reporting the information to the Engineer in Charge and
all other tasks associated with preparing design mixes for all specified classes of concrete
shall be borne by the Contractor

Consistency

Concrete shall have a consistency such that it will be workable in the required position. It shall
be of such a consistency that it will flow around reinforcement steel but individual particles of
the coarse aggregate when isolated shall show a coating of mortar containing its proportionate
amount of sand. The consistency of concrete shall be determined to be as dry as it is
practicable to satisfy the requirements for transportation and placing of the concrete as
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described hereinafter. Consistency of concrete shall be determined as specified in AASHTO
T 119.

Water Cement Ratio

the selection of water cement ratio as a basis for designing a concrete mixture involves
consideration of both the degree of exposure to which the concrete is to be subjected and the
strength requirements of the structure. The general, the mix design shall provide for water —
cement ratios by weight with aggregate at saturated surface dry condition, which will be
determined on the basis of producing concrete having suitable workability, density, im-
permeability, durability and the required strength without the use of excessive amount of
cement.

Itis expected that water— cement ratio by weight will vary from 0.45 for concrete in thin sections
to 0.65 for mass concrete in severe weather conditions. Maximum permissible water cement
ratio will also vary from 0.67 for low strength concrete to 0.38 for the concrete 28 days strength
of 4000 Psi and above.

5.3.2.3 STRENGTH EQUIVALENCY OF CUBE AND CYLINDER STRENGTH

5.3.3

28 days 6 inches x 12 inches (15cm x 30 cm) cylinder strength corresponding to 28 days
cube strength in the Table are given hereunder:

28 days cube strength (Psi) 6” x 12” cylinder strength (Psi)
4500 4000
3750 3000
3000 2200
2000 1500

Lower grade concrete with greater proportions of sand and coarse aggregates could be used
as specified. The cube strength for these mixes shall be determined in field for reference.

MIXING
The mode of mixing (i.e. hand mixing or machine mixing) shall be as specified and determined
by the Engineer-in-Charge keeping in view the size of work.

5.3.3.1 HAND MIXING

a)

Hand mixing shall not be carried out without the approval of the Engineer in Charge.

Unless otherwise specified or directed, hand mixing shall be done on the following lines:

Wooden batch boxes of one to three cubic feet capacity shall be used. Hand mixing shall only
be done on a smooth watertight platform large enough to allow efficient turning over of the
various ingredients both before and after the addition of water. The platform shall be wooden
and rectangular in shape having close fitting joints between the boards or long sheet iron
troughs. The platform shall in no case be utilized for storing material other than that required
for immediate mixing.
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Size of each batch shall be regulated by the proportions of the ingredients. A batch mixed at a
time shall not contain more than one bag of cement.

In case concreting has to be done at a faster speed different gangs of labourers shall prepare
different batches at the same time.

The measured quantity of cement shall be placed on top of the measured quantity of fine
aggregate and then both of these shall be mixed dry three times or more till they attain a
uniform colour. The measured quantity of Coarse aggregate shall then be added and mixed
with it. The required quantity of water, which shall be measured or weight for each batch, shall
then be added with a rose. The mixture shall be turned over and the process continued at least
three times or till the entire mass has become wet and a homogeneous mixture of the required
consistency has been obtained.

The re-tempering of concrete or mortar which has partially set (that is remixing with or without
additional cement aggregate or water is absolutely prohibited. Under no circumstances shall
concrete which has partially hardened be deposited in the work.

5.3.3.2 MACHINE MIXING

Concrete Mixtures

Concrete mixers may be of the revolving drum or the revolving blade type and the mixing drum
or blades shall be operated uniformly at the mixing speed recommended by the manufacturer.
The pick-up and throw-over blades of mixer shall be restored or replaced when any part or
sections is worn two and a half (2/2) cm or below than the original height of the manufacturer’s
design. Mixers and agitators, which have an accumulation of hard concrete or mortar, shall not
be used

When bulk cement is used and volume of the batch is one cubic meter or more, the scale and
weigh hopper for Portland cement shall be separate and distinct from the aggregate hopper
or hoppers. The discharge mechanism of bulk cement weigh hopper shall be interlocked
against opening before the full amount of cement is in the hopper. The discharging mechanism
shall also be interlocked against opening when the amount of cement in the hopper is
underweight by more than one percent or overweight by more than three (3) % of the amount
specified.

When the aggregates contain more water than the quantity necessary to produce a saturated
surface-dry condition, representative samples shall be taken and the moisture content
determined for each kind of aggregate.

The temperature of mixed concrete, immediately before placing, shall be not more than) thirty
(30) °C. Aggregates and water shall be cooled as necessary to produce concrete within this
temperatures limit. If ice is used to cool the concrete, discharge of the mixer will not be
permitted until all ice is melted.

The batch shall be so charged into the mixer that some water will enter in advance of cement

and aggregates. All water shall be in the drum by the end of the first quarter of the specified
mixing time.
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Cement shall be batched and charged into the mixer by means that will not result in loss due
to the effect of wind, or in accumulation of cement on surfaces of conveyors or hoppers, or in
other conditions that reduce or vary the required quantity of cement in the concrete mixture.

The entire contents of a batch mixer shall be removed from the drum before materials for a
succeeding batch are placed therein. The materials composing a batch except water shall be
deposited simultaneously into the mixer.

All concrete shall be mixed for a period of not less than one and a half (11/2) minutes after all
materials, including water, are in the mixer. During the period of mixing, the mixer shall operate
at the speed for which it has been designed.

Mixers shall be operated with an automatic timing device that can be locked by the Engineer
in Charge. The time device and discharge mechanism shall be so interlocked that during
normal operation no part of the batch will be discharged until the specified mixing time has
elapsed. In case of failure of the timing device, the Contractor will be permitted to operate
while it is being repaired, provided he furnishes an approved timepiece equipped with minute
and second hands. If the timing device is not repaired within twenty-four (24) hours, further
use of the mixer will be prohibited until repairs are made.

The first batch of concrete material placed in the mixer shall contain cement, sand and water
in excess to the requirement of mix, to ensure that the drum does not extract mortar from the
mix changing its design characteristics. When mixing is to stop for a period of one hour or
more, the mixer shall be thoroughly cleaned.

Plant Mixing
At central mixing plant, batches shall be discharged from the weighing hopper into the mixer
either directly by gravity or by an elevating container large enough to contain the batch. The
plant shall be arranged to ensure that there is no loss of cement during transfer from weighing
hopper to the mixer drum. The mixing time shall neither be less than fifty (50) second, nor
more than ninety (90) seconds.

The plasticizer, accelerator or retarder or water-reducing admixture, if required, shall be fed
separately at the rate recommended by the manufacture, or as established by laboratory trials.

Transit Mixing
Truck mixers, unless otherwise authorized by the Engineer in Charge, shall be of the revolving

drum type, watertight and so constructed that the concrete can be mixed to ensure a uniform
distribution of materials throughout the mass. All solid materials for the concrete shall be
accurately measured and charged into the drum at the proportioning plant. The truck mixer
shall be equipped with a device by which the quantity of water added can be readily verified.
The mixing water may be added directly to the batch, in case the concrete batch is poured
within twenty-five (25) minutes of adding water.

The maximum size of batch in truck mixers shall not exceed the maximum rated capacity of
the mixer as stated by the manufacturer and stamped in metal on the mixer. Truck mixing shall
be continued for not less than fifty (50) revolutions after all ingredients, including water, are in
the drum. The mixing speed shall be neither less than six (6) rpm nor more than ten (10) rpm.
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Mixing shall begin within thirty (30) minutes after the cement has been added either to the
water or aggregate, but when cement is charged into a mixer drum containing water or surface-
wet aggregate and when the temperature is above thirty-two (32) °C, this limit shall be reduced
to fifteen (15) minutes. The limitation in time between the introduction of the cement to the
aggregate and the beginning of the mixing may be waived when, in the judgment of the
Engineer in Charge, the aggregate is sufficiently free from moisture, so that there will be no
harmful effects on the cement.

Partial Mixing at the Central Plant
When a truck mixer, or an agitator provided with adequate mixing blades, is used for

transportation, the mixing time at: the stationary plant mixer may be reduced to thirty (30)
seconds and the mixing completed in a truck mixer/agitator. The mixing time in the truck mixer
or agitator equipped with adequate mixing blades shall be as specified for truck mixing.

Stiff Concrete Mix
For mixing concrete of zero slump to be laid by pavers, slip form, gravity mixer shall not be

used. Only force mixer of moving blades shall be allowed to ensure homogenous mix.

Type and Capacity

All concrete shall be produced in a batching and mixing plant or by means of a mechanical
mixer.

The ingredients of concrete, except the full quantity of water, shall be mixed in batch mixer for
not less than 11/2 minutes. The mixing time will be increased where the batch mixer has a
capacity of more than two cubic yards. The Engineer-in-charge reserve the right to increase
this time when the charging and mixing operations fail to produce a concrete batch of evenly
distributed ingredients and the consistency is not uniform. The concrete shall be the concrete
shall be uniform in composition or consistency are required. Water shall be added prior to,
during and following the mixer-charge operations. Excessive over-mixing required the addition
of water to preserve the required concrete consistency will not be permitted.

The capacity of the plant shall be such that the proposed arrangement will produce adequate
quantity of concrete to meet with all the other requirements of these Specifications and the
construction schedule. The batched materials shall be thoroughly combined into a uniform
mixture before the addition of water and admixtures. The water shall be added gradually and
the mixer operated for specified duration of time so as to obtain a thoroughly mixed concrete
of uniform colour and quality.

Mixers

The mixers provided by the Contractor shall be capable of combining the materials into a
uniform mixture and of discharging without segregation. Mixers shall not be charged in excess
of the capacity recommended by the manufacturer and shall not be recharged before
completely discharging the previous batches. Over mixing requiring additions of water will not
be permitted. The mixers shall be operated at a drum speed designated by the manufacturer.
The mixers shall be cleaned frequently and maintained in satisfactory operating condition, and
mixer drums shall be replaced when worn down more than 10 per cent of their length and or
thickness.

Truck mixer will be permitted only when they produce concrete of uniform consistency and
grading throughout the mixed batch and from batch to batch. Any concrete retained in truck
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mixers for so long a time that it cannot be satisfactorily placed without additional water shall
be wasted at the expense of the contractor.

Any mixer that at any time produce unsatisfactory results shall be repaired promptly and
effective or shall be replaced. Mixer in centralized batching and mixing plants shall be so
arranged that mixing action can be observed from the section of the mixing plant operator.
Mixer shall not be loaded in excess of their rated capacity, unless specifically authorized. Each
mixer shall preferably be equipped with a mechanically operated timing and signalling device
which will indicate the completion of the required mixing period and will count the batches.

Water Batcher
A suitable water measuring device shall be provided by the Contractor which shall be capable

of measuring water within the specified requirements for each batch. The mechanism for
delivering water to the mixer shall be such that no leakage will occur when the valves are
closed.

Locations
The concrete plant/mixer shall be installed at the Site at locations selected by the Contractor
and approved by the Engineer-in-Charge.

Arrangement

Separate bins and compartments shall be provided for each size or type of aggregate and
Portland cement. The compartments shall be of adequate size and so constructed that the
materials will be maintained separated under all conditions. Batching equipment/arrangement
shall be capable of delivering concrete within the following limits of accuracy as shown in Table
5.6.

Table 5.6
Tolerances for Weights of Concrete Batching Ingredients
Material Percent by weight
Cement +1%
Water +1%
Aggregate smaller than 19 mm (3/4 inches) 2%
Aggregate larger than 19 mm (3/4 inches) +3%

For volume batching suitable measuring boxes shall be used. The batching should preferably
be for one full bag of cement (50 Kgs.) corresponding to a volume of 1% Cu.ft. (0.035 Cu.M.)
or such other amount as may be determined by the Engineer-in-Charge as a result of tests of
bulking effect of aggregates shall be take into consideration.

Cooling

Adequate cooling facilities shall be provided to ensure that the temperature of concrete when
discharged from the mixers is sufficiently low to meet the temperature requirements as
specified in sub-section 5.3.4(c). Cool mixing water, ice, pre-cooled aggregate, shading the
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stockpiles with roofing or any other arrangements may be used to ensure the pre-cooling of
the concrete, subject to the written approval of the Engineer-in-Charge, but approval shall not
in any way relieve the Contractor of his responsibility of placing concrete at temperatures at or
below the specified limits. The Engineer-in-Charge if required shall order the following to meet
the temperature requirements.

1. Avoiding the placement of concrete during the hottest part of day.

2. Placement only at night.
Scales
Adequate weight and volume batching facilities, as approved by the Engineer-in-Charge, shall
be provided by the Contractor for the accurate measurement and. control of each of the
materials entering each batch of concrete. The accuracy of the weighing equipment shall
conform to the requirements of applicable standards. The weighing equipment shall be
arranged so that the concrete plant operator and Engineer-in-Charge can observe the dials or
indicators. Volumetric measurements, if approved by the Engineer-in-Charge, shall be made
by means of accurate measuring boxes.

Mixing Time

The mixing periods specified in Table 5.7 are based on proper control of the speed of rotation
of the mixer in accordance with Plant Manufacturer's recommendation and of the proper
introduction of the materials into the mixer. The mixing time will be increased when such
increase is necessary to secure the required uniformity, workability and consistency of the
concrete. The mixing time for each batch after solid materials are in the mixer drum, provided
that all the mixing water is introduced before one fourth of the mixing time has elapsed, shall

be as follows:
Table 5.7
Mixing Periods for Concrete
Capacity Mixer Mixing Time (Minutes)
Upto 1.5 cubic metres (2 cu.yds) 2.0

from 1.5 to 2.5 cubic metres

(2.0 to 3.25 cu.yds) 2.5

The time for higher capacity mixing shall be according to plant manufacture’s
recommendation.

5.3.4 CONVEYING

Concrete shall be conveyed from mixer to the place of final deposit as rapidly as practicable,
by methods which will prevent segregation or loss of ingredients and in accordance with ACI-
304. Any wet batch hopper through which the concrete passes shall be conical in shape. There
shall be no vertical drop greater than one metre except where the use of such equipment is
approved in writing by the Engineer-in-Charge, in advance of any use. Each type or class of
concrete shall be visually identified by placing a coloured tag or marker or routing slip clearly
marking quantity, slump, type of mix, time of batching/ discharge and name of part of structure
for which it is tended so that the concrete may be positively identified and placed in the
structure forms in the desired position.
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PLACING
General

V)

(In

()

(V)

V)

(V1)

(V1)

(VIIN)

(1X)

)

The method and equipment used for transporting concrete must ensure that concrete
having the required composition and consistency are delivered to the workout
objectionable or loss of slump.

Concrete shall be placed only in presence of the Engineer-in-charge.

Any concrete which has become so stiff that proper placing cannot be assured shall
be wasted and no payment shall be made to the contractor for such wasted concrete,
including contained cement. Concrete shall be deposited direct in all cases as near as
practicable to its final position and shall not flow in a manner to permit or cause
segregation.

Concrete shall not be placed during rains unless proper protection is afforded.
Concrete bucket, where used, shall be capable of promptly discharging the low-slump
concrete mixes specified and the dumping mechanism shall be designed to permit the
discharge of as little as four cubic feet portion of the load in one place.

Each layer of concrete shall be consolidated to the maximum practicable density so
that it is free from pockets of aggregates, and close snugly against all surface of forms
and embedded materials.

In consolidating each layer of concrete the vibrating head of the vibrator shall be
secured to form or allowed to penetrate and revibrate the concrete in the upper portion
of the underlying layer. All concrete shall be consolidated with electric or pneumatic
power-driven vibrators having a frequency of not less than 5000 cycles per minute.
Additional layers of concrete shall be placed after the layers previously placed have
been worked thoroughly so that no air bubble comes to the surface. He operations
shall be carried out by a person trained in the job.

Special care shall be taken in placing concrete when it has to be dropped from a
height, especially when reinforcement is in the way, and every effort shall be made to
reduce this drop to the minimum. In any case the drop shall not be more than 5 feet.
SLOPING BEDS NOT ALLOWED- Unless otherwise specified, no peripheral slopes
shall be allowed in the bed when it becomes necessary for any reason to terminate
placing operations. Such termination shall be against forms stepped as directed by
the Engineer-in-charge.

Ducts, recess, rebates and holes shall be moulded in the concrete during placing at
their proper position as shown on the drawing or as directed by the Engineer-in-
charge.

b) Placing of Concrete under water
When the space to be filled with concrete contains water which cannot be removed in some
practical way or when so specified or directed by the Engineer-in-charge the concrete shall
be deposited under water according to the following stipulations.

(1

()
()

Unless otherwise specified a nominal mix 1:1-1/2:3 shall be used for all concreting
under water. Cement and aggregate shall be mixed for a period of 2 minutes with
sufficient water to produce concrete having a slump not less than 6 inches and not
more than 6 inches for concrete placed by bottom dump bucket or concrete placed in
sacks.

Caissons, coffer dams or form shall be sufficiently tight to prevent loss of mortar or
flow or water through the space in which the concrete is to be deposited.

Pumping shall not be done during the course of placing concrete and 24 hours
afterwards.
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The surface shall be examined by a competent diver and the result reported to the
Engineer-In-charge who shall grant permission to start placing concrete only after he
is satisfied that the bottom surface is level. The service of the diver shall be arranged
by the contractor as his own expense.
Concrete shall be deposited continuously till it has attained the desired level. During
placing the top surface shall be kept as nearly level as possible by taking sounding
and avoiding the formation of laitance planes or removing it, if formed.
Unless otherwise specified or directed by the Engineer-In-charge anyone of the
following methods of placing shall be employed after getting approval from the
Engineer-In-charge.
TREMIE- The top section of the tremie shall be hopper large enough to hold one
complete batch of the mix or the entire contents of the transporting bucket when
it is used. The tremie pipe shall not be less than 8 inches in diameter and shall be
large enough to allow a free flow of concrete and strong enough to withstand the
external pressure of water in which it is suspended, even if a partial vacuum
develops inside the pipe. Unless otherwise specified, flanged steel pipe od
adequate strength to sustain the greater length and weight shall be used. A
separate lifting device shall be provided for each tremie pipe with an approved
automatic check valve, the upper end shall be plugged with a wadding of gunny
sacking or other approved materials, before delivering the concrete to the termie
pipe through the hopper. The hopper shall be forced to and out of bottom end of
the pipe by filling the pipe with concrete. The tremie shall be raised slowly to cause
a uniform flow of the concrete, but it shall not be emptied so that water enters
above the concrete in pipe. From the time the placing of concrete starts till it
finishes, the lower end of the termite pipe shall be below instead of flowing out
over the surface, to avoid formation of laitance layers. If the charge in the termite
is lost while depositing, the termite shall be raised above the concrete surface,
and if not sealed by a check valve it shall be replugged at the top end, as at the
beginning, before refilling for depositing concrete.
Bottom DUMP BUCKET- The bottom dump bucket shall be of the type that cannot
be opened till it has rested, with its load, on the surface upon which concrete is to
be deposited. The bottom doors shall be so equipped as to be automatically
unlatched by the release of tension on the supporting line or cable of the bucket
and shall open downward and outward as the bucket is raised. The top of the
bucket shall be fitted with double, overlapping canves flaps, or other approved
covers, to cover the contained concrete and to protect it from being washed as
the bucket enters the water and descends to the bottom. The buckets shall
preferably be so designed that the hinged bottom doors shall operate inside a
steel skirt, which shall surround the bucket while the bottom doors are shut and
shall extend below the bucket as the bottom door open, and thus minimize
turbulence and motion while the concrete is being deposited. The bucket shall be
submerged slowly till it is completely under water. The nominal dive speed after
that shall not exceed 200 feet per minute. After the bucket has released the
surface on which concrete is to be deposited, it shall be raised slowely for the first
six to eight feet to allow concrete to be deposited properly.
SACKS OF CONCRETE- When only a little quantity of concrete is to be deposited
under water, it shall be placed in sacks, unless otherwise specified. The space to
be concretes shall be filled with sacks of concrete carefully placed in header and
stretcher formation, so that they become interlocked. Sacks used for this purpose
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shall be made of jute or other coarse material, free from deleterious materials and
duly approved by the Engineer-In-charge. They shall be filled about two-thirds with
concrete and their opening securely tied.

(VI)  In case where it is possible to place under water concrete of a limited thickness in the

bottom of caisson of cofferdam and completely seal the structure, water shall be
pumped out and concrete deposited in air after cleaning the exposed surface.
Placing of concrete under Sea water

Unless otherwise specified, concreating under sea water shall be governed by the following

stipulations: -

() The nominal mix employed shall under no condition be leaner than 1:1:2.

{0)) An air-entrant agent or admixture duly approved by the Engineer-In-charge shall
be added to give three to six per cent entrained air in the concrete.

(1 Sea water shall not be allowed to come in contact with the concrete till it has
hardened for at least 4 days.

(V) Reinforcement or other corrodible metal shall be place not less than 3” from any
plane or curved surface, and 4” adjacent surface at corners.

V) If specially required the face of concrete shall be protected from serve chlimatic
conditions or serve abrasion by the stone of suitable quality, dense verified shale
bricks or creosoted timber as shown on the drawings or as directed by the
Engineer-In-charge

Placing Concrete in Saline Soil
Unless otherwise specified, concreting in saline soil shall be done keeping in view the
following:
(i) The nominal mix used shall be 1:1:2 or richer as actually specified by the
Engineer-In-charge depending upon the degree of salinity.
(i) Reinforcement or other corrodible matel shall not be place closer than two
inches from the surface of the concrete.

Placing Concrete in Cold Frosty Weather

Unless otherwise specified, concreting at temperature below 38 F shall be avoided. If it

cannot be avoided the following conditions shall be observed.

()] Water and frozen aggregates shall be heated before mixing.

(1 Mixing water shall not be heated above 180 F to prevent the occurrence of flash
set, and cement sall only be added after the heated aggregate and water have
been well mixed. The resulting temperature of aggregate and waste shall not
exceed 90 F.

(11D} The Temperature of the concrete shall not be allowed to go below 40 F during or

after its placing till it has been thoroughly cured and hundred. The temperature of
the concrete surface shall be determined by thermometers placed against the
surface. Provision shall be made from construction to permit the removal of small
sections of form to accommodate thermometers at locations designated by the
Engineer-In-charge or his authorized subordinates.
In determining temperature at angles and corners of a structure, thermometers
shall be placed not more than eight inches away from the angles and corners. In
the case of horizontal surface, thermometers shall rest on the surface under the
protection covering normal to the section.

(V) If allowed by the Engineer-In-charge rapid hardening cement and 12 per cent
calcium chloride shall be used for preparing concrete.
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V) Floor slabs and all exposed surface shall be covered immediately after their placing
with the protective materials like straw blankets by the Engineer-In-charge.

No concrete is to be placed until all the preparatory works have been satisfactorily
completed and the reinforcement and embedded items have been checked and approved
by the Engineer-in-Charge. Concrete placing shall follow the practice given in ACI-304. No
concrete shall be placed until all formwork, reinforcement, installation of parts to be
embedded, bracing of forms and preparation of surfaces involved in the placing and the
method of placement have been approved by the Engineer-in-Charge. Approval of the
method of placement proposed will not relieve the Contractor of his responsibility for its
adequacy and Contractor shall remain solely responsible for the satisfactory construction
of all work under the Contract. Before concrete is placed, all surface upon or against which
concrete is to be placed shall be free from standing water, mud, debris or loose material.
All surfaces of forms and embedded material that have become encrusted with dried mortar
or grout from concrete previously placed shall be cleaned of all such mortar or grout before
the surrounding or adjacent concrete is placed. The surfaces of absorptive materials
against or upon which concrete is to be placed shall be moistened thoroughly so that the
moisture will not be drawn from the freshly placed concrete.
Concrete shall be worked into the corners and angles of the forms and around all
reinforcement and embedded items without permitting the material to segregate. Concrete
shall be deposited as close as possible to its final position in the forms. The depositing of
concrete shall be regulated so that the concrete may be effectively compacted with a
minimum of lateral movement into horizontal layers generally 6 inches to 12 inches for
reinforced concrete and 15 inches to 18 inches for mass concrete or as approved by the
Engineer-in-Charge. No concrete that has partially hardened or been contaminated by
foreign materials shall be deposited in the structure, nor shall re-tampered concrete be
used unless approved by the Engineer-in-Charge.
The surfaces of construction joints shall be kept continuously wet for at least eighteen hours
during the twenty-four hour period prior to placing concrete except as otherwise directed
by the Engineer-in-Charge. All free water shall be removed and the construction joint shall
be completely surface dry prior to placement of concrete. All concrete placing equipment
and methods shall be subject to approval of the Engineer-in-Charge. Concrete placement
will not be permitted, if in the opinion of the Engineer-in-Charge, weather conditions prevent
proper placement and consolidation. It is advisable during wet weather to maintain a large
slope on any large area of fresh concrete, sufficient to result in drainage of water.

Time Interval Between Mixing and Placing

Concrete mixed in stationary mixers and transported by non-agitating equipment shall be
placed within thirty minutes after it has been mixed, unless otherwise authorized. When a truck
mixer or an agitator is used for transporting concrete, the concrete shall be delivered to the
site of the work and discharge shall be completed within 1.5 hours after introduction of the
cement to the aggregates. The concrete shall be placed within 30 minutes after it has been
discharged. In all cases, concrete shall be placed and compacted well within the initial setting
time.

Placing Temperature

Placing temperature unless otherwise approved by the Engineer-in-Charge shall conform to
the requirements herein specified for thin, moderate and mass sections. The Engineer-in-
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Charge's determination as to the type of section and applicable placing temperatures shall
govern. Concrete shall be placed at temperatures as follows:

THIN SECTIONS:

Concrete for thin sections shall be delivered to the forms at the coolest temperature which is
practicable to produce under current conditions but in no case at a temperature in excess of
300C. Except as otherwise determined by the Engineer-in-Charge, sections to which this
provision shall apply shall be less than 20 inches (50 cms) in thickness.

MODERATE SECTIONS:

Concrete for moderate sections shall have a temperature of not more than 21°C when placed.
A moderate section will be one that is greater than twenty inches (fifty centimetres) but less
than 40 inches (one metre) in thickness.

MASS CONCRETE SECTIONS:

Concrete having a measure of 40 inches (one metre) or more in thickness shall have a
temperature not exceeding 18°C.

Blinding Concrete

Where concrete is to be placed on a flat excavated surface or on an excavated surface inclined
at not more than IV: 1.75 H, a 3 inches (75 mm) layer of blinding concrete, if not otherwise
shown on the Drawings, shall be placed immediately after completion of excavation and
cleaning. The upper surface of the blinding concrete shall not be higher than the required cover
below the lowest layer of the reinforcing steel. The final excavated level shall be calculated to
allow for the 75 mm thickness of the blinding layer.

Lifts in Concrete

Concrete shall be placed in lifts or depths as shown on the Drawings. The placement of
concrete shall be carried on at such a rate and in such a manner that formation of cold joints
is prevented. Slabs shall be placed in one lift, unless otherwise authorized or directed. In walls,
lifts shall terminate at such levels as shall conform to structural details. Where slabs and beams
are placed continuously with walls and columns, the concrete in walls and columns shall have
been in place for at least two hours, or for a longer period when directed by the Engineer-in-
Charge, before placing concrete in the slabs and beams. The top surface of vertically formed
lifts shall be generally levelled. The concrete in columns shall be placed in one continuous
operation, unless otherwise authorized. In general, the construction joints in beams and slabs
shall be located as shown on the Drawings and concrete shall be placed in the sequence
indicated on the Drawings or as authorized by the Engineer-in-Charge. The maximum
differential in height between the various pours of the structure shall be as shown on the
Drawings or as directed by the Engineer-in-Charge.

Elapsed Time between Placement of lifts

Except as otherwise approved on the basis of lift drawings submitted by the Contractor, a
minimum of 72 hours shall elapse between the placing of successive lifts of walls and thin
sections and 120 hours shall elapse between placing lifts of moderate and mass sections.

Time between Adjacent Pours
The time between adjacent pours shall be defined as the time elapsing from the end of the
striking off of one pour to the start of placing the next pour. The minimum time elapsing
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between adjacent pours shall be five days for thin and moderate sections and fourteen days
for mass section.

Concrete above and Around Openings

If concrete is placed monolithically around openings having vertical dimensions greater than
0.6 metres, or if concrete in floor slabs or other similar parts of structures is placed
monolithically with supporting concrete, the following instructions shall be strictly observed:

e Placing of concrete shall be delayed from one to three hours at the top of openings and
at the bottom of bevels under floor slabs, or other similar parts of structure when bevels
are specified and at the bottom of such structural members when bevels are not
specified; but in no case shall the placing be delayed so long that the vibrating unit will
not readily penetrate on its own weight in the concrete placed before the delay. When
consolidating concrete is placed after the delay, the vibrating unit shall penetrate and
re-vibrate the concrete placed before the delay.

e The last 0.6 metres or more concrete placed immediately before the delay shall be
placed with as low a slump as practicable and special care shall be exercised to effect
thorough consolidation of the concrete.

e The surface of concrete where delays are made shall be clean and free from loose and
foreign material, when concrete placing is started after. the delay.

e Concrete placed over openings and in slabs and other similar part of structures shall
be placed with as low a slump as practicable and special care shall be exercised to
effect thorough consolidation of the concrete.

Concrete for Second Stage and Block-outs

Block-outs for equipment and fittings and for such other work as indicated or directed shall be
provided as indicated on the Drawings. After the said equipment and fitting have been installed
and adjusted in their final location, the block out recesses shall be filled with concrete. Before
installing the components to be embedded in block out concrete and before depositing any
block out concrete, the concrete surfaces of the block out shall be cleaned in the manner
specified for cleaning construction joints.

Second stage concrete for filling the openings left for the installation of equipment and fittings
shall. be anchored to the first stage concrete. The size and spacing of the concrete fixing
sockets, if any, to be embedded in the first stage concrete shall be subject to the approval of
the Engineer-in-Charge. Different components of structures to be built from second stage
concrete like partition walls, slabs, beams and other parts of structure indicated on Drawings
as second stage shall be connected to the first stage concrete through dowels. Dowels not
shown in first stage concrete Drawings shall be placed and fixed in position by drilling holes in
concrete as approved by the Engineer-in-Charge.

Placing Concrete through Reinforcement

In placing concrete through reinforcement, care shall be taken that no segregation of the
coarse aggregate occurs.

In certain cases, like the bottom of beams and slabs, the congestion of steel near the forms
may make placing difficult. In such cases, as decided by the Engineer-in-Charge, a layer of
mortar of a composition compatible with the required concrete strength shall be first deposited
to cover the surface to a depth of 15mm.
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Vibration of Concrete

Recommended Practice given in ACI 309 shall be followed for concrete consolidation.
Concrete shall be compacted with mechanical or electrical vibrating equipment supplemented
by hand spading and tamping. In no case shall vibrators be used to transport concrete inside
the forms. The vibrating equipment shall be of internal type and shall at all times be adequate
in number of units and power of each unit to properly consolidate all the concrete. Form or
surface vibrators shall not be used unless specifically approved. The intensity (amplitude) of
vibration shall be sufficient (frequency not less than 6,000 impulses per minute) to produce
satisfactory consolidation. The duration of vibrations shall be limited to that necessary to
produce satisfactory consolidation. Excessive surface working will not be permitted.

EXPANSION, CONTRACTION AND CONSTRUCTION JOINTS
Expansion and Contraction Joints
Expansion and contraction joints shall be provided at the locations indicated and according to
the details shown on the Drawings. In no case shall any fixed metal, embedded in concrete,
be continuous through an expansion or contraction joint.
Where indicated on the Drawings, expansion joint filler joint sealing compound, GI, Aluminium
& Copper sheets shall be installed using materials of the type and quality indicated.
The surface of joint of set concrete shall be dry and shall be painted with two coats of bitumen,
conforming to AASHTO M-115, and new concrete shall be placed against it only when the
bitumen is dry.

Construction Joints

General:

As soon as a lift is completed, the top surface of concrete and reinforcing dowels shall be
immediately and carefully protected from any condition that may damage the concrete surface
and the dowels.

Cleaning:

Horizontal construction joints on lifts with relatively open and accessible surfaces shall be
prepared for receiving the next lift by cleaning with either wet sandblasting or by air-water
cutting. Approved wet sandblasting equipment shall be provided. If the surface of a lift is
congested with reinforcing steel and is relatively inaccessible or if for any other reason it is
considered undesirable to disturb the surface of a lift before it has hardened, surface cutting
by means of air-water jets will not be permitted and the use of wet sandblasting will be required.

Air water cutting:

Air-water cutting of a. construction joint shall be performed when approved by the Engineer-
in-Charge. The surface shall be cut with a high-pressure air-water jet to remove all laitance
and to expose clean, sound aggregate, but not so as to undercut the edges of the larger
particles of the aggregate. The air pressure used in the jet shall be 0.7 MPa plus or minus 10%
(100 psi) and the water pressure shall be just sufficient to bring the water into effective
influence of the air pressure. After cutting, the surface shall be washed and rinsed as long as
there is any trace of cloudiness of the wash water. The surface shall again be washed with an
air-water jet while the concrete is still green, say well within 6 hours of concreting, (depending
upon the atmospheric conditions of humidity and temperature) prior to placing the succeeding
lift. Where necessary to remove accumulated laitance, coatings, stains, debris and other
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foreign material, wet sandblasting will be required immediately before placing the next lift to
supplement air-water cutting. When approved by the Engineer-in-Charge, a retarder may be
applied to the surface of the lift in order to prolong the period of time during which airwater
cutting is effective. Prior to receiving approval, the Contractor shall furnish technical data and
samples of the retarder to be used and shall demonstrate the method to be used in its
application.

Wet sandblasting:

When employed in the preparation of construction joints, wet sandblasting shall be performed
immediately before placing the following lift. The operation shall be continued until all laitance,
coating, stains, debris and other foreign materials are removed. The surface of the concrete
shall then be washed thoroughly to remove all loose material.

Joints:

Vertical construction joints shall be prepared similar to the horizontal construction joints.
Where allowed by the Engineer-in-Charge, the inner surface of the formwork may be coated
with an 'approved set-retarder to facilitate the preparation of the vertical construction joint.

Water disposal:

The method used in disposing of water employed in cutting, washing and rinsing of concrete

surfaces shall be such that the waste water does not stain, discolour, or effect exposed

surfaces of the structure. Methods of disposal shall be subject to approval by the Engineer-in-

Charge.

Specification:

() The location of all construction joints shall be subject to the approval of the Engineer-
In-charge. The joints shall be constructed in accordance with the provision of these
specifications.

(1)) Construction and expansion joints shall be built by forming concrete on one side and
allowing it to set before resuming concreting, the joint surface shall be thoroughly
cleaned and loose material removed. Then without rewetting the surface, a thin layer
of cement grout shall be worked well into it or cement and sand mortar mixed in the
same proportions as the original concrete shall be placed. Special care shall be taken
to obtain thorough compacting and avoid segregation along the joint plane. In
horizontal joints, instead of treating surface with grout or mortar, the workability of first
batch of the concrete placed in contact with the joint shall be slightly increased.

(11D} Unless otherwise specified joints in column shall be made at the underside of the floor
members and at the floor level. Haunches and column caps shall be considered as
part of and continuous with floor or roof. Concrete shall be deposited in floor system
at least two hours after it has been deposited in columns or walls joint in beams and
slab at the centre or within the middle third of the span and horizontal joints in walls at
the tops of plinth or top bottom of window openings shall be avoided.

(V) Where a construction joint is required in a section of a building more than 100 feet
long or where the space between two expansion joints is more than 100 feet special
reinforcement shall be placed at right angle to the joint. Reinforcement shall extend in
both directions of the joints and shall have 40 diameters in the case of deformed bars
and 50 diameters in the case of plain bars. It shall be placed near the face of the
member opposite to the main tensile reinforcement and shall not be less than 0.5% of
the sections of the member cut by the joint. Any additional reinforcement required as
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a result of such additional construction joints shall be provided by the contractor as
his own expense.

V) Where the construction joints are required to be watertight, a continuous key-way shall
be constructed in the face of first section of concrete placed, and continuous sheet of
non-corrosive metal or any other approved material not less than 9 inches wide shall
be placed so as extend the full length of the joint and embedded equally in the
concrete on each side thereof.

Method of Measurement

The measurement shall be taken two places of decimal stating the depth and width
of joint.

CURING
General
All concrete including concrete repair work shall be cured by an approved method or
combination of methods in accordance with ACI 308. The Contractor shall have all equipment
and materials needed for adequate curing and protection of the concrete on hand and ready
to use before actual concrete placement begins. Means shall be provided for the protection of
concrete from the sun, drying winds and traffic until the specified curing has been completed.
The curing medium shall be applied so as to prevent loss of moisture from the concrete.
Concrete shall be protected from heavy rains for 24 hours. All concrete shall be adequately
protected from damage. No fire or excessive heat, including the heat resulting from welding,
shall be permitted near or in direct contact with the concrete at any time. All galleries, conduits
and other formed openings through the concrete shall be closed during the curing period.
If during the specified minimum period of curing, the surface temperature of the concrete falls
below 10°C, the period of curing shall be extended to allow the concrete to reach sufficient
maturity. The period of extension shall be as approved by the Engineer-in-Charge.
Horizontal concrete surface cured with water shall be kept wet for at least 14 consecutive days
immediately following placement. They shall be covered with water saturated materials like
gunny bags, canvas, clean sand, matting etc. or by any other improved method duly approved
by the Engineer-In-charge which will keep these surface continuously (not periodically) wet.
Unless otherwise specified, the curing of vertical surface shall be done initially by leaving the
forms in place, hanging canvas or hessian cloth over the completed work and keeping it wet
or by covering plastic sheet or membrane.

Methods of Curing

Moist Curing

Concrete shall be moist-cured maintaining all surfaces continuously (not periodically) wet for
14 days immediately following the placing or until covered with fresh concrete. Precast
elements shall also be water-cured for 14 days. Curing water shall be removed without allowing
stagnant pools of water to form on the exposed lift surface. Water for curing shall comply with
the applicable requirements of Sub-section 5.3.1.6 - Water. Where forms of tongue-and groove
or shiplap sheeting are used and are left in place during curing, the sheathing shall be kept
wet at all times. When in contact with concrete, steel forms shall be kept wet. Horizontal
construction joints and finished horizontal surfaces cured with sand shall be covered with a
minimum uniform thickness of 5 cm of sand and kept continuously saturated with water.
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Curing Compound Method

An approved curing compound conforming to ASTM C-309 shall be applied in accordance with
the manufacturer's recommendations immediately after any water sheen which may develop
after finishing has disappeared from the concrete surface. It shall not be used on any surface
against which additional concrete or other material is to be bonded unless it is proven that the
curing compound will not prevent bond or unless positive measures are taken to remove it
completely from such areas.

Surfaces exposed to the air may be cured by the application of an impervious membrane if
approved by the Engineer in Charge.

The membrane-forming compound used shall consist of a practically colorless liquid. The use
of any membrane forming compound that will alter the natural color of the concrete or impart
a slippery surface to any wearing surface shall be prohibited. The compound shall be applied
with a pressure spray in such a manner as to cover the entire concrete surface with a uniform
film and shall be of such character that it will harden within 30 minutes after application. The
amount of compound applied shall be ample to seal the surface of the concrete thoroughly.
Power operated spraying equipment shall be equipped with an operational pressure gauge
and means of controlling the pressure.

The curing compound shall be applied to the concrete following the surface finishing operation
immediately after the moisture sheen begins to disappear from the surface, but before any
drying shrinkage or craze cracks begin to appear. Type-2 liquid membrane curing compound
as specified in AASHTO M 148 may be used as the initial and final curing agent on structural
concrete. In the event of any delay in the application of curing compound, which results in any
drying or cracking of the surface, application of water with an atomizing nozzle as specified
under “Water Method”, shall be started immediately and shall be continued until application of
the compound which shall not be applied over any free standing water surface. Should the film
of compound be damaged from any cause before the expiration of seven (7) days after the
concrete is placed in the case of structures, the damaged portion shall be repaired immediately
with additional compound.

Curing compounds shall not hard settle in storage. They shall not be diluted or altered in any
manner after manufacture. At the time of use, the compound shall be in a thoroughly mixed
condition. If the compound has not been used within one hundred twenty (120) days after the
date of manufacture, the Engineer in Charge may require additional testing before use to
determine compliance to requirements.

An anti-settling agent or combination of anti-settling agents shall be incorporated in the curing
compound to prevent caking.

The curing compound shall be packaged in clean barrels or steel containers or shall be
supplied from a suitable storage tank located at the job-site. On-site storage talks shall have a
permanent system designed to completely re-disperse any settled material without introducing
air or any other foreign substance. Containers shall be well sealed with ring seals and lug type
crimp lids. The linings of the containers shall be of a character that will resist the solvent of the
curing compound. Each container shall be labeled with the manufacturer’'s name, specification
number, batch number, number of gallons and date of manufacture and shall have a label
warning concerning flammability. The label shall also warn that the curing compound shall be
well stirred before use. When the curing compound is shipped in tanks or tank trucks, a
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shipping invoice shall accompany each load. The invoice shall contain the same information
as that required herein for container labels.

Curing compound may be sampled by the Engineer in Charge at the source of supply and at
the job-site.

Reinforced Water Proof Paper Method

The exposed finished surfaces of concrete shall be sprayed with water, using a nozzle that so
atomizes the flow that a mist and not a spray is formed, until the concrete has set, after which
the waterproof paper shall be placed. The paper shall remain in place for a period of not less
than seventy-two (72) hours.

Reinforced waterproof paper shall comply with ASTM C 171 specifications. It shall be
composed of two sheets of Kraft paper cemented together with a bituminous adhesive and
reinforced with fibre. The waterproof paper shall be formed into sheets of such width as to
provide a complete cover of entire concrete surface.

e Alljoints in the sheets shall be securely cemented together in such a manner as to
provide a waterproof joint. The joint seams shall have minimum lap of ten (10) cm.

e The sheets shall be securely weighted down by placing a bank of earth on the
edges of the sheets or by other means satisfactory to the Engineer in Charge.

¢ Should any portion of the sheets be broken or damaged within seventy-two (72)
hours after being placed, the broken or damaged portions shall be immediately
repaired with new sheets properly cemented into place.

e Sections of sheets, which have lost their waterproof qualities or have been
damaged to such an extent as to render them unfit for curing the concrete shall not
be used.

Forms-in-Place Method

Formed surfaces of concrete may be cured by retaining the forms-in-place. The forms shall
remain in place for a minimum period of seven (7) days after the concrete has been placed,
except that for members over five (5) cm in least dimension, the forms shall be in place for a
minimum period of five (5) days. Wooden forms shall be kept wet by watering during the
curing period.

Steam Method
After placing and vibrating, the concrete shall be allowed to attain its initial set before steam
is applied. During the placing of concrete and application of steam, provision shall be made
to prevent surface drying by means of a coating of approved material. The optimum curing
temperature shall not exceed sixty-five (65) °C.

Polyethylene Sheeting Method
The wet surface of fresh concrete shall be covered with white polyethylene sheeting as soon

as possible without marring the surface and should cover all exposed surfaces of the
concrete. The edges of the sheeting shall be weighted securely with a continuous windrow
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of earth or any other means satisfactory to the Engineer in Charge to provide an air-tight
cover. Adjoining sheets shall overlap not less than thirty (30) cm and the laps shall be
securely weighted with earth, or any other means satisfactory to the Engineer in Charge to
provide an air-tight cover.

REPAIR OF CONCRETE

General

Concrete that is damaged from any cause; concrete that is honeycombed, fractured, or
otherwise defective; and concrete which, because of excessive surface depressions, must be
excavated and built up to bring the surface to the prescribed lines; shall be removed and
replaced with dry pack mortar, or concrete, as hereinafter specified. The excavation to firm
surface shall be carried carefully by hand or by using mechanical means without damaging the
firm surface on which material is to be placed. Repair of concrete shall be performed only by
skilled workmen and within 24 hours of removal of forms. The Contractor shall keep the
Engineer-in-Charge advised as to when repair of concrete will be performed. Unless an
inspection is waived in each specific case, repair of concrete shall be performed only in the
presence of the Engineer-in-Charge. Repairs shall be made in accordance with the procedures
approved by the Engineer-in-Charge or his representative.

Material
All materials used in the repair of concrete specified hereunder shall conform to the applicable
requirements of the Specifications for Section 5 — Plain & Reinforced Concrete.

Protrusions

Where bulges and abrupt irregularities protrude outside the specified limits on formed surfaces
not to be concealed permanently, the protrusions shall be reduced by bush-hammering and
grinding so that the surface irregularities are within the specified limits.

Depressions

General:

All fillings for depressions shall be bonded tightly to the surfaces of holes and shall be sound
and free from shrinkage cracks and drummy areas after the fillings have been cured and have
dried. All fillings in surfaces of structures prominently exposed to public view shall contain
sufficient white Portland cement to produce the same colour as that of the adjoining concrete.
Repairs shall be made with non-shrink grout, guniting or dry pack filling except where repairs
with epoxy concrete and/or epoxy mortar are directed to be made by the Engineer-in-Charge.
Concrete, mortar, grouting, guniting or dry pack mortar filling as the case may be shall each
be mixed in proportions approved by the Engineer-in-Charge to produce a repair at least
equivalent in strength density and durability to the concrete in which the repair is required and
shall match with the adjacent surfaces in texture, colour and shade.

Concrete filling:

Concrete filling shall be used for holes extending entirely through concrete sections; for holes
in which no reinforcement is encountered and which are greater in area than 10 square inches
(0.1 square metre) and deeper than 4 inches (10 cm); and for holes in reinforced concrete
which are greater than 5 square inches(0.05 square metre) in area and which extend beyond
the reinforcement.
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Mortar filling:

Mortar filling (1 cement and 1 sand), placed under impact by use of a mortar gun, may be used
for repairing defects on surfaces, not exposed to public view where the defects are too wide
for dry pack filling and too shallow for concrete filling and no deeper than the far side of the
reinforcement that is nearest to the surface.

Drypack mortar filling:

Dry pack mortar fillings shall be used for filling holes having a depth nearly equal to, or greater
than, the least surface dimension; for narrow slots cut for repair of cracks; for grout pipes
recesses; and for tie rod fastener recesses as specified. Dry pack mortar shall not be used for
filling behind reinforcement or for filling holes that extend completely through a concrete
section. If removal of the ends of form ties results in recesses, the recesses shall be filled with
dry pack mortar provided that filling of recesses in surfaces upon or against which fill material
or concrete is to be placed will be required only where the recesses are deeper than 25 mm in
walls less than 300 mm thick.

Surface finishes of repaired areas:

The Contractor shall correct all imperfections on the concrete surface as necessary to produce
surfaces that conform to the requirements specified for the adjacent area. Fins and
encrustations shall be neatly removed from the surfaces.

FINISHES AND FINISHING

General

Allowable deviations from plumb or level and from the alignment, profile grades and
dimensions shown on the Drawings or specified. Tolerances are defined as tolerances and
are to be distinguished from irregularities in finish as described herein. The classes of finish
and the requirements for finishing of concrete surfaces shall generally be as specified herein
or as indicated on the Drawings. Finishing of concrete surfaces shall be performed only by
workmen who are skilled concrete finishers.

The Contractor shall keep the Engineer-in-Charge informed as to when finishing of concrete
will be performed. Unless inspection is waived in each specific case, finishing of concrete shall
be performed only in the presence of the Engineer-in-Charge. Concrete surfaces will be tested
by the Engineer-in-Charge where necessary to determine whether surface irregularities are
within the limits hereinafter specified. Surface irregularities are classified as abrupt or gradual.
Offsets caused by displaced or misplaced form sheathing or lining or form sections or
otherwise defective form lumber will be considered as abrupt irregularities, and wilt be tested
by direct measurements. All other irregularities will be considered as gradual irregularities and
will be tested by the use of a template, consisting of a straight edge or the equivalent thereof
for curved surfaces. The length of the template will be 5 ft. (1.5 metres).

The classes of finish for concrete surfaces shall be as shown on the Drawings or as directed
by the Engineer-in-Charge. No grinding will be required on formed surfaces other than that
necessary for repair of surface imperfections as specified herein.

Ordinary Finish (OF)

Ordinary finish (OF) applies to surfaces upon or against which fill material or concrete is to be
placed. If unformed, the finishing operation shall consist of sufficient levelling and screeding to
produce even uniform surfaces. When formed, the surfaces require no treatment after form
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removal except for repair of defective concrete and filling of holes left by the removal of
fasteners from the end of the tie rods as required under Sub-section 5.3.8 -Repair of Concrete.
Correction of surface irregularities shall be required for depressions only and only for those
which exceed 25 mm when measured.

Rough Concrete Finish (RC)

Rough concrete finish (RC) applies to surfaces which are intended to receive tiles, metallic
lining or other applications as indicted on the Drawings. After consolidation and levelling of the
concrete to the specified tolerances, the surface shall be roughened with stiff brushes or rakes
before final set. Where rough concrete finish is specified for wall surfaces, the same shall be
obtained by use of formwork suitable to produce the required finish. Surface irregularities
measured shall not exceed 6mm for floors and 3mm for walls.

Ordinary Slab Finish (OS)

Ordinary slab finish (OS) applies to floor surfaces which are not intended to receive any floor
coverings. After the concrete has been placed, consolidated, struck-off and levelled, and its
surface has stiffened sufficiently, floating shall be performed by use of hand or power driven
equipment, and shall be the minimum necessary to produce a surface that is free from screed
marks and is uniform in texture. Floating shall be continued until a small amount of mortar
without excess water is brought to the surface so as to permit effective trowelling. Steel
trowelling shall be started when the surface has hardened sufficiently to prevent excess of fine
material from being drawn to the surface. Steel trowelling shall be performed with firm pressure
such as will flatten the sandy texture of the floated surface and produce a dense uniform
surface, free from blemishes and trowel marks. Surface irregularities measured as described
in Sub-section 5.3.9(a) General, shall not exceed 6mm for abrupt irregularities and 12mm for
gradual irregularities and 12mm for gradual irregularities

Ordinary surface form finish will follow AASHTO-SS-8.12.2. Non-shrinkable mortar will be
used.

Fair Faced Finish (FF)

Fair Finish (FF) shall be applied to all exposed surfaces of walls and ceilings which are not to
be covered by any other finish. Surface irregularities shall not exceed 3mm for abrupt
irregularities and 6mm for gradual irregularities, when measured as described in Sub-section
5.3.9(a). All abrupt irregularities and all gradual irregularities in excess of 6mm shall be
reduced by grinding to conform to the specified limit for gradual irregularities.

Surface Rendering

All faces of concrete that are to come in contact with back fill or pavement materials, shall be
applied two coats of hot bitumen of approved quality, before placing any material around
concrete.

Cracks

If cracks, which in the opinion of the Engineer in Charge may be detrimental to the stability, strength
and durability of the construction, develop in concrete construction, the Contractor at his own
expense shall test the structure. If under such test loads the cracks develop further, the Contractor
shall dismantle the construction, carry away the debris, replace the construction and carry out all
consequential work thereto.

If any cracks develop in the concrete construction, which in the opinion of the Engineer in Charge,
are not detrimental to the stability of the construction, the Contractor at his own expense shall
grout the cracks with epoxy grout or with other better composition as directed by Engineer In
Chargeand also at his own expense and risk shall make good to the satisfaction of the Engineer

5-38



Chapter-5 [Plain & Reinforced Concrete]

in charge all other works such as plaster, moulding, surface finish, which in the opinion of the
Engineer in Charge have suffered damage. The Engineer in Charge decision as to the extent of
the liability of the Contractor in the above matter shall be final and binding.

External crack width shall be restricted to 0.2 mm on all structures. If cracks width is more than
0.2 mm or in the opinion of Engineer in Charge may be detrimental to concrete construction, the
Contractor at his own expenses should test the structure.

(h) Defective Concrete

Badly executed work not conforming to requirements shall be removed wholly and re-executed at
Contractor’s cost and shall not be incorporated in the works. No plastering or repairs will be
allowed to concrete. Decision of Engineer in Charge will be binding on the Contractor.

5.3.10 TESTING OF COMPRESSIVE STRENGTH

Concrete compressive strength requirements consist of a minimum strength at the age of
twenty-eight (28) days and the minimum strength that must be attained before various loads
or stresses are applied to the concrete. The various strengths required are specified in Table
1.

The compressive strength of concrete will be determined from test cylinders, which have been
fabricated from concrete sampled and tested in accordance with AASHTO T 23 and T 22.

A set of six (6) cylinders shall be taken from each fifty (50) cu m of each class of concrete or
fraction thereof placed each day, three (3) of the six (6) cylinders to be tested after seven (7)
days and three (3) after twenty-eight (28) days.

a) The minimum average twenty-eight (28) days’ test result of all samples tested at
any time shall be the specified twenty-eight (28) days’ strength.

b) No individual samples tested after 28 days shall show a test result lower than
eighty-five (85) % of the required twenty-eight (28) days.

Concrete represented by any single test cylinders that fails to comply with the requirement
under (b) above will be rejected unless the Contractor at his expense, provides evidence that
the strength and quality of the concrete placed in the work are acceptable. If such evidence
consists of tests made on cores taken from the work, the cores shall be obtained and tested
in accordance with the specifications of AASHTO T 24.

Test results of the cores shall meet the following requirements:

i) Average test result of the cores shall not be less than the minimum required
twenty-eight (28) days’ strength.

i) No individual core shall show a strength less than ninety-five (95) % of the
required twenty-eight (28) days’ strength.

Should the above test results fail to comply with the requirements, concrete of that particular

pour shall be rejected and removed as directed by the Engineer in Charge. Furthermore, the
Contractor shall redesign the concrete mix for approval of the Engineer in Charge.
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In case, seven (7) days’ strength shows less than seventy (70) % of the twenty-eight (28) days’
strength (in case of type-1 cement), Engineer in Charge may stop further work on that particular
portion of concrete, unless twenty-eight (28) days’ strength gives satisfactory results

Rejection of Concrete
If above test result fails to comply with the requirements, concrete or that particular pour will
be rejected and removed as directed by the Engineer in Charge.

CONCRETE REINFORCEMENT

GENERAL

The work shall include providing, cutting, bending, fabricating, assembling and placing of all
concrete reinforcement including rods and fabric in accordance with Drawings, Specifications
and Standards as referred hereunder.

Reinforcement shall not be stacked on the ground to save it from mud, rust or other dangerous
coatings. Different sizes shall be stacked separately to facilitate deification. The bent bars
ready for fixing shall be correctly marked in order that there is no difficulty in selecting the
correct bars. The bar to be fixed shall be free from dust, oil, paint, rust or loose scale. All
bending of bars shall be done cold by the application of slow, steady pressure or with a suitable
machine. No heating of bars shall be allowed except for fishtailing. Welding shall be permitted
under suitable conditions and safeguards in accordance with Pakistan standard Specification
for welding. Where the reinforcement is congested or complicated, spot welding shall be done
for assembling of reinforcement.

RELATED WORKS
Section 5.3 - Plain and Reinforced Concrete.
Section 5.5 - Concrete Formwork

SUBMITTALS

The Contractor shall submit the following to the Engineer-in-Charge for his approval/record
before execution of work:

Shop Drawings for fabrication, bending and placement of concrete reinforcement. ACI 315
shall be complied with showing bar schedules, stirrup spacing, diagrams of bent bars,
arrangement of concrete reinforcement and special reinforcement required for openings
through concrete structures.

Samples of materials as specified and as otherwise may be requested by the  Engineer-in-
Charge including names, sources and descriptions as required.

Mill certificates or laboratory test reports as required.

MATERIALS

Concrete reinforcement of diameter smaller than 35 mm shall be hot rolled deformed steel
bars conforming to ASTM Designation A 615 and shall have a minimum yield strength of 275
MPa (40,000 psi). If specified plain mild steel conforming to BS 4449 shall be used.

Steel bars of a high strength, if required, shall have a minimum yield strength of 415 MPa
(60,000 Psi) and shall conform to ASTM A-615 or PS 605.

Tor steel shall conform to the applicable British Standard.

Mesh reinforcement shall be welded wire fabric conforming to the requirements of ASTM A-
185 or BS 4482 and 4483.
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e) Supports, spacers or ties required shall conform with the Specifications and Standards for
main reinforcing steel as per (a) & (b) above.
f) Binding wire shall be 1.6 mm dia (16 gauge) soft iron wire.

Deformed Bar
A reinforcing bar manufactured with surface deformations to provide bonding strength when
embedded in concrete. The following table showing the different values of deformed bars as

per ASTM A-615

Bar Designation Nominal Weight Diameter Cross-Sectional
No Kg/m (Ib/ft) mm (in) Area mm?(in?)
10 (3) 0.560 (0.376) 9.5 (0.375) 71 (0.11)
13 (4) 0.994 (0.668) 12.5 (0.500) 129 (0.20)
16 (5 1.552 (1.043) 15.9 (0.625) 199 (0.31)
19 (6) 2.235 (1.502) 19.1 (0.750) 284 (0.44)
22 (7) 3.042 (2.044) 22.2 (0.875) 387 (0.60)
25 (8) 3.973 (2.670) 25.4 (1.00) 510 (0.790)
29 (9) 5.060 (3.400) 28.7 (1.128) 645 (1.00)
32 (10) 6.404 (4.303) 32.3(1.270) 819 (1.27)
36 (11) 7.907 (5.313) 35.8 (1.410) 1006 (1.56)
43 (14) 11.380 (7.650) 43 (1.693) 1452 (2.25)
57 (18) 20.240 (13.600) 57.3 (2.257) 2581 (4.00)

Requirements for Deformation
Deformations shall be spaced along the bar at substantially uniform distances. The
deformations on opposite sides of the bar shall be similar in size, shape, and pattern.

The overall length of deformations shall be such that the gap (measured as a chord) between
the ends of the deformations on opposite sides of the bar shall not exceed 1212 % of the
nominal perimeter of the bar. Where the ends terminate in a longitudinal rib, the width of the
longitudinal rib shall be considered the gap. Where more than two longitudinal ribs are
involved, the total width of all longitudinal ribs shall not exceed 25 % of the nominal perimeter
of the bar; furthermore, the summation of gaps shall not exceed 25 % of the nominal perimeter
of the bar. The nominal perimeter of the bar shall be 3.1416 times the nominal diameter.

Measurement of Deformation

The average spacing of deformations shall be determined by measuring the length of a
minimum of 10 spaces and dividing that length by the number of spaces included in the
measurement. The measurement shall begin from a point on a deformation at the beginning
of the first space to a corresponding point on a deformation after the last included space.

Spacing measurements shall not be made over a bar area containing bar marking symbols
involving letters or numbers

Tensile Requirements

The strain shall be 0.5 % of gage length for Grade 40 [280] and Grade 60 [420] and shall be
0.35 % of gage length for Grade 75 [520]. When material is furnished in coils, the test sample
shall be straightened prior to placing it in the jaws of the tensile machine. Straightening shall
be done carefully to avoid formation of local sharp bends and to minimize cold work
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Table from ASTM

Tensile Strength Min
MPa (psi)

Steel 280 MPa
(Grade 40)

Steel 420 MPa
(Grade 60)

Steel 520
(Grade 75)

420 (60,000)

620 (90,000)

690 (100,000)

Yield strength Min Mpa

280 (40,000)

420 (60,000)

520 (75,000)

(psi)
Elongation in 203.2 mm
(8in) min %

Bar Designation

10 (3) 11
13, 16 (4,5) 12
19 (6) 12
2225(8) | e
29,32,36 (9,10,12) | = -
43,57 (14,18)
Grade 40 bars are only furnished only from #3 to #6
Grade 75 bars are furnished only from #6 to #18.

NN 0|©|©|©

Bending Requirements

The bend-test specimen shall withstand being bent around a pin without cracking on the outside
radius of the bent portion. The requirements for degree of bending and sizes of pins are
prescribed in Table. When material is furnished in coils, the test sample shall be straightened
prior to placing it in the bend tester. The requirements for degree of bending is shown in the
table given as under

Pin Diameter for Bend Tests
Bar Designation No 280 MPa 420 Mpa 520 MPa
(Grade 40) (Grade 60) (Grade 75)
10, 13, 16 (3,4,5) 3%d 3%d | e
19 (6) 5d 5d 5d
222578 | e 5d 5d
29,32,36(9,10,11) | ----eee- 7d 7d
43,18 (14,28) | - 9d 9d

Test & Retest

For bar sizes No. 3 to 11 [10 to 36], inclusive, one tension test and one bend test shall be
made of the largest size rolled from each heat. If, however, material from one heat differs by
three or more designation numbers, one tension and one bend test shall be made from both
the highest and lowest designation number of the deformed bars rolled

For all bar sizes one set of dimensional property tests including bar weight [mass] and spacing,
height, and gap of deformations shall be made of each bar size rolled from each heat.

If any tensile property of any tension test specimen is less than that specified, and any part of
the fracture is outside the middle third of the gage length, as indicated by scribe scratches
marked on the specimen before testing, a retest shall be allowed.

Rejection
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Material that shows injurious defects subsequent to its acceptance at the manufacturer's
works will be rejected, and the manufacturer shall be notified.

EXECUTION

Preparation

The Contractor shall furnish, cut, bend, and place all steel reinforcement including rods and
fabric, as indicated on the Drawings or otherwise required. All reinforcement when surrounding
concrete is placed, shall be free from loose flaky rust and scale, and free from oil, grease or
other coating which might destroy or reduce its bond with the concrete. All placing and fixing
shall be in accordance with Drawings furnished or approved by the Engineer-in-Charge. The
use of high tensile cold worked reinforcement bars for the transmission of current for welding
shall not be permitted. All reinforcement, including dowels, remaining exposed in the work shall
be suitably protected against corrosion by a thick coat of cement slurry until embedded in
concrete.

Cutting and Bending

The Contractor shall ensure that the bars do not get cracked or damaged during bending and
fabrication. Steel reinforcement may be mill or field cut and bent. All bending shall be in
accordance with ACI 315 and by approved machine methods. When bending is required, it
shall be performed prior to embedding the bars in the concrete. In all such cases, the bars
shall be cold bent. Bending or straightening of bars partially embedded in set concrete shall
not be permitted except in isolated cases where corrective action or a field change is required
and is specifically approved by the Engineer-in-Charge.

Tolerances

Cutting for all bars shall be within + 1 inch (+ 25 mm).Bending and placement tolerances for
overall or an internal dimension of a bent bar shall be as given in Table 5.7.

Table 5.7
Bending & Placement Tolerances
Description Tolerances .
Plus Minus
Bending
Bars upto 1.00 meters long 5 mm 5mm
Bars 1.00 to 2.00 meters long 5mm 10 mm
Bars over 2.00 meters long 5mm 25 mm
Placement
Concrete cover to formed surfaces 5mm 5 mm
Minimum spacing between bars 5mm 5 mm
Top bars in slabs and beams
- Members 200 mm deep or less 5mm 5 mm
- Member more than 200mm 10 mm 10 mm
but not over 600mm deep
- Member more than 600mm deep 25 mm 25 mm

Spacing of Bars
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The spacing of bars shall be as shown on the Drawings or as directed in writing by the
Engineer-in-Charge. The variation from indicated spacing, provided that the total area of
reinforcement is in accordance with the Drawings, shall be as per Table 5.7.

Concrete Cover to Reinforcement

The cover for all main reinforcement shall conform to the dimensions shown on the Drawings

and in no case less than % inch or diameter of the bar whichever is more. The protective

covering shall not be less than, and shall not exceed by more than 6 mm the values specified

on the Drawings. The dimensions, as shown on the Drawings, indicate the clear distance from

the edge of the main reinforcement to the concrete surface. The concrete covering of stirrups,

spacer bars, and similar secondary reinforcement may be reduced by the diameter of such

bars.

Unless otherwise specified the following minimum thickness of concrete cover, exclusive of

plaster or other decorating finish, shall be provided in all case: -

a) For each end of reinforcement bar, not less than 1 inch or twice the diameter of such bars.

b) For a longitudinal of such bars. In the case of columns with a minimum dimension of 7-
1/2inches or less where bars do not exceed % inch diameter, one-inch cover shall be used.

c) Forlongitudinal reinforcement bar in a beam not less than one inch or the diameter of such
bar.

d) For tensile, compressive, share or other reinforcement in a slab not less than ¥z inches or
the diameter of such reinforcement.

e) For any other reinforcement not less than % inches or the diameter of such reinforcement.

f) In case of works in saline or corrosive conditions a minimum of 1-1/2inches cover over
bars, stirrups or links.

Wire Fabric

Wire Fabric of specified gauge and mesh shall be used where shown on the Drawings. To
provide spacing between mesh and surface receiving mortar or concrete, hooked bolts or
studs, anchors and soft iron wire not less than No. 18 U.S. Standard gauge shall be used.

Splicing

Except as otherwise shown on the Drawings or specified herein, all splices, lengths of laps,
splice locations, placement and embedment of reinforcement shall conform to the applicable
requirements of ACI 318. All splices and locations of laps in reinforcement shall be as shown
on the Drawings or as directed by the Engineer-in-Charge. Lapped ends of bars may be placed
in contact and securely wired or may be separated sufficiently to permit the embedment of the
entire surface of each bar in concrete.

No welding, including tack welds, of reinforcing bars upto 35 mm in diameter shall be permitted
unless shown on the Drawings or authorised in each case by the Engineer-in-Charge. Except
as otherwise specifically shown on the Drawings, all reinforcing bars exceeding 35 mm in
diameter shall be spliced by butt welding. Butt welding shall conform to the requirements of
AWS D.12.1. All welds shall develop the full strength of the smaller bar. Concrete shall be
protected from heat during welding operations. Splicing of the reinforcing bars by approved
mechanical methods such as cad weld splices or other splices using positive connectors
(mechanical splicing) shall be adopted where directed by the Engineer-in-Charge.
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Supports

All reinforcement shall be secured in place by use of concrete supports. Chairs, spacers, or
ties may be of metal or as approved by the Engineer-in-Charge. Such supports shall be of
sufficient strength to maintain the reinforcement in place throughout the concreting operations.
Concrete supports shall be manufactured of the same concrete strength as used in the
structure to be concreted.

Embedded Items

Before placing concrete, care shall be taken to determine that all embedded items are properly
placed as required under the Specifications and are firmly and securely fastened in place as
indicated on the Drawings or as directed by the Engineer-in-Charge. Embedded items shall be
free from oil and other foreign matter such as loose coatings of rust, paint and scale. The
embedding of wood or other perishable materials in concrete is prohibited unless specifically
authorized or directed.

DELIVERY AND STORAGE

All reinforcement bundled, tagged and marked with complete identification shall be delivered
at Site.

Reinforcement shall be stored at Site clear of ground and protected from mud and other
deleterious materials.

5.5, CONCRETE FORM WORK

5.5.1.

5.5.2.

5.5.3.

a)

b)

GENERAL
The work shall include design, erecting, supporting, bracing and maintaining form work so that
it will safely and rigidly support all vertical and lateral loads encountered during construction.
The extent of formwork is indicated by the concrete work shown on the Drawings.

Unless otherwise specified, no separate measurement or payment shall be made for
“Providing Erection and Removal of Formwork” as specified herein, as all cost thereof shall be
considered to be included in the Contract unit prices for the various concrete items requiring
formwork.

RELATED WORK
Section 5.3 - Plain and Reinforced Concrete
Section 5.4 - Concrete Reinforcement

SUBMITTALS

The Contractor shall submit the following to the Engineer-in-Charge for his information/review:
Manufacturer's Data

Two copies of manufacturer's data and installation instructions for proprietary materials
including form coatings, manufactured form systems, ties and accessories.

Shop Drawings

Shop Drawings for fabrication and erection of architectural finished concrete surfaces as
shown on the Drawings or specified.

General construction for forms including jointing of special formed joints or reveals, location
and pattern of form tie placement and other items which affect the exposed concrete visually
shall be shown on these Shop Drawings. However, the Engineer-in-Charge's review will be for
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general architectural and engineering applications and features only. Design of formwork for
structural stability and sufficiency is the Contractor's responsibility.

FORM MATERIALS

Form liners for Plain Concrete Finish

TIMBER/PLYWOOD:

New Plywood 19 mm or timber planks 25 mm thick with continuous support for edges parallel
to framing shall be provided. Timber form shall be will seasoned and free of loose knots.
Other Materials:

Approved type forms made of steel, plastic, or other suitable materials may be used in lieu of
timber planks/plywood, provided the formed surfaces obtained conform to the requirements of
finishes specified for the concrete surfaces.

Re-use of Wood Forms:

Projecting nails shall be withdrawn, concrete cleaned off, re-oiling done and Engineer-in-
Charge’s approval obtained before re-using the wood forms.

The steel formwork surface in contact with concrete shall be free of rust.

Form Ties

Form ties shall be snap ties. Sample for Engineer in Charge approval shall be submitted before
ordering. Spacing of ties and the rate of placement of concrete shall be consistent with the
strength of ties. The Contractor must obtain approval prior to use of any special ties for metal
forms.

Form Coatings

Commercial formulation form-coating compounds shall be provided that will not bond with,
stain, nor adversely affect concrete surfaces, and will not impair subsequent treatment of
concrete surfaces requiring bond, painting or adhesion nor impede the wetting of surfaces to
be cured with water or curing compounds.

INSTALLATION

General

Forms shall be so constructed that the tolerances specified in ACI 347.203.1 are met.
Openings, offsets, chamfers, blocking and other features as required on the work shall be
provided. Easy removal of forms without damage to concrete surfaces shall be provided for.
Formwork shall be kept clear of wood chips, clogs, and other deleterious material. All concrete
surfaces shall be formed. Earth cuts shall not be used as forms for vertical surfaces of concrete
work unless approved by the Engineer-in-Charge.

Forms

The formwork shall conform to the shape, lines and dimensions as shown on the Drawings
and be so constructed as to remain sufficiently rigid during the placing and compacting of the
concrete, and shall be sufficiently tight to prevent loss of liquid from the concrete. Unless
otherwise specified, chamfer strips shall be placed in the corners of forms to produce bevelled
edges on permanently exposed surfaces. Interior corners on such surfaces and the edges of
the formed joints will not require bevelling unless required on the Drawings. Back joints with
extra studs or grits shall be provided to maintain true, square intersections. Extra studs,
washers and bracing shall be used as required to prevent bowing of forms between studs.
Reusable steel forms of approved design may be used for cast-in- place concrete.
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Form Ties
Form ties shall be provided at exposed surfaces. Ties shall be set in straight rows and evenly
spaced. Prior approval shall be obtained if any special ties for metal forms are to be used.

Form Release Agents
Form release agents shall be applied in accordance with manufacturer's instructions with
special attention to rate and method of application.

Tolerances In Form Work:-

5.5.6.

e Variation from plumb in lines and surfaces of piers, walls and rises, 6mm (1/4”) per 3 M
(10 ft) but not more than 25mm (1)

e For exposed corners, columns, central joints, grooves and other construction lines,
6mm(1/4”) in any bay of 6M(20 ft)

e Variation from position of linear building lines and related columns, walls and partitions,
13mm (1/2”) in any bay of 6M (20ft) max and 25 mm (1”) in 12M (40 ft).

e Variation in size and location of sleeves, floors and wall opening, 6mm (1/4”)

e Variation in cross sectional thickness of slab & walls be between -6mm(-1/4") and
12mm(1/2”)

e Variation in footing plan dimensions to be between -12mm (-1/2”) and 50mm (2”). Layout
displacement not more than 12 mm(1/2”) and verticality deviation not more than 1% of
the footing width, in direction of displacement, but not more than 50mm (2”) top.

e Suitable openings as required shall be provided in the formwork for the passage of piping
ducts, channels etc. All exposed joints, edges and external corners shall be chamfered
37.5mm (1/2”) at45°, except otherwise shown. Internal corners are fillet where indicated
or required.

REMOVAL OF FORMS

Forms for various parts of the structure shall not be removed before the specified time has
elapsed after placing the concrete. Consideration shall be given to the weather and other
conditions influencing the setting of concrete, curing, and materials in the mix. The exact time
shall be determined by the Engineer-in-Charge and will be dependant on curing conditions and
the prevalent temperature.

Form shall be removed with care so to avoid any injury to concrete. In order to avoid excessive
swelling of forms wooden forms for wall opening shall be loosened, as soon as this can be
accomplished without any damage to concrete. Forms for the openings shall be constructed
in such a manner as to be removed until the strength of the concrete is adequate that the
removal of form will not result in perceptible cracking, spalling and breaking of edges of
surfaces.

Beams and Slabs 14 days
Columns and Wall Faces 24 hours
Concrete Pedestal 24 hours
Sides of Beams, Caps, and Other Parts 24 hours

Personnel and concrete work shall be protected by re-shoring, if required.
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Min Period for Form-work Removal

Position of Formwork Minimum Period Over 10°C
Vertical or near vertical faces of mass concrete 24 Hours
Vertical or near vertical facesb of reinforced 48 Hours
concrete walls beams and columns

Undersides of arches, beams and slabs 14 Days
(formwork only)

Supports to underside of arches, beams and 14 Days
slab upto 3M (10 ft) span

Supports and underside of beams, slabs larger 14 Days
than 3 M (10ft) span

5.5.7. COORDINATION
Formwork shall be coordinated with the work of other trades as required for installation of
inserts, conduit pipe sleeves, drains, hangers, supports, anchors and similar items.
Embedment’s shall be secured in position before concrete is poured. Sufficient time shall be
allowed between erection of forms and placing of the concrete to allow various trades to install
their work properly.

5.5.8. RE-USE OF FORMS
The forms that will provide surfaces of same quality as original shall only be reused.

5.6. FOAM CONCRETE

The structural lightweight concrete shall be of specified grade but for thermal insulation the
concrete shall be low strength foam concrete and density as specified. Cement sand mortar in
1:2 ratio and admixture of foaming chemicals as approved by the Engineer-in-Charge shall be
used. The amount of different ingredients needed to develop a certain density shall be
according to the recommendations of the manufacturer for foaming agent and shall be
determined by trial mixes under instructions of the Engineer-in-Charge. All materials and the
producing, forming, placing, curing and repairing of the foam concrete shall be in accordance
with the applicable requirements of this Plain and Reinforced Concrete Section.

5.7. MEASUREMENT & PAYMENT

5.7.1. GENERAL
All measurements & payments shall be for completed work within the neat lines shown on
drawings unless otherwise specifically directed.

Dimensions of length, breadth and thickness shall be measured correct to nearest cm.
except for the thickness of slab and partition which shall be measured to nearest 5 mm.
Areas shall be worked out to nearest 0.01 sq.m and the cubic contents of consolidated
concrete shall be worked out to nearest 0.01 cum. Any work done in excess over the
specified dimension or sections shown in the drawing shall be ignored.

Reinforced cement concrete whether cast-in-situ shall be classified and measured separately
as follows.
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Raft, footing, bases of columns and mass concrete etc. all work up to plinth level,
column up to plinth level, plinth beams.

Wall (any thickness) including attached pilasters, buttresses plinth and string
course, fillets, column, pillars, piers, abutments, post and struts etc.

Suspended floors, roofs, landings

and balconies.

Shelves

Chajjas

Lintel, beams.

Columns, pillars, piers, abutments, posts and struts.
Stair-cases including waist or waist less slab but excluding landing
except in (i) below.

Spiral stair-case (including landing).

Arches, arch ribs, domes and vaults.

Chimneys and shafts.

Well steining.

Vertical and horizontal fins individually or forming box,
louvers and facias.

Kerbs, steps and the like.

String courses, bands, coping, bed plates, anchor blocks, plain window

sills and the like.
Mouldings as in cornices, window sills etc.

Shell, dome and folded plates.

Extra for shuttering in circular work in plan.

5.7.2. CAST-IN-SITU CONCRETE
It shall be measured in stages described in the item of work, such as:

@)
(b)
(©

Rafts, footings, bases of columns etc. and mass concrete.
All other items upto floor two level.

From floor two level to floor three level and so on.
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(d) R.C.C. above roof level shall be measured along with R.C.C. Work in floor just below.

NO DEDUCTION SHALL BE MADE FOR THE FOLLOWING:

(a) Ends of dissimilar materials for example beams, posts, girders, rafters, purlins,
trusses, corbels and steps upto 500 sq cm in cross sections.

(b) Opening upto 0.1 sq metre (1000 sg.cm)

(c) Volume occupied by reinforcement, pipes, conduits, sheathing etc. not
exceeding 100 sq cm each in cross sectional areas.

(d) Small voids that do not exceed 40 sq cm each in cross section.

Measurement shall be taken before any rendering is done in concrete members.
Measurement will not include rendering. The measurement of R.C.C. work between various
units shall be regulated as below:

€) Slabs shall be taken as running continuously through except when slab is
monolithic with the beam. In that case it will be from the face to face of the beam.

(b) Beams shall be measured from face to face of columns and shall be including
haunches, if any, between columns and beam. The depth of the beam shall be
from the bottom of slab to the bottom of beam if beam and slab are not monolithic.
In case of monolithic construction where slabs are integrally connected with
beam, the depth of beam shall be from the top of the slab to the bottom of beam.

(© The columns measurements shall be taken through.

(d) Chajjas along with its bearing on wall shall be measured in cubic metre nearest to
two places of decimal. When chajjas is combined with lintel, slab or beam, the
projecting portion shall be measured as chajjas, built in bearing shall be
measured as per item of lintel, slab or beam in which chajja bears.

(e) Where the band and lintels are of the same height and the band serves as lintel the
portion of the band to be measured as lintel shall be for clear length of opening plus
twice the over all depth of band.

REINFORCEMENT

No measurement and payment shall be made for the under-mentioned specified works for
reinforcement. The cost thereof shall be deemed to have been included in the unit rate of the
respective items of the BOQ.

- Providing and installing of chairs, supports, hooks, spacers, binding wires and laps not

shown on the Drawings.

- Wastage and rolling margin
Measurement shall be made in tonnes of reinforcing steel acceptably placed on the basis of
the lengths of bars installed in accordance with the approved Drawings or bar schedules or as
directed by the Engineer-in-Charge. Lengths of each size of bars shall be converted to weights
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by the use of the unit weights per linear metre for each size as per ASTM A-615 or BS 4449
Standards as approved by the Engineer-in-Charge. Steel in laps indicated on the Drawings
and as required by the Engineer-in-Charge will be measured for payment.

5.7.6. COMPOSITE RATE
The measurement and payment for the items of the work of Plain & Reinforced Concrete
hereof shall be made corresponding to the applicable CSR items as provided in Contract
Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge.

5.7.7. LABOUR RATE
The measurement and payment for the items of the work of Plain & Reinforced Concrete
hereof shall be made corresponding to applicable CSR item as provided in Contract
Agreement and shall constitute full compensation for procurement transportation, performance
in all respects and completion of work as specified including site clearance, as approved by
the Engineer-in-Charge except the cost of materials to be provided by Department at
designated location as defined in the Contract Agreement.
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6. PRE-STRESSED CONCRETE

6.1 SCOPE
This work shall consist of pre-stressing, furnishing and placing precast concrete or cast-in-place
concrete members/ structures in accordance with details shown on the drawings and as
specified in these specifications. The pre-stressing i.e., pre tensioning or post tensioning shall
be as per drawings.
This Work shall include the furnishing and installation of all items necessary for the particular
pre-stressing system to be used, including but not limited to pre-stressing and reinforcing steel,
ducts, anchorage assemblies, bulkheads and grout used for pressure grouting ducts. The Work
also includes curing, storing, transportation of pre-stressed members.
6.2 MATERIAL REQUIREMENTS
6.2.1 HIGH TENSILE WIRE
Pre-stressing steel (Cables) shall be high-tensile wire conforming to ASTM Specification
A-421 or AASHTO Designation M-204, strand or rope conforming to ASTM Specification
A-416 or AASHTO Designation M-203 or high tensile alloy bars as follows:-
Table 6.1 Breaking Strength Requirements as per ASTM A-416
Grade Strand Min Breaking Weight of
MPa Designation | Dia of strand strength of Steel Area of Strand, Strand
(Ksi) No. mm (in) Strand mm?2 (in2) kg/1000 m
KN (Lbf) (Ib /2000 ft)
6 6.4 (0.250) 40.0 (9,000) 23.2 (0.036) 182 (122)
8 7.9 (0.313) 64.5 (14,500) 37.4 (0.058) 294 (197)
1725 ° 9.5 (0.375) 89.0 (20,000) 51.6 (0.080) 405 (272)
(250) 11 11.1 (0.438) 120.1 (27,000) 69.7 (0.108) 548 (367)
13 12.7 (0.500) 160.1 (36,000) 92.9 (0.144) 730 (490)
15 15.2 (0.600) 240.2 (54,000) 139.4 (0.216) 1094 (737)
9 9.53 (0.375) 102.3 (23,000) 54.8 (0.085) 432 (290)
1860 11 11.11(0.438) | 137.9 (31,000) 74.2 (0.115) 582 (390)
(270) 13 12.70 (0.500) | 183.7 (41,300) 98.7 (0.153) 775 (520)
15 15.24 (0.600) | 260.7 (58,600) 140.0 (0.217) 1102 (740)
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Table 6.2 Yield Strength Requirements as per ASTM A-416

Grade Strand . .
MPa | Designation Dia of sFrand Initial Il_ofad KN Min Load at 1% Extension KN (Ibf)
(Ksi) No. mm (in) (Ibf)
Low Relaxation Normal Relaxation
6 6.4 (0.250) 4.0 (900) 36.0 (8100) 34.0 (7650)
8 7.9 (0.313) 6.5 (1450) 58.1 (13,050) 54.7 (12,300)
1725 9 9.5 (0.375) 8.9 (2000) 80.1 (18,000) 75.6 (17,000)
(250) 11 11.1 (0.438) 12.0 (2700) 108.1 (24,300) 102.3 (23,000)
13 12.7 (0.500) 16.0 (3600) 144.1 (32,400) 136.2 (30,600)
15 15.2 (0.600) 24.0 (5400) 216.2 (48,600) 204.2 (45,900)
9 9.53 (0.375) 10.2 (2300) 92.1 (20,700) 87.0 (19,550)
1860 11 11.11 (0.438) 13.8 (3100) 124.1 (27,900) 117.2 (26,350)
(270) 13 12.70 (0.500) 18.4 (4130) 165.3 (37,170) 156.1 (35,100)
15 15.24 (0.600) 26.1 (5860) 234.6 (52,740) 221.5 (49,800)

6.2.2

b)

The steel shall be free from injurious defects and shall have a smooth surface. Material,
which shows injuries defects during or prior to its installation in the work, shall be rejected.
Strand shall be supplied in coils of sufficient diameter to ensure that they lie out straight.

The Engineer-in-Charge may call for a relaxation test on pre-stressing steel in case, he is
not satisfied with the source of manufacture. Relaxation for pre-stressing steel shall be
measured over a period of thousand (1000) hours stressed at seventy (70) percent of its
ultimate tensile strength giving less than six (6) percent elongation.

TESTING

Generally all strands, or bars to be transported to the site shall be assigned a lot number
and tagged for identification purposes. Anchorage assemblies to be transported shall be
likewise identified.

All samples submitted shall be representative of the lot to be furnished. All of the materials
specified for testing shall be furnished free of cost and shall be delivered in time for tests to
be made well in advance of anticipated time of use. The contractor shall furnish for testing
the following samples selected from each lot as ordered by the Engineer-in-Charge. The
selection of samples shall be made at the manufacturer’s plant by the Engineer-in-Charge
or his representative.

Pre-tensioning Method
Samples at least 2.1 meter (7 Ft) long shall be furnished of strand size. A sample shall be
taken from each and every coil.

Post-tensioning Method

Samples of the following lengths shall be furnished.

For wires, sufficient length to make up one parallel lay cable one and half (1.5) M long
consisting of the same number of wires as the cable to be furnished. For strands, one and
half (1.5) M (5 Ft) length shall be furnished. For bars to be furnished with threaded ends and
nuts, one and half (1.5) M (5 Ft) between threads at end.
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Anchorage Assemblies

Two anchorage assemblies of each size of anchorage to be used shall be furnished,
complete with distribution plates. The RCC precast end block where used shall be of
reinforced concrete manufactured in accordance with the provisions of Section 5 — Plain &
Reinforced Concrete.

All anchorages and couplers for post-tensioning shall be capable of holding the pre-
stressing steel at a load producing a stress of not less than ninety-five (95) percent of the
specified ultimate tensile strength of the pre-stressing steel. The coupling of tendons shall
not reduce the elongation at rupture below the requirements of the tendon itself.

Couplers and coupler components shall be enclosed in housing long enough to permit
necessary movements. Couplers shall not be used at points of sharp tendon curvature.

The contractor shall prepare working drawings, backup calculations and material data for
the bulk head, anchorages and couplers for pre tensioning to be submitted to the Engineer
in Charge for approval unless otherwise directed.

Anchorage devices shall have a minimum clear concrete or grout coverage of 50 mm in
every direction.

Allowance for draw in of the tendon during anchoring shall be in accordance with the
Engineers/Designers instructions, and the actual

CONCRETE

The concrete should of the strength as specified by the designer or as mentioned in BOQ
item. The contractor should established the mix design for this purpose from the authorized
laboratory of the Government at his own expanse and this will submit to the Engineer in
Charge.

REINFORCEMENT STEEL
Reinforcement steel shall be as specified on drawings shall conform to the provisions of
Section 5.4 — Concrete Reinforcement.

CONSTRUCTION REQUIREMENTS
GENERAL

Unless otherwise ordered by the Engineer-in-Charge, the Contractor shall certify can sublet
the work to approved specialized firm approved by the Engineer in Charge for pre-stressing /
post-tensioning accompanied by experience certificates for similar projects including list of
gualified technicians for completion of pre-stressing operations, equipment for jacking,
calibration certificates for equipment to be used and methodology to be adopted for early
completion of work

The tensioning process shall be conducted so that the tension being applied and the
elongation may be measured at all times.

Safety Precaution during Stressing

During the pre-stressing operations, standing behind or under jack will not be allowed in
order to ensure that no one is injured by the flying spindle, tendon or the jack in the event of
a break occurring.
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PRE-STRESSING SYSTEM

The pre-stressing system shall be as shown on drawings and indicated in the tender. The
Contractor may opt for the alternate method of pre-stressing to be used, provided he
introduces no change in the position of centroid of the total pre-stressing force over the
length of the member and in the magnitude of the final effective pre-stressing force as
prescribed in the Drawings.

In case Contractor wants to use alternate systems provided in the drawings, he shall provide
details of the system he proposes to use to the Engineer in Charge for his approval

The alternate option shall be subject to all requirements hereinafter specified.

a. The safety of the anchorage of the pre-stressing tendons and their suitability for the
transmission of forces to the concrete under all loads whatsoever.

b. That the actual losses due to friction coincide with the calculated ones for the pre-
stressing.

c. The suitability of the proposed steel for the chosen pre-stressing system.

d. The length of transmission of the force to the concrete and the minimum strength of
the latter necessary for pre-stressing in systems, where the pre-stressing elements are
fully or partially anchored to the concrete through bond and friction.

e. The suitability of measures taken to protect pre-stressing tendons from corrosion until
the final tensioning is carried out.

The Contractor shall submit well in advance to the Engineer-in-Charge for approval
complete details of the methods, materials, and equipment he proposes to use in the pre-
stressing operations. Such detail shall outline the method and sequence of stressing,
complete specifications and details of the pre-stressing steel and anchoring devices
proposed for use, anchoring stresses, type of enclosures, and all other data pertaining to the
pre-stressing operation, including the proposed arrangement of the pre-stressing units in the
members.

An agreement certificate for the pre-stressing system shall be submitted and approved by
the Engineer-in-Charge before any structural member to be pre-stressed may be tensioned,
this agreement certificate must be issued by an authorized testing laboratory otherwise the
Engineer-in-Charge may order such an agreement certificate from a laboratory of his choice
at the cost of the Contractor. All rules referring to this agreement certificate here in after are
subject to the approval of the Engineer-in-Charge.

In his submittal, the Contractor will also describe techniques he intends to use for:

- Placing ducts and strands

- Making ducts completely tight against accidental entrance of laitance during
concreting.

- Pre-stressing operations and measurement of elongation.
- Injection
- Cutting of tendons surplus, and filling anchorage recesses.

He will also ensure that all precautions will be taken for the protection of pre-stressing
steel, ducts, anchorages, jacking and grouting equipments and all miscellaneous items.
Protection will be on storage areas, and also at every stage of construction until
injection by grouting and concreting of anchorages recesses.
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All type of protections will be described in details (methodology and materials) by the
Contractor in his submittal. As for the "storage of materials on site" he will follow
AASHTO-Standard Specifications-Division 1l 10.6.

It is ensured that all these precautions will be sufficient to ensure that the friction
coefficient of strands/ducts will be included between 0.20 and 0.24 and no oxidation on
steel (ducts and strands) will occur

PRE-STRESSING EQUIPMENT

Hydraulic jacks shall be equipped with accurate pressure gauges. The contractor may elect
to substitute screw jacks or other types for hydraulic jacks. In that case, proving rings or
other approved devices shall be used in connection with the jacks (at least three (3)
functional jacks will be provided on the job in good condition). All devices, whether hydraulic
jack gauges or otherwise, shall be calibrated so as to permit the stress in the pre-stressing
steel to be computed at all times. A certified calibration curve shall accompany each device.
Safety measures shall be taken by the Contractor to prevent accidents due to possible
breaking of the pre-stressing steel or the slipping of the grips during the pre-stressing
process. All equipments shall be thoroughly washed with clean water at least once every
three (3) hours during the grouting operations and at the end of use for each day.

Grouting Equipment

Grouting equipment shall be capable at a pressure of at least seven (7) Kg/sq cm (100 psi).
Grouting equipment shall be furnished with a pressure gauge having a full scale reading of
not more than 20 Kg/sq cm (284.5 psi). Reciprocating pumps or equipment that produces a
pulsating flow shall not be used. Grouting equipment shall be thoroughly washed with clean
water at least once every three (3) hours during grouting operations and at the end of use
each day. Grout injection pipes shall be fitted with positive mechanical shut off valves. Vents
and ejection pipes shall be fitted with valves capable of withstanding the pumping pressure.

ENCLOSURES

Enclosures for pre-stressing steel shall be accurately placed at locations shown on the plans
or approved by the Engineer-in-Charge.

All enclosures shall be of strong ferrous metallic material and shall be completely mortar-
tight with the exception that the contractor, at his option, with the approval of the Engineer-
in-Charge, may form the enclosures by means of cores or ducts composed of rubber or
other suitable material which can be removed prior to installing the pre-stressing
reinforcement. Enclosures shall be strong enough to maintain their shape under such
forces as will be imposed upon them. They shall be six (6) mm larger in internal diameter
than the bar, cable, strand or group of strands, which they enclose. Where pressure
grouting is specified, cores or ducts shall be provided with the pipes or other suitable
connection for the injection of grout after the pre-stressing operations have been completed.

When approved by the Engineer in Charge, ducts shall be of the flexible, corrugated
type, delivered to the site on large diameter wooden drums.

Ducts shall be protected from rusting, damage, oil or any other deleterious matter.
Ducts shall have sufficient strength to maintain their correct alignment during placing
of concrete and shall be bent without crimping or flattering. Joints in adjacent ducts
shall be staggered by at least 300 mm. Waterproof tape shall be used at the
connections.
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PLACING STEEL (SPACER)

All steel units shall be accurately placed in the position shown on the Drawings or required
by the Engineer-in-Charge and firmly held during the placing and setting of the concrete.
Distance from the forms shall be maintained by stays, blocks, ties, or hangers approved by
the Engineer-in-Charge. Blocks for holding units from contact with the forms shall be
precast mortar blocks of approved shape and dimensions. Layers of units shall be
separated by mortar blocks or other equally suitable devices. Wooden blocks shall not be
left in the concrete. Suitable horizontal and vertical spacers shall be provided, if required, to
hold the wires in place in true position in the enclosure.

Density of supports, their stiffness and accuracy of position are parameters that affect the loss
of tension in cables due to wobbling. The Contractor will take all suitable provisions to reduce
this “wobbling effect. In particular, the space between two supports will be less than 1m

PLACING CONCRETE

Concrete shall be controlled, mixed, and handled as specified in Section 5 - Plain &
Reinforced Concrete unless otherwise specified herein.

Concrete shall not be poured in the forms until the Engineer-in-Charge has inspected the
placing of the reinforcement, conduits, anchorages, and pre-stressing steel and has given
his approval thereof.

The concrete shall be vibrated internally or externally, or both as ordered by the
Engineer-in-Charge. The vibrating shall be done with care in such a manner as to avoid
displacement of reinforcement, conduits, or wires.

PRE-TENSIONING

The pre-tensioning elements shall be accurately held in position and stressed by jacks. A
record shall be kept of the jacking force and the elongation produced thereby. Several units
may be cast in one continuous line and stressed at one time. Sufficient space shall be left
between ends of units, if necessary, to permit access for cutting after the concrete has
attained the required strength. No bond stress shall be transferred to the concrete, nor end
anchorages released, the concrete has attained a compressive strength, as shown by
cylinder tests, of at least two hundreds and eighty (280) Kg/sg.cm (4000 psi), and as
approved by the Engineer-in-Charge. The elements shall be cut or released in such an
order that lateral eccentricity of pre-stress will be minimum. The contractor shall submit
design and drawings along with the backup calculations and material data for the bulk head,
anchorages and couplers for pre-tensioning of viaduct for Engineer approval.

POST-TENSIONING

Tensioning shall be carried out only in the presence of the Engineer-in-Charge or his
representative unless permission has been obtained to contrary. Immediately before
tensioning, the contractor shall prove that all tendons are free to move between jacking
points and that members are free to accommodate the horizontal and vertical movements
due to the applications of pre-stress.

Tensioning of pre-stressing reinforcement shall not be commenced until tests on concrete
cylinders, manufactured of the same concrete and cured under the same conditions,
indicate that the concrete of the particular member to be pre-stressed has attained a
compressive strength of at least 280 Kg/sg.cm (4000 psi ) by cylinder tests.

After the concrete has attained the required strength, the pre-stressing reinforcement shall

be stressed by means of jacks to the required tension and stress transferred to the end
anchorage(s). Stressing shall be from both ends unless otherwise required in the Contract
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or agreed by the Engineer-in-Charge. The tensioning process shall be so conducted that
the tension being applied and the elongation of the pre-stressing elements may be
measured at all times. The friction loss in the elements, i.e. the difference between the
tension at the jack and the minimum tension in the pre-stressing steel shall be determined
by the formula.

a.c.E
FT=2(1— )

d
Where
Fr = total friction loss
F1 =  observed tension at the jack
a =  cross sectional area of the pre’-stressing element
=  observed elongation of the element when the force at the jack is F1.
E = secant modules of elasticity of the element for stress F1 as determined from
the stress-strain diagram of the element.
D = Distance from the jack to the point of lowest tension in the element. Where

jacking is done from both ends of the members, the point of minimum
tension is the center of the member. Where jacking is done from one end
only. D is the distance to the other end of the member.

Any surplus length of tendon shall be cut off by an approved method which will not affect the
strength of the stressed tendon, with particular care if the use of spark erosion or
oxyacetylene burning methods of cutting are approved by the Engineer-in-Charge.

A record shall be kept of gauge pressures and elongation at all times and submitted to the
Engineer-in-Charge for his approval within twenty four (24) hours of each tensioning
operation. The tendons shall be maintained in such a condition that they can be re-stressed
until the Engineer-in-Charge has given final approval after inspecting the tensioning log.
After cutting surplus length of cables, recess will be filled with concrete having a
compressive cylinder strength of 280 Kg/cm? (4000 Psi).

GROUTING OF BONDED STEEL

a.Grout

It shall be a mixture of Portland cement, water and approved admixtures.
Composition of the mix shall be submitted to the Engineer in Charge for approval,
along with the following information:

- The nature, quality and origin of the constituents.
- Measure by weight of each constituent,

- Sequence of mixing
The cement will be Portland cement that does not exhibit phenomenon of
"false setting” (Test of TUSSCHENBROOK), without any sulphur ions S -,
with a chloride ions CI less than 0.05%, and without any element
susceptible to induce corrosion of steel.
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The water will not contain chloride ions CI- more than 500 mg/l, sulphate
ions SO4 - more than 400 mg/l, and no detergent.

Type of admixtures

Admixtures, if used, should impact the properties of low water content,
good flow ability, minimum bleed and expansion if desired. Its formulation
should contain no chemicals in quantities that may have harmful effect on
the prestressing steel or cement. Admixtures containing chlorides (as C1 in
excess of 0.5% by weight of admixture), fluorides, sulfites and nitrate shall
not be used.

All admixtures should be used in accordance with the instructions of the
manufactures.

The submittal will include the chemical composition of the grout and results
of laboratory tests for the following features:

Sweating
Fluidity
Mechanical Strength

Sweating

The quantity of water due to sweating at the surface of the grout maintained at rest
during three (3) hours must be less than 2% of the volume of the grout; this water must
be totally re-absorbed twenty-four (24) hours after the mixing.

C.

The flow-out time through the MARSH cone with a 10 mm diameter hole, will be
included between 13 and 25 seconds during the time foreseen for the grouting, and at
least for 1 hour, at a temperature of 32°C.

d. Portland Cement

Portland cement conforming to ASTM C150

Mechanical Strength

Three days 230Kg/sg cm
Seven days 300Kg/sg cm
Twenty-eight days 350Kg/sg cm

Grouting Operation

AASHTO-Standard Specifications-Division Il -10.6 & 10.9 will be followed.

Note that mixing water will have to be cooled in summer when temperature of
concrete will be above 32°C.
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g. Quality Control:

i) Laboratory tests

They will be made to verify the suitability of the grout composition to the
intended basic features here above specified.

i) Checking tests on site

Checking for sweating and fluidity will be made 24 hours before beginning
of the injections at the conditions that will really prevail at the injection time;
same materials and equipments will be used for that purpose.

Results of tests will be transmitted to the Engineer in Charge for approval.
iil) Tests during grouting operations

For each operation, three series of fluidity tests will be made. Each series
consists of one test on the grout at the entry vent and one test on the grout at
the exit vent. Results of tests will be transmitted to the Engineer in Charge as
well as quantities of grout actually consumed for each duct.

6.5.10 HANDLING
Precast pre-stressed concrete members shall be transported in an upright position and the
points of support with respect to the member shall be approximately the same during
transportation and storage as when the member is in its final position. In the event that the
Contractor deems it expedient to transport or store precast girders in other than this position
it should be done at his own risk. Care shall be taken during storage, hoisting, and handling
of the pre-casting units to prevent cracking or damage. Units shall be lifted and supported at
the designated lift points only. Units damaged by improper storing or handling shall be
replaced by the Contractor at his expense.
Pre-stressed structural members shall be constructed in conformity with the drawings
governing the particular type of structure to be built or as required by the Engineer-in-
Charge.
Working Shop Drawings of handling and all operations to the final positioning of girders will
be submitted to the Engineer in Charge.

If permanent displacements of the piers/abutments or of the neoprene bearings are induced
as a result of Contractor's methodology, these displacements will be calculated by the
Contractor and provisions, like jacking, will be provided by him at his own cost to relieve the
structure of these displacements.

Calculations notes showing that stability of beams, inclusive lateral buckling, are ensured at
every stage until concreting & achieving desired compressive strength of diaphragms and
deck slab. This submittal does not relieve the Contractor of his full responsibility during
handling, transport, placing, and attached operations like jacking or slinging.
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MANUFACTURE OF PRE-STRESSED MEMBERS OFF THE SITE

The details of the method of manufacture shall be approved by the Engineer in Charge
before work is started. When the method has been approved, no changes shall be made
without the consent of the Engineer-in-Charge.

The Contractor shall inform the Engineer-in-Charge in advance of the date of
commencement of manufacture and the dates when tensioning of tendons, casting of
members and transfer of stress will be undertaken for the first time for each type of beam.
The Contractor shall send to the Engineer-in-Charge not more than seven (7) days after the
transfer of stress, a certificate showing the force and strain in the tendons immediately after
they were anchored, the strength and age of the test cubes in accordance with specified
procedure and the minimum age in hours of the concrete at the time the stress was applied
to the member. A copy of all twenty eight (28) days cube or cylinder test results relating to
the work shall be sent to the Engineer-in-Charge as these become available. Records shall
be kept so that the identity of those who stress the tendons, cast the concrete and transfer
the stress on any member or line of members can be traced.

Where the Engineer-in-Charge’s Representative requires tests to be carried out, no beams
to which the test relate shall be dispatched to the site until the tests have been satisfactorily
completed.

COMPOSITE SLAB BRIDGES

The manufacturing tolerances for the precast members shall nhowhere exceed those given
for the length, cross section and straightness in BS Code of Practice CP 116 (1969),“the
structural use of precast concrete”. In addition, where beams are laid side by side in a deck:

i. The difference in soffit level between adjacent units before the in situ concrete is
placed shall nowhere exceed five (5) mm for units up to five (5) meters nor ten (10)
mm for longer units.

ii. The width of the deck soffit shall be within plus twenty five (+ 25) mm of that
described in the Contract.

iii. In adjacent spans, the continuity of line of the outside beams shall be maintained.

iv. The width of the gap between individual beams shall not exceed twice the nominal
gap described In the Contract.

V. The alignment of transverse holes shall permit the reinforcement or pre-stressing
tendons to be placed without distortion.

The in-situ concrete shall be placed in such a sequence that the advancing edge of the
freshly deposited concrete over the full width of deck or between longitudinal construction
joints is approximately parallel to the deck supports.

Beams shall be prevented from moving laterally during the placing of the in-situ concrete.

CURING CONCRETE

General

For all pre-stressed concrete operations, the curing procedures shall be well established
and properly controlled. Curing shall be commenced immediately following initial set or
completion of surface finishing Members shall be kept wet during the entire period of curing.
The curing shall conform to the procedure referred in Sub-clause 5.3.7 of Section 5 — Plain
& Reinforced Concrete and as approved by the Engineer-in-Charge.
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MEASUREMENT AND PAYMENT

COMPOSITE RATE

The measurement and payment for the items of the work of Pre-Stressed Concrete hereof
shall be made corresponding to the applicable CSR items as provided in Contract
Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge.

LABOUR RATE

The measurement and payment for the items of the work of Pre-Stressed Concrete hereof
shall be made corresponding to applicable CSR item as provided in Contract Agreement
and shall constitute full compensation for procurement transportation, performance in all
respects and completion of work as specified including site clearance, as approved by the
Engineer-in-Charge except the cost of materials to be provided by Department at
designated location as defined in the Contract Agreement.
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7. PILE WORKS

DESCRIPTION

This work shall consist of performing all operations in connection with cast-in-place concrete
piles. It will also include exploratory drilling at major structure locations, if required by the
Engineer In-charge.

When test piles and load tests are required in conformance with subsection 7.3.6 and 7.3.7
respectively, the data obtained from such test loads will be used in conjunction with other
available subsoil information to determine the number and lengths of piles to be furnished. The
Engineer In-charge will not prepare the Itemized list of piles for any portion of the foundation area
until all loading tests representative of that portion have been completed.

The Contractor shall provide an outline of his proposed method of constructing the piles when
submitting his tender; the proposed method of boring being stated and taking due considerations
for running water conditions.

PREREQUISITE FOR PILING WORKS

Not less than two weeks before the Contractor proposes to commence piling, detailed proposal
for the piling shall be delivered to the Engineer In-charge. These proposals shall include full
details of material, equipment and method to be used in the construction of piles.

If it is proposed to use Bentonite slurry, this shall also be described giving full details.

Work on piling shall not commence until the Contractor’s proposals have been approved
by the Engineer In Charge and communicated to him.

Strict compliance with these requirements will not relieve the Contractor of the
responsibility for adopting whatever additional provisions may be necessary to
ensure the successful completion of the work.

The kind and type of piles shall be as shown on the Drawings and/or as specified. No
alternate types or kinds of piling shall be used, except with the written approval of the
Engineer In Charge each time.

Where running water is encountered the Contractor shall submit method statement of
boring and casting piles in-situ to the Engineer In Charge for approval. It should include

type of barge/boat used for making temporary platform to carry out boring, lowering of
steel reinforcement cage and piling activity including concreting.

MATERIAL REQUIREMENTS

REINFORCED CONCRETE CYLINDRICAL PILES

Diameter of reinforced concrete piles shall be as shown on the Drawings and may or may
not have permanent lining.

Reinforcing Steel shall conform to the requirements under Section 5 - Steel
Reinforcement.

Concrete for piles shall have the minimum 28 days cylindrical compressive strength of
28 MPa (4000 psi).
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7.2.2. STEEL LINER
When permanent or temporary steel casing is shown on the Drawings or as directed by the
Engineer In-charge, the steel shall conform to the ASTM A36 or equivalent (BS-15).

7.2.2.1.

7.2.2.2.

THICKNESS OF PERMANENT AND TEMPORARY LINER

The minimum thickness of permanent steel liner shall be 10 mm (0.4 inch) whereas for
temporary casing liner it shall be 6 mm (0.25 inch) unless otherwise shown on the
drawing or as directed by the Engineer In-charge.

If the permanent liner is used in the boring operation or if the handling and transport
require a stiffness to avoid deformation or buckling, the stiffness shall be provided by the
Contractor at his own expense.

The steel casing shall be furnished in appropriate lengths and joints shall be approved by
the Engineer In-charge.

HANDLING OF CASING

The casing shall be handled and stored in a manner that shall prevent buckling and other
deformation as well as accumulation of dirt, oil and paint. When placed in the work it shall
be free from dirt, oil grease, paint, mill scale and loose or thick rust.

The outside surface of the permanent casing of piles, for the depth indicated on the
Drawings shall receive two coats of anticorrosion, tar type paint. The paint shall be
approved by the Engineer In-charge and its application shall follow the manufacturer's
instructions at no extra cost.

7.3. CONSTRUCTION REQUIREMENTS

7.3.1. CAST-IN-PLACE PILES
Piles, cast-in-place, shall consist of one of the following two types either shown on the drawing
and /or as specified.

a) PILE CAST IN DRILLED-BORE HOLE-STEEL LINED

The pile shall be cast as stated in 7.3.1(b) and shall be steel lined if required. The
Contractor shall provide a permanent lining suitably formed of ten (10) mm minimum (0.4
inch) thickness steel plate. The plates shall be cut and rolled to the inner diameter not
less than the nominal diameter of the pile or such larger diameter as to allow the requisite
pile diameter hole in the unlined length of pile. The rolled plates shall be connected by full

penetration butt welds generally complying with B.S.5133.

Not more than three (3) longitudinal seam welds shall be employed in any one cross-
section and such welds shall be staggered in position in the cross-section between one
length and the next. The dimensional accuracy of the lining shall be as stated on the
drawings.
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b) PILES CAST IN DRILLED-BOREHOLE

Boring Procedure

The method of boring shall be one which maintains stability, verticality and (as
shown on the Drawing) prevent the wall and base of borehole by the use of
temporary casing and/or bentonite slurry. The variation from alignment shall not
exceed plus or minus one half (0.5) degrees.

All holes shall be drilled to the tip elevation shown on the Drawings, unless
otherwise specified or approved by the Engineer In Charge. Rejected bore holes
shall be filled with sand by Contractor at his expense and allowed to be
consolidated for at least 5 days under saturated conditions before allowing bore
for adjacent or alternate pile.

Care during Execution:

The method/ procedure used in execution of bore hole and other operations shall
not be such as to cause vibrations resulting in damage to completed or partially
completed piles or to adjacent structures, services or other property. The
procedure shall not be such as to cause harmful loosening or softening of soil
outside the pile that has to be filled with concrete. The equipment used for
execution of borehole shall be adequate to ensure that each pile penetrates to
the required founding level.

Suitable casings shall be furnished and placed when required to prevent caving
of the hole before concrete is poured. Casing, if used in drilling operations (as
approved by the Engineer In Charge) shall be removed from the hole as concrete
is poured unless otherwise specified. The bottom of the casing shall be
maintained not less than fifty (50) cm (20 inch) below the top of the concrete
during withdrawal and pouring operations unless otherwise permitted by the
Engineer In-charge. Separation of the concrete during withdrawal operations
shall be avoided.

Reinforcement, if called for, shall conform to the requirements under section 5.
Temporary Casing

The temporary casing of appropriate diameter for locating the pile and piloting
the borehole shall be pitched at the exact locations as given on the drawings to
ensure that the casing when sunk is within the specified tolerances. The casing
shall be sunk to sufficient depth by approved methods. The depth shall be at
least sufficient to prevent the ingress of alluvium or other loose materials into the
bore when executed below the bottom level of the casing. In addition, the depth
shall be such as the Contractor considers necessary for the stability of the casing
and/or temporary works system during construction in general and for the
following conditions and operations.

a. Open temporary casing to ensure against blow -in of soil.
b. Concreting of the pile, until temporary casing is extracted.

Measures Regarding Temporary Casing

The Contractor shall take all such measures and provide such strengthening and
bracing as is necessary and to the approval of the Engineer In Charge to ensure
that the temporary casing is not disturbed, overturned, over-stressed or under-
eroded in any condition of temporary casing and shall be such that it will not
disturb the freshly cast concrete and/or permanent lining and /or reinforcement.
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Water Level in Temporary Casing

Where the use of temporary casing is approved for the purpose of maintaining
the stability and over-rapid withdrawal of the boring tools which could lead to
excessive removal of soil and water and disturbance of the surrounding ground
and when boring through any permeable stratum (including silt), the water level
in the boring shall be maintained between one (1) meter (3.28 Ft) and two (2)
meters (6.50 Ft) above the external water level, unless the Engineer In Charge
directs other-wise.

During Laying Checking

The temporary casing shall be free from distortion and of uniform cross-sections
throughout each continuous length. During concreting these shall be free from
encrusted concrete or any internal projections which might prevent the proper
formation of the pile.

Bentonite Slurry

Purpose

The bentonite slurry is approved for the purpose of maintaining the stability of the
walls and base of bore the Contractor's proposals in accordance with 7.1 shall
include details of the slurry.

Prerequisites
These shall include inter-alia:

The source of the bentonite

The constitution of the slurry.

Specific gravity, viscosity, shear strength and pH value of slurry.

The methods of mixing, storing, placing, removal and recirculating the
slurry, and

e. The provision of stand-by equipment.

coop

Quality Check

Tests shall be carried out to ensure that the proposed constitution of the slurry is
compatible with the ground water. Proposals for the constitution and physical
properties of the slurry shall include average, minimum and maximum values.
The specific gravity of the slurry shall not be less than one and three hundredth
(1.03) in any case at any time. The Contractor shall use additives where
necessary to ensure the satisfactory functioning of the slurry.

A manufacturer’s certificate showing the properties of the bentonite powder shall
be delivered to the Engineer In Charge for each consignment delivered to site.
Independent tests shall be carried out at laboratory approved by the Engineer In
Charge on samples of bentonite frequently.

Upon written instructions of the Engineer In Charge the Contractor shall carry out
tests at site during the course of the piling to check the physical properties of the
bentonite slurry in the works at his own cost. These tests shall include, inter-alia,
density, viscosity, shear strength and pH tests. The test apparatus and test
methods shall be those given in “Recommended practice” Standard by American
Petroleum Institute, New York City, 1957, reference APl RP 29,Section -I, Il and
VI.
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The frequency of tests shall be that which the Contractor considers necessary to
ensure that the bentonite slurry is in accordance with his proposals and as such
other times as the Engineer In-charge may direct.

Should the physical properties of any bentonite slurry deviate outside the agreed
limits, such slurry shall be replaced, irrespective of the number of times it has
been used by new bentonite slurry of correct physical properties.

Mixing and Quantity Control
Adequate time shall be allowed for proper hydration to take place, consistent with
the method of mixing, before using slurry in the works.

The Contractor shall control the bentonite slurry so that it does not cause a
nuisance either on the site or adjacent waterway or other areas. After use it shall
be disposed in manner to the approval of the Engineer In-charge.

The level of the slurry in the bentonite shall be maintained so that internal fluid
pressure always exceeds the external water pressure.

If chiselling is used when boring through hard strata or to overcome obstructions,
the stability of the excavation shall be maintained by methods acceptable to the

Engineer In-charge.

Excavation From Boreholes

The soil and debris from inside the pile boreholes shall be removed by bucket,
auger or circulating fluid provided that no jetting at the foot of the borehole shall
be permitted. Methods of excavation which in the opinion of the Engineer In-
charge may damage the permanent lining of the pile shall not be employed.

The excavation reveal any soil stratum below the bottom of a pile which is, in the
opinion of the Engineer In Charge, unsuitable for supporting the loads that will be
imposed on it, the Contractor shall remove all such soil stratum to the satisfaction
of the Engineer In Charge and shall lengthen the pile to sound acceptable
foundation as directed, and cost of any such lengthening shall be paid as per
contract at the given BOQ item rate.

Where buried old structures/hard strata is encountered in a pile bore, which does
not allow further penetration, a suitable method for bore advancement shall be
got approved by the Contractor.

Time Period

Pile boring shall be carried out as rapidly as possible in order to reduce to a
minimum the time in which any strata are exposed to the atmosphere, bentonite
slurry or water. The time gap between end of boring and start of concreting shall
not exceed three (3) hours, in any case. Besides, the concreting of a pile shall be
completed within a maximum period of twelve (12) hours following completion of
the corresponding borehole or as directed by the Engineer In-charge.

Disposal of Excavated Material

The materials from pile excavation shall be disposed so that the same does not
interfere with any part of the permanent works of this project, in neat and
workmanlike manner.
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Samples and Tests

The Contractor shall take soil samples as given below as directed by the
Engineer In Charge and shall carry out in-situ Standard Penetration Tests (if
required by the Engineer In Charge) within, and ahead of borehole at least 3
meter (10 Ft) depth below the tip elevation, as and when directed by the
Engineer In Charge on the line of vertical axis of the pile at these locations at one
and half (1.5) meter (5 Ft) interval. Undisturbed and disturbed samples, its type,
frequency and testing shall be as directed by the Engineer In-charge. The costs
of tests and collection of samples shall be deemed to be included in the unit rates
guoted by the Contractor. Each disturbed sample shall, as far as possible, be
truly representative of the grading of in situ soil at the point from which it is taken,
shall be without contamination by other material. It shall be approximately five (5)
Kg. in weight and shall be placed in a strong air tight container immediately after
its removal from the sampler. The container shall be sealed as soon as the
sample has been placed in and shall be taken to the site laboratory/laboratories
approved by the Engineer In-charge. The samples to be tested and the tests to
be carried out for each sample shall be as specified by the Engineer In-charge.

The apparatus and procedure for the Standard Penetration Test shall be in
accordance with the provisions of ASTM D 1586 Penetration Test and Split-
barrel sampling of soils and/or ASTM D 1587 thin-walled sampling of soils,
(except insofar as any such provisions may conflict with other requirements of
the contract). No separate payments for the sampling/testing shall be made.

Limitations of Boring Sequence

Piles shall be constructed in such a manner and sequence as to ensure that no
damage is sustained by piles already constructed in adjacent positions. The
Contractor shall submit to the Engineer In-charge for his approval a programme
showing sequence of construction of various piles.

Tolerances

The heads of piles at the designated cut off level shall be within seventy five (75)
mm (3 inch) of their position in plan as shown on the drawings and no pile shall
deviate from the vertical alignment by more than one half (0.5) degree. Forcible
methods of correction of any casing or piles shall not be used.

Inspection

After the borehole has reached its final stipulated position, after the samples
have been taken out, as required by the Engineer In Charge and the borehole
has been completely cleaned of all loose matter and otherwise made ready to
receive the reinforcement and thereafter the concrete, the Contractor shall so
inform the Engineer In-charge.

The Engineer In-charge shall inspect the soil samples and test results thereon,
check the elevation of the bottom of the borehole and the amount and direction, if
any, by which the top of the casing is out of position, or out-of-plumb having
satisfied himself on these and on any other points which he may consider
relevant, shall sign permission authorizing the Contractor to proceed with the
placing of reinforcement. The Contractor shall under no circumstances proceed
with the placing of reinforcement or with the subsequent concreting without
having first obtained the authority signed separately for each and every borehole
by the Engineer In-charge.
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iX. Pile Reinforcement
The reinforcement for each pile shall be assembled and securely tied by means
of binding wire and by welded/binded reinforcement rings or spirals of such
diameter bar as shown on the drawings, in such a manner as to form a rigid
cage.

The required concrete cover to the reinforcement shall be maintained by
suitable spacers securely attached to the reinforcement and of sufficient strength
to resist damage during handling of the reinforcement cage into the pile. The
distance between the spacers shall be such that the required cover is maintained
throughout and that there is no displacement of the reinforcement cage in the
course of the concreting operation. Spacers maintaining concrete cover shall
be located immediately below and above the laps at four points spaced around

the cage.

X. Steel Cage Lowering
The Contractor prefer to lower the reinforcement cage assembly into the
borehole in sections, he may do so provided the same lapping requirements as
for assembly on the ground are followed, namely, the longitudinal reinforcement
shall be lapped as shown on the drawings and the spiral reinforcement shall be
doubled over the lap zones.

7.3.2. CONCRETING OF PILES
In general, section 5 of the Standard Specifications shall be followed, however, the following
particular requirements shall be observed.

a)

b)

MATERIALS
Concrete in piles shall have Cylinder Compressive Strength of 28 MPa (4000 psi), except
as otherwise indicated in drawings/BOQ.

Suitable retarder, plasticizer may be added as approved by the Engineer In-charge.

The Contractor shall submit the detailed proposed additive for approval which shall be
approved after laboratory trial mix results.

Retarders Quantity in Piles Concrete

The dosing of retarders shall ensure initial setting time of not less than five (5) hours
corresponding to the ambient temperature at which the concreting is proposed to be
carried out.

Slump Range
Maximum slump range for pile concrete is 200 mm (8 inch) if approved mix design
contains high range water reducer.

COMMENCEMENT OF CONCRETING

Prior to placing any concrete:

i Any heavy contaminated bentonite slurry which could impair the free flow of
concrete from the tremie pile shall be removed. A sample of bentonite
suspension shall be taken from the base of the boring using an approved
sampling device. If the specific gravity of the suspension exceeds 1.20, the
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placing of concrete shall not proceed and the bentonite shall be modified or
replaced subject to approval by the Engineer In-charge.

ii. Any loose or soft material/water soil shall be removed from the bottom of the
bore by methods acceptable to the Engineer In-charge.
The Contractor shall not proceed with the concreting of the pile until the Engineer
In Charge gives specific permit to do so after satisfying himself of the:

o Adequacy of the Contractor’'s equipment, materials (including reinforcement
cages) and arrangement.

e Proficiency of his personnel.

e Cleanliness of the borehole.

e Contractor shall have a suitable lighting arrangements at all times for
inspecting the entire length of the shells, pipe or hole before placing the
reinforcing steel or concrete.

c) PLACING OF CONCRETE

TREMIE AND ITS ARRANGEMENTS

Dimensions and Supporting Means

The tremie shall be of not less than two hundred and fifty (250) mm (10 inch) diameter
unless otherwise accepted by Engineer in Charge made of water-tight construction. The
means of supporting the tremie shall be such as to permit the free movement of the
discharge end in the concrete in the pile. The tremie pipe shall be fitted with travelling
plug, which shall be placed at the top of the pipe before charging the tremie pipe with
concrete as barrier between the concrete and water or bentonite slurry, so as to prevent
water or bentonite slurry entering the tube and mixing with the concrete.

Lowering of Tremie and Placement

The tremie shall be carefully lowered into the borehole so that the end of the tube shall
rest at about one hundred and fifty (150) mm (6 inch) above the bottom of the borehole,
with reinforcement in the borehole, and the hopper end of the tremie tube shall be filled
with concrete as aforesaid. It shall be slightly raised so that when the concrete reaches
the bottom it flows out of the lower end of the tube, and fills the bottom of the borehole.

Concreting

The rate of withdrawal of the tremie shall be gradual so as to ensure the end of the tremie
pipe is always one and half (1.5) meters (5 Ft) below the top of the concrete in the
borehole. An allowance shall be made for the top upto five hundred (500) mm (1.5 Ft) of
concrete in borehole during concreting being unsatisfactory. When the next batch is
placed in the hopper the tremie shall be slightly raised but not out of the concrete at the
bottom, until the batch discharges to the bottom of the hopper. This operation shall be
controlled by calculating the volume of concrete required to fill one linear meter of pile
and then by measuring the rate of withdrawal of the tube corresponding to the volume of
the batch in the hopper. The flow shall then be retarded by lowering the tube. The depth
of the concrete in borehole shall be measured at intervals to keep a constant check that
the tremie pipe bottom is immersed in concrete.
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Concreting in each pile shall be carried out in a continuous operation without stoppages
until the pile has been completed.

Concreting shall continue until the concrete has reached an elevation five hundred (500)
mm higher than the designated pile cut off level shown on the drawings, or as otherwise
directed by the Engineer in Charge.

The concrete shall be placed in one continuous operation from tip of cut-off elevation and
shall be carried out in such a manner as to avoid segregation. The method of placing the
concrete and consistency (slump) shall conform to the requirements of Section 5 or to the
satisfaction of the Engineer In-charge.

Precautions during Concreting:

If the bottom of the tremie pipe ceases to be immersed in the body of the concrete in the
pile and the seal is broken, concreting shall cease immediately and such remedial
measures as the Engineer In Charge may accept or direct shall be carried out. The
Contractor shall take precautions to ensure that the concrete is free of voids and shall
prevent the entry of water and/or collapse of soil into concrete. If any soil or other
deleterious or extraneous materials fall into any pile excavation prior to or during
concreting, it shall be removed immediately.

MEASUREMENT

Concrete Work shall be measured and paid as detailed in Section 5.
REINFORCEMENT IN PILES

The provision of reinforcement will depend on nature and magnitude of loads, nature of
strata and method of installation. It should be adequate for vertical loads, lateral load and
moments acting individually or in combination. It may be curtailed at appropriate depths only
under the advice of the structural engineer. However, provision of reinforcement shall be as
specified in drawing.

For piles subject to uplift loads, adequate reinforcement shall be provided to take full up lift
which shall not be curtailed at any stage.

MEASUREMENT

Reinforcement shall be measured and paid as detailed in Section 5.

WITHDRAWAL OF TEMPORARY CASING

If the method of construction involves partial withdrawal of temporary casing as concreting
proceeds, a sufficient head concrete shall be maintained above the bottom of the temporary
casing to ensure that no voids are formed within the pile and to prevent the entry of ground water
and to prevent the collapse of soil into the concrete.

If such entry or collapse should occur, the temporary casing shall be re-driven before the
concrete has set and all defective concrete shall be removed or the construction of the pile shall
be abandoned, in which case the provision of the clause herein which refers to “Defective Piles”
shall apply.

7-9



7.3.4.

7.3.5.

7.3.6.

Chapter-7 [Pile Works]

The withdrawal of the temporary casing shall be carried out before the adjacent concrete has
taken its initial set. The method and timing of withdrawal must be such as to ensure that the
space between the pile and the surrounding ground shall be filled with concrete.

CUTTING OF PILES

Tops of piles shall be embedded in the concrete footing as shown on the drawings. Concrete
piles shall, when approved by the Engineer In-charge, be cut off at such a level that at least
seventy five (75) mm (3 inch) of undamaged pile can be embedded in the structure above. If a
pile is damaged below this level, the Contractor shall repair the pile to the satisfaction of the
Engineer In-charge. The longitudinal reinforcement of the piles shall be embedded in the
structure above to a length as shown on the Drawings.

The distance from the side of any pile to the nearest edge of the footing shall not be less than
twenty (20) cm (8 inch). When the cut-off elevation for a cast-in-place concrete pile is below the
elevation of the bottom of the pile cap, the pile may be built up from the butt of the pile to the
elevation of the bottom of the cap by means of a reinforced concrete construction according to
Section 5, if approved by the Engineer In-charge.

DEFECTIVE PILES

Any pile delivered with defects such as damaged during casting, placed out of its proper location,
incapable or partially capable of permanently carrying the load which it is intended to carry, driven
below the elevation fixed by the Drawing or by the Engineer In Charge, due to the immature
setting of the concrete in the pile or due to caving/collapse of the borehole fully or partially, or due
to any cause of which Engineer In Charge shall be sole judge to determine shall be corrected at
the Contractor’s expense by one of the following methods approved by the Engineer In Charge:-

a. The pile shall be withdrawn and replaced by a new and when necessary, by longer pile.

b. A second pile shall be cast adjacent to the defective pile.

C. The pile shall be built up as otherwise provided herein or the underside of the footing
lowered to properly imbed the pile.

d. The Contractor shall undertake such additional tests/works as the Engineer In Charge may
specify to provide additional foundations to supplement the defective piles and so modify
the structure to be supported as to ensure that load will be transferred safely to the
additional foundations of existing pile. The Contractor shall be responsible for the cost of
such additional tests and/or of the extra work carried out in such modification to the
structure.

A concrete pile shall be considered defective if it has a visible crack or cracks, extending
around the four sides of the pile, or any defect which, in the opinion of the Engineer in Charge
affects the strength or life of the pile.

When a new pile is cast to replace a rejected one, the Contractor, at his expense, shall
enlarge the footing as deemed necessary by the Engineer in Charge.

TEST PILES

Test piles which are shown on the Drawings or ordered by the Engineer in Charge shall conform
to the requirements for piling as specified.
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Test piles to be load tested in accordance with Item 7.3.7 shall be cast-in-situ at location
determined by the Engineer In-charge. The test pile (Index pile) subject to a minimum of 3.0
times of the design load shall not be utilized in the structure. The proof load tests shall
however be performed on the selected working piles to a maximum load of 1.5 times the
design load.

Any pile, which after serving its purpose as a test pile is found unsatisfactory for utilization in the
structure, shall be removed if so ordered by the Engineer In-charge, or if approved by the
Engineer In-charge it shall be cut-off below the ground line and footings, but such approval does
not in any way relieve the Contractor of his responsibilities.

PILE LOAD TESTS

An ultimate load test shall consist of the application of a load equal to a minimum of three (3.0)
times the design load or as otherwise provided for herein or as directed by the Engineer In-
charge.

A proof load test (to be performed on two working piles) shall however, be taken to a maximum
load of 1.5 times the design load of pile. Load tests shall be made where specified and/or where
called for by the Engineer In-charge. Unless otherwise permitted by the Engineer In-charge, the
load tests shall be completed before any working pile.

Pre-requisite for Load Test

Load tests shall generally be made in line with “the latest ASTM D1143-M-07”
procedures or by the methods approved by the Engineer In-charge. The Contractor shall
submit to the Engineer In-charge detailed plans of the loading system and apparatus he
intends to use at least three weeks in advance.

e The apparatus shall be so constructed as to allow the various increments of the
load to be placed gradually without causing vibration to the test piles.

e The pressure gauge/ jack assembly and the micrometers to be used shall
calibrate afresh from a laboratory approved by the Engineer In Charge.

e The load test shall not be started until the concrete has attained a minimum
compressive strength equal to twice the anticipated compressive stress induced
by the maximum load during the test. If he so elects, the Contractor may use,
“subject to the approval of the Engineer In-charge” high early strength cement in
the concrete of the load test pile.

e The test shall not be started earlier than 14 days age, to allow for development of
sufficient skin frictional resistance, or as otherwise approved by the Engineer In-
charge.

Suitable approved apparatus for determining accurately the load on the pile and the
settlement of the pile under each increment of load shall be supplied by the Contractor.
The apparatus shall have a working capacity of at least three times the design load for
the pile being tested. Reference points for measurement of pile settlement shall be
sufficiently away from the test pile to preclude all possibility of disturbance.

All pile load settlements shall be measured by adequate devices, such as gauges, and
shall be checked by means of an Engineer In-charge’s level. Increments of settlement
shall be read just after each load increment is applied and at close intervals thereafter.
The safe load from the test shall be determined by the Engineer In-charge
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Test Procedure

The first load to be applied to the test pile shall be 25%, of the pile design load or as
approved by the Engineer In Charge and the first increment shall be up to the pile design
load by applying additional loads in three equal increments. A minimum period of 2 hours
shall intervene between the applications of each increment; except that no increment
shall be added until a settlement of less than one tenth (0.1) mm is observed for a 15-
minute interval under the previously applied increment. If there is a question as to
whether the test pile will support the test load, the load increments shall be reduced by
fifty (50) percent, at the direction of the Engineer In-charge, in order that a more closely
controlled failure curve may be plotted. The full test load shall remain on the test pile not
less than forty eight (48) hours. The full test load shall then be removed and the
permanent settlement read upto 24 hours period or as approved by the Engineer In-
charge.

When directed by the Engineer In-charge ultimate load tests shall be continued beyond
the double design load in 10-ton increments to failure or a maximum of three times the
design load.

BACKFILLING EMPTY BORING

When each pile has been cast, the empty bores remaining shall not be following the completion
of piling work.

PILE RECORDS

The Contractor shall keep records of the piles installed. A copy of the record shall be given to the
Engineer In-charge within two (2) days after each pile is cast. The record form to be used during
pile construction is enclosed. The following minimum information shall form an essential part of
this record.

Cast-in-Place Piles

Pile type and nominal dimensions.

Date of boring commenced, level reached each day and date of casting.
Soil samples taken from pile boring operation and soil test results.
Strata and groundwater encountered with levels, description shall be in
accordance with B.S.C.P. 2001.

Length of finished pile and tip elevation.

Dia. of borehole.

Elevation of the bottom of borehole.

Date of placing concrete; theoretical and actual quantities of concrete used
in pile.

Lengths and dia. of temporary casing and permanent lining and the
elevation of the tip of temporary casing and of permanent lining.

Details of Reinforcement.

Details of penetration during boring operation.

Quality, consistency and other test results of concrete.

Time interval between boring and concreting.

Any other relevant information.

A Performa recommended for keeping the pile construction record is attached at
the end.
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On completion of the piling for each structure, the Contractor shall deliver to the Engineer
In-charge a drawing recording the exact location and the final depth (tip elevation) of all
piles.

7.4. MEASUREMENT AND PAYMENT

7.4.1. MEASUREMENT

a)

b)

c)

PILES

The quantities to be paid for shall be the number of linear meters of piles including boring
and concreting for all piles completed and accepted, measured from the pile tip elevation
to the bottom of pile caps, footings or bottom of concrete Beams. No allowance shall be
made for cut-offs or the required length of concrete or reinforcing steel placed into the
concrete structure as called for on the drawings. Any additional pile lengths that may be
necessary to suit the Contractor's method of operation or for any other reason shall not
be included in the measurements.

The supply, fabrication of cage and installation of reinforcement in the piles shall be
excluded from this Item but will be included in section 5.

STEEL LINER

The quantities to be paid shall be the number of linear meters of casing. Steel casing
damaged by the Contractor through handling, welding and transportation shall be
replaced by him at no additional expense.

PILE LOAD TESTS
Pile Load tests shall be paid by the number of complete and accepted load tests as
described in the relevant sub section of the section.
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SHEET 1 OF 3

PILE CONSTRUCTION REPORT
GENERAL INFORMATION
PROJECT JOB NO. CONTRACTOR
LOCATION PILE NO. PILE DIA mm
METHOD OF BORING
ACTIVITY BORING CAGE LOWERING CONCRETING
DATE STARTED
TIME STARTED
DATE COMPLETED
TIME COMPLETED
SURVEY & LEVELS
BENCH MARK (B.M) = M  SOUNDING AFTER BORING M
BACK SIGHT (B.S) = M  SOUNDING BEFORE CAGE LOWERING M
HIl*=(B.M+B.S.) = M  SOUNDING BEFORE CONCRETING M
FORE SIGHT (F>S) = M LENGTH OF CASING M
G.L *»=(H.IFS) = M  LENGTH OF UNCASED HOLE M
CT/RTT *** = (H.I-F.S) = M PILE BATTER DEG
PILE TIP ELEVATION (P.T.E) M BORE LENGTH (G.L-P.T.E) M

BOREHOLE LOG
DEPTH (M)
FROM TO

N

REINFORCEMENT DETAILS

DIAMETER
(mm)

MAIN BARS

1
2
3
SPIRAL 1
2
3
*  HEIGHT OF INSTRUMENT
* GROUND LEVEL
*** CASING TOP/ROTARY TABLE TOP

DESCRIPTION OF MATERIALS

PITCH
(mm)

LENGTH OVERLAP
(M) M)
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TREMIE AND CASING INSTALLATION AND REMOVAL

TOTAL LENGTH OF BORE M

* LENGTH REQUIRED ANTUAL REQUIRED
SOUNDING SOUNDING
SR. OF TREMIE OF TREMIE OF TREMIE SOUNDING OF
NO. PIPE CASING PIPE
PIPE PIPE
(M) (M) (M) (M)

10

09

08

07

06

05

04

03

02
01

CONCRETING

TYPE OF CEMENT
CONCRETE MIX RATIO W/C RATIO

Chapter-7 [Pile Works]

SHEET 2 OF 3

ACTUAL
SOUNDING OF
CASING PIPE

(M)

NUMBER OF CYLINDERS / CUBS

1 2 3 4
BATCH NO.
SLUMP (mm)
CYLINDER BATCH NO.

CEMENT BAGS AVAILABLE TOP OF CONCRETE

CEMENT BAGS WASTED ACTUAL PILE LENGTH

CEMENT BAGS CONSUMED NOMINAL CONCRETE VOLUME

TYPE OF ADMIXTURE ACTUAL CONCRETE VOLUME

CUM

CUM

DOSAGE OF ADMIXTURE OVER CONSUMPTION CONCRETE

*TO BE INSTALLED IN REVERSE ORDER

%
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CATEGORY OF
PILE
(TO BE
CATAGORISED
BY PILING
INCHARGE)

REMARKS (ATTACH ADDITIONAL SHEET IF REQUIRED)

SHIFT DUTIES

SR.
NO.

1.
2.

3.

EXCELLENT

INSPECTOR

GOOD

DATE
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SHEET 3 OF 3
FAIR POOR
SHIFT
FROM TO SIGNATURE

SIGNATURE PILING INCHARGE
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8. DAMP PROOF COURSE AND WATER PROOFING

DAMP PROOF COURSE

SCOPE

The work shall include furnishing all labour, material and equipment and performing all
services to provide the damp-proofing in foundations and over plinths of Structures as shown
on the drawings and/or as directed by the Engineer-in-Charge.

RELATED WORKS
+ Section 5 - Plain and Reinforced Concrete
* Section 9 - Cement Concrete Block Masonry
* Section 11 - Brick Masonry
» Section 13 — Roofing

INSTRUCTIONS

Damp proofing shall not be applied when the ambient temperature is below 4 degree
Centigrade. The work shall be done by workmen experienced in the application of damp
proofing, and the Contractor shall co-ordinate damp proofing operations with other phases of
the work to prevent staining or damaging finished work. The Contractor shall repair or
replace damaged finished work to the satisfaction of the Engineer-in-Charge. Damp proofing
shall be applied as shown on the Drawings.

DAMP PROOFING MATERIALS

Damp Proof Course

Damp Proof Course unless otherwise specified shall be one inch thick 1:2:4 Plain Cement
Concrete placed at the specified plinth level in accordance with the provisions of Section 5 —
Plain & Reinforced Concrete.

Damp Proof Plaster

Damp Proof Plaster is generally for vertical faces and unless otherwise specified is applied
with 1:3 Cement Sand Plaster complying with the provisions of Clause 15.1 — Plaster,
Finishes.

Polythene Sheet

Polythene Sheet shall be used over bitumen painted surface where specified and shall
consist of 0.13mm thick polythene sheet (500 gauge) complying with ASTMD 2103,as
approved by the Engineer-in-Charge.

Water Proofing Agent

The specified water proofing agent or asphaltic materials shall be delivered in sealed
containers bearing the Manufacturer's original labels. Bituminized Kraft paper shall be
delivered in rolls as per Manufacturer's original packing. All materials shall conform to the
Specifications designated and shall be approved by the Engineer-in-Charge. Damp proofing
materials shall conform to the requirements shown on the Drawings and given hereafter.

Bitumen

Bitumen for damp proofing shall meet the requirements of Clause 13.3.2 under Section 13 —
Roofing and as approved by the Engineer-in-Charge.
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f)  Hessian Cloth
Hessian Cloth impregnated with bitumen shall be as specified for use on plain plinth
surfaces.

8.1.5 EXECUTION

8.1.5.1 PREPARATIONOF SURFACES
Surfaces to receive damp proofing shall be smooth, clean and dry. Holes, joints and cracks
shall be painted flush with mortar. Before damp proofing, surface shall be swept clean of all
foreign matter and shall be inspected and approved by the Engineer-in-Charge. The surface
shall be prepared complying with the provision of Clause 13.15.2.

8.1.5.2 PLACEMENT
a) General

The selection and combination of various water proofing and damp- proofing materials
for different locations shall be as shown on the Drawings or as directed by the Engineer-
in-Charge. Unless otherwise directed or approved by the Engineer-in-Charge, the
procedures given in this sub-section shall be adopted.

b) Damp Proofing under Floors and Foundations

A priming coat of the suitable thinned bitumen mixed with kerosene oil shall be applied
to all parts of the surfaces to be damp proofed before the application of bitumen coating.
The bitumen coat shall be applied uniformly in such a manner as to cover pores
completely and to thoroughly bond with the surface, using not less than 1.71 Kg per
square meter for each coat and laying single layer of polythene sheet 0.13mm thick (500
gauge) on damp proof course or as specified. The bitumen coat shall be applied after it
is heated upto 350°F — 375°F. The polythene Sheet shall be placed in such a way as to
ensure proper bond with the asphalt layer.

c¢) Damp Proofing under Masonry Walls

A layer of 1:2:4 plain cement concrete or as specified of thickness as shown on the
drawings will be placed over the area to be damp-proof under brick masonry, cement
concrete block masonry or stone masonry walls.

A priming coat of suitable thinned bitumen shall be applied before the application of
bitumen coating.

The bitumen coat, using not less than 1.71 Kg per square metre, shall be applied and
laying single layer of polythene sheet 0.13mm thick (500 gauge) on damp proof
course..

Alternatively Damp Proofing with Hessian Cloth Impregnated with bitumen where
specified at 1.25 kgs of bitumen per square metre shall be applied on smooth DPC or
plastered surface. The coating of bitumen and sand blending shall be carried out as
specified.

Where specified add water proofing chemical with 1:2:4 concrete mixed with specified
quantity with no addition of admixture. Prior adding the chemicals the contractor
submit the samples along-with its technical data of different chemicals manufacturers
to Engineer in Charge. The manufacturer should give minimum warranty of the
chemical up to 20 years.
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8.2
8.2.1

8.2.2

8.2.3
8.2.3.1

8.2.3.2
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d) Damp Proofing Vertical Surfaces
For brick masonry surfaces, a cement plaster of % inches (19mm) thickness shall be
applied to the surface. A priming coat of thinned bitumen shall then be applied to the
cement coating or concrete surface before the application of bitumen coating.
The bitumen coat, using not less than 1.71 Kg per square metre as specified shall be
applied.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
the area shall be worked out to nearest 0.01 sgm. No payment however shall be made
for the 100 mm or less overlap of PVC Sheet.

WATER PROOFING ROOFS

SCOPE

The work of insulation, water proofing and roofing of the flat or sloped roofs shall consist of
provision of all labour, material and equipment for installing the insulation, water proofing and
roofing whichever required in accordance with the Drawings, specified or as directed by the
Engineer-in-Charge.

CODES AND STANDARDS
The work shall conform to the requirements of the following Codes and Standards, unless
otherwise specified:

ASTM D41-78 Primer for use with asphalt in damp proofing and water
proofing.

ASTM D2103-81 Polyethylene film and sheeting.

BS 747-77 Specifications for roofing felt.

BS 1521-72 Water proof building papers.

BS 4016-72 Building paper (breather type).

WATER PROOFING MATERIALS

ASPHALT/BITUMEN

Special industrial asphalt shall be of 10/20 penetration, or any other type approved by the
Engineer-in-Charge conforming to the following minimum and maximum limits:

Specific gravity 1.02/1.04 at 25°C
Penetration, 100 gm 10/20 at 25°C
Ductility (Cms) 417 at 25°C
Softening Point 77°C [ 93°C
Working temperature 150°C /175°C

Asphalt/bitumen primer shall be bitumen of 10/20 penetration grade 1420 from an approved
manufacturer or any other type approved by the Engineer-in-Charge conforming to
ASTM D 41.

FELT

The felt shall be an asphalt impregnated type 1C fibre base. The number of plys thickness
shall be as specified in the Drawings. The felt shall be smooth and stout building paper
having safe water proofing qualities. Weight of 3 ply standard roll of 20 x 1 metre should not
be less than 54 Kilograms.The brand/make of felt shall be as specified and approved by the
Engineer-in-Charge.
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ISOLATION MEMBRANCE/FELT/POLYETHYLENE SHEET

Isolation membrance/felt shall be polyethylene sheet 0.13mm thick (500 guage). The
contractor shall provide sample of the sheet for approval by the Engineer-in-Charge.

a) MEASUREMENT

No payment however shall be made for the 100 mm overlap of PVC Sheet over the
roof slab.

JUTOID WATER PROOF MATTING

The jutoid matting shall be asphalt impregnated jute base matting as approved by the
Engineer-in-Charge. The matting shall be stout jute matting having safe water proofing
qualities. The thickness of the matting shall be as specified.

RUBEROID WATER PROOFING MEMBRANCE/FELT

Ruberoid water proofing membrance/felt shall be applied alongwith asphalt felt where
specified. The thickness of the membrance/felt shall be 4mm weighing 4 kgs per square
meter. The physical properties of membrance/felt when tested according to ASTMD5147
shall be as follows:

Property Test Method Values
Tensile Strength @ (nom.), Ibf/in ASTM D5147 90
Elongation @ (nom.), % ASTM D5147 45
Low Temperature Flexibility (max.), F ASTM D5147 7
Tear Strength (nom.), Ibf ASTM D5147 98
Dimensional Stability, % ASTM D5147 <1

BLANCO FELT FOR WATER PROOFING
Blanco felt for water proofing shall be of standard manufacturer approved by the Engineer-in-
Charge.

EXECUTION

ROOFING

GRADING ROOF WITH CEMENT CONCRETE 1:2:4

Materials

Cement, coarse sand and graded stone aggregate 20 mm nominal size, shall be used as
specified in the item.

The specifications for the materials and method of preparation of concrete shall conform in
general to the specification described in Section 5 — Plain & Reinforced Concrete. The
grading of aggregates shall be limited between 3/4 inches maximum and 3/16 inches
minimum.

Laying

Before laying cement concrete for grading, the level markings to the required
slope/gradient shall be made only with cement concrete on the surface of the slab at suitable
spacing with the help of string and steel tape (Measuring tape) so that the mason can lay the
concrete to the required thickness, slope / gradient easily in between the two level markings.
On getting the level marking approved, the surface should be sprinkled with thick cement
slurry and the concrete should be laid carefully, without throwing from height, in
predetermined strips.

The concrete should be consolidated by specially made wooden tamping. After the tamping
is done the surface should be finished to required slope/gradient with wooden trowels
without leaving any spots of loose aggregates etc.
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The mixed cement concrete must be laid in position, within half an hour of its mixing. In case
any quantity of -concrete remains unused for more than half an hour the same should be
rejected and removed from the site.

Finishing

The slope of finished terrace shall not be more than 1 in 120 unless a steeper slope is
ordered by the Engineer-in-Charge. The minimum thickness of the concrete at its junction
with Khurra or parapets shall be 5 cm. The concrete shall be rounded at the junction of
roof slab and parapet. It is desirable to provide a haunch/golaffiller at the junction of the
parapet wall and the roof slab.

The finished concrete surface shall present a smooth surface with correct slopes and
uniform rounding. The concrete should be free from cracks. Excess trowelling shall be
avoided.

Thickness
Average thickness shall be 1-1/2 inches to 3 inches and as specified.

Curing

Curing shall be done either by spreading straw/Hessian cloth over the graded surface,
keeping the same wet for full 10 days or flooding the graded area with water by making
kiaries with weak cement mortar, for 10 days. Occasional curing by simply spraying water
now and then shall not be permitted.

GRADING ROOF WITH CEMENT MORTAR
Materials
Cement and coarse sand shall be as specified in Section 5 — Plain & Reinforced Concrete.

Cement mortar
Cement mortar 1:3 (1 cement: 3 coarse sand) /1:4(1 cement: 4 coarse sand) specified in the
item of work shall conform to the specification described in Section 11 - Brickwork.

Preparation of the surface

The surface shall be cleaned properly with brooms brush and cloth to remove all dirts, dust,
mortar droppings.

Laying

Same as described under Clause 8.2.4.1(i) (b) above for concrete, except that cement
mortar shall be tamped with wooden and steel trowels and surface finished with steel trowel.

Finishing
1. The slope of finished surface shall not be more than 1 in 120 unless a steeper slope
is specified.

2. The finished surface of the grading shall present a smooth surface with correct
slopes and uniform rounding wherever they are provided. The mortar surface shall
be free of cracks. Excess trowel-ling shall be avoided.

Thickness

The minimum thickness of cement mortar grading at the junction with khurra or parapet wall
shall be 20 mm. The cement mortar shall be rounded at the junction of roof slab and
parapet. It is desirable to provide a haunch/gola/filler at the junction of parapet wall and the
roof slab. The maximum thickness that shall be adopted for grading with cement mortar shall
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be 50 mm. It is not at all desirable to lay the cement mortar grading for greater thickness and
in that case it is advised to go in for grading with Cement Concrete.

Curing
Curing for the grading with cement mortar shall be done exactly as described under Clause
8.2.4.1(i) above for concrete.

PREPARATION OF SURFACE
Flat Roofs
All surfaces to receive roofing and water proofing treatment shall be sound, clean, smooth,
dry and free of debris, loose material or defects which would have an adverse effect on the
water proofing application or performance. The work shall not start until the preparatory
work has been inspected and approved by the Engineer-in-Charge.

Sloped Roofs

Treated wood nailing strips 254 x 50 mm size shall be embedded in the roof with top of
strip flush with the deck at 900 mm on centres or as shown an the drawings and/or
directed by the Engineer-in-Charge. Metal gravel strips, scuppers and roof drains shall be
placed and metal flashing, flanges etc., shall be provided and installed in time. Cant strips
shall be installed at the angle formed by the roof deck and the vertical surfaces.

INSTALLATION OF ROOF FELT / MATTING
Bitumen for built-up roofing shall not be applied when it is above 205°C, (400°F) nor shall
it be heated above 245°C (475°F).
The terms Felt/Matting used are synonymous. Felt shall be stacked in properly protected
piles. Felt surfacing material shall always be dry and the several layers of felt shall be laid
free from wrinkles.
Roofing shall not be applied during rain or while surfaces are damp; it shall be applied
only to surfaces that are clean and dry.
Method of laying the different layers of built-up roofing shall be strictly in accordance with
the recommendations of the manufacturer and the method proposed by the Contractor
and approved by the Engineer-in-Charge.
Built-up roofing shall not be laid when the temperature at the location of the work is below
5°C (40°F).
Heating of asphalt/bitumen shall be strictly regulated by means of an accurate
thermometer of approved type, kept constantly suspended in the heating kettle while the
work is in progress.
Entire deck surface and parapet walls shall be painted with asphalt primer or as specified
and allowed to dry thoroughly. Primer shall be kept several centimetres back from joints
of pre-cast panels.
Mopping of surface with asphalt/bitumen shall be performed so that the surface shall be
completely covered. Bond coats of asphalt shall be at the rate of 1.25 Kg per square
metre or as specified. At no point shall felt touch the underlying concrete and the rate of
application shall be such that the asphalt mopping shall not be more than one metre
ahead of the roll of felt. All asphalt shall be applied with mops except that the hot
surfacing application shall be poured from a dipper.
Felt shall be laid with each sheet lapping the preceding one. Each sheet shall be lapped
with an exposed lap of 300 mm. All end laps shall be 100 mm minimum. The laying of felt
shall, in general, be started at low points working upwards to high points of the surface.
The roofing felt shall be rolled while mopping, rubbing and pressing the felt sheets as it
spreads on to the surface, so as to ensure thorough sticking and a smooth firm surface,
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free from wrinkles or bubbles. Roofing felt shall be extended to points and position as
shown on the drawings.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
area shall be worked out to nearest 0.01 sqm.

DAMP PROOFING OF THE ROOF WITHOUT FELT / MATTING
The damp proofing of the roof with bitumen coating without Felt/matting shall be carried
out in accordance with the applicable items of preparation under Clause 8.2.4.1(iii) (a)
above.
The bitumen at the specified rate and the layers shall be applied by mopping of surface in
accordance with the procedure according to the items (a), (c),(e),(f), & (h) of Clause
8.2.4.1(iv) above.
Blinding with Coarse, Sand/Washed Shingle as specified shall be sprinkled and
penetrated into bitumen coat to seal the surface properly.
Where specified, 0.13mm thick (500 garage) polyethylene sheet shall be spread over final
coat of bitumen and rammed with minimum 75mm side laps and 100mm end laps
staggered with layers bonded to gather with asphalt. The surface shall be broomed to
ensure that it is free of wrinkles.
The Contractor shall take care to maintain the slopes, levels and protect the work from
any damage during the construction and maintenance period. The Contractor shall have
to remove, replace and rectify such damaged work.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
area shall be worked out to nearest 0.01 sgm.

WATER PROOFING
The following shall be sequence of operation for laying Ruberoid water proofing:

o Asphalt Saturated Felt

o Water Proofing Compound

o Membrane/felt (of the specified ply)
o Washed Gravel

The roof surface shall be prepared as per (iii) above the work shall be performed
according to the instructions of the manufacturer.

Two or three underlay sheets will be unrolled and placed in position on the roof. Each
sheet overlapping the adjoining one by 2 inches. Where the sheets meet the parapet or
other roof obstructions they should be turned up 6 inches and bonded with Ruberoid
Compound to the concrete for a width of about 15 inches.

The first spread of the underlay should be 18 inches wide so that the laps of the
Approved water proofing membrane/felt break joints with those of the underlay. Each
length of the membrane/felt is in turn fitted in position and rolled back half way so that
when unrolled it will resume its former position. The compound heated to the fusing point
will then be poured from a suitable container such as watering can without a rose or a
bucket and dipper at the rate of 30 Ibs per hundred sft. on the underlay. As membrane/felt
is rolled out pressure is applied so as to ensure adhesion while the compound is still hot.
The other half of the length is then rolled up and the process repeated. The joints of the
membrane/felt should overlap 2 inches and care should be taken to see that ample
compound is applied so that it flows out along-with edges. The length of the
membrane/felt should not exceed 15 feet. It is advisable that the laying operation for
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underlay and membrane/felt should follow each other in such a way that a minimum of
incomplete work is exposed to weather.

The membrane/felt should be inserted for a depth of about 2 inches in the parapet wall by
cutting chases in the first convenient course of parapet and covering these with cement
plaster. It should be clearly understood that the underlay is not bonded with compound to
the concrete substructure except at vertical abutments etc.

Over this surface of the membrane a bitumen compound will be spread at the rate of 30
Ibs per hundred sft. in the same manner as described above washed gravel graded from
3/8 inch downward will be spread at the rate of 3 Cu.ft. per hundred Sq.ft. over the
bitumen compound and pressed to the surface by means of wooden thappies so that it
adheres well to the bitumen compound.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
area shall be worked out to nearest 0.01 sgm.

PROVIDING ROOFING FELT
The following will be the sequence of operation for laying roofing felt:
1. Sticking layer of bitumen

2. Layer of 2 ply felt

3. Flood coat of bitumen

4. Washed gravel
The roof surface shall be prepared as per (iii) above shall be filled in with 1:3 cement
mortar. The work shall be carried out according to the instructions of the manufacturer.
Over the surface thus prepared a layer of bitumen heated to the fusing point will be spread
from a suitable container such as watering cans without a rose or a bucket and dipper at
the rate of 30 lbs per hundred Sq,ft.
Over this the felt roofing will be laid and the same will be pressed hard on the surface so
that it may adequately adhere to it. Where the felt meets the parapet or other roofing
obstruction they should be turned up 6 inches and bonded with bitumen to the concrete for
a width of about 15 inches. The length of the roofing felt should not exceed 15 feet. The
joints of the felt should overlap 2 inches.
Over this surface of roofing felt bitumen will be spread at the rate of 30 Ibs. per hundred
sft. in the same manner as described above. Washed gravel graded from 3/8 inch
downward will be spread at the rate of 3 Cu.ft. per hundred Sq.ft. over bitumen compound
and pressed to the surface by means of wooden thappies so that it stick well to the
bitumen.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
area shall be worked out to nearest 0.01 sgm.

WATER PROOF MATTING
Water Proof Matting can be nailed into position over a wooden surface or can be fixed on a
concrete base. If the area to be covered is more than 40 inches in width or 28 yards in
length then another roll of similar dimension can be joined together by allowing an
overlapping of about 4 inches in such a manner that the overlapping piece is on the higher
level in case of a slope and the piece inserted below as the joint comes from the lower
level of the slope. This allows the water to smoothly flow over the joint without striking it or
penetrating inside to effect the water proofing. The overlap would have to be fixed with a

8-8



8.2.5

Chapter-8 [D.P.C. & Water Proofing]

special adhesive. This adhesive is heated, mixed with kerosene oil in specified quantities
and applied hot at the joints and at the outer edges of the structure.

MEASUREMENT

Length and breadth shall be measured along the finished surface correct to a cm and
area shall be worked out to nearest 0.01 sqm.

FLASHINGS
Roofing joints and parapets shall be provided base flashings as shown on the Drawings or
directed by the Engineer-in-Charge. The base flashings can be either of the following
types:
Where built-up base flashings are required, they shall be made by continuing the built-up
roofing upon the cant and over the tip and securing the edge with galvanized roofing nail
used with metal discs. The nails shall be spaced not over 100 mm apart.
Where metal base flashings are required, 3 layers of felt shall be applied extending up 150
mm on the vertical surface and out on the roof surfaces 100 to 150 mm respectively
cementing the same in place with asphalt plastic, troweled on. These flashing strips shall
be applied over the top ply of roofing and under the metal base flashing. The portion of
metal flashing extending out over roof surfaces shall be covered with two additional plies of
felt, 400 mm and 450 mm wide respectively and both cemented in place with bitumen.

WATER PROOFING OF BASEMENT

Basements are typically the area of a structure most at risk for water damage because they
are located below grade and surrounded by soil. Soil releases water it has absorbed during
rain or when snow melts, and the water can end up in the basement through leaks or cracks.

Water can even migrate through solid concrete walls via capillary action, which is a
phenomenon whereby liquid spontaneously rises in a narrow space, such as a thin tube, or
via porous materials. Wet basements can cause problems that include peeling paint, toxic
mild contamination, building rot, foundation collapse, and termite damage. Even interior air
quality can be affected if naturally occurring gasses released by the soil are being
transmitted into the basement.

Prevent Water Entry By Diverting It Away From The Foundation.

Preventing water from entering the basement by ensuring it is diverted away from the
foundation is of primary concern. Poor roof drainage and surface runoff due to gutter defects
and improper site grading may be the most common causes of wet basements. Addressing
these issues will go a long way toward ensuring that water does not penetrate the basement.

Measures to Divert Water from Foundation

e Install and maintain gutters and downspouts so that they route all rainwater and
snhow melt far enough away from the foundation of the building to ensure that pooling
does not occur near the walls of the structure. At least 10 feet from the building is
best, and at the point where water leaves the downspout, it should be able to flow
freely away from the foundation instead of back toward it, and should not be
collecting in pools.
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e The finish grade should be sloped away from the building for 10 to 15 feet. Low
spots that may lead to water pooling should be evened out to prevent the possibility
of standing water near the foundation.

e Shallow ditches called swales should be used in conditions where one or more
sides of the building face an upward slope. A swale should slope away from the
building for 10 to 15 feet, at which point it can empty into another swale that directs
water around to the downhill-side of the building, leading it away from the
foundation.

e Plinth Protection Works: The buildings shall be provided with plinth protection of at
least 900 mm (3 Ft) width excluding platform portion around the structure and shall
have minimum outward slope of 1 in 48 for satisfactory drainage of rain water.
The plinth protection may consist of a layer of 115 mm (4.5 in) thick brick or stone
ballast, consolidated dry to the required slope, the surface shall be grouted evenly
with fine sand 0.06 m3/10 m2 (2 ft3/100 ft?) and slightly sprinkled with water and
rammed. A topping of 50 mm (2 in) thick cement concrete (1. 3: 6) may be laid in
alternate panel slabs over a well-rammed brick or stone ballast and finished smooth
at top. The finished surface may have a minimum outward slope of 1 in 48. Any
other mode of the plinth protection may be adopted depending upon the site
condition and economy of the materials for a particular locality. If vehicular traffic is
likely to come on the plinth protection, the same should be suitably designed as a
pavement in such portions

REPAIR all CRACKS & HOLES.

If leaks or seepage is occurring in the basement's interior, water and moisture are most likely
entering through small cracks or holes. The cracks or holes could be the result of several
things. Poor workmanship during the construction is the main cause of cracks or holes.
Hydrostatic pressure from the outside, forcing water through walls. The building may have
settled, causing cracks in the floor or walls. Repairing all cracks and small holes will help
prevent leaks and floods.

Following are the points which should be encountered if the water is coming from the holes
of the basement:

o Identify areas where water may be entering through cracks or holes by checking for
moisture, leaking or discoloration. Every square inch of the basement should be
examined, especially in cases where leaking or flooding has not been obvious, but
moisture build up is readily apparent.

e A mixture of epoxy and latex cement can be used to fill small hairline cracks and
holes. This is a waterproof formula that can help ensure that moisture and water do
not penetrate basement walls. It is effective primarily for very small cracks and
holes.

e Any cracks larger than about 1/8-inch should be filled with mortar made from one
part cement and two parts fine sand (1:2), with just enough water to make a fairly
stiff mortar. It should be pressed firmly into all parts of the larger cracks and holes to
be sure that no air bubbles or pockets remain. As long as water is not being forced
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through basement walls due to outside pressure, the application of mortar with a
standard trowel will be sufficient if special care is taken to fill all cracks completely.

e If water is being forced through by outside pressure, a slightly different method of
patching with mortar can be used. Surface areas of walls or floors with cracks
should first be chiselled out a bit at the mouth of the crack and all along its length.
Using a chipping chisel and hammer or a cold chisel, cut a dovetail groove along the
mouth of each crack to be filled, and then apply the mortar thoroughly. The dovetail
groove, once filled, should be strong enough to resist the force of pressure that was
pushing water through the crack.

¢ Apply sodium-silicate sealant to the walls and floor.

Once all runoff has been thoroughly diverted away from the foundation, and all cracks and
holes have been repaired and no leaking is occurring, a waterproof sealant can be applied
as a final measure.

Sodium silicate is a water-based mixture that will actually penetrate the substrate by up to 4
inches. Concrete, concrete block and masonry have lime as a natural component of their
composition, which reacts with the sodium silicate to produce a solid, crystalline structure
which fills in all the microscopic cracks, holes and pores of the substrate. No water vapour
or gas will be able penetrate via capillary action because the concrete and masonry have
now become harder and denser from the sodium silicate.

Application Procedure:

Special care should be taken when applying sodium silicate. It is an alkaline substance and,
as such, can burn skin and eyes if it comes into contact with them. Inhalation can also
cause irritation to the respiratory tract.

Sodium silicate must be applied only to bare concrete, concrete block or masonry that has
been cleaned thoroughly and is free of any dirt, oil, adhesives, paint and grease. This will
ensure that it penetrates the substrate properly and fills in all microscopic cracks. It can be
applied using a garden sprayer, roller or brush to a surface that has first been lightly
dampened with a mop or brush. Apply two to three coats to the concrete, waiting 10 to 20
minutes between each application. Concrete block and masonry will take three to four coats,
with the same 10 to 20 minutes between applications. Any excess should then be wiped
away. Sodium silicate should not be over-applied or it will not be completely absorbed by
the substrate, leaving a white residue.

Paint can then be applied without fear of water vapour getting trapped between the paint and
the wall, which could eventually cause blistering and peeling. Adhesives for tile or floor
covering can also be used more effectively, once the substrate has been sealed.

Conclusion:-

Diverting water away from foundations so that it does not collect outside basement walls and
floors is a key element in preventing flooding and water damage. Ensuring that any water
that does end up near basement exteriors cannot enter through holes or cracks is also
important, and sealing with a waterproof compound will help prevent water vapour or gas
from penetrating, as well. By following these procedures, the risk of water-related issues in
basement interiors can be greatly reduced, protecting the building from damage such as
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foundation rotting and peeling paint, as well as improving the interior air quality by blocking
the transmission of gasses from the soil outside.

Properly waterproofing a basement will lessen the risk of damage caused by moisture or
water. Homeowners will want to be aware of what they can do to keep their basements dry
and safe from damage. Inspectors can also benefit from being aware of these basic
strategies for preventing leaks and floods.

MEASUREMENT AND PAYMENT

Length and breadth shall be measured along the finished surface correct to a cm and area
shall be worked out to nearest 0.01 sgm. Overlaps and tucking in a flashing grooves shall
not be measured.

No deductions shall be made for openings or recess or chimney stack, roof lights or
Khurras of area upto 0.40 sgm, nor anything extra shall be paid for forming such
openings, recess etc. For area exceeding 0.40 sgm. deduction will be made in the
measurement for the full opening and nothing extra shall be paid for making such
opening.

Measurements shall be taken over the entire exposed area of roofing and flashing
treatment including flashing over low parapet walls, low dividing walls and expansion
joints and at pipe projections etc. Overlaps and tucking into flashing grooves shall not be
measured.

Primer or saturated felt underlay, where provided, shall also be measured in the same
manner as the water proofing treatment and paid for separately.

For similar areas exceeding 40 sg. decimetre deductions will be made in measurements
for full opening and nothing extra shall be paid for forming such openings.

COMPOSITE RATE

The measurement and payment for the items of the work of D.P.C. & Water Proofing hereof
shall be made corresponding to the applicable CSR items as provided in Contract
Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge.

LABOUR RATE

The measurement and payment for the items of the work of D.P.C. & Water Proofing hereof
shall be made corresponding to applicable CSR item as provided in Contract Agreement and
shall constitute full compensation for procurement transportation, performance in all respects
and completion of work as specified including site clearance, as approved by the Engineer-
in-Charge except the cost of materials to be provided by Department at designated location
as defined in the Contract Agreement.
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9. SOLID CONCRETE BLOCK MASONRY

SCOPE

The work under this section of the specifications consists of furnishing all plant, labour,
equipment, appliances and materials and performing all operations in any floor and at any
height in connection with the supply and installation of ordinary cement concrete Solid block
masonry work including wall ties, anchors, damp-proof courses, complete in strict accordance
with this section of the Specifications and applicable drawings, and subject to the terms and
conditions of the Contract.

MATERIALS

FOR BLOCK

Cement, aggregates and water for concrete blocks shall conform to the requirements as
specified in Section 5 for Plain and Reinforced Concrete.

FOR MORTAR
The cement and sand mortar for concrete block masonry shall specified.

SAND
Sand for mortar shall comply with the requirements for BS-1200. It shall be graded in
accordance with the following table and the various sizes of particles shall be uniformly
distributed. Sand that has been in contact with seawater shall not be used unless it has been
thoroughly washed to the satisfaction of the Engineer-in-Charge.
Table 9.2.2(a)
Grading of Sand

Percent Passing by Weight
Sieve Size Number .
Min. Max.
# 4 100 Not Applicable
# 8 95 100
# 16 70 100
# 30 40 75
# 50 10 35
# 100 2 15
# 200 0 0

The sand shall conform to the provisions of 5.3.1.3 — Plain & Reinforced Concrete for limits of
deleterious material.

CEMENT
Cement shall be Ordinary Portland Cement conforming to BS-12.

WATER

Water shall be clean and free from any harmful impurity. Where the quality of the water is
doubtful, it shall be tested in accordance with BS- 3148.The water shall comply with the
provisions of Clause 5.3.1.6 - Plain & Reinforced concrete.
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ADDITIVES

Additives where used, shall be proprietary products used in the proportions and manner
recommended by the manufacturer. The additives shall in no way adversely affect the mortar
strength or contain chemicals, which may be harmful to other building materials. To add
gypsum to cement is strictly forbidden.

MORTARS AND GROUT

Materials for mortar, sand and binding agent and water, shall be mixed by volume or by weight
as specified for at least 3 minutes with the minimum amount of water to produce a correctly
mixed mortar or grout of workable consistency in a mechanical batch mixer. For small jobs,
hand mixing may be permitted, the ingredients being mixed with sufficient water to produce a
correctly mixed workable mortar.

Mortar shall be as strong, but no stronger than the materials it bonds together. Mortars shall
be mixed in batches, which can be used within a period before the setting process commences.
Once a mix begins drying off, it shall be rejected. No ingredients shall be added to it once the
setting process has begun.

CONCRETE BLOCK MAKING

The Solid blocks shall be factory manufactured/fabricated and be machine moulded. The block
making machines shall be of the standard approved by the Engineer-in-Charge. They shall
be operated according to the instructions laid down by the manufacturers. The contractor shall
submit samples/literature of various manufacturers for Engineer-in-Charge’s approval. The
contractor should note that only blocks supplied by the approved manufacturer(s) shall be
allowed to be used in the work.

The blocks shall be continuously water cured by sprinkling water for a minimum of 10 days
and covered between sprinkling operations with 4 mils thick polyethylene sheeting. After 10
days water curing period the blocks shall be air-dried. Under no circumstances blocks will be
used in the work until they are completely dry. During curing period no surfaces of the block
will be allowed to dry.

Cured concrete blocks shall be stored off the ground, stacked on level platforms which allow
air circulation under stacked units. Units shall be covered and protected against wetting.
Care shall be exercised in the handling of all concrete blocks. No damaged blocks shall be
used in the work.

The hollow blocks shall be manufactured as per pattern shown on the drawing. These block
units shall be provided by the Contractor for use where required in building structures from
approved type of materials. Units shall have uniformly fine smooth surfaces of uniform colour.
These shall be free of any honey combing or other imperfections or deformations, all edges
true and straight, and at right angles with each other and without any chipped or otherwise
broken edges.

The blocks cast on different dates shall be stacked separately and must be labelled showing
the date on which they were cast.

Reinforced cement concrete hollow block masonry shall be provided where shown on the
drawings. Hollow block manufactured by moulding machine shall have well formed cavities,
sharp and well defined edges and corners, smooth surfaces without any imperfections or
deformations.

PROPERTIES OF BLOCKS

All blocks shall be of the size and shape required to complete the work shown in the Drawings
or as instructed by the Engineer-in-Charge.

The cement, sand and coarse aggregate shall be volume batched and their proportion may be
adjusted so as to provide the concrete of the required strength when tested and shall be mixed

9-2
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in a concrete mixer in accordance with the provisions of Section 5 - 'Plain and Reinforced
Concrete.

All blocks shall comply with ASTM C-55-03 edition. The compressive strength of various Solid
blocks shall be as follows:

Sr. | Type of Concrete Compressive Strength (Psi)

Location
# | Masonry Average of | iividual Unit
3 Units
Solid load bearing .
2 .
1. Masonry units OOO pst 2000 Exposed to frost action
minimum

(ASTM-C-145-85)
Solid/Hollow non-
2. | load bearing 600 500
Masonry units

Not exposed to moisture&
weather

Not exposed to moisture

3. | (ASTM-C-90-85) 700 600 & weather

Normally 1:3:6 concrete mix should meet the above strength requirement as per Clause
5.3.2.2 Section 5 — Plain & Reinforced Concrete. The specific gravity should be between 2.3
to 2.4.

The proportion shall however be confirmed by contractor by trial mix and approved by
Engineer-in-Charge for actual site conditions.

The Contractor shall provide test certificates providing the average minimum crushing strength
of the blocks prior to the commencement of the construction. Further test certificates shall be
provided as required by the Engineer-in-Charge to ensure that all batches of blocks have the
minimum specified crushing strength.

A laboratory approved by the Engineer-in-Charge shall carry out the test. Evidence shall be
produced that the block manufacturer has an efficient method of quality control. The Engineer-
in-Charge will require to test samples of blocks periodically and the Contractor shall make
necessary arrangements accordingly. The method of sampling for all tests shall be in
accordance with ASTM standards referred in Section 9.4.3.

SUCTION RATE

The Contractor shall, at his own cost, satisfy the Engineer-in-Charge that the suction rate of
the block when determined in accordance with Appendix "A" of BS 3921 does not exceed 20
g/dm?/ min. or that the Contractor is able to adjust it so that it does not exceed this value on
site.

SOLUBLE SALT CONTENT

For exposed blockwork, the contents by weight percent of soluble sulphate, calcium,
magnesium, potassium and sodium radicals, shall not exceed 0.30, 0.10, 0.30, 0.03 and0.03,
percent respectively when ascertained in accordance with BS 3921, at the cost of the
Contractor.

REINFORCING AND ANCHORS OF BLOCK MASONRY

Unless otherwise stated reinforcing and anchors shall conform to under-mentioned sizes:
Joint reinforcing shall be 1.32mm (0.05-inch) diameter mild steel wire mesh design, galvanized
after fabrication. Steel wire woven into 12mm mesh 75mm wide. Reinforcing bar anchors shall
be 25 mm dia. deformed bar minimum 10 inch long.
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Two 6mm dia bar shall be provided at every fourth course for anchoring of block masonry to
columns. Two 10 mm bars at every fourth horizontal course shall be provided for anchoring
masonry walls to plinth beam/floor beam, as shown on the drawings.

Dovetail anchors and slots (if used as an alternate anchorage) shall be not less than 18 gauge
galvanized steel.

ERECTION

Blocks shall be laid true to line, level and laid in accurately spaced courses in stretcher bond
with vertical joints of each course located at centre of units in alternate courses below. Vertical
joints shall be buttered in the entire height of blocks. Each course shall be bonded at corners
and at intersections of walls and shall be properly bonded. Courses of block shall be kept
plumb throughout and corner reveals shall be true and in plumb.

Standard width of mortar joints for both horizontal and vertical joints shall be 10mm
(maximum). Mortar joints in walls shall have full mortar coverage on vertical and horizontal
faces between the blocks. Mortar joints on wall including struck joints, shall be thoroughly
compacted and pressed tight against the edges of the blocks with proper tools. Blocks
terminating against soffits of beam or slab construction shall be wedged tight with wedges and
the joints shall be packed solidly with mortar between the top of the block and the bottom of
slab or beam. Control expansion joints shall be kept free from mortar or other debris.

Unless otherwise shown on the drawings or specified by the Engineer-in-Charge, the spaces
around doorframes and other material or built in items shall be solidly filled with mortar.
Spaces around the door and window holdfasts shall be filled in with 1:3:6 concrete. Work
required to be built in with masonry including doorframe anchors, wall plugs, and dovetail
anchors and accessories shall be built in as the erection progresses.

The block work shall be carried up in a uniform manner and no portion shall be carried more
than one metre above the adjoining one at any time. All masonry shall be kept strictly true and
square and the whole properly bonded together and levelled round each floor.

Sleeves, Chases, holes, sinking and mortices for other trades shall be correctly located and
formed to the sizes as required by the relevant trades. Chiselling of completed walls or the
formation of holes shall only be carried out as per design drawings with the approval of the
Engineer-in-Charge.

Walls of blocks indicated, as being non-load bearing shall be constructed on the insitu concrete
floor slab unit after the floor formwork is struck and the concrete has obtained sufficient
strength to support their-weight. Toothing into load-bearing walls shall not be permitted.

All bolts, anchors, ties, pipe sleeves, flushing metal attachments, lintels and the like required
to be built into the work shall be correctly inserted and executed as the work proceeds.

Walls or partitions abutting concrete columns or walls shall be securely anchored and tied with
metal anchors or ties at not more than 450mm vertical centres. Wall ties cast in with concrete
shall be bent down after the removal of formwork and shall be securely jointed into the mortar
beds of walling.

Care shall be taken during construction of cavity walls so as to avoid the filling up of cavity with
mortar. G.I. flashing and weep holes shall be provided wherever specified on the drawings or
as per the instructions of the Engineer-in-Charge. Weep holes will be formed by oiled rods,
removed after the mortar is set, at specified locations.

SCAFFOLDING

Contractor shall provide safe scaffolding of adequate strength for use of workmen at all levels
and heights at his own expense. Scaffolding which is unsafe in the opinion of the Engineer-
in-Charge shall not be used until it has been strengthened and made safe for use of workmen.
Cost of scaffolding etc. shall be included by the Contractor in the unit rate for masonry items.
Damage to masonry from scaffolding or from any other object shall be repaired by the
Contractor at his own cost.
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JOINTING
Jointing is the forming of joints as work proceeds. Joints shall be as follows:
o Exterior exposed joints shall be tightly formed to a weather joint with the point of the
trowel.
o Interior exposed joints shall be tightly formed to a concave joint.
o Joints which are subsequently covered with plaster or other finish materials shall be
struck flush.
TOLERANCES
All block work shall be erected plumb and true to line and level with the maximum variation in
any storey height or any length of wall being one mm in one metre. The maximum tolerance
in the length, height or width of any single masonry unit shall be + 3mm.

DAMP PROOF COURSE

Damp-proof course shall be laid on an even mortar bed, free from projections, which may
puncture the material. Where the damp-proof course is to be stepped, only flexible membrane
shall be used. All damp proof course, unless otherwise specified, shall consist of 1:2:4 cement
concrete 50mm thick, mixed with 2.5 kg of pudlo per bag of cement or other approved quality
water proofing compound as per manufacturer's specifications and shall be laid at required
levels as per drawings and instructions of the Engineer-in-Charge. The D.P.C shall be tamped
consolidated, levelled, edges and corners made to the requirements of concerned drawings
including finishing and curing complete.

SOLID BLOCK WORK AROUND OPENING OF HOLLOW MASONRY

Around all openings in hollow block masonry, the Contractor shall provide solid block work of
same thickness as that of hollow block masonry wall and of width as indicated on the Drawings.
Solid block shall be laid around openings in such a manner that these are bonded integrally
with hollow block masonry.

Reinforced pocket cavity masonry wall construction is shown on Figure 9.1

CURING AND REPAIRS

All block masonry shall be water cured and shall be kept wet for at least seven days, by an
approved method, which will keep all surfaces to be cured continuously wet. Water used for
curing shall meet the requirements of the specifications for water used in the manufacture of
blocks.

If, after the completion of any block masonry, the work is not in alignment or level, or does not,
conform to the lines and grades shown on the Drawings or shows a defective surface, it shall
be removed and replaced by the Contractor at his expense unless the Engineer-in-Charge
grants permission, in writing, to patch or replace the defective area.

MASONRY SHORT OF HEIGHT

In case of different thickness of slab in different areas or rooms or for any other reasons,
whatsoever if chiselling of masonry is required, the Contractor shall do so at his own cost.
Where for any reason whatsoever, the height of the wall is short of ceiling height, the actual
height shall be made good with 1:3:6 nominal mix concrete. This concrete shall neither be
measured nor be paid under item of concrete but will be paid for under the item of wall
masonry. Similarly where the lintel heights are such that the Contractor has to chisel the
masonry or provide cast-in-place concrete to make up the height of the course, no payment
will be made for chiselling, but where such cast-in-place concrete is provided, payment for the
same will be made at the unit rate of masonry.
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9.16 MEASUREMENT AND PAYMENT

Solid Concrete Block Masonry work shall be measured in cubic metres unless otherwise specified.
Any extra work over the specified dimensions shall be ignored. Dimensions shall be measured
correct to the nearest 0.01 mi.e. 1 cm. Areas shall be calculated to the nearest 0.01 sq. mtrs
and the cubic contents shall be worked out to the nearest 0.01 cubic metres. Block Masonry Work
shall be measured separately in the following stages:

(a) From foundation to floor one level (Plinth level)
(b) Plinth (floor one) level to floor two level

(c) Between two specified floor levels above floor two level

Note : (i) Work in parapet walls, mumty, lift machine room and water tanks constructed on the
roof upto 1.2 m height above roof shall be measured together with the corresponding work of
the floor next below.

No deductions or additions shall be done and no extra payment made for the following:

Note : Where minimum area is defined for deduction of an opening, void or both, such areas
shall refer only to opening or void within the space measured.

(a) Ends of dissimilar materials (that is, joists, beams, lintels, posts, girders, rafters, purlins,
trusses, corbels, steps, etc.); up to 0.1 m? in section;

(b) Opening up to 0.1 m? in area (see Note);

(c) Wall plates, bed plates, and bearing of slabs, and the like, where thickness does not
exceed 10 cm and bearing does not extend over the full thickness of wall;

(d) Cement concrete blocks as for hold fasts and holding down bolts;

(e) Iron fixtures, such as wall ties, pipes upto 300 mm diameter and hold fasts for doors and
windows; and

(f) Chases of section not exceeding 50 cm in girth.

(g) Bearing portion of drip course, bearing of moulding and cornice.

Note : In calculating area of an opening, any separate lintel or sills shall be included with the
size of the opening but end portions of lintel shall be excluded. Extra width of rebated reveals, if
any, shall also be excluded.

Walls half Block and less shall each be measured separately in square metres stating thickness.
Walls beyond half block thickness shall be measured in multiples of half block which shall be
deemed to be inclusive of mortar joints. String courses, projecting pilasters, aprons, sills and
other projections shall be fully described and measured separately in running metres stating
dimensions of each projection.

Square or rectangular pillars shall be measured separately in cubic metres in multiple of half brick.
Circular pillars shall be measured separately in cubic metres as per actual dimensions.

Solid Block Masonry work curved on plan shall be measured like the block work in straight walls
and shall include all cutting and wastage of blocks, tapered vertical joints and use of extra
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mortar, if any. Block work curved on plan to a mean radius not exceeding six metres shall be
measured separately and extra shall be payable over the rates for Block work in straight walls.
Nothing extra shall be payable if the mean radius of the Block work curved in plan exceeds six

metres.

Tapered walls shall be measured net as walls and extra payment shall be allowed for making
tapered surface for Block work in walls.

9.18.1

9.18.2

COMPOSITE RATE

The measurement and payment for the items of the work of Solid Cement Concrete Block
Masonry hereof shall be made corresponding to the applicable CSR items as provided in
Contract Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge. Furthermore,

The rate shall include the cost of materials and labour required for all the operations described
above except the vertical reinforcement and its encasement in cement mortar or cement
concrete. The rate shall also include the following:

(a) Raking out joints or finishing joints flush as the work proceeds;

(b) Preparing tops of existing walls and the like for raising further brick work.
(c) Rough cutting and waste for forming gables, splays at eaves and the like.
(d) Leaving holes for pipes upto 150 mm dia. and encasing hold fasts etc.

(e) Rough cutting and waste for block work curved in plan and for backing to stone or other
types of facing.
(f) Embedding in ends of beams, joists, slabs, lintels, sills, trusses etc.

(g) Bedding wall plates, lintels, sills, roof tiles, corrugated sheets, etc. in or on walls if not
covered in respective items and

(h) Leaving chases of section not exceeding 50 cm in girth or 350 sq cm in cross-section.

(i) Cut brick corners, splays reveals, cavity walls, block works curved on plan to a mean radius
exceeding six metres.

LABOUR RATE

The measurement and payment for the items of the work of Cement Concrete Block Masonry
hereof shall be made corresponding to applicable CSR item as provided in Contract
Agreement and shall constitute full compensation for procurement transportation, performance
in all respects and completion of work as specified including site clearance, as approved by
the Engineer-in-Charge except the cost of materials to be provided by Department at
designated location as defined in the Contract Agreement.
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10.CONCRETE BLOCK MASONRY

10.1 SCOPE
The work under this section of the specifications consists of furnishing all plant, labour,
equipment, appliances and materials and performing all operations in any floor and at any
height in connection with the supply and installation of ordinary cement concrete Hollow block
masonry work including wall ties, anchors, damp-proof courses, complete in strict accordance
with this section of the Specifications and applicable drawings, and subject to the terms and
conditions of the Contract.

10.2 MATERIALS

10.2.1 FORBLOCK
Cement, aggregates and water for concrete blocks shall conform to the requirements as
specified in Section 5 for Plain and Reinforced Concrete.

10.2.2 FOR MORTAR
The cement and sand mortar for concrete block masonry shall specified.

10.2.2.1 SAND
Sand for mortar shall comply with the requirements for BS-1200. It shall be graded in
accordance with the following table and the various sizes of particles shall be uniformly
distributed. Sand that has been in contact with seawater shall not be used unless it has been
thoroughly washed to the satisfaction of the Engineer-in-Charge.
Table 9.2.2(a)
Grading of Sand

Percent Passing by Weight
Sieve Size Number .
Min. Max.
# 4 100 Not Applicable
# 8 95 100
# 16 70 100
# 30 40 75
# 50 10 35
# 100 2 15
# 200 0 0

The sand shall conform to the provisions of 5.3.1.3 — Plain & Reinforced Concrete for limits of
deleterious material.

CEMENT
Cement shall be Ordinary Portland Cement conforming to BS-12.

WATER
Water shall be clean and free from any harmful impurity. Where the quality of the water is
doubtful, it shall be tested in accordance with BS- 3148.The water shall comply with the
provisions of Clause 5.3.1.6 - Plain & Reinforced concrete.

ADDITIVES
Additives where used, shall be proprietary products used in the proportions and manner
recommended by the manufacturer. The additives shall in no way adversely affect the mortar
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strength or contain chemicals, which may be harmful to other building materials. To add
gypsum to cement is strictly forbidden.

MORTARS AND GROUT

Materials for mortar, sand and binding agent and water, shall be mixed by volume or by weight
as specified for at least 3 minutes with the minimum amount of water to produce a correctly
mixed mortar or grout of workable consistency in a mechanical batch mixer. For small jobs,
hand mixing may be permitted, the ingredients being mixed with sufficient water to produce a
correctly mixed workable mortar.

Mortar shall be as strong, but no stronger than the materials it bonds together. Mortars shall
be mixed in batches, which can be used within a period before the setting process commences.
Once a mix begins drying off, it shall be rejected. No ingredients shall be added to it once the
setting process has begun.

10.3 CONCRETE BLOCK MAKING

The Hollow blocks shall be factory manufactured/fabricated and be machine moulded. The
block making machines shall be of the standard approved by the Engineer-in-Charge. They
shall be operated according to the instructions laid down by the manufacturers. The contractor
shall submit samples/literature of various manufacturers for Engineer-in-Charge’s approval.
The contractor should note that only blocks supplied by the approved manufacturer(s) shall be
allowed to be used in the work.

The blocks shall be continuously water cured by sprinkling water for a minimum of 10 days
and covered between sprinkling operations with 4 mils thick polyethylene sheeting. After 10
days water curing period the blocks shall be air-dried. Under no circumstances blocks will be
used in the work until they are completely dry. During curing period no surfaces of the block
will be allowed to dry.

Cured concrete blocks shall be stored off the ground, stacked on level platforms which allow
air circulation under stacked units. Units shall be covered and protected against wetting.
Care shall be exercised in the handling of all concrete blocks. No damaged blocks shall be
used in the work.

The hollow blocks shall be manufactured as per pattern shown on the drawing. These block
units shall be provided by the Contractor for use where required in building structures from
approved type of materials. Units shall have uniformly fine smooth surfaces of uniform colour.
These shall be free of any honey combing or other imperfections or deformations, all edges
true and straight, and at right angles with each other and without any chipped or otherwise
broken edges.

The blocks cast on different dates shall be stacked separately and must be labelled showing
the date on which they were cast.

Reinforced cement concrete hollow block masonry shall be provided where shown on the
drawings. Hollow block manufactured by moulding machine shall have well formed cavities,
sharp and well defined edges and corners, smooth surfaces without any imperfections or
deformations.

10.4 PROPERTIES OF BLOCKS

All blocks shall be of the size and shape required to complete the work shown in the Drawings
or as instructed by the Engineer-in-Charge.

The cement, sand and coarse aggregate shall be volume batched and their proportion may be
adjusted so as to provide the concrete of the required strength when tested and shall be mixed
in a concrete mixer in accordance with the provisions of Section 5 - 'Plain and Reinforced
Concrete.
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All blocks shall comply with ASTM C-55-03 edition. The compressive strength of various Hollow
blocks shall be as follows:

sr. | Type of Concrete Compressive Strength (Psi)

Location
# | Masonry Average of | . yiidual Unit
3 Units
1 (ASTM-C-90-85) 700 600 Not exposed to moisture
& weather

Normally 1:3:6 concrete mix should meet the above strength requirement as per Clause
5.3.2.2 Section 5 — Plain & Reinforced Concrete. The specific gravity should be between 2.3
to 2.4.

The proportion shall however be confirmed by contractor by trial mix and approved by
Engineer-in-Charge for actual site conditions.

The Contractor shall provide test certificates providing the average minimum crushing strength
of the blocks prior to the commencement of the construction. Further test certificates shall be
provided as required by the Engineer-in-Charge to ensure that all batches of blocks have the
minimum specified crushing strength.

A laboratory approved by the Engineer-in-Charge shall carry out the test. Evidence shall be
produced that the block manufacturer has an efficient method of quality control. The Engineer-
in-Charge will require to test samples of blocks periodically and the Contractor shall make
necessary arrangements accordingly. The method of sampling for all tests shall be in
accordance with ASTM standards referred in Section 9.4.3.

10.5 SUCTION RATE

The Contractor shall, at his own cost, satisfy the Engineer-in-Charge that the suction rate of
the block when determined in accordance with Appendix "A" of BS 3921 does not exceed 20
g/dm2/ min. or that the Contractor is able to adjust it so that it does not exceed this value on
site.

10.6 SOLUBLE SALT CONTENT

For exposed blockwork, the contents by weight percent of soluble sulphate, calcium,
magnesium, potassium and sodium radicals, shall not exceed 0.30, 0.10, 0.30, 0.03 and0.03,
percent respectively when ascertained in accordance with BS 3921, at the cost of the
Contractor.

10.7 REINFORCING AND ANCHORS OF BLOCK MASONRY

Unless otherwise stated reinforcing and anchors shall conform to under-mentioned sizes:
Joint reinforcing shall be 1.32mm (0.05-inch) diameter mild steel wire mesh design, galvanized
after fabrication. Steel wire woven into 12mm mesh 75mm wide. Reinforcing bar anchors shall
be 25 mm dia. deformed bar minimum 10 inch long.

Two 6mm dia bar shall be provided at every fourth course for anchoring of block masonry to
columns. Two 10 mm bars at every fourth horizontal course shall be provided for anchoring
masonry walls to plinth beam/floor beam, as shown on the drawings.

Dovetail anchors and slots (if used as an alternate anchorage) shall be not less than 18 gauge
galvanized steel.

10.8 ERECTION

Blocks shall be laid true to line, level and laid in accurately spaced courses in stretcher bond
with vertical joints of each course located at centre of units in alternate courses below. Vertical
joints shall be buttered in the entire height of blocks. Each course shall be bonded at corners
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and at intersections of walls and shall be properly bonded. Courses of block shall be kept
plumb throughout and corner reveals shall be true and in plumb.

Standard width of mortar joints for both horizontal and vertical joints shall be 10mm
(maximum). Mortar joints in walls shall have full mortar coverage on vertical and horizontal
faces between the blocks. Mortar joints on wall including struck joints, shall be thoroughly
compacted and pressed tight against the edges of the blocks with proper tools. Blocks
terminating against soffits of beam or slab construction shall be wedged tight with wedges and
the joints shall be packed solidly with mortar between the top of the block and the bottom of
slab or beam. Control expansion joints shall be kept free from mortar or other debris.

Unless otherwise shown on the drawings or specified by the Engineer-in-Charge, the spaces
around doorframes and other material or built in items shall be solidly filled with mortar.
Spaces around the door and window holdfasts shall be filled in with 1:3:6 concrete. Work
required to be built in with masonry including doorframe anchors, wall plugs, and dovetail
anchors and accessories shall be built in as the erection progresses.

The block work shall be carried up in a uniform manner and no portion shall be carried more
than one metre above the adjoining one at any time. All masonry shall be kept strictly true and
square and the whole properly bonded together and levelled round each floor.

Sleeves, Chases, holes, sinking and mortices for other trades shall be correctly located and
formed to the sizes as required by the relevant trades. Chiselling of completed walls or the
formation of holes shall only be carried out as per design drawings with the approval of the
Engineer-in-Charge.

Walls of blocks indicated, as being non-load bearing shall be constructed on the insitu concrete
floor slab unit after the floor formwork is struck and the concrete has obtained sufficient
strength to support their-weight. Toothing into load-bearing walls shall not be permitted.

All bolts, anchors, ties, pipe sleeves, flushing metal attachments, lintels and the like required
to be built into the work shall be correctly inserted and executed as the work proceeds.

Walls or partitions abutting concrete columns or walls shall be securely anchored and tied with
metal anchors or ties at not more than 450mm vertical centres. Wall ties cast in with concrete
shall be bent down after the removal of formwork and shall be securely jointed into the mortar
beds of walling.

Care shall be taken during construction of cavity walls so as to avoid the filling up of cavity with
mortar. G.I. flashing and weep holes shall be provided wherever specified on the drawings or
as per the instructions of the Engineer-in-Charge. Weep holes will be formed by oiled rods,
removed after the mortar is set, at specified locations.

10.9 SCAFFOLDING

Contractor shall provide safe scaffolding of adequate strength for use of workmen at all levels
and heights at his own expense. Scaffolding which is unsafe in the opinion of the Engineer-
in-Charge shall not be used until it has been strengthened and made safe for use of workmen.
Cost of scaffolding etc. shall be included by the Contractor in the unit rate for masonry items.
Damage to masonry from scaffolding or from any other object shall be repaired by the
Contractor at his own cost.

10.10 JOINTING
Jointing is the forming of joints as work proceeds. Joints shall be as follows:
o Exterior exposed joints shall be tightly formed to a weather joint with the point of the
trowel.
Interior exposed joints shall be tightly formed to a concave joint.
o Joints which are subsequently covered with plaster or other finish materials shall be
struck flush.
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10.11 TOLERANCES

All block work shall be erected plumb and true to line and level with the maximum variation in
any storey height or any length of wall being one mm in one metre. The maximum tolerance
in the length, height or width of any single masonry unit shall be + 3mm.

10.12 DAMP PROOF COURSE

Damp-proof course shall be laid on an even mortar bed, free from projections, which may
puncture the material. Where the damp-proof course is to be stepped, only flexible membrane
shall be used. All damp proof course, unless otherwise specified, shall consist of 1:2:4 cement
concrete 50mm thick, mixed with 2.5 kg of pudlo per bag of cement or other approved quality
water proofing compound as per manufacturer's specifications and shall be laid at required
levels as per drawings and instructions of the Engineer-in-Charge. The D.P.C shall be tamped
consolidated, levelled, edges and corners made to the requirements of concerned drawings
including finishing and curing complete.

10.13 REINFORCED HOLLOW BLOCK MASONRY

Where specified on the Drawings, reinforced hollow block masonry shall be provided.
Horizontal and vertical reinforcement shall be cold worked deformed bar. Two bars of (8mm)
diameter shall be provided at every third horizontal course at 600 mm centres, while the vertical
reinforcement shall be two bars of (12mm) diameter at 800mm centres. Bars shall be
anchored and held firmly vertical in respective beams and columns in the manner shown in
shop Drawings. The reinforced hollow part of the block wall shall be solidly filled with Class
'D' concrete at intervals of one meter maximum height as the laying of block masonry work
proceeds. The filled concrete shall be consolidated thoroughly by rodding to avoid formation
of voids. Contractor shall submit shop drawings of anchoring and placing of reinforcement in
hollow block masonry for approval of the Engineer-in-Charge.

10.14 CURING AND REPAIRS

All block masonry shall be water cured and shall be kept wet for at least seven days, by an
approved method, which will keep all surfaces to be cured continuously wet. Water used for
curing shall meet the requirements of the specifications for water used in the manufacture of
blocks.

If, after the completion of any block masonry, the work is not in alignment or level, or does not,
conform to the lines and grades shown on the Drawings or shows a defective surface, it shall
be removed and replaced by the Contractor at his expense unless the Engineer-in-Charge
grants permission, in writing, to patch or replace the defective area.

10.15 MASONRY SHORT OF HEIGHT

In case of different thickness of slab in different areas or rooms or for any other reasons,
whatsoever if chiselling of masonry is required, the Contractor shall do so at his own cost.
Where for any reason whatsoever, the height of the wall is short of ceiling height, the actual
height shall be made good with 1:3:6 nominal mix concrete. This concrete shall neither be
measured nor be paid under item of concrete but will be paid for under the item of wall
masonry. Similarly where the lintel heights are such that the Contractor has to chisel the
masonry or provide cast-in-place concrete to make up the height of the course, no payment
will be made for chiselling, but where such cast-in-place concrete is provided, payment for the
same will be made at the unit rate of masonry.
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10.16 MEASUREMENT AND PAYMENT

Hollow Concrete Block Masonry work shall be measured in cubic metres unless otherwise
specified. Any extra work over the specified dimensions shall be ignored. Dimensions shall be
measured correct to the nearest 0.01 mi.e. 1 cm. Areas shall be calculated to the nearest 0.01
sq. mtrs and the cubic contents shall be worked out to the nearest 0.01 cubic metres. Block
Masonry Work shall be measured separately in the following stages:

(a) From foundation to floor one level (Plinth level)
(b) Plinth (floor one) level to floor two level

(c) Between two specified floor levels above floor two level

Note : Work in parapet walls, mumty, lift machine room and water tanks constructed on the roof
upto 1.2 m height above roof shall be measured together with the corresponding work of the
floor next below.

No deductions or additions shall be done and no extra payment made for the following:

Note : Where minimum area is defined for deduction of an opening, void or both, such areas
shall refer only to opening or void within the space measured.

(a) Ends of dissimilar materials (that is, joists, beams, lintels, posts, girders, rafters, purlins,
trusses, corbels, steps, etc.); up to 0.1 m? in section;

(b) Opening up to 0.1 m? in area (see Note);

(c) Wall plates, bed plates, and bearing of slabs, and the like, where thickness does not
exceed 10 cm and bearing does not extend over the full thickness of wall;

(d) Cement concrete blocks as for hold fasts and holding down bolts;

(e) Iron fixtures, such as wall ties, pipes upto 300 mm diameter and hold fasts for doors and
windows; and

(f) Chases of section not exceeding 50 cm in girth.

(g) Bearing portion of drip course, bearing of moulding and cornice.

Note : In calculating area of an opening, any separate lintel or sills shall be included with the
size of the opening but end portions of lintel shall be excluded. Extra width of rebated reveals, if
any, shall also be excluded.

Walls half Block and less shall each be measured separately in square metres stating thickness.
Walls beyond half block thickness shall be measured in multiples of half block which shall be
deemed to be inclusive of mortar joints. String courses, projecting pilasters, aprons, sills and
other projections shall be fully described and measured separately in running metres stating
dimensions of each projection. Square or rectangular pillars shall be measured separately in cubic
metres in multiple of half brick. Circular pillars shall be measured separately in cubic metres as per
actual dimensions.

Hollow Block Masonry work curved on plan shall be measured like the block work in straight walls
and shall include all cutting and wastage of blocks, tapered vertical joints and use of extra
mortar, if any. Block work curved on plan to a mean radius not exceeding six metres shall be
measured separately and extra shall be payable over the rates for Block work in straight walls.
Nothing extra shall be payable if the mean radius of the Block work curved in plan exceeds six
metres.
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Tapered walls shall be measured net as walls and extra payment shall be allowed for making
tapered surface for Block work in walls.

10.16.1

10.17.1

COMPOSITE RATE

The measurement and payment for the items of the work of Cement Concrete Block Masonry
hereof shall be made corresponding to the applicable CSR items as provided in Contract
Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge.

The measurement and payment for the items of the work of Hollow Cement Concrete Block
Masonry hereof shall be made corresponding to the applicable CSR items as provided in
Contract Agreement and shall constitute full compensation, for procurement, transportation,
performance in all respects and completion of work as specified including the site clearance
as approved by the Engineer-in-Charge. Furthermore,

The rate shall include the cost of materials and labour required for all the operations described
above except the vertical reinforcement and its encasement in cement mortar or cement
concrete. The rate shall also include the following:

(a) Raking out joints or finishing joints flush as the work proceeds;

(b) Preparing tops of existing walls and the like for raising further brick work.
(c) Rough cutting and waste for forming gables, splays at eaves and the like.
(d) Leaving holes for pipes upto 150 mm dia. and encasing hold fasts etc.

(e) Rough cutting and waste for block work curved in plan and for backing to stone or other
types of facing.
(f) Embedding in ends of beams, joists, slabs, lintels, sills, trusses etc.

(g) Bedding wall plates, lintels, sills, roof tiles, corrugated sheets, etc. in or on walls if not
covered in respective items and

(h) Leaving chases of section not exceeding 50 cm in girth or 350 sq cm in cross-section.

(i) Cut brick corners, splays reveals, cavity walls, block works curved on plan to a mean radius
exceeding six metres.

LABOUR RATE

The measurement and payment for the items of the work of Cement Concrete Block Masonry
hereof shall be made corresponding to applicable CSR item as provided in Contract
Agreement and shall constitute full compensation for procurement transportation, performance
in all respects and completion of work as specified including site clearance, as approved by
the Engineer-in-Charge except the cost of materials to be provided by Department at
designated location as defined in the Contract Agreement.
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